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GRAF AND STIFT FOUR- 
CYLINDER TWO-STROKE 
OIL ENGINE. 


By Prorsssor S. J. Davizs. 


Fo.Low1ne the urge to make better use of material 
in the oil engine, two tendencies are to be observed, 





Ingenieurbiiro Professor Hans List, consulting 
engineers, of Graz, Austria, for Messrs. Grif and 
Stift, of Vienna, builders of passenger vehicles, and 
was recently subjected to tests by the author in the 
laboratory of the Technische Hochschule at Graz. 
In what follows, the chief features of the engine 
will first be described, an account will then be given 
of the tests, and the performance and characteristics 
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Fig. 1. 


namely, a slow but steady extension of two-stroke 
cycle working and an increase in the number of 
designs of engine with their cylinder axes arranged 
in V-form. The engine which forms the subject of 
this report provides an interesting example of these 
tendencies: it has four cylinders, in two banks of 
two, works on the two-stroke cycle, and, since it 
works with piston control of the admission and 
exhaust ports of the cylinders, it combines simplicity 
with compactness. It was designed by the 





of the engine will be discussed on the basis of the 
test results. 

Fig. 1 is aside view of the engine and Figs. 2 and 3, 
on page 2, show, respectively, a transverse sec- 
tional elevation and a longitudinal section. The 
cylinder bore is 120 mm. (4-73 in.) and the piston 
strokes are all 140 mm. (5-51 in.), giving, for the 
four cylinders, a total swept volume of 6-33 litres. 
The compression ratio, based on the swept volume, 
is given by the designers as 16-5:1. The maximum 





normal output is 120 h.p. at 1,900 r.p.m., and the 
maximum speed is governed to be 2,000 r.p.m. 
The injection pump was provided by Friedmann 
and Maier, of Hallein, Austria, and the multi-hole 
injection nozzles by C.A.V., Limited, of Acton, 
London, W.3. The injection pressure is 2,600 lb. 
per square inch and delivery from the pump 
normally begins at 25 deg. before dead centre, and 
does not need adjustment in service. In addition 
to the governor to restrict the maximum speed, the 
engine is governed when running light. The blower 
is of the three-lobed Roots type and was constructed 
by the engine builders; it is driven by gearing at 
1-51 times the engine speed. The combustion 
chamber is of the direct-injection type ; the crown 
of the piston is plane, and the chamber proper forms 
a recess in the cylinder head, which is an aluminium- 
alloy casting. The edges of the chamber are pro- 
tected by a cast-in ring of a special steel with a 
high coefficient of thermal expansion. The piston 
is of cast silicon-aluminium alloy; it carries four 
pressure rings and two scraper rings, but otherwise 
is of simple construction. 

As regards the general arrangement of the design, 
it is seen in Fig. 2 that the engine-body casting, 
which is of light alloy, is integral up to the cylinder 
heads. This gives a very stiff construction and, at 
the same time, permits a closer spacing of the cylin- 
ders, leading to a shorter engine. It takes directly 
the water-cooled cylinder liners which are made 
of iron, centrifugally cast. The cylinder heads 
are each secured by four studs to the engine-body, 
so that the pressure forces are transmitted directly 
to the body. The cylinder liners are secured 
to the cylinder heads by flanges, each with six 
screws ; they are thus relieved of all longitudinal 
forces, except those necessary for tightness, and 
otherwise may expand freely in an axial direction. 
The use of six screws for the joints, instead of 
four, reduces the stresses and makes for reliability. 
In addition to this, the cross-sections and the 
heights of the cylinder heads have been designed 
with thought for stiffness against bending. The 
inner space of the V serves as a reservoir for the 
scavenging air, and is arranged to be stiffened 
up to the top edges of the cylinders, so as to form a 
closed triangle ; this adds further to the rigidity of 
the construction. The blower is flanged directly 
to the housing. The injection pump, the compressor 
for the brakes, and the electrical generator are 
secured to a separate cover. 

As may be seen in the drawings, the main crank- 
shaft bearings, of which there are three, are provided 
with rigid bearing covers of light alloy, which 
are secured to the upper halves by grooved faces, 
thus adding to the stiffness. The very stiff crank- 
shaft is located at the bearing at the flywheel end ; 
the balance weights, which completely balance 
the out-of-balance forces of the first order, are 
fixed to each crank-web. The big ends of the 
connecting rods of each pair of cylinders are 
arranged side by side on the crankpins. The main 
and big-end bearings are all fitted with steel shells, 
lined with lead-bronze. The connecting rods are 
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drop-forged. The gudgeon-pin bearings are of the 
needle type, so that special lubricating pipes or 
borings are unnecessary. The drives for the blower, 
the injection pump, the generator, and the gear 
pump for the lubricating oil, are carried in a gearcase 
at the flywheel end of the engine, which conduces 
to smoother running and a lower loading than would 
be possible if the case were at the other end. A 
damped elastic coupling is provided in the drive 
of the blower. 

From the scavenging-air reservoir, the new charge 
of air to each cylinder is led through five admission 
ports on each side, while exhaust takes place through 
three ports, giving loop scavenging. The land 
between the exhaust ports is provided with longi- 
tudinal passages for cooling water. The ports are 
milled, which, bearing in mind the simple design of 
the liners, may be carried out readily and with 
cheap equipment. The advantages of loop scaven- 
ging are, first, that the elimination of valves and 
their drives leads generally to simple, cheaper and 
more reliable manufacture; secondly, since at 
high speeds of revolution, valves and their drives 
are more heavily stressed in two-stroke working 
than in four-stroke working, their elimination leads 
to easier maintenance and less fear of breakdown ; 
thirdly, the cylinder heads are simpler in design, 
their manufacture is caeaper, and they are subjected 
to less complicated thermal stresses. 

In selecting a Roots blower instead of a turbo- 
blower, the following points were taken into con- 
sideration ; the Roots blower has better characteris- 
tics as regards delivery and volumetric efficiency 
in respect to speed; its speed of revolution is 
much lower, making lower demands on its drive ; 
and the concordance of the admission and exhaust 
processes with the scavenge air delivered by the 
Roots blower over a wide range of speed is much 
simpler and more certain than with a turbo- 
blower, which presents serious problems in this 


circuit of the lubricating oil is as follows : 
the gear pump is fixed low down in the sump from 
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which the oil is drawn and delivered to a heat ex- 
changer, in which it gives up heat to the cooling 
water. The oil then passes through a laminar-flow 
filter, and through a magnetic filter, to the central 
distributing pipe in the bottom of the V, from 
which the main bearings are fed. Hollow spaces 
and passages in the crankshaft lead the oil to the 
big-end bearings, which are formed so that oil is 
suitably sprayed on to the cylinder walls. The 
bearing and gearwheels of the blower drive receive 
oilfrom the pressuresystem. The water-circulating 
pump and the radiator fan are driven by V belts 
from the forward end of the crankshaft. The 
flow of water is divided at the pump, one stream 
going directly to a bank of cylinders, while the 
other stream goes through the heat exchanger to 
the other bank of cylinders. The return pipes to 
the radiator are led off from the highest point of 
each cylinder head. 

In the basic tests, the engine was run at a series 
of constant speeds, namely, 1,000, 1,250, 1,500, 
1,750 and 2,000 r.p.m., and, in each series, the loads 
were varied from light to full. The principal data 
from these series are tabulated in Table I, opposite, 
and are derived from observations of the brake 
torque, the revolutions per minute and the fuel 
consumption. The power developed by the engine 
was absorbed by a hydraulic brake on which the 
force at the end of the brake arm was measured, 
through a lever system, by a spring balance. This 
brake was uncoupled from the engine; the brake 
arm, the lever system and the spring balance were 
all checked; and the values found were used in 
the subsequent calculations. The brake torques 
were converted into the equivalent values of brake 
mean effective pressure recorded in the table. A 
tachometer indicated the constancy of the speed of 
revolution, but the revolutions during the observed 
times to consume a measured volume of fuel, 
contained in a glass vessel of pipette form, were 
separately counted. The measured volume in 
question was weighed and found to be 433-35 gm. 
(0-9567 Ib.). From the times, as observed by means 
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of a stop watch, the fuel consumptions, in Ib. per 
hour, and the revolutions per minute were calcu- 
lated. The small quantities of leakage oil from the 
fuel nozzles were neglected. The torque resistance 
offered by the brake was, unfortunately, not suffi- 
cient at the lowest speed, 1,000 r.p.m., to measure 
the higher values of brake mean effective pressure 
of which the engine was capable. 

During these series, given as A, B, C, D and E, 
in Table I, the barometer readings were within the 
range 28-5 in. to 28-9 in. of mercury, while the 
room temperature was never below 66 deg. F. The 
engine was lubricated by Shell Single S.A.E. 20. 
The fuel oil used during the tests was investigated 
by Dr. Sablatnég, of the Department of Chemistry, 
the Technische Hochschule, Graz, who reported as 
follows: ‘‘The density was 0-878 at 61 deg. F.; 
the lower calorific value was 17,880 B.Th.U. per 
pound ; and the higher calorific value was 19,010 
B.Th.U. per pound; the carbon content was 
86-92 per cent., and the hydrogen content was 
12-69 per cent.” 

The data given in the test series were first plotted 
as specific consumption, in lb. per brake horse- 
power per hour, on a base of brake mean effective 
pressure. The curves are shown in Fig. 4, opposite, 
the limitation of load imposed by the brake in 
series E, and referred to above, will be at once 
noticed. A second note on this figure is concerned 
with the “limit of satisfactory exhaust.” Flap 
valves were provided on the separate exhaust pipes 
from the four cylinders and, when these were 
opened, the exhaust passed into the open labora- 
tory. The limit of satisfactory exhaust was taken 
to be reached at that brake torque, with increasing 
loads at constant speeds, at which the exhaust 
first became visible. While the state of the exhaust 
was observed throughout in these series, the incre- 
ments of brake torque were too wide to allow of 
accurate determinations of the ioads at which these 
limits were reached. Separate series of tests at 
constant speeds were afterwards run with gradually 
increasing loads and the limits were carefully 
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observed ; a line is drawn on the diagram through 
these limits. 

From the curves in Fig. 4, some interesting 
conclusions may be drawn. Taking, for present 
purposes, the normal brake mean effective pressure 
as 71 Ib. per square inch, it is seen that the limit of 
satisfactory exhaust is not reached until a value 
of the brake mean effective pressure of about 
10 per cent. greater than this is reached, except at 
2,000 r.p.m. The specific consumptions at full load 
at 1,000, 1,250 and 1,500 r.p.m. are all at or below 
0-372 lb. per brake horse-power per hour, the best 




















TABLE I, 
Fuel 

B.M.E.P. . 
Test ° Fuel, Ib. Ib. per 
No R.p.m b. 4 B.h.p. per hour B.h.p., 
Qa. per hour. 
Al 1 988 14-2 27-7 20-4 0-737 
A2 1,990 27°3 53-2 27-9 0-525 
A3 2,000 39-8 78-1 35-5 0-455 
A4 2,000 53-6 105-0 44-2 0-421 
A5 2,003 60-5 118-9 48-3 0-406 
Aé6 1,990 65-5 127-8 51-7 0-405 
A7 2,010 66-5 131-0 53-4 0-399 

A8 1,985 30-4 137-0 54-9 
AQ 2,008 79-4 156-4 64-5 0-412 
Bl 1,760 30-0 51-8 24-4 0-471 
B2 1,755 42-8 73-6 31-0 0-421 
B3 1,752 55-7 37-2 0-389 
B4 1,765 65-9 114-0 43-5 0-381 
B5 1,755 72-0 124-0 47-6 0-384 
Bé6 1,755 75-1 129-1 49-9 0-386 
B7 1,755 79-1 136-0 53-2 0-392 
Cl 1,500 9-9 14-6 11-7 0-796 
Cj2 1,500 16-2 23-8 14-3 0-602 
C3 1,510 29-3 43-4 19-8 0-457 
C4 1,505 44-8 66-1 26-3 0-398 
cfs 1,510 56-8 84-0 31-8 0-378 
BC,6 1,495 71-0 104-0 38-6 0-371 
Cj7 1,510 73-6 109-0 40-3 0-370 
c8 1,499 79-0 116-0 43-2 0-372 
ce 1,495 81-2 119-0 45-1 0-379 
D1 1,250 26-4 32-3 14-9 -460 
D2 1,247 40-8 49-9 20-0 0-402 
Djs 1,260 54-0 66-7 25-1 0-376 
D4 1,259 67-1 82-6 30-4 0-368 
D5 1,250 71-1 87-0 31-8 0-366 
Dj6 1,243 74-1 90-4 33-0 0-366 
D7 1,262 77-5 95-6 35-2 0-369 
D8 1,253 81-4 100-0 37-4 0-374 
El 965 4-9 4-6 5-8 1-270 
E2 980 16-4 15-7 9-1 0-582 
E3 995 28-2 27-4 12-7 0-463 
E4 995 45-1 44-0 17-6 0-400 
E5 995 56-1 54-7 21-0 0-384 
E6 1,000 70-3 68-9 25-6 0-372 




















value found being 0-366. Even at 2,000 r.p.m., at 
which the mechanical losses are highest, the value 
of 0-401 is obtained. Altogether, the results, as 
regards output, thermal efficiency, and speed range, 
are very good for a two-stroke engine of this relative 
simplicity of design. 

If the fuel consumptions in pounds per hour, as 
given in Table I, are plotted on a base of brake 
mean effective pressure, some evidence may be 
obtained concerning the mechanical losses of the 
engine. Curves of this kind are given in Fig. 5, 
and, for the series A, C and E, additional values at 
no load have been added; these were obtained 
by measuring the fuel to drive the engine when 
running completely light, that is, when it was 
uncoupled from the brake. The points on such 
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curves at the smaller loads fall on straight lines, 
and, if these are extrapolated to cut the base line, 
the intercepts give the mean effective pressures 
corresponding to the total internal losses of the 
engine, expressed as frictional mean effective pres- 
sure (F.M.E.P.). The values given are 25 lb. per 
square inch in series A, at 2,000 r.p.m.; 19 Ib: per 
square inch in series C, at 1,500 r.p.m.; and 13 lb. 
per square inch in series E, at 1,000r.p.m. Reference 
will be made later to these values ; for the present, 
the only comment called for is that the observed 
points all fall well on the curves. This gives evidence 
of the generally satisfactory accuracy of the obser- 
vations. 

A second method of measuring the F.M.E.P. was 
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‘| possible by ‘‘ motoring ” the engine by means of an 


electric motor, suspended in a rotatable cradle so as 
to make it possible to measure the torque to drive 
the engine against its internal losses. Such means 
were available, but it was not convenient to dis- 
connect the hydraulic brake used in the power 
tests; and the drive from the motor to the engine 
passed through the brake, which was arranged so 
as to offer its minimum resistance torques. It was 
thus necessary, in every test, to subtract the torque 
necessary to drive the brake from that observed 
on the motor, in order to obtain the net torque to 
drive the engine. In making the tests, the tempera- 
ture conditions of the engine were kept as nearly 
as possible the same as those prevailing when the 
engine was developing power. The values of 
F.M.E.P. derived at various speed? of revolution 
were as follows : 





R.p.m. ee . -| 1,033 | 1,263 | 1,442 {1,004 1,830 | 2,041 


F.M.E.P., Ib. per 
7m. .. es 

















18-5 | 20-2 | 21-8 | 23-2 | 25-8 | 28-6 











The values are plotted in Fig. 6, above, and 
form the full-line curve ; the three values obtained 
by the extrapolations in Fig. 5 are also given, and 
a broken line is drawn through these points. The 
differences, especially at the lower speeds, are 
considerable and call for some comment. Under 
the conditions prevailing when the observations 
in the upper curve were made, there was no com- 
bustion in the engine to assist the exhausting of the 
cylinders, and nearly all the work to displace the 
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gases out of the cylinder was provided by the 
blower ; whereas, under the conditions prevailing 
during the observations giving the extrapolated 
curves in Fig. 5, combustion, even at zero brake 
horse-power, is, of course, taking place. This 
difference in the conditions would account for some 
of the differences between the full-line and the 
broken curves. 

If the values on the upper curve, which may thus 
certainly be taken as conservative, are used, and 
the normal value of the B.M.E.P. (71 lb. per square 
inch) is taken, values of the mechanical efficiency 
may be calculated. At 1,500 r.p.m., for example, 
the value on the curve is 22-2 lb. per square inch ; 
for this speed, therefore, the mechanical efficiency 
: 71 71 
is 3993 008 = 76-2 per cent., a good 
result when it is remembered that the work to drive 
the blower is included in F.M.E.P. Applying this 
reasoning to the actual tests at or near normal 
B.M.E.P. in the five basic series of tests, the corre- 
sponding values for mechanical efficiency, for 
indicated mean effective pressure (I.M.E.P.) and for 
the indicated specific consumptions, for various 
speeds, were calculated and are tabulated as the 
lines M, in Table II, below. 











TABLE II. 

Test No. * --| A8 B5 C6 DS E6 

40 - --| 1,985 | 1,755 | 1,495 | 1,250 1,000 

BMEP. .. -+| 70-4 72-0 71-0 71-1 70-3 

F.M.E.P. M 27-8 | 26-0 | 22-2 | 20-2 18-3 

E 24-8 21-8 18-7 15-8 13-0 

I.M.E.P. os - 98-2 | 97-0 93-2 91-3 | 88-6 

E 95-2 93-8 | 89-7 | 86-9 | 83-3 

Mechanicalefi- M 71-6 74-2 76-2 77-9 | 79-3 
a per E 74-0 76-8 79-1 81-8 84-4 
cent. 

Indicatedspeci- M 0- 0-285) 0-283) 0-285) 0-295 
fic consump- E 0-297) 0-295) 0-204) 0-290) 0-314 
tion, lb. per 
i.h.p. per hr. 

Indicated ther- M 46-0 | 46-4 46-7 46-4 | 44-9 
malefficiency, E 44-6 44-9 | 45-0 | 44-1 42 
per cent. 

















M: Values from “ motoring.” E: Values from extrapolating. 


In order not to favour the engine unduly, however, 
as regards thermal efficiency, by taking the 
‘motored ”’ values, similar calculations have also 
been made for the values of F.M.E.P. taken from the 
curve through the extrapolated values. The second 
lines of values, for each quantity, marked E, are 
derived from these results, and show that, in spite 
of the differences between the two sets of values 
for F.M.E.P., given in Table II and plotted in 
Fig. 6, the values in the respective pairs of results 
for indicated specific consumption and indicated 
thermal efficiency are not markedly different from 
each other. Both sets of values for mechanical 
efficiency are plotted in Fig. 6, and it is reasonable 
to assume that the true values lie somewhere 
between these two curves. The values for indicated 
specific consumption and indicated thermal efficiency 
must similarly lie between the extreme values given 
for each pair in Table II; they are all very good 
and indicate a high efficacy of combustion through- 


out. 
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In the term “combustion ”’ must be included, 
not only the quality of the combustion process 
itself, namely of the suitable correlation of the 
injection and distribution of the fuel in the charge 
of air in the combustion chamber, but also the 
completeness with which the exhaust gases are 
discharged from the cylinder and the degree of 
purity of the new charge introduced into and 
trapped in the cylinder during the scavenging and 
charging processes. That these values are so 
favourable, and that they lie, in each line, within 
an extreme range of value of about 6 per cent., is 
indeed worthy of remark, especially when the range 
of speed in these tests—1,000 to 2,000 r.p.m.—is 
taken into consideration. A second point, touching 
the efficacy of charging the cylinder, is concerned 
with the values of the I.M.E.P. set out. When it is 
remembered that these values are based on the 
swept volume of the cylinder, and not on the 
effective volume above the exhaust ports, it is seen 
that not only must the purity of the new charge 
be high, but the mass of oxygen supplied in the 
new charge must also be high over the whole range 
of speed. These results, incidentally, provide 
convincing proof of the soundness of the reasons for 
preferring the Roots blower, as set out above in 
the description of the engire. 

Any value for F.M.E.P. is, of course, the sum of 
the general mechanical losses (namely, the friction 
losses and the power taken to drive the fuel pump, 
lubricating oil pump, etc.) and the power to drive 
the blower. The latter depends on three factors : 
the amount of air found necessary for the effective 
scavenging and charging of the cylinders; the 
pressure to which the air must be raised—that is, 
the scavenging pressure; and the overall adiabatic 
or isentropic efficiency of the blower in compressing 
the desired quantity of air through the necessary 
range of pressure. It was not possible for the 

author himself to investigate the separate perform- 
ance of the blower, and certain results, now to be 





presented, were derived from a comprehensive 
investigation carried out by the engineers at the 
Graz laboratory. The author had, however, in 
connection with another engine, the opportunity of 
making measurements of this kind with the equip- 
ment, and thus has confidence in their methods of 
testing and in the accuracy of their results. 

The three-lobed rotors of the blower have a 
diameter of 179-8 mm. (7:08 in.) and a length of 
325 mm. (12-8 in.); the theoretical delivery 
volume of the blower is 8-63 litres (0-305 cub. ft.) 
per revolution. To give smooth running, the rotors 
are arranged in helical form, with a pitch of 
2,820 mm. (111 in.). The blower was mounted on 
a test-stand, separately from the engine, and driven 
by an electric motor arranged for the measurement 
of the torque reaction. The air supply was passed 
through a gas meter and thence to a reservoir, from 
which it was drawn into the blower. Suitable 
manometers and thermometers were provided, from 
which the pressure and absolute temperature of the 
air in the reservoir (p,, T,) and after delivery from 
the blower (p,, T,) are derived. 

The quantities of air aspirated, in cubic metres 
per minute, are derived from the readings of the gas 
meter; the values of r.p.m. of the blower are 
calculated from the numbers of revolutions recorded 
on a counter by the blower during the observed times 
of passing certain given volumes of air through the 
meter. From these times and volumes the weights 
of air aspirated, in Ib. per minute, were found. The 
adiabatic or isentropic work per lb. of air, in ft. lb, 


pat 
Ss tts, [() : 
in which y was taken as 1-4, and R as 53-2 ft. Ib. 
per lb. per deg. F. From this the adiabatic work, 
expressed in horse-power, was calculated for the 
corresponding values of air aspirated in Ib. per 
minute. The overall adiabatic or isentropic effi- 
ciency, naq.. Of the blower is given by: adiabatic 





work in horse-power divided by brake horse-power. 
The volumetric efficiency, 7y9}., of the blower is equal 
to the volume of air aspirated, reduced to the 
prevailing atmospheric conditions and divided by 
the swept volume of the blower. 

A convenient summary of the results of the tests 
is given in Figs. 7 and 11, on this and the opposite 
pages. In Fig. 7, the values of the brake horse- 
power (N,) to drive the blower at a series of con- 
stant speeds, from 1,000 to 3,500 r.p.m., are given 


on a base of the pressure ratio, ?s In Fig. 8, the 


corresponding values of the volumetric efficiency, 
Nyol.» ate plotted on the same base. In Fig. 9, curves 
of the adiabatic efficiency, y,4,, are plotted for the 
same series of constant speeds, also on a base of the 


pressure ratio — ?s In Fig. 10, the results from Fig. 7, 


8, and 9 are combined into a single diagram, giving 
the characteristics of the blower; the base of this 
diagram is two-fold, namely, air aspirated i in Ib. per 
minute (G), and in cubic metres per minute (Q,), 
referred to the prevailing atmospheric conditions. 
Since, as was stated earlier, the blower rotates at 
1-51 times the engine speed, the range of speed of 
the blower, corresponding to the range, 1,000 to 
2,000 r.p.m., of the engine, is from 1,510 to 3,020 
r.p.m. As may be seen later, if Fig. 11, opposite, the 
values of the pressure ratio, 7%, increase from 
1-095 to 1-33 over this range of speed. From 
Fig. 10 it may be deduced that, over this range, 74. 
lies always between 57 and 65 per cent., and mostly 
above 60 per cent. These are very high values for a 
blower of this type, and provide evidence both of 
satisfactory design and of precision of manufacture. 

In Fig. 11, the = curve gives the values of 


the pressure ratio, 2% » Which were observed during 
the “ motoring ” test of the engine, plotted on, a base 





of engine speed in revolutions per minute. For the 
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points on this curve and the corresponding revolu- 
tions per minute of the blower, the values of the 
brake horse-powers may be directly converted to the 
equivalent mean effective pressure on the engine 
piston ; the corresponding values form the bottem 
full-line curve of Fig. 11. The top full-line curve is 
a reproduction of the full-line curve of Fig. 6, giving 
the total internal losses (F.M.E.P.) of the engine. 
The intermediate full-line curve shows the intercepts 
between the other two full-line curves and gives the 
values of the mean effective pressure equivalent to 
the remaining general mechanical losses of the 
engine. It will be noticed that the work on 
the blower, expressed as a percentage of the total 
losses, is very low, being 19 per cent. at 1,000 r.p.m., 
27-7 per cent. at 1,500 r.p.m., and, at the maximum 
speed of 2,000 r.p.m., only 36-4 per cent. 

Figs. 7 to 11 thus provide an interesting analysis 
of the performance of the blower. This performance 
is clearly of a high order, but, in view of the author’s 
results given earlier, especially in relation to the 
high values of I.M.E.P. and the low values of the 
fuel consumptions, this is to be expected. Only 
when the efficiency of the blower is itself high, and 
when the correlation of the blower action with the 
operations of scavenging and charging the cylinder 
is well carried out, can such satisfactory results for 
the engine be realised over the observed wide range 
of speed. 

Although the results discussed so far furnish 
evidence in relation to the basic performance of 
the engine, they are not concerned directly with 
its behaviour when used as a power unit in a heavy 
vehicle. When used in a vehicle, two limitations 
are usually applied to an engine, and are determined 
by the characteristics of the injection equipment 
and by the settings of the governors. The first 
limitation is that of the output, or B.M.E.P., at 
any one speed, and is intended to ensure that the 
quantity of fuel per injection does not permit the 
engine to run above an output at which the com- 
bustion ceases to be satisfactory, and above which 
the engine would be overloaded by the pressures 
during the combustion process. 

As the speed of an engine is increased, there is a 
rapid increase in the inertia forces, roughly as the 
square of the r.p.m. A second limitation is thus 
applied to the speed, by means of a maximum-speed 
governor, in order to prevent the inertia forces 
from becoming excessive. Two further series of 
tests were therefore carried out, by the author, in 
order to investigate these matters. During the first 
series, the engine was run with the normal setting of 
the injection, in which, it will be recalled, delivery 
from the pump begins 25 deg. before top dead centre. 
During the second series, the delivery was advanced 
to begin 27 deg. before top dead centre. In both 
series, the control lever, that is, the accelerator 
pedal, was fixed to give maximum output at all 
speeds, and observations were made of the speed, 
in r.p.m., of the brake torque, and of the fuel 
consumption. From these, the values of B.M.E.P., 
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of the brake horse-power, and of the specific con- 
sumption, in pounds per brake horse-power per 
hour, were calculated. Curves of these three quan- 
tities are given, for the two series, on a base of 
r.p.m., in Fig. 12; the curves for the first series, 
with the normal setting, are shown by broken, lines 
and those for the second series by full lines. 

It is seen that, in the first series, the maximum- 
speed governor begins to exert an influence at 
1,800 r.p.m., and reduces the power to a negligible 
value by 2,000 r.p.m.; in the second series, this 
influence does not begin until 2,000 r.p.m., the 
power being reduced to a negligible value at 2,150 
r.p.m. The maximum output, in the two series, is 
practically the same, at about 116 brake horse- 
power. The B.M.E.P. in both cases is a maximum 
at about 1,250 r.p.m. and decreases gradually until, 
at 1,800 r.p.m., it is some 14 per cent. less than the 
maximum. The torque characteristic is thus favour- 
able. The specific fuel consumptions over the speed 
range are good: the lowest values are about 
0-368 Ib. per brake horse-power per hour and a 
value of 0-38 is not exceeded, over the whole range 
from 1,000 r.p.m., until a speed of over 1,700 r.p.m. 
is reached. The curves in Fig. 4, page 3, show that 
the best values of the specific fuel consumption are 
obtained at full load; to obtain the lowest values 
of fuel consumption from the engine, therefore, 
when running under service conditions, the engine 
should be run as often as possible at full throttle 
at all speeds from 1,000 r.p.m. upwards. 

Altogether, the results of these various series of 
tests show the engine to have extremely good 
characteristics, both as regards output and con- 
sumption, over its whole range of probable opera- 
tion. When the absence of valves in the cylinder, 
and the other reductions in the number of the 
working parts following the employment of the 
V-form, are taken into consideration, it will be seen 
that this design has many advantages. Its turning 
moment. has, of course, the same regularity as that 
of an eight-cylinder four-stroke engine, and during 
the tests the engine ran with an especially pleasing 
smoothness. 

A six-cylinder engine of similar design, to run 
over the same range of speed, has been built to 
give a nominal output of 180 brake horse-power. 
While the majority of the parts are identical with 
those of the engine under test, it is found desirable 
with the three-throw crankshaft to fit a torsional- 
vibration damper. One of these engines had been 
installed in a casing at the back of a single-decker 
*bus, and the vehicle loaded to an extent equivalent 
to a normal passenger load, for the purposes of test 
and observation under service conditions. The 
author took a short ride as a passenger in this 
vehicle, but prevailing foggy conditions did not 
permit of a test at speed. The engine ran smoothly, 
the acceleration of the vehicle was excellent, and the 
placing of the engine at the back gave a definite 
advantage in relation to the amount of engine noise 
to penetrate into the body of the vehicle. 
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The Mechanism of the Watch. 
By J. Swinpurng, M.I.0.E., F.R.S. N.A.G. Press, 
Limited, 226, Latymer-court, Hammersmith, London, 
W.6. [Prics 108. 6d. net.] 
Tuat Sir James Swinburne, already distinguished 
in so many fields, should take up, in his eighties, 
the study of the mechanism of watches may not 
surprise anyone who is acquainted with the versati- 
lity of his interests; but it recalls to mind the 
parallel instance of James Watt, who, in old age, 
applied himself to the study of the German language 
in order to demonstrate, at least to his own satis- 
faction, that his mental abilities were still in good 
working order. Sir James Swinburne, in the preface 
to this book, adduces a somewhat different motive : 
“Tt is not odd,” he observes, “that an engineer 
should be interested in the ways of a watch, as it 
is a very beautiful mechanism”; adding that, 
“In my case, finding that nobody over 40 is thought 
to be of any use in any capacity during the war, I 
decided to experiment on the behaviour of a watch.” 
The result is a book of unusual interest, which 
draws freely upon published material, but does 
so in a critical spirit and with such a wealth of 
original comment that no suggestion of plagiarism 
is likely to enter the mind of even the expert reader. 
On the contrary, a careful perusal of the author's 
arguments should convince even the expert of the 
value of bringing a fresh mind to bear on a subject 
which, to those daily concerned with it, may appear 
to have been studied already to the point of 
exhausting the subject and the student. ; 
The greater part of the book consists of articles 
reprinted from the Horological Journal, with slight 
amendments to make them conform to the separate 
chapters. Without having compared the book 
with the original texts, it is not possible to say how 
extensive these amendments are, but the impression 
received is that they are comparatively slight ; 
each chapter, therefore, stands more or less inde- 
pendently of the rest, though their arrangement 
suggests that the author probably had in mind, 
from the outset, the possibility of their eventual 
appearance in book form. All the principal com- 
ponents of a watch—the mainspring, the train, 
the jewels, the escapement, the hairspring, the 
balance, etc.—are given a chapter apiece, in which 
each is discussed with a refreshing originality ; 
and further chapters are devoted to such “engineer- 
ing” considerations as pivotfriction, oil, magnetism, 
adjustment, and “disturbing factors.” Perhaps 
somewhat apart from the purely mechanical aspects 
of watch construction is the introductory chapter 
on “The Centimetre-Gram-Second System,” in 
which the author takes a line that shows him to 
hold views opposed to many of those expressed by 
Dr. H. 8. Rowell in the article on the metric system, 
printed in Enomezrme of June 22, 1951. 
From the standpoint of the professional watch 
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maker, some of these views may appear unorthodox ; 
but they are supported by ments of some weight, 
which are not the least attraction of his thought- 
provoking survey. 





Telecommunications Principles. 

By R. N. Renton. Sir Isaac Pitman and Sons, 

Limited. Pitman House, Parker-street, Kingsway, 

London, W.C.2. [Price 378. 6d. net.) 
TELECOMMUNICATIONS is an unscholarly word— 
though its hybridism may be excused by its con- 
venience—which has come into use during recent 
years to comprise the telegraphic, telephonic and 
radio systems which now play so large a part in 
civilised life. The importance of this branch of 
electrical engineering is recognised by the inclusion 
of “Principles of Telecommunication” in the 
examination syllabus of the City and Guilds Insti- 
tute, and the present book is designed to meet the 
needs of students who have that particular examina- 
tion in view. As may be inferred from its title, the 
work is essentially of a theoretical nature. It 
assumes no previous knowledge of electricity on the 
part of the reader, who is taken from the very 
elements of the science through the whole range of 
electrical phenomena having any bearing on tele- 
communication, the subjects under discussion, being 
illustrated as far as possible by reference to appara- 
tus used in the industry. 

After a brief chapter on the electronic theory of 
electricity, the plan adopted by the author is to deal 
first with direct-current circuits and batteries ; 
electrostatic phenomena and magnetism are taken 
next, followed by the principles of generators and 
motors ; alternating currents and their transmission 
are then given two chapters, occupying nearly a 
quarter of the book ; meters and measurement have 
another long chapter to themselves ; electronics are 
dealt with in a chapter of 54 pages in which tele- 
vision is only briefly referred to, and the final chapter 
deals with telephonic apparatus and acoustics. No 
mere summary of contents, however, can convey 
an adequate idea of a course of instruction ranging 
from Ohm’s Law to the principles of frequency 
filters and cathode-ray oscillographs. The vast 
extent of the ground to be covered naturally compels 
@ great conciseness of treatment. Because of this, 
a student without other sources of instruction 
would probably find parts of it rather difficult to 
assimilate ; but, by an orderly arrangement and a 
lucid style of exposition, the author has succeeded 
in giving about as good a survey of his subject as 
appears possible within the compass of a single 
volume. At the ends of their appropriate sections 
will be found an aggregate of nearly 300 questions 
selected from City and Guilds examination papers, 
each with its answer worked out. Another feature 
which many students will appreciate is that, except 
for the occasional use of the symbol of a differential 
coe fficient—the meaning of which is explained in an 
appendix—to signify a rate of change, nothing more 
than a knowledge of simple algebra is required to 
follow any of the reasoning. 





COURSES IN FUEL TECHNOLOGY.—The University of 
Leeds is offering post-graduate instruction in fuel 
technology and allied subjects from October, 1951. 
Courses, normally lasting one or two years, will be 
available on fuel technology, gas and chemical engi- 
neering, metallurgy, refractory materials and general 
ceramics. They will be open to graduates in pure 
science or engineering, applied science graduates who 
have taken courses in fuel, chemical engineering, metal- 
lurgy or ceramics, and new graduates, with suitable 
qualifications, who hav) had industrial experience. 
Students will be required to take some or all of the 
following \first, second and third-year courses: pre- 
liminary training in technology with such additional 
training in pure science and engineering as is necessary ; 
advanced technology ; advanced study and research in a 
selected field, A post-graduate diploma will normally 
be awarded after one year’s attendance at the second 
course. By attending the second and third, students 
will be eligible for an M.Sc. degree after passing the 
requisite examinations and submitting a thesis. The 
tuition fee is 471, per session. A few maintenance grants 
will be available. Inquiries should be addressed to the 
Livesey Professor, Department of Coal Gas and Fuel 
Industries with Metallurgy, The University, Leeds, 2. 
Application forms can be obtained from the University 
Registrar. 


THE JOINT ENGINEERING 
CONFERENCE, LONDON. 


We resume below our report of the technical 
sessions of the Joint Engineering Conference, held 
in London from June 4 to June 15. Previous 
instalments appeared in the volume of 
ENGINEERING, in the issues of June 8, 15 and 22, 
1951. The first session with which we deal below 
is that of June 8, on “ Public Health,” and was 
held at the Institution of Civil Engineers, where 
Mr. H. J. B. Manzoni, C.B.E., M.I.C.E., City 
Engineer of Birmingham, presented a paper on 
“Public Health in Municipal Engineering.” The 
chair was taken by Sir T. Peirson Frank, M.I.C.E. 


Pusiic HEALTH IN MounicrpaL ENGINEERING. 


Mr. Manzoni presented his paper in the form of a 
summary which was also, to some extent, an 
amplification. In the paper, after commenting on 
the highly insanitary conditions of urban life until 
comparatively recent times, he said that the two 
most important subjects which concern the muni- 
cipal engineer were the collection and disposal of 
refuse from buildings, and street cleansing. Before 
the second world war, it was computed that the 
annual quantity of refuse collected and disposed of 
was 14 million tons, and the cost of dealing with it 
was about 11,000,000/. Highway engineering had a 
direct bearing on, public health, and, so had housing, 
much of which was the responsibility of the 
municipal engineer. 

Most of the diseases, the prevention, of which was 
fairly well understood to-day, were caused by 
bacteria of some sort. Some had been overcome by 
cleanliness. He had been responsible for designing 
buildings which were vermin-proof, and for improve- 
ments in plumbing and sanitary arrangements. 
There was also a class of preventible diseases spread 
by human contact, with which the engineer had 
little to do; leprosy was an example. There were 
too, however, the water-borne diseases, the enteric 
diseases, of which the best-known was typhoid. 
Here, most spectacular results in prevention had 
been obtained. Water-supply, and sewerage and 
sewage disposal, to which the almost complete 
elimination of the spread of enteric diseases was due, 
had been made the subjects of separate papers, 
because of the great advances made in these matters 
and their technical interest. There war a fourth 
category of preventable disease about which less 
was known, and this included the air-iurne or dust- 
borne diseases. Because none of them had such an 
obvious and sometimes fatal effect as typhaid or 
typhus, there had been less research into them and 
less progress in their treatment, but a very great 
proportion of the low standard of health which 
existed was due to air-borne or dust-borne diseases. 
It was not known how the common cold was spread, 
but it was probably spread by droplet infection, 
which was largely air-borne. Even less was known 
about the spread of influenza, but it was quite 
possible that influenza was dust-borne. 

Amongst the air-borne diseases there was another 
range which were not due to bacteria but to chemical 
effects, such as the lung diseases which were due to 
carbon and sulphur from atmospheric pollution. 
He wondered what would have happened if engineers 
had not found a method of rendering roads dustless. 
Had they remained as dusty as they used to be, there 
might have been such a prevalence of lung trouble 
as would have made it essential to find a solution. 
It seemed probable that the greatest progress in 
the future would be in connection with these dust- 
borne diseases. 

Discussion. 

The Chairman (Sir Peirson Frank) said that there 
was a great deal for which to be grateful to the 
municipalities. The author had said that the 
Ministry of Health “ governed the affairs of local 
authorities,” but that might be misconstrued. The 
Ministry of Health had been most helpful to local 
authorities in advising and guiding them, but, 
while they might have gone some way in the 
direction of “‘ government,” there were some councils 
which would object to being governed by the 
Ministry. Everything possible should be done to 





combat the dust-borne diseases. It was regrettable 


that, at many of the large power stations, every 
possible step was not being taken, for economic 
reasons, to deal with the flue gases. 

Colonel F. G. Hill said that this country could 
claim to lead in refuse disposal; on the other 
hand, they had to thank their Continental and 
American friends for some excellent designs of 
refuse and other collection vehicles. He had been 
much interested in the number of ways in which 
refuse and garbage could be disposed of in associa- 
tion with the disposal of sewage and sewage sludges ; 
for instance, by composting sludge and screenings 
with refuse to produce a fertiliser or fertiliser base, 
burning refuse in furnaces and kilns with dehydrated 
sewage sludges, the use of methane gas from sludge 
digestion tanks to incinerate refuse, the discharge of 
shredded organic refuse into sludge digesters to 
produce ircreased volumes of methane, and the use, 
at Chester, of a controlled refuse tip as a low-rate 
trickling filter to purify sewage. All those methods 
had been successfully applied where local conditions 
were favourable, but they were unlikely to have 
widespread or general applicatior. There was one 
method, however, which was likely to have an 
increasing use and which had been termed by an 
American sanitary engineer the greatest sanitary 
invention since that of the water closet and the 
water carriage system. This was the household or 
kitchen grinder, the advantage of which lay in the 
elimination of the household storage of putrescible 
matter and of its street collection. The collection 
of dry inorganic refuse—paper, cartons, tins and 
bottles—would still remain. In America, the kitchen 
grinder would reduce the bulk of collection by at 
least one-half, and in this country by not more than 
20 per cent. It was estimated that, if universally 
used in an American town, it would add about 
3 per cent. to the volume of sewage and about 
35 per cent. to the strength of domestic sewage, 
but would almost double the production of methane 
gas. Corresponding figures for this country would 
be about a 10 per cent. increase in the volume of 
sewage and less than 20 per cent. increase in the 
strength. | 

In general, the cleanliness of streets in this 
country would bear comparison with that of many 
cities abroad, but in view of the growing scarcity 
of sources of potable water, more consideration 
might be given to the use of clean but non-potable 
water for street cleansing. He would also emphasise 
the importance of frequent periodic gully-emptying ; 
it was more hygienic to collect and remove the grit 
before it became contaminated with sewage solids 
than later. He favoured systems which dealt with 
road surface water separately from sewage. The 
Rivers Pollution Bill, now before Parliament, was 
expected to give increased powers to prevent pollu- 
tion, and it would enable river boards to impose 
definite standards on discharges of industrial 
effluents and inflict penalties for infringement. 
The Engineering Department of the Ministry of 
Local Government and Planning supported the 
view that, wherever possible, industrial wastes 
should be discharged to the public sewer, provided 
that the waste would not harm the structure of the 
sewer or sewage works, or seriously impede the 
bacteriological process of purification. When select- 
ing the site of a new factory, the problem of the 
ultimate disposal of the wastes from it should be 
kept well in mind, and sites avoided which would 
present major difficulties in this respect. The 
industrial processes themselves should be reviewed 
from the sanitary aspect, with the object of reducing 
the volume and strength of the waste discharged ; 
and assistance could be given to the public health 
authorities by controlling the discharge of the waste 
in an even and continuous manner over the working 
period, or preferably in some cases over the 
24 hours, and by arranging for any necessary neutral- 
isation or conditioning, if of a strongly acid or 
alkaline nature. 

Mr. Hal Gutteridge, referring to the process of 
composting house refuse and sewage sludge, or 
sewage screenings, to produce a high-quality organic 
fertiliser, said that this was a development which 
was taking place rapidly in all countries. The com- 
posting of what were termed habitation wastes 
resulted in the return to the soil of the humus 
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harvesting of crops, and thereby completed the 
natural cycle and kept the soil healthy. In this 
form the matured fertiliser was readily digestible 
by the soil, whereas crude refuse, even when pul- 
verised, and sewage, when either was applied sepa- 
rately to the soil, were not readily digestible but 
absorbed nitrogen from the soil until fermentation 
had been completed. The author seemed to be 
unduly pessimistic in saying “the cost of the 
process a to be the deterring factor,” 
because with modern and complete mechanisation 
throughout the processes from reception to maturing 
the net annual cost was not necessarily more than 
that of existing methods of disposal. 

From the public health point of view, it was an 
advantage to compost the materials, because the 
refuse could be pulverised locally and then, trans- 
ported to the sewage works, where composting took 
place. The pulverised material was virtually free 
from smell, and, perhaps more important, it was 
unattractive to flies and vermin. As soon as the 
sewage sludge or screenings were added, heat was 
developed and the temperature rose to 160 deg. F., 
or more, so that the fly larve could not complete 
their life cycle and were exterminated at that stage. 
In the design of composting plants, arrangements 
were made to ensure, as far as practicable, that 
fermentation took place under aerobic conditions. 
Under these conditions, little if any offensive smell 
was produced, as putrefaction was avoided. 

Mr. Z. Cornfeld, of Tel-Aviv, referred to the pre- 
vention of malarial disease in and around towns. 
In the new town of Natania, to which he was 
appointed as municipal engineer, one of his first 
tasks was to get rid of swamps, as the area was full 
of malaria, due to the anopheles type of mosquito. 
Modern methods were used of cutting drains by 
explosives, and the blocked outlet to the sea was 
also opened by explosives. The outlet to the sea 
was concreted, and the whole cross-section was 
designed to carry storm-water at the rate of some 
50 cub. m. per second. Round the town were many 
small ponds, which had no outlet at all. There 
was still no central sewerage system, local septic 
tanks and cesspools being employed. It was 
essential to get rid of these local pools, and his 
problem had been to interconnect them and find 
the most suitable outlet to the sea. After a year 
or two from the inception of these works, they got 
rid of the incidence of malaria entirely. 

Sir Arthur Dean referred to some of the problems 
of public health engineering in India. He had 
been in charge, on the engineering side, of the elimi- 
nation, of malaria from the area round Delhi. It 
had been largely a question, of finding out, first of all, 
exactly how the malaria spread, because it was not 
just one type of mosquito, living a certain life cycle, 
that spread malaria. One thing which had been 
tried was the clearance of vegetation along streams, 
because it had been understood from previous 
experience that the anopheles mosquito deposited its 
eggs under the shade of grasses and bushes growing 
along streams. The result had been a considerable 
increase in malaria-carrying mosquitos because of 
the clearance which had been, carried out, and which 
had been done entirely by engineers, without 
consulting the malariologists. The malariologists 
then found that, in the particular area in question, 
the malaria-carrying mosquito liked to lay its eggs 
in the sunlight on the edge of fast-running streams, so 
that the work which the engineers had done had 
encouraged rather than reduced malaria. In Delhi, 
the mosquito responsible for malaria was found to 
breed on the sides of streams, but it liked the shade, 
and so the clearance of shade and then the spraying 
of the area with copper arsenate from the air, and 
raising and lowering the water-level in reservoirs, 
which was very important and stranded the eggs, 
which died, proved very effective. Nearly all 
public health engineers in India regarded malaria as 
an engineer-made disease. The borrow-pits along- 
side the railways, roads and canals of India were 
responsible for collecting water in which the mos- 
quito which carried malaria bred, and getting rid 
of those borrow-pits was now a matter of urgent 
importance and considerable expense. 

Refuse composting was introduced in India by 
Mr. (later Sir Albert) Howard at Indore, in 1930. It 
was done without any water-borne sewage, the night 





soil being collected as it was, and deposited with 
house and street refuse in a layer system and turned 
over after three days, after a further five, and 
again after another week. The compost was very 
valuable as manure. A more modern application 
of the same idea had been adopted in Delhi, using 
the digested sludge from the sewage works, again 
with household and garden refuse. 

Mr. P. H. East recalled that the Electricity 
Commissioners, in 1930, set up a committee to deal 
with what they called “ chimney emissions,” and he 
represented them on that committee. The res- 
trictions and conditions laid upon power stations 
with regard to the emission of dust from chimneys 
were entirely voluntary; there was no legal res- 
triction whatever, except the common law of 
nuisance. The committee which the Commissioners 
appointed suggested in their report that, with 
stoker-fired boilers, it was sufficient to use mechani- 
cal collectors, but with pulverised-fuel boilers, it 
was almost essential to use electrostatic precipitators. 
They reported strongly against the wet washing of 
gases, because it produced in the resultant sludge a 
proportion, of sulphur and gave rise to trouble in 
the disposal of the sludge. They also conducted 
experiments with a wind tunnel, to find out at 
what height above ground the chimney gases ought 
to be released. The empirical formula of 24 times 
the highest point of adjacent buildings had proved 
to be reasonably accurate. Taking the pulverised- 
fuel boiler with the electrostatic precipitator, some 
80 per cent. of the ash in the coal was presented to 
the precipitator, but with the stoker-fired boiler, 
not more than 10 per cent. With the precipitator 
working efficiently, apparently something /like 
3.grains of dust per cubic foot would be presented 
to the catcher, and, with an effiency of 90 per cent., 
that meant an escape of 0-3 grain per cubic foot. 
The committee, who were careful to apply the sug- 
gested recommendations to power stations only, 
arrived at the conclusion that it would be right to 
suggest to the supply industry that, when dealing 
with specifications for dust-extracting plant in 
generating stations, they should require a guarantee 
that the maximum concentration of dust escaping 
out of the chimney should not exceed 0-4 grain per 
cubic foot. To-day, the actual figure was nearer 
0-2 grain. The supply industry, however, were 
being faced with a charge, whenever a new generating 
station was proposed, that, from the public health 
point of view, all sorts of special apparatus should be 
added to ensure that the health of the people of the 
locality would not be adversely. affected. There 
was a tendency to call on the electricity supply 
industry to observe conditions which were not even 
faintly approached by industry. There was also 
the problem of sulphur washing. Sulphur washing 
in a closed system—the Battersea system was 
available only ona very large river—would add 10s. 
a ton to the cost of coal, and he hoped that they 
were not going to be asked to do that. Perhaps the 
author would say what attitude would be taken up 
towards the new station in Birmingham, and whether 
there was any hope of bringing local industrial 
users in the neighbourhood of that station up to 
the standard which that station, would observe. 

The Chairman (Sir Peirson Frank) said that 
Mr. Gutteridge had criticised the author’s statement 
that the cost of the composting process appeared to 
be a deterring factor at present. The chairman 
thought that that observation was justified. The 
difficulty had been and still was partly climatic ; 
they could not get the compost to mature quickly 
enough. Colonel Hill drew attention to the omission 
from the paper of any reference to the prevention, of 
flooding, and rightly so; the Conference was 
concerned, with engineering in the world as a whole, 
and enormous sums were being spent to eliminate 
some of the difficulties experienced, particularly in 
some of the towns in the Middle East and the Far 
East. With regard to the pollution of watercourses 
by industrial effluents, he had been, concerned with 
a case in which three or four factories had been 
established within the confines of a small residential 
city ; the amount of effluent from those works was 
three times the domestic effluent, and its potency 
was very high. Reference was made in the paper 
to district heating, and it was said that “The 
wholesale adoption of district heating schemes would 





undoubtedly do much to reduce atmospheric 
pollution, especially from domestic fires; unfor- 
tunately, the present economic conditions in 
Britain may prevent such a course.” He thought 
that another factor which prevented the more rapid 
expansion of district heating was the British climate; 
there was not the urge to adopt it in this country, 
because of climatic variations. However, if and 
when money could be found for it, he believed that 
economy would result from its adoption. 

The author, in reply, said that the European 
equivalent of the household grinder was the Garchey 
system, which had been introduced in France and 
was being tried in this country. A considerable 
area of flat development at Quarry Hill, Leeds, was 
the first example of the system in this country, and 
he understood that it was working well. More 
recently, it had been introducedin London. Colonel 
Hill and Sir Arthur Dean had mentioned the ques- 
tion, of alternative water-supplies. The author 
had had experience of an alternative water-supply 
in Birkenhead, where there was a separate system 
of mains with an alternative supply from the 
Mersey. This water was used for fire-fighting, 
street cleansing and for the swimming baths. It 
was really sea-water which had been filtered through 
anything up to 20 ft., and in some cases 50 ft., of 
sandstoxe into the Mersey Tunnel, from which it 
had to be pumped in any case. The discharge to 
sewers of industrial wastes was a difficult problem, 
and he was doubtful about the results of the new 
legislation ; but he had no doubt at all that the 
new legislation, and the formation of river boards, 
and their powers over pollution, were right. 

Birmingham had required that industrial efflu- 
ents should be taken to the sewers, and had done 
so for 30 or 40 years; and yet they got pollution 
in their streams, because some industries tipped 
waste products on the ground, and the rain came 
and washed the pollution through the ground into 
the watercourses. 

Colonel Hill also mentioned sea defence works 
and the prevention of flooding from waterways. 
Sea defence works probably had no important 
bearing on health, but flooding did, and it should 
have been, mentioned in the paper. There was, for 
example, its effect on the rheumatic diseases, which 
had been estimated to account for more ill health 
than almost all the others put together. Mr. 
Gutteridge talked about composting. There had 
been no intention to imply, in the paper, that it 
did not have a future, or that cost was a definite bar 
to its use. Although composting in one form or 
another had been carried out for generations, its 
application in municipal works was comparatively 
recent in this country. 

Mr. East’s contribution was very interesting. The 
author was not one of those who considered that the 
emission of power-station smoke and grit was 
necessarily worse than the emission from factory 
chimneys. He wished that it was possible to get 
better results from ordinary private industry. 
Considerable results were, in fact, being obtained. 
In Birmingham, they had an officer who was an 
engineer, and whose job it was to advise industrial- 
ists and to examine all plans deposited ; and there 
was power to require details to be given of the 
mechanical plant which was put in. He had been 
interested to find that the iraprovement in atmos- 
pheric conditions in and around the Midland area 
was so great that Portland stone buildings, which, 
at one time, became almost completely black 
within four or five years, would now only begin to 
show discoloration, after nearly 20 years. Moreover 
it was no longer the pollution from industrial 
chimneys which was the menace, but mainly the 
emission from domestic chimneys. 

The chairman had commented on a number of 
matters, including industrial effluents and district 
heating. The author had been a member of the 
Egerton Sub-Committee on district heating for about 
four years, and had prepared five schemes of district 
heating, the last one being to deal with an estate of 
some 2,000 houses with special buildings, schools 
and an industrial area. What killed it was the 
increasing cost and the lower calorific value of fuel, 
the calorific value having come down by something 
like 25 per cent. since before the war. The effect 
was that the cost per house was doubled. He had 
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made inquiries and found that almost every other 
scheme in the country had suffered similarly, 
including those at Wythenshaw, near Manchester, 
and at Westminster. A stage was reached where 
one could not introduce a scheme which was going 
to impose on people a very large payment as rent 
or dues, because they would not accept it; they 
preferred a system which was less efficient but which 
cost them less money. He thought that district 
heating would come when new forms of power were 
available, but at present, it was such a doubtful 
benefit, because of the British climate, that he was 
not surprised to see it lagging. 
APPLICATION OF PowER TO AIRORAFT. 

A paper on “The Application of Power to Air- 
craft” was read by Mr. F. M. Owner, C.B.E., M.Sc., 
at a meeting on June 8, at the Institution of 
Mechanical Engineers, with Dr. R. W. Bailey, F.R.S., 
in the chair. After surveying the historical develop- 
ment of aircraft propulsion and accessory-power 
requirements, he reviewed current practice and 
future prospects in the choice of propulsive system, 
power-plant installation, and accessory power ser- 
vices and supplies. The piston-engine field, he said, 
was likely to be confined to low-altitude low-speed 
aircraft ; for very long ranges, compounding might 
be used. The propeller-turbine engine could be 
expected to improve appreciably in power output 
and specific weight as combustion temperatures were 
increased from the current values of 800 or 850 
deg. C. to 1,000 deg. C., in the fairly near future, and 
later to 1,200 deg. C. or higher. These increases 
would be made possible by improved materials and 
design, and by blade cooling combined with external 
coatings. The effect was cumulative, since higher 
flame temperatures made it possible to use higher 
compression ratios. The development of the super- 
sonic propeller would simplify, or even eliminate, 
reduction gearing and make the weight of the 
propeller turbine comparable with that of the pure 
jet. The propulsive efficiency of the propeller 
would, however, fall as the supersonic speed in- 
creased, whereas the jet efficiency continued to rise. 
The use of the supersonic propeller would, therefore, 
be limited to aircraft Mach numbers between, 0-8 
and 1-2; within this range, significant improve- 
ments in range might be obtained. The field of 
application of ducted-fan or by-pass engines also 
lay within this speed range. Whether either the 
by-pass engine or the supersonic-propeller turbine 
would have an overall advantage over the pure 
jet in the trans-sonic speed range could not yet be 
foreseen. 

In the turbo-jet, higher combustion tempera- 
tures would improve the specific thrust but would 
increase the fuel consumption both at sea-level and 
at altitude. The only possibility of improving 
turbo-jet fuel consumption was to use higher com- 
pression ratios; unfortunately the optimum com- 
pression ratios, from the standpoint of specific 
thrust, were already being approached. At super- 
sonic speeds, the propulsive efficiency increased up 
to a Mach number of at least 3. The high thrusts 
for trans-sonic and supersonic flight wov!d, how- 
ever, necessarily limit range and duration; for 
high specific thrusts. of short duration, combustion 
temperatures might be increased by blade-cooling, 
which was less extravagant than after-burning, did 
not require a variable-jet nozzle, and need not 
prejudice good cruising consumption at lower tem- 
peratures. Up to a Mach number of 3, the overall 
efficiency of the turbo-jet was much higher than 
that of the ram jet, which had a poor thermo- 
dynamic efficiency, and would be confined to short- 
duration applications such as “assisting” a turbo- 
jet or as a missile power plant. Other possibilities 
mentioned by Mr. Owner were the use of the turbine 
engine to provide boundary-layer suction, and the 
development of a light compact heat exchanger 
for utilising the surplus heat from the turbine. 


Discussion. 

_In opening the discussion on Mr. Owner’s paper, 
Sir Harry Ricardo, F.R.S., said that, in the com- 
pound engine, probably the best results would 
be obtained by sharing the power output more 
or less equally between the piston engine and 
the exhaust turbine. Discussing the possibilities 
of higher working temperatures in gas turbines, he 





wondered whether it would be possible to make 
the structure surrounding and supporting the 
turbine wheel stand up to much higher tempera- 
tures; although not so highly stressed as the 
turbine blades, appreciable distortion could not be 
tolerated. In common with other speakers in the 
discussion, Sir Harry wondered whether the super- 
sonic propeller would be intolerably noisy. Finally, 
he said, he was aghast at the amount of auxiliary 
and servo equipment required by the modern aero- 
plane. 

Air Commodore Sir Frank Whittle, K.B.E., C.B., 
F.R.S., thought that the author was too optimistic 
about the future of the propeller turbine. Engine 
weight was almost as important as fuel consump- 
tion, and he would like the author to give a com- 
parison of the weight per horse-power at 500 m.p.h. 
for a propeller turbine and a turbo-jet engine. 
In first cost and maintenance of the engine, the 
turbo-jet was greatly superior; and above all, the 
turbo-jet contributed much less to the drag of the 
aircraft. He estimated that the skin friction and 
interference drag of the nacelles of a propeller turbine 
installation, plus the slipstream drag, might give 
rise to a 25-per cent. difference in drag between 
the propeller-turbine and turbo-jet installation. 
He thought, however, that the propeller turbine 
might be suitable for anti-submarine work. The 
steady increase of the auxiliary loads on the engines, 
which might require a substantial proportion of the 
power available, could make for a very slow accelera- 
tion when opening up from idling at great heights ; 
for some time he had been urging that a clutch 
should be incorporated in the auxiliary drives so 
that the load did not come on to the engine until 
it was running at areasonablespeed. The jetengine 
was much more sensitive than the piston engine to 
altitude and temperature effects; one method of 
restoring power was by coolant injection ; he hoped 
that the author would say something on that point. 
The author, said Sir Frank, had passed lightly 
over the case for the ducted fan, a great advantage 
of which was that it could have a very large ratio 
of take-off power to cruising power; fuel could be 
burned in the by-pass air to give a large increase in, 
take-off thrust. With the present trend towards 
larger ratios between take-off and cruising powers, 
therefore, there was a strong case for the ducted 
fan. 

Professor R. L. Lickley said that the choice 
of engine for commercial aircraft was affected 
by air-traffic control at airports ; the greater flexi- 
bility of the propeller turbine engine, compared 
with the jet engine, made possible a saving in fuel. 
Discussing the design of air intakes for fighter air- 
craft, he disagreed with the author that the nose 
entry was more efficient than the root entry, since 
considerable losses were incurred in the ducts neces- 
sary to take the air past the pilot. He thought 
that there was an advantage in the coupled-engine 
layout, in which one engine could be shut down for 
cruising, for the long-range jet fighter. One of the 
reasons for mounting jet engines on “‘ pods,” as 
in the Boeing X47 jet-propelled bomber, was 
because it was impossible to bury the engines in 
thin wings. He asked the author to state ‘the 
probable weight of high-speed propellers. 

In reply to the discussion, Mr. F. M. Owner said 
that, if the highly-stressed blading could be made to 
withstand higher combustion temperatures, he was 
sure that the flame tubes and turbine casings could 
also, by use of such methods as film cooling, sweat 
cooling, etc., that were less difficult to apply 
than blade cooling which had to be effected without 
interfering with the gas stream in which the blades 
worked. He thought Sir Frank Whittle had not 
made a fair comparison between a buried jet engine 
and a propeller-turbine engine which was not buried. 
He agreed that the power required to drive the 
accessories constituted a serious problem, but 
pointed out that if the accessory drive was taken 
from the free turbine, the functioning of the com- 
pressor was not affected ; by putting the aircraft in 
a shallow dive, accessory power was available even 
if the engine had stopped. He agreed that liquid 
injection was probably the most suitable method for 
civil use of overcoming the power loss due to 
altitude and temperature; this problem would 
become of still greater importance when higher 





compression ratios were adopted. Regarding the 
ducted fan, he thought that the increase in take-off 
thrust obtained by after-burning in the by-pass, at 
a compression ratio of the order of 2 to 1, would 
entail a relatively high consumption, and its use 
would be limited to short periods. His impression 
was that, so far from being over-powered for cruising, 
the cruising-power requirements of aircraft at high 
altitudes were going to be difficult to fulfil. 

As regards suitability of the power unit in relation 
to air-traffic control, he thought that the problems 
posed by the propeller turbine lay about half-way 
between those of the piston engine and the turbo-jet. 
Discussing air intakes, he thought that insufficient 
attention was being paid to the increased mass flow 
of the turbine engine compared with the piston 
engine, which must affect considerably the airflow 
over the aircraft surfaces; study of the problems 
caused by spill from the intakes when the engine 
was not making its full demands—which might call 
for variable intakes—and the use of the engine jet 
to induce airflow where it was wanted, could do 
much to assist aircraft design. He agreed that there 
was a considerable advantage in being able to shut 
down one engine in flight, but thought that fighter 
aircraft required the largest engine which could be 
efficiently made in a single unit. Referring to 
supersonic propellers, the blades of which would 
have to be of thick hollow or solid steel, he thought 
that the weight of the complete power unit might 
be a little over half that of a normal propeller- 
turbine unit. There were as yet no flight measure- 
ments of supersonic propeller efficiencies. He 
thought that the noise level would be of the order of 
140 to 150 decibels, which would rule out the use of 
supersonic propellers for civil aircraft. For similar 
reasons, the ram jet was unlikely to be used in civil 
aircraft. 

ELECTRICAL MEASURING INSTRUMENTS. 


A meeting was also held on Friday, June 8, at the 
Institution of Electrical Engineers, when a paper 
on “ British Achievements in, Electrical Measuring 
Instruments” was presented by Dr. 8. Whitehead. 
Mr. G. A. V. Sowter occupied the chair. Until 
fairly recent times, said the author, the progress 
of electrical science and, to a large extent, of 
the physical sciences, had depended on a few 
basic types of instrument which could be classified 
under the general headings of the galvanometer and 
its derivatives ; the electrometer; the bridge net- 
work ; the potentiometer ; and the magnetometer. 
The early scientists in this field, and their successors, 
had done their work so well that new methods, 
apart from developments of old principles, had 
lain principally in the recent introduction of new 
components, such as valves, cathode-ray oscillo- 
graphs, semi-conductors, crystals, photo-sensitive 
cells and a number of other electronic and ionic 
devices, descriptions of which the author gave. 

There was, in fact, little room for fundamental 
improvement. The principles of rapid and accurate 
readability had been explored, both for normal and 
difficult conditions, as had the best designs of 
pointers and the use of optical and projection 
devices in self-contained instruments. Similarly, 
the application of kinematic principles to reach the 
minimum number of restraints would economise 
precision, work, except in the essential parts. More 
important improvements would come from the 
exploitation of existing and future materials. 
Future magnetic materials might extend the fre- 
quency range of electromagnetic instruments to the 
limit set by the natural frequencies of the coils. 
The potential transformer could be raised to the 
precision of the current transformer. The wider 
use of the geared pointer was probable and improved 
magnetic materials might replace the jewel and 
pivot by a frictionless suspension. Electrostatic 
instruments might be raised to the electromagnetic 
class by using vacuum or high-pressure, and, more 
speculatively, by the employment of high permi- 
tivity dielectrics. A great revolution would come 
from the production of stable valves or of equivalent 
semi-conductors ; still greater would be the revolu- 
tion if auxiliary supplies could be eliminated or 
minimised. 

The main extension of measurement science 
would lie in its adaptation to multifarious uses, 
such as the production of automatic and recording 
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instruments. The future also offered a vast field 
where the phenomena considered had been imper- 
fectly or not at all translated into electrical quan- 
tities. Once the translation had been made there 
was scarcely a mathematical operation that could 
not be carried out by an electric circuit. Further- 
more, the data could be transmitted for purposes of 
central control and interpretation. A more import- 
ant problem was the initial translation into electrical 
quantities, especially of subjective phenomena. 
Even such a simple concept as firmness was difficult 
to assess and those with a semi-esthetic flavour 
would probably never be settled to general satis- 
faction. The attempt now in progress to make the 
computational machine act with some of the 
properties of a brain might have incalculable 
consequences. 
Discussion. 

The Earl of Mount Edgcumbe said that it was 
high time such a paper, giving chapter and verse 
for the contributions made by the British nation 
to electrical measurement, should be written. He 
thought that the taut-suspension moving-coil oscillo- 
graph should definitely be ascribed to Duddell. 
Crompton’s name might have been mentioned in 
connection with the development of the potentio- 
meter, while another pioneer who had not received 
his due was Evershed, with his ohm-meter. He was 
glad that Sturgeon and his galvanometer had been 
mentioned, since d’Arsonval had received undue 
credit for it. Ockenden deserved a good deal of 
credit for making the moving-coil instrument as 
accurate as the dynamometer. 

Dr..W. G. Radley thought that during the past 
few years industrial instruments had become more 
robust, more weatherproof and smaller, owing to 
the availability of new materials and the use of 
miniature components. The new magnetic alloys 
had a very high energy content and very low 
corrosivity, making for great simplification in the 
design of all instruments employing permanent- 
magnet systems. So far the efiect of new dielectrics 
had not been so marked, but much research was 
being carried out with a view to finding new ma- 
terials for use in communication and high-frequency 
equipment. Instruments for use in the very high 
frequency region necessitated great precision in 
dimensions. At a frequency of 100,000 megacycles 
the penetration of current was only 10-5 in. and 
surface roughness extending to half that depth 
increased the attenuation by 20 per cent. This 
meant that in the manufacture of devices for 
measuring these frequencies precision methods of 
machining had to be used. 

Mr. G. F. Shotter pointed out that there were 
more problems to solve, especially in connection 
with the ordinary recorder. He was opposed to the 
use of valves and valve techniques where it was 
possible to employ accepted methods. He thought 
that in this respect the magnetic amplifier would 
have a useful future. 

Mr. L. J. Matthews said he regarded the com- 
parator as an outstanding achievement of British 
instrument practice. The clock type of meter 
should be mentioned as it was one of the earliest 
supply meters to be invented and was still used 
with a very high degree of accuracy for certain 
purposes. British engineers had always taken a 
leading part in the development of the induction 
meter. These meters were now employed for 
measuring the bulk of the domestic and power 
supply with an accuracy within +1 per cent. from 
1/120th of the marked load up to three or four 
times the full-load current continuously. 

Dr. A. H. M. Arnold said there was still a need 
for a better alloy from which a current transformer 
with higher accuracy and lower impedance could 
be produced. Improvement in regard to higher 
frequencies was also necessary ; this could only be 
obtained by increasing the resistivity of the material. 

Dr. A. C. Menzies remarked on the fact that in 
the past instruments had been developed by indi- 
viduals. In physics, at any rate, the day of “ gangs” 
now seemed to be beginning and whether this 
country would be good at that kind of thing he 
did not know. Perhaps, however, there would 
still be room for the individual to produce his 
stroke of genius. 

Mr. J. F. Coales hoped that with the more com- 


plicated circuit arrangements it would be possible 
to reduce the signal level employed. At frequencies 
above 30,000 megacycles the comparison of voltages 
in wave guides and the use of the standing wave 
pattern in, the guide to measure impedances became 
very difficult, if not impossible. Bridge methods 
with hybrid junctions, exactly analogous to the 
Wheatstone bridge, were therefore being employed. 

Mr. W. Bamford thought that in these days basic 
ideas in instrument design must be adapted to new 
methods of production. In the application of 
instruments, flameproofing, hermetical sealing, the 
use of inhibitors for parasitic growths, and resistance 
to the shock of gunfire might be mentioned. The 
employment of the direct-current amplifier on, tele- 
metering equipment enabled a relatively large 
amount of power to be produced and all contacts 
to be eliminated. 

Mr. C. W. Pettitt considered that there was need 
for research on how ink could be eliminated from 
recorders. In, this connection, Dr. W. B. Whitney 
mentioned the Masson, perturbograph in which any 
disturbance on the system was recorded. In an 
instrument which ha, been developed by the Elec- 
trical Research Association, 72 simultaneous occur- 
rences could be recorded magnetically on a drum 
and the record thrown on to a cathode-ray tube 
screen. Mr. C. Phillips thought a tribute should 
be paid to Drysdale, who had not only invented 
many electrical instruments, but had built up the 
optical industry in this country. 

Dr. S. Whitehead, in reply, said that in high- 
frequency work it was the techniques rather than 
the instruments which were new. He did not 
think that instrument design or ideas about instru- 
ments would become a matter for gangs. It would 
always be one person who had the idea and did 
most of the work. 


(T'o be continued.) 





BRITISH INSTRUMENT 
INDUSTRIES EXHIBITION. 


On Wednesday, July 4, the first British Instru- 
ment Industries Exhibition was opened at Olympia, 
London, by the Minister of Supply, the Rt. Hon. 
G. R. Strauss. The exhibition, which will remain 
open until July 14, covers a wide field, ranging from 
drawing-office instruments, laboratory equipment 
and tool-room gauges to completely automatic 
process-control equipment operated from a central 
station, and many special instruments for particular 
industries and research projects. A description of 
some representative exhibits follows. 

The Baldwin Instrument Company, Limited, 
Dartford, Kent, are showing their new industrial 
beta-ray thickness or weight gauge, known as the 
Atomat, for gauging such materials as paper, board, 
plastics, metal foil, etc. The instrument, a photo- 
graph of which is reproduced in Fig. 1, on page 10, 
uses a radioactive source directed at a detecting 
ionisation chamber, separated from it by a 1-in. gap. 
Any material placed between the source and the 
detector will cut off the beta radiation reaching the 
ionisation chamber by an amount proportional to 
the mass of the material. The product to be gauged 
is therefore fed between the source and the detector, 
and the ionisation current gives a measure of the 
average weight per unit area across the width of 
the material and thus, in the case of sheet material, 
of its thickness. If it is desired to measure the 
variation across the width of the material of its 
weight, the source and the detector can be arranged 
to traverse the width or, alternatively, several 
source and detector units, suitably disposed, can be 
employed. The ionisation current, which is very 
small, is amplified electronically and fed to indi- 
cating instruments. 

The radioactive source employed at present is 
thallium 204, which gives a range of 0 to 150 milli- 
grammes per square centimetre (equivalent to a 
maximum thickness of aluminium sheet of 0-55 
mm.). Other radioactive sources will be available 
in the near future, which will allow other ranges to 
be covered. The radioactive substance is mounted 
in a metal holder in a casing fitted with lugs for 





attaching to the user’s feeding machinery (the sup- 


poring blocks shown in Fig. 1 are not normally 
present). The casing is provided with a shutter in 
order to shut off all emission when handling the 
equipment or for checking the instrument setting. 
The standard ionisation chamber is in « hermetically- 
sealed container, and has a scanning area of 1} in. by 
9 in. The ventilated steel cabinet shown on the 
right of Fig. 1 contains three racks, the top one 
carrying the indicating instruments and the contrel 
switches, the middle one carrying the amplifier, and 
the lower rack supporting the power pack and the 
voltage-stabilising transformer. Plug and socket 
connections are provided between the racks, so 
that each rack may be removed separately for 
servicing. Two moving-coil indicating instruments 
are provided, one indicating the weight per unit 
area of the material being gauged and the other 
showing the deviation above or below a preselected 
weight or thickness. Recording instruments can be 
fed from either of the indicators. 

The Baldwin Instrument Company are also 
showing their rolling-mill extension gauge, which 
measures the small reduction in thickness (0-5 to 
3 per cent.) which is given to steel strip in the 
“temper ” to produce work hardening. Practic- 
ally all the extension takes place in the direction of 
rolling and, therefore, the ratio of the velocity of 
the strip entering the rolls to the strip velocity 
leaving the rolls gives a measure of its extension. 
These velocities are determined magnetically ; the 
output of an alternating-current generator, driven 
from the rolls, is fed to two “ printing” coils, 
displaced relatively to each other across the strip 
width, one impressing a magnetic pattern on the 
strip before it passes through the rolls and the other 
after the strip emerges from the rolls. The coil on 
the ingoing side can be adjusted by a micrometer ; 
the other coil is fixed. Two pick-up coils, in line 
with each printing coil, detect the magnetic patterns, 
which are then amplified and fed to a phase-selective 
indicating detector. With a thickness reduction of, 
say, 1 per cent., the outputs of the pick-up coils 
will be in phase when the distance between the 
ingoing printer and pick-up coils is 1 per cent. less 
than that between the outgoing coils. The instru- 
ment is operated, therefore, by setting the ingoing 
printing coil with the micrometer to a aistance from 
its pick-up coil to give the desired velocity ratio 
and reduction in thickness, and the rolling mill is 
adjusted so that the phase detector indicates zero. 
On the stand of the Department of Scientific and 
Industrial Research, a wide range of scientific 
instruments, developed by the National Physical 
Laboratory, the Chemical Research Laboratory, the 
Road Research Laboratory, and several of the indus- 
trial research associations, is on view. Among these 
exhibits may be mentioned a pneumatic surface- 
roughness gauge developed by the Metrology 
Division of the National Physical Laboratory, 
consisting of a measuring head connected by a 
flexible rubber tube to a pneumatic amplifier fed 
by compressed air. The measuring head is housed 
in a small metal cylinder, open at one end. Within 
the cylinder is an air jet, slightly set back from the 
openend. The cylinder is placed with its open end 
upon the surface to be gauged ; the roughness of the 
surface allows air to escape from the cylinder, the 
degree of roughness being gauged by the variations 
in air pressure in the measuring head. 

The British Iron and Steel Research Association, 
11, Park-lane, London, W.1, are showing a wire- 
drawing die profilometer developed.for measuring 
the profiles of bores with minimum diameters 
ranging from 0-02 in. to 0-5 in., to an accuracy of 
0-0001 in. For industrial use, the instrument is 
manufactured under licence by Messrs. Hilger and 
Watts, Limited, Watts Division, 48, Addington- 
equare, London, 8.E.5. It is illustrated in Fig. 2, on 
page 10; the die is mounted in a chuck fitted to a 
headstock similar to that used on a small lathe. A 
pivoted probe arm, with an enlarged tip, is carried 
on a carriage which can be traversed by a micrometer 
screw so that the probe is moved axially through the 
die bore. As the probe arm is rotated about its pivot 
to follow the profile, it is observed by sighting an 
autocollimator on to a mirror fixed to the probe 
arm ; at each reading, the rotation of the probe arm 
is “ nulled ” by adjusting the height of the pivot on 





the carriage with a second micrometer screw. The 
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profile of the bore is plotted from the readings of the 
two micrometers. 

The B.1.S.R.A. are also showing an electrical 
remote-indicating differential-pressure meter devel- 
oped for measuring differential pressures in open- 
hearth furnaces, which is manufactured under 
licence by Messrs. Tinsley (Industrial Instruments), 
Limited, North Circular-road, West Twyford, 
London, N.W.10. The measuring head consists of a 
diaphragm formed by a Paxolin disc mounted in an 
annulus of gold-beaters’ skin forming a flexible 
airtight seal. It is carried on a horizontal rod 
supported by flexible pillars, and is free to move 
horizontally. One end of the rod carries a sensitive 
electrical displacement detector ; on the other end 
is a coil moving in the air gap of a permanent magnet. 
The force exerted by the coil on the rod is propor- 
tional to the current flowing through it, which is 
supplied by the amplified output of the displacement 
detector. Its direction is arranged to oppose the 
motion of the diaphragm caused by differential gas 
pressure. On applying a pressure difference across 
the diaphragm, the rod moves through a distance 
sufficient to generate a current in the coil, causing an 
equal opposing force on the diaphragm ; the output 
current, therefore, gives a measure of the differential 
pressure. The instrument has a pressure range from 
0 to 1 in. water-gauge, with an output current of 
30 milliamperes at full-scale deflection, and is 
sensitive to within 0-002 in. water-gauge. 

The journey-shoek recording instrument shown 
by the Printing, Packaging and Allied Trades 
Research Association, Patra House, Randalls-road, 
Leatherhead, Surrey, has been developed in con- 
nection with their researches on the strength and 
protective properties of containers used for trans- 
porting goods. The recorder, which is illustrated 
in Fig. 3, is used to measure the number of times 
that a container is dro»péed during loading, trans- 
port, and unloading, from a height above a pre- 
selected minimum value, within a range of 3 in. to 
3 ft. The instrument consists of a brass tube, 
1} in. in diameter and 4 in. long, housing ‘a counter 
mechanism operated by a mass spring system with 
oil damping. The recording dials can be read 
through a window in one end of the tube. Com- 
mercial organisations are co-operating with the 
Association to determine the drop hazards to which 
their goods are subjected in transit; several 
recorders are mounted on a wooden block, which 
replaces the goods in a standard asc, and the weight 
is adjusted to be the same as that of a normally- 
filled case. 
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Messrs. W. Edwards and Company (London), 
Limited, Horsley Bridge-road, Lower Sydenham, 
London, 8.E. 26, are showing a light-alloy melt gas- 
content tester which has been developed for com- 
mercial use in co-operation with the British Non- 
Ferrous Metals Research Association, being based 
on the techniques used in the laboratories of the 
latter organisation. A sample of the melt is cooled 
under reduced pressure; the presence of gases is 
detected either by bubbles breaking through the 
surface of the solidifying sample, or, in the case of 
aluminium-based casting alloys which form a pasty 
mixture of solid and liquid metal during cooling, the 
whole sample will swell as it solidifies. The degree 
of bubbling or swelling gives a qualitative measure of 
the gas in the melt which is usually sufficient for 
determining whether de-gassing treatment is neces- 
sary. The apparatus consists of a chamber which 
is evacuated by a Speedivac 1850 pump; the rate 
of evacuation is controlled by a valve, which also 
serves to isolate the chamber from the pump. 
A barometrically-compensated aneroid dial gauge 
is used to measure the pressure in the chamber. 
The chamber is provided with an air inlet to enable 
the vacuum to be destroyed, and is fitted with a 
hinged lid sealed by a synthetic-rubber O-ring. A 
hard-glass window is provided for observing the test 
sample, which is contained in an uncooled iron 
crucible supported on a fireclay triangle. 

(Z'o be continued.) 





THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS. 


As was reported in last week’s issue of ENGINEER- 
tnG, the International Conference of Naval Archi- 
tects and Marine Engineers was formally opened at 
the Central Hall, Westminster, by the Lord Mayor 
of London, Sir Denys Lowson, Bt., on the morning 
of Tuesday, June 26. Our note of the proceedings 
was necessarily brief, but it recounted the principal 
events of the week’s programme down to the recep- 
tion by the Lord Mayor at the Mansion House on 
the Wednesday evening. The following day, 
June 28, was devoted entirely to technical sessions, 
with no evening engagement; and the Friday, 
June 29, to all-day tours of the Surrey hills and the 
Thames Valley, followed in the evening by a 
banquet at Grosvenor House, Park-lane, which 
terminated the official proceedings in London. 
There were,. however, various other gatherings, 
not in the printed programme ; for instance, the 
luncheon, given to the overseas delegates by the 
Worshipful Company of Shipwrights, which was 
held in the Vintners’ Hall on June 29, under the 
chairmanship of the Prime Warden (the Hon. 
Geofiry Parsons), and the dinner given by the 
President (Mr. J. H. King) and delegates of the 
Society of Naval Architects and Marine Engineers 
at the Dorchester Hotel, Park-lane, on Saturday, 
June 30—a kind of post-conclusion to the London 
proceedings, for, on the Sunday morning, those 
who were visiting the Clyde and the Tyne left 
Euston for Glasgow by special train. 

The complete programme of papers numbered 
ten, of which the first eight were presented and 
discussed in London, and the remaining two were 
to be read in Newcastle-on-Tyne ; there were no 
technical sessions in Glasgow. The first paper—on 
“ Ships’ Structures: A Century of Progress ’— 
was delivered by Mr. R. B. Shepheard, C.B.E., 
B.Sc., Chief Ship Surveyor of Lloyd’s Register, 
on the morning of June 26; it is reprinted in this 
issue. The second, taken at the same session, dealt 
with “The B.S.R.A. Resistance Experiments on 
the ‘Lucy Ashton.’ Part I—Full Scale Measure- 
ments,” and was presented by Sir Maurice Denny, 
Bt., K.B.E., chairman of the Research Board of 
the British Shipbuilding Research Association. 
On the following morning, June 27, a paper on 
“Higher Steam Conditions for Ships’ Machinery ” 
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was contributed by Mr, Mark L. Ireland, Mr. H. W. 
Semar and Mr. N. L. Mochel; and one on “ Boiler 
and Turbine Testing ” by Captain (E) L. F. Ingram, 
R.N., and Captain (E) L. A. B. Peile, D.S.0., M. V.O., 
R.N. On Thursday, June 28, there were technical 
sessions in both the morning and the afternoon, 
when the following papers were discussed : “ Marine 
Fuel Oils,” by Mr. M. Blancher, and “‘ Ship Motions,” 
by Mr. John C. Niedermair; “ A Proposed Design 
for a Combined Research Training and Cargo Ship,” 
by Professor Ir. H. E. Jaeger and Ir. J. C. Arkenbout 
Schokker, and “‘ Some Aspects of Pre-fabrication in 
Ship Construction,” by Mr. Nils Eckerbom. 

The papers to be discussed at Newcastle—which, 
of course, had not been presented when this para- 
graph was written—were to form the programme 
for a meeting on the morning of Thursday, July 5. 
They were on “ U.S. Fleet Maintenance and Battle 
Damage Repairs in the Pacific during World War 
II,” by Captain Ralph K. James, U.S.N., and 
‘ Stresses in Propellers and Propeller Shafting Under 
Service Conditions,” by Dr. S. F. Dorey, C.B.E., 
F.R.S., President of the Institute of Marine 
Engineers. 

As Mr. R. B. Shepheard’s paper on “ Ships’ 
Structures” is reprinted elsewhere in this issue, 
there is no occasion to summarise it before proceed- 
ing with our report of the discussion. Viscount 
Runciman of Doxford, the President-elect of the 
Institution of Naval Architects, who, in the absence 
through illness of the President, Admiral of the Fleet 
Viscount Cunningham, had taken the chair at the 
formal opening of the Conference, also occupied 
it during the technical session. 


Sutrs’ StructuREs: Discussion. 

Mr. D. P. Brown, vice-president and chief surveyor 
of the American Bureau of Shipping, opened the 

discussion by remarking that, for several 
he had been closely associated with the author of 
the paper in the work of their respective classifica- 
tion societies, and that several of the problems 
mentioned had been the subject of commor discus- 
sion ; recent revisions in the Rules of the American 
Bureau of Shipping and Lloyd’s Register of Shipping 
had brought them more closely into agreement so 
far as the distribution of material and the basic 
overall strength characteristics were concerned. 
Mr. Shepheard had referred to welding as a second 
revolution. It was true that the introduction of this 
method of connection had not involved such radical 
changes in the basic concepts of structural design 
as did the transition from wood to iron, or from iron 
to steel. On, the other hand, it had introduced new 
problems, the importance of which was not fully 
realised before welding was extensively used. 
Some of the fractures in welded ships had their 
inception in such members as bulwarks, bilge keels, 
or in mouldings fitted to prevent the chafing of 
lines or merely for decoration, items to which only 
casual attention was usually paid with riveted con- 
struction. The large welded structure was appre- 
ciably more susceptible to poorly designed details 
and faulty workmanship, so that a very careful 
control was essential in the drawing office and also 
in the shipyard. Experience with welded ships 
had brought into prominence a property of ship- 
building steel which was not of such significance with 
riveted construction. Investigation of steel from 
fractured ships indicated that the material complied 
with all the standard tests required by the rules of 
classification societies, relating to tensile strength, 
yield point, ductility and bend tests; and further 
exploration of other properties were made in an 
effort to explain the sudden brittle manner in which 
those fractures developed. It was then that there 
came into prominence the property described by the 
author as “notch toughness,” and which was not 
directly related to the other ordinary physical proper- 
ties for which tests were made under the standard 
procedures. Testing of steel from ships in which 
fractures occurred indicated that the material in 
which the fractures had theirinception had generally 
shown, a low degree of notch toughness as indicated 
by the transition temperature. In those cases 
where the fractures had terminated, the material at 
the terminal had shown a comparatively higher 
degree, and any intermediate material through 
which the fractures passed generally showed values 
between the two limits. Universal agreement had 





not. yet been reached as to.the most reliable test to 
establish a measure of notch toughness, or definite 
quantitative values to be associated with any 
particular type of test to provide a reasonable assur- 
ance against the inception or propagation of frac- 
tures. Laboratory research was still being carried 
on and complete investigations of material which 
had been involvedin fractures were being continued. 
The recent modification by the classification societies 
of their specifications for hull steel plates took 
practical advantage of the knowledge acquired, 
and investigations of steel to the new specifications 
had consistently supported the actions taken. 

Sir Charles 8. Lillicrap, Director of Naval Con- 
struction, Admiralty, said that the basic problem 
facing the naval architect when designing a vessel— 
that it must carry the largest possible load—applied 
equally to the merchant ship and the naval ship. 
To achieve this the light weight, and especially the 
hull structure, which formed the major part of the 
light weight, must be reduced to the absolute 
minimum. The author had shown what improve- 
ments in hull structure had been made, and this 
was a reminder of the need for continual improve- 
ments in materials and for their use to the best 
advantage. The effect of the repeal of the Naviga- 
tion Acts had been mentioned. Everybody con- 
nected with the shipping industry should strive to 
ensure that any Act which mitigated against the 
design, of efficient structures, by stressing considera- 
tions other than strength and safety, was amended 
or removed. Apparently, the liability to compres- 
sive deflection in the bottom plating of vessels had 
been enhanced by the greater use of welding in the 
bottom structure. This coincided with the ten- 
dency of the hogging moments in dry-cargo ships to 
increase. In the riveted ship, the lap joint, with 
its local stiffening effect, tended to break down, the 
size of the panels ; also, the absence of shell flanges 
or welded stiffeners meant that, with the same 
frame spacing, the unsupported width of plating 
was greater. The effect of these two items, though 
they might not have been great, were probably 
sufficient to reduce the critical stress in the welded 
ship to the point where some crippling took place. 

The author mentioned the improvement in 
efficiency obtainable by adopting longitudinal fram- 
ing in the double bottom and strength deck. This 
agreed with the beam theory applied to a vessel 
subjected to longitudinal bending moment, where 
the strength deck and keel absorbed most of the 
bending forces, and the sides and longitudinal bulk- 
—_ absorbed the shear forces. Scott Russell 

had recognised this almost a century ago. Longi- 
tudinal framing, especially of the double bottom, 
had been used for many years in thedesign of naval 
vessels, and was coming more and more into promin- 
ence. With regard to the rapid changeover to welded 
ship construction, it might well be said that the 
traditions of the riveted ship had done harm to the 
construction of welded ships ; the initial tendency 
was to imitate instead of designing for a new 
medium. Now that light alloys were being used 
to a greater extent, he hoped that the lessons of the 
past would not be forgotten. 

Ir. J. C. Arkenbout Schokker, referring to Mr. 
Shepheard’s allusion to “panel breakers” in the 
plating between floors, asked whether these were 
the same as were in the Gebbie-Abel 
system, which, to his regret, had hardly ever been 
used. To the advantages of the longitudinal con- 
struction mentioned by the author—greater longi- 
tudinal strength and greater resistance to buckling 
—he would add a third: in a transversely-framed 
vessel, the longitudinal stress in the bottom plating 
and the stress set up by the water pressure on a 
panel between, the floors acted in the same direction, 
giving combined stresses which could amount to 
as much as 13 tons per square inch. If the framing 
was longitudinal, the stresses from the water pres- 
sure were perpendicular to the longitudinal stresses 
so that the virtual stresses resulting were lower— 
say, 9 tons per square inch. With regard to the 
strength of riveted versus welded butt laps, Mont- 
gomerie’s experiments, as the author had stated, 
showed a falling-off in the case of heavier plates ; 
it could be understood, therefore, how the crack 
in, the strength deck of the Majestic, about 1925, 
found its way through a butt in this deck. 





Mr. David Arnott quoted the author’s observation 
that “Simplification and removal of redundant 
members in the internal structure proceeded slowly, 
and only by the end of the first decade of the present 
century had the stage been reached of assessing 
scantlings of individual components on comparative 
determinate methods to suit their particular func- 
tions.” If, he commented, that meant that progress 
started only when Lloyd’s Register revised their 
Rules in 1906, Mr. Arnott : at an earlier 
date, rules had been prepared by Jefferies, who 
died before they were published. Foster King 
carried on, however, and he believed that Sir 
Archibald Denny also did some research on the 
subject. With regard to welded ships, the research 
initiated in the early days in Britain and in the 
United States, and the interchange of opinion 
concerning materials, etc., had proved very valuable. 
Welded ships built in the United States, up to a 
length of 300 ft., had been quite successful, and 
gave no trouble ; but he (Mr. Arnott) had predicted 
that there might be trouble if 300 ft. was exceeded. 
The plain fact was that a design which was suitable 
for a riveted ship would not do for a welded ship. 

Professor Dr. G. Schnadel thought that, in the 
historical part of the paper, the merits of I. K. 
Brunel were not given full recognition. He was, in 
fact, the designer of the first sea-going steamer, the 
Great Western, and of . ¢ first ocean-going iron ship, 
the Great Britain, to be propelled by a screw and 
mechanical - Before Brunel, only small 
craft were built of iron. The ships that he y omy 
had the modern features proposed later by Fairbairn 
and Scott Russell. The longitudinal system of 
ship construction was used on the orders of Brunel 
in the structural design of the Great Eastern. 
The plates of the strength deck were doubled and 
longitudinally stiffened. Sir William White con- 
sidered Brunel to be the most able ship designer 
for a very long time. After the death of Brunel, 
Fairbairn continued to advocate the iron deck, and 
Scott Russell the longitudinal system. Brunel 
recognised the importance of the longitudinal bend- 
ing moments for the strength of a ship ; but William 
John, of Lloyd’s Register, made a useful proposal for 
the calculation of those moments, and his proposal 
remained the basis of comparison. Professor 
Schnadel thought it preferable, however, not to 
make the Smith correction, using a wave with a 
height of one-twentieth the length of the ship, 
as the actual waves in the ocean had a height of 
one-twelfth the length of the waves, as measured 
during trials of the San Francisco. 

There were some points to be considered in making a 
calculation of bending moments. The wave pressure 
was not distributed along the ship’s length with 
trochoidal form ; measurements of the pressure at 
the bottom of the San Francisco and on Ocean 
Vulcan and Clan Alpine showed that the pressure 
was much lower amidships than that calculated 
with the Smith correction ; it was at the bow and 
stern that the Smith correction was most nearly 
applicable. Over the midship half-length of the 
ship, the form of the pressure curve was very flat, 
which meant that the hogging moments were smaller 
than the sagging moments. 


With regard to the buckling stress of plating under 
compression, there was a double advantage to be 
gained by longitudinal framing. Most designers, 
including Brunel, believed that the longitudinal 
girders were the most essential addition to the 
longitudinal strength of ships, but the buckling 
strength of the shell and the strength deck of the 
longitudinally-framed ship was much higher than 
the buckling strength of the transverse-framed 
ship. It was not possible to determine the buckling 
stress of transversely-stiffened plating by experi- 
ments with unstiffened samples ; it was influenced 
to a high degree by the stiffness of the deck beam. 

Mr. Shepheard had made some important remarks 
on, riveted and welded connections. It was not 
necessary for elasticity that rivets should slip. 
Some research had been done on that subject in 
Germany and it was found that the longitudinal 
connections in the normal range of stress did not 
slip. Experiments made in a 1,000-ton testing 
machine showed that rivets in an end connection 
would slip only slightly when the stress exceeded 
13 tons per square inch, and also that an overlap 
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was better than a butt strap. In the case of the 
destroyer Wolf, the larger deflections were caused 
by buckling of the plating, not by the slipping of 
the rivets. The improvement in building methods 
and the adoption of large panel connections, intro- 
duced by Mr. Arnott into welded ship construction, 
re ted important progress. 

Sir Westcott Abell, in a written com- 
munication which was read by the chairman, 
su the suggestion that more credit was due 
to I. K. Brunel for his part in the design of the 
Great Eastern; it was he who had that vision 
50 before its time. In the period since the 
Great Exhibition of 1851, great strides had been 
made also in the hull structures of warships; a 
paper ought to be given on that subject also, for 
the naval constructors had given shipbuilders a 
great lead in developing lighter structures, and in 
the use of welding. It would help future students 
who might turn to Mr. Shepheard’s paper if there 
could be added to the bibliography a reference 
to Sir Edward Reed’s Shipbuilding in Iron and Steel, 
published in 1868, which contained particulars 
of the process of erection as then practised ; it was 
one thing to design a structure, but quite another 
thing to erect it. Another addition that he would 
suggest was Dr. S. J. P. Thearle’s paper on “ Fifty 
Years Developments in Mercantile Ship Construc- 
tion,” in the Transactions of the Institution of 
Naval Architects for 1911. 

The author, in acknowledging a vote of thanks, 
proposed by the chairman and carried by acclama- 
tion, said that he would not attempt, at that 
juncture, to reply to all the points raised. 

(To be continued.) 





PROVING GROUND OF THE 
MOTOR INDUSTRY RESEARCH 
ASSOCIATION. 


Tue Council of the Motor Industry Research Associa- 
tion decided this year to hold an open day at their new 
proving ground, near Nuneaton, instead of opening 
their laboratories on the Great West-road, as had been 
the custom in former years. Accordingly, the ground 
was open for inspection on Thursday of last week so 
that members could inspect the work in progress and 
discuss common problems with the staff of the Associa- 
tion. The new proving ground, it will be remembered, 
is situated on a disused airfield, namely, Lindley Airfield, 
near Nuneaton, Warwickshire, the original runways and 
perimeter track forming the test roads. The Association 
took over the airfield at the end of September, 1948, and 
after certain necessary repairs had been carried out, the 
six miles of roadway were divided into circuits which 
were marked with white lines and various barriers 
and traffic signs erected. Since then, many improve- 
ments have been incorporated and important additions 
have been made to the testing facilities, including the 
building of a section of Belgian pavé roadway, a “ corru- 
gated ”’ road typical of those found in parts of Africa 
and Australia, a rippled surface for the investigation 
of noise, a skid “ pan” and a dust tunnel. 

A diagram showing the layout of the airfield and the 
disposition of the various test tracks is reproduced in 
Fig. 1, on this page, from which it will be seen that the 
pavé road and corrugated track are located alongside 
each other. The pavé road surface, approximately 
half a mile in length, has been laid to reproduce 
permanently a Belgian road of this type in a bad state 
of repair, the specification for its construction having 
been drawn up on the basis of detailed measurements 
made on an actual main road in Belgium. The surface 
is most definitely rough and undoubtedly forms an 
excellent means of carrying out accelerated endurance, 
or fatigue, tests on complete vehicles. It has proved 
very popular and almost half of the total vehicle hours 
on the proving ground are spent on it ; some manufac- 
turers, in fact, are now runing protot: vehicles 
on this track for several huncred miles, thereby ensuring 
that no major failure will occur during the useful life 
of the production machines. So popular has this track 
become, in fact, that its extension to a complete circuit 
approximately 1} miles in length is being considered. 

The corrugated road, which is built of concrete, is 
illustrated in Fig. 3, on the opposite page. It has been 
built to reproduce the effects on a vehicle of the corru- 
gated, or “‘ washboard,” surfaces which build up on 
unmetalled roads in hot, dry climates such as in Africa 
and Australia. Considerable data on such roads were 


collected from various countries and these showed | pad 


that, in general, the dimensigns of the corrugations 
were, within an inch or so, the same in all parts of the 
world. In the actual road constructed, the crests of 
the corrugations are of approximately 30 in. pitch and 
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1 in. high. Over 11 ft. of the width of the road, 
they are at right angles to the direction of travel, but 
are inclined at 21 deg. over the remaining five feet of 
width. This latter provision has been made so that a 
vehicle can be driven with, say, a nearside wheel ona 
crest and an offside wheel in a trough or in any inter- 
mediate position depending on the lateral position of 
the vehicle on the road. Like the pavé track, the corru- 
gated road is approximately half a mile long and, since 
its completion, has been put to good use. In February 
of this year alone, for example, almost 300 vehicle 
hours were spent on it. 

The noise-generating track, part of which is illus- 
trated in Fig. 2, on the opposite page, has been laid 
down to provide a surface capable of generating high 
and reproducible levels of road noise in vehicles. 
No attempt has been made to reproduce any particular 
form of road surface but several types were tried 
before the best surface, which may be described as 
having a “‘ saw-tooth ” formation, was laid down. A 
stretch of carefully-smoothed asphalt surface has also 
been laid down to provide a “‘ reference ”’ surface. 

The dust tunnel represents an attempt to reproduce 
the dusty road conditions encountered in undeveloped 
and tropical countries. It consists of a series of Nissen- 
hut sections placed end to end to form a continuous 
tunnel 200 ft. in length and of sufficient cross-sectional 
area to permit vehicles as large as single-deck *buses 
to be driven through at speed. Varying quantities of 
& specially-selected dust, corresponding in its essential 
properties to tropical dusts, are placed on the floor 
of the tunnel so that a vehicle, on passing through, 
generates by its motion clouds of dust, probably 
considerably denser than those produced in normal 
service overseas. To give safety in dense dust condi- 
tions, illuminated guide rails have been fitted along the 
sides of the tunnel, thereby making it possible for a 
vehicle to be driven through the dust cloud set up by a 
preceding vehicle. 

As its name suggests, the skid, or steering, pad, 
consists of a flat smooth circle of concrete, 250 ft. in 
diameter, on which a vehicle can be driven at various 
steering angles and different speeds. To obtain measure- 
ments of the angle of roll and the attitude of the vehicle, 
sights are taken on a post located at the centre of the 
. From these, and from other measurements made 
on the vehicle itself, a detailed study can be made of 
the stability characteristics of the vehicle, such as 
under-steer or over-steer at different lateral accelera- 





tions. Provision has been made to increase the 
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diameter to 310 ft. at a later stage should this prove 
to be necessary. 

Other facilities already provided at the proving 
ground include a shallow water-splash, timing straights, 
and a cross-country track. The shallow water-splash 
is 16 ft. wide, opgroximately 100 ft. long, and up to 
3 in. deep. It is filled from a 7,000-gallon storage tank 
and is used mainly for testing the weatherproofing of 
cars. It may be noted in this connection that future 
plans envisage the construction of a much deeper water- 
splash. The timing straights are situated on the main 
2,000-yard runway and each incorporates a timing 
section. These are arranged so that a vehicle can be 
accelerated over almost 1,600 yards, timed electronic- 
ally over either, or both, of two adjacent 50-ft. lengths, 
and braked over the remaining 400 yards. Two timing 
straights are provided side by side to enable runs at 
speed to be made in both directions and so obtain a 
mean speed. As each vehicle enters and leaves a 
50-ft. timing section, it breaks a beam of light arranged 
to fall on a photo-electric cell, the electrical impulses 
setting up starting and stopping electronic timing equip- 
ment installed in a hut half-way along the straight. 
This equipment measures the time taken to travel 
50 ft. in increments of 0-00001 of a second and is 
claimed to be accurate within 0-2 per cent. The cross 
country circuit, which is situated at the north-east 
corner of the proving ground, is some 1} miles in length. 
It consists of farm tracks, bridle paths and rough 
ground generally and, where necessary, hard-core has 
been tipped in the softer parts to consolidate the surface 
so that it is fit for use throughout the year. 

A necessary part of the work of the Association is 
the provision of instruments for co-operative use by 
members at the proving ground. These are developed 
mainly at the Brentford laboratories, and to give an 
idea of the scope of this work, some of them were 
displayed in the workshops during the open day. Two 
of these instruments, namely, a brake-pedal load 
indicator and a steering-torque indicator are illustrated 
in Fig. 5, on the opposite page. The brake-pedal 
load indicator has been designed so that it can be 
clamped to the brake pedal of any vehicle and used to 
measure the force, up to a maximum of 200 Ib. exerted 
on the pedal under operating conditions. The braking 
force is transmitted through a cruciform member, 
each arm of which has two wire-resistance strain 
gauges, one on the compression side and the other on 
the tension side. These gauges are connected up as a 
Wheatstone bridge circuit and the braking force is 
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read on the dial of a recording milliameter previously | vided with wire-resistance strain gauges. These gauges 


calibrated to read directly in pounds. The steering- 
torque indicator has been developed to measure the 
steering effort used by the driver, and consists of a 
dummy steering wheel which is clamped to the actual 
steering wheel in such a way that the effort is trans- 
mitted from one to the other by two cantilevers pro- 


form the arms of a complete Wheatstone bridge, and, 
as in the case of the brake-pedal load indicator, the 
indicating meter is calibrated so that the force can be 
read directly. 

Another interesting piece of apparatus on view was 
th road-wheel torque meter illustrated in Fig. 4, on 
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this page. This apparatus replaces the normal wheel 
of a vehicle and is designed so that any applied 
torque causes deflection of short but stiff spokes and 
brings about, therefore, ar displacement of the 
axle in relation to the wheel rim. This displacement 
is measured by an electrical inductance method and ia 
recorded on a meter calibrated to read directly in 
pounds-feet. Eventually, a high-speed pen recorder 
will be used in place of the meter, so that other relevant 
data, such as engine speed, road speed, acceleration, 
etc., can be measured at the same instant. 

Other equipment on view included a high-speed 
camera, a four-channel dynamic-strain recording instru- 
ment, a selection of accelerometers, and a magnetic 
tape recorder ; all of these, however, have been referred 
to in previous articles on the Association’s open days. 
The high-speed camera, in addition to being used in 
the laboratories in connection with such work as the 
study of valve-gear motion, has also been adapted for 
road work and very successful films have been made of 
the behaviour of an independent front-wheel suspension 
unit under actual operating conditions. Similarly, 
records of tyre and wheel behaviour on the pavé road 
have also been obtained. The dynamic strain recorder, 
which has been designed and built in the Association’s 
laboratories, is being used for analysing the stresses 
set up in the components of a vehicle during operation 
on any part of the proving ground. It operates in con- 
junction with wire-resistance strain gauges cemented 
to the components under test, the signals from the 
gauges being fed through amplifiers to cathode-ray tubes 
which are continuously photographed on 35-mm. film. 

There are, of course, several other instruments in 
everyday use on the proving ground but those men- 
tioned will, perhaps, serve to show the type of equip- 
ment under development. Although there is still much 
to be done before the proving can be considered as 
fully comprehensive, a great deal of really useful work 
has been accomplished in the two years that the airfield 
has been at the disposal of the Association and already 
it has become an important part of the industry’s 
research facilities. The number of firms using the 
— is rising steadily and it is now commonplace 
or as many as 20 vehicles, ranging from large commer- 
cial vehicles to light cars, to be using the various tracks 
simultaneously. Development of the ground has been, 
and will continue to be, concerned primarily with the 
provision of facilities designed to reproduce the most 
exacting overseas conditions; the pavé track and 
dust tunnel are indicative of this policy. New features, 
extensions and additions are being planned, one of the 
more important of these being the provision of a high- 
speed circuit. Such a circuit would prove invaluable, 
and it is gratifying to learn that the plans for this 
project are sufficiently well advanced to justify the 
hope that it may be completed by the end of 1952. 

As previously mentioned, the open day was arranged 
to give members of the Association an opportunity 
of viewing the progress made during the last two 
years, and of obtaining an impression of the type of 
work carried out. To give visitors a more definite 
idea, many of the member firms co-operated by pro- 
viding vehicles and test drivers which were available 
for taking passengers over the different test courses. 
The arrangements made for visitors were excellent and 
if they re t a cross section of the Association’s 
methods, the future of the proving ground would 
appear to be in safe hands. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


INDUSTRIAL EXHIBITION, GLASGOW.—Leading Scottish 
industrialists have ordered 20,000 tickets for the Exhibi- 
tion of Industrial Power in Glasgow during the past 
few days. Sir James Lithgow, managing director of 
Lithgows, Ltd., who have bought 4,000, said that he 
was anxious for as many of his workmen as possible to 
see it. The Scottish Trades Union Congress have 
promised full support to the exhibition and have bought 
1,000 tickets, 

LOCOMOTIVE CONSTRUCTION.—The North British 
Locomotive Company, Glasgow, who recently completed 
a contract for 52 locomotives for the Nigerian State 
Railways, have been asked by the same purchasers 
to supply an additional seven locomotives of the same 
class, The value of the order is estimated at about 
160,0001. Work on the 100 YP class locomotives which 
the company are building for the Indian Government 
Railways is expected to be completed next year. 

oe » 

ELABORATE GAS PLANTS.—Referring to the control 
of capital investment, Mr. David Beavis, controller, 
Edinburgh division of the Scottish Gas Board, ad- 
dressing the final annual meeting of the Waverley 
Association of Gas Managers in Edinburgh recently, 
criticised ‘‘ the expensive embellishments and excessive 
trimmings of some of the plants being installed to-day.” 
Too often, he said, the Town and Country Planning Act 
was operated without regard for economics, but, in 
industrial development, economics came first. 





FACTORY EXTENSION.—Work has begun on a large 
extension scheme to the Strathleven (Dumbarton) 
Scottish Industrial Estate clock-making factory of 
Westclox Ltd., the Scottish subsidiary of the General 
Time Corporation. Mr. R. Muir Glen, managing director, 
stated, on June 27, that it was planned to add, by next 
spring, 40,000 sq. ft. to the present space of 60,000 sq. ft., 
with a view to raising output by 50 per cent. 

TUBULAR HEATING UNITS.—Radiation tubular heat- 
ing units, mainly for export to the United States, and 
other countries, are to be manufactured by John Kerr 
and William Kerr, Ltd., heating engineers, Greenock. 
Mr. William Kerr, managing director of the firm, an- 
nounced this on June 26, on his return from the United 
States, where he had negotiated a contract with a large 
firm of heating equipment manufacturers in New Jersey. 
About 24 miles ef tubing are expected to be produced 
every month. 

RUBBER-WORKS EXTENSION.—Victoria Mill, one of 
the Dunlop Rubber Company’s two factories in Dunferm- 
line, is to be extended to increase the production of rayon 
fabric for tyres, and cotton fabric for colliery-conveyor 
belting, it was announced on June 29. The extensions 
will provide employment for an additional 120 persons. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


“CaRGO FLEET” PLANT-BUILDING PROGRAMME.— 
Early next year the Cargo Fleet Iron Co., Ltd., Middles- 
brough, expect to have in operation a scheme for making 
the works entirely self-supporting. The programme 
includes the erection of a blast furnace which will be the 
largest on Tees-side, a battery of coke ovens and an 
up-to-date steel plant. The blast furnace will be capable 
of increasing the pig iron supply by some 4,000 tons a 
week and the new steelworks will have a weekly output 
capacity of 2,600 tons. 

CONSTRUCTION OF GOODS WAGONS.—Delays due to 
the shortage of railway wagons have been the subject 
of comment in this column on several occasions, and the 
efforts made by a Tees-side firm to increase the stock of 
wagons at the disposal of the British Railways are, 
therefore, of some interest. The Tees Side Bridge and 
Engineering Works, Ltd., Middlesbrough, are at present 
producing 16-ton all-welded steel wagons for the British 
Railways at a rate of 30 a week. In addition, five 42-ton 
bogie-bolster wagons for the conveyance of long steel 
plates, rails and sections are being turned out every week. 

MINING SUBSIDENCE IN CouNnTY DuRHAM.—Many 
acres of farm lands in the north-western and central 
regions of County Durham are badly affected by mining 
Subsidence and a delegation of representatives of the 
National Farmers’ Union, which made a tour of inspec- 
tion of the area on June 27, is to place the matter before 
the Government. It is stated that not only are large 
areas lost for food production, but many fields are water- 
JOgged or are unsafe for cattle. 


AFFORESTATION IN CLEVELAND.—Plans for the plant- 
ing of trees on 75,000 acres of land in Cleveland, during the 
next 20 years, form part of the national programme of 
the Forestry Commission. Some 44,000 acres of land 
are already in the possession of the Commission, and, of 
this area, upwards of 20,000 acres have been, or are 
about to be, planted with young trees. The purchase 
of another 18,000 acres of land is under negotiation. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


STEEL POSITION WORSENING.—The reduced produc- 
tion of steel caused by the shortage of melting materials 
has led to about 600 men of the United Strip and Bar 
Mills, Sheffield, being put on shorttime. By using stocks 
it was possible, for a while, to maintain a 15-shift rate 
of working, but, now, there has been a fall to a 12-shift 
basis. The steel shortage is affecting many firms in 
Sheffield, and elsewhere which use steel in strip and bar 
form to make a wide variety of essential products. The 
United Strip and Bar Mills are a branch of the United 
Steel Companies. 

Rising Gas CONSUMPTION.—Doncaster is using 
between 25 and 30 per cent. more gas than two years ago, 
largely owing to heavier industrial requirements. Pro- 
vided the pipes are available, it is intended to lay a new 
main for conveying gas from the new gasworks at 
Greasborough, Rotherham, to Doncaster. This would 
obviate any large-scale extension at Doncaster. The 
pipeline will be eleven miles in length. 

AN AERODROME A NECESSITY.—At a public inquiry at 
Sheffield into the scheme for an airfield site at Redmires, 
on the outskirts of Sheffield, it was stated that the 
absence of an airfield is having a serious effect on the city’s 
trade. Foreign businessmen, it was asserted, by-pass 
Sheffield because there is a lack of airport facilities. 
Moreover, the senior vice-president of the Sheffield 
Chamber of Commerce, Mr. W. G. Ibberson, said the 
state of the markets made it necessary for Sheffield 
businessmen to increase their visits to foreign countries 
to secure orders. The scheme is opposed by hospital 
authorities on account of the proximity of hospitals to 
the site. 

Prt-HEAD LAUNDRIES.—The Yorkshire miners’ leader, 
Mr. J. A. Hall, who is a member of the National Welfare 
Commission, states that he intends to press the idea of 
encouraging miners’ wives to send their weekly wash to 
pit-head laundries. All the facilities are available, 
namely, fuel, steam and water and to use these facilities 
to the fullest extent, he contends, would be common- 
sense economy. The project is being tried out in a small 
way in counties other than Yorkshire but, so far, it has 
been confined to clothing which men soil at their work. 
There is nothing, he states, to prevent welfare authorities 
from spending money on such schemes. 


THE MIDLANDS. 


THe Late Mr. F, O. EVERARD.—The death has 
occurred, at the age of 81, of Mr. F. O. Everard, who was 
for many years works executive director of Bellis & 
Morcom, Ltd., Birmingham. Mr. Everard was appren- 
ticed in 1886 to the founder of the firm, G. E. Bellis, 
and became works executive director in 1915. He 
retired in 1948, and his old position is now held by his 
son, Mr. F. Vincent Everard. 

INDUSTRY AT WOLVERHAMPTON.—A Committee of the 
Wolverhampton Chamber of Commerce have been 
studying the development plan prepared by Wolver- 
hampton Corporation under the Town and Country 
Planning Act, and have now issued a report on the 
subject. According to the report, 820 acres in the 
borough are zoned for industrial purposes. About 
100 acres of this industrial zone are undeveloped, but 
half this land is owned by industrial concerns, and will 
be needed by them for development. The Committee 
estimate that industry requires in all about 844 acres, 
and state that during the next five years requirements for 
industrial land will have to be met from outside the 
borough boundaries. The development plan has defined 
certain zones as residential which contain a few factories, 
and it is expected that, in due course, these industrial 
establishments will have to be removed. The Chamber 








of Commerce has advised firms so situated not to make 
any alterations in their premises without first seeking the 
advice of the Borough Engineer. 

CO-OPERATION BETWEEN INDUSTRY AND SCHOOLS.— 
The Wednesbury, Darlaston and District Manufacturers’ 
Association have introduced a scheme to give increased 
facilities for school masters to obtain information con- 
cerning local industries. Arrangements have been made 
for teachers from Wednesbury, Darlaston, Bilston, 
Wednesfield and Willenhall to take a special three-day 





course at local factories. They will spend the first two 











days at two different factories, and the last day will be 
taken up with shorter visits to two more, The factories 
chosen will be of different types and will give the teachers 
a broad outline of local industrial processes and methods. 
It is expected that they will be able, as a result of these 
visits, to pass on to their pupils first-hand information, 
and to assist boys about to leave school in the choice of 
an occupation. The course will be run experimentally 
this year, but if reports from the factory managements 
and the teachers are satisfactory, it will probably be 
extended considerably in 1952. 

NEw STORM-WAaTER CULVERT.—To enable Tipton 
Council to develop an area of derelict land for housing 
purposes a new ‘5-ft. diameter storm-water culvert has 
been made under the Wolverhampton Level of the 
Birmingham Canal near Tipton Green. This canal, half 
a mile of which was drained for the work to be carried 
out, serves a large industrial area, and the contractors 
for the drainage scheme undertook to complete the work 
in ten days, a penalty of 1001. a day being imposed for 
any extension of the time agreed upon. The culvert, 
the biggest so far made in Tipton, is 342 yards long and 
is at a depth of 24 ft. below the bed of the canal. The 
work has been completed as planned, and the canal is now 
back in service. 


PROFIT-SHARING SCHEME.—The Electric Construction 
Co., Ltd., of Bushbury, Wolverhampton, which intro- 
duced a profit sharing scheme in 1950, has announced 
that employees entitled to participate in the scheme will 
receive payment at the rate of 1s. 8d. in the pound on 
the wages (excluding cost-of-living bonus) which were 
paid last year. 

CHAINMAKERS’ WaGEs.—The Chainmakers’ and 
Strikers’ Association has been negotiating with the 
manufacturers for a rise in wages. After some discus- 
sion, during which both sides put forward proposals, 
agreement was reached for an increase of 10 per cent. 
The rise will be national, but as the greatest number of 
chain works are in the Black Country, the effect will be 
most noticeable in that area. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


OPERATIONS OF THE COAL BOARD SOUTH-WESTERN 
DIvision.—The loss sustained in the operation of the 
collieries in the South-Western Division Coal Board area, 
in the first quarter of this year, was nearly double the 
profit made in 1950. The National Coal Board statistics 
show that, in the first three months of 1951, there was a 
loss of 402,3701., or 1s. 3-3d. on each of the 6,303,637 tons 
produced. Over the whole of 1950 there was a profit of 
217,4421., equivalent to 2-2d. per ton. The Forest of 
Dean Coalfield made a loss, in the first quarter of 1951, 
of 6s. 9-1d. per ton and the Somerset coalfield one of 
19s. 3-4d. per ton. The loss, in South Wales and Mon- 
mouthshire, was 212,5391., equal to 8-5d. per ton. The 
chief factor to account for the loss was the increase in 
wages—the average weekly wage in the Division (includ- 
ing allowances in kind) has risen from 8/. 9s. 11d.in 1950 
to 91. 138. 8d. this year. 

OPEN-Cast CoaL OPERATIONS.—According to a Minis- 
try of Fuel and Power statement, more than 7,000,000 
tons of good-quality coal, including more than 2,500,000 
tons of anthracite, have been produced by open-cast 
operations in Wales since they were begun in 1943. 

SWITCHGEAR MANUFACTURE AT BRIDGWATER.—TO 
cope with the greatly increased volume of orders received, 
arrangements have been made to transfer the production 
of Foster switchgear from the Wimbledon factory of 
Foster Transformers & Switchgear Ltd. (a company in 
the Lancashire Dynamo Group), to Crypton Equipment. 
Ltd., another factory in the Group. The Crypton factory, 
at Bridgwater, Somerset, which is newly-built on a 
seven-acre site, can provide the increased production 
space that these developments demand and can also offer 
seope for extensions. 

WHITFORD TIN-PLATE WorKS.—Following the decision 
to close the Whitford tin-plate works at Briton Ferry, 
which employed 300 men, the Port Talbot town council 
is to urge a joint approach with other local authorities 
concerned to secure an alternative industry to absorb 
the redundant labour. 

EMPLOYMENT IN WALES.—Employment in the South 
Wales ship-repairing industry is now about 1,000 more 
than in 1939, Sir Percy Thomas, chairman of the Welsh 
Board for Industry, has told a meeting of the Board. 
The majority of the men, he said, were engaged on 
Admiralty work, of which very little was done in the 
district before the war. There were 679 outstanding 
vacancies in the engineering, ship-repairing and electrica) 
trades. The total of 22,739 persons unemployed in 
Wales, at May 21 last, was a record for peacetime. 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








RoyaL SAnrTaRy INSTITUTE.—Beverley: Thursday, 
July 12, 10 a.m., The Art Gallery, Beverley Library, 
Beverley. ‘‘ Human Problemsin the Tanning Industry,” 
by. Dr. E. H. Thierry. 

INCORPORATED PLANT ENGINEERS.— Newcastle-upon- 
Tyne Branch: Thursday, July 12, 7.30 p.m., Roadway 
House, 8, Oxford-street, Newcastle-upon-Tyne. ‘“ Oil 
in Industry,” by Mr. I. A. Howden. 

INSTITUTE OF PHysics.—Industrial Radiology Group : 
Monday to Wednesday, July 23 to 25, at 47, Belgrave- 
square, S.W.1, Annual Summer Meeting. Monday, 
July 23, 2.15 p.m.: (i) “An Analysis of the Quality of 
Radiographs,”” by Mr. D. Bromley; and (ii) “‘ Gamma- 
Ray Stereography,” by Mr. J. Rhodes. Tuesday, July 24, 
10 a.m., Discussion on “‘ Penetrameters,” to be opened by 
Mr. J. C. Rockley. 2 p.m.: (i) “ Growth of Radio- 
graphy,” by Mr. W. E. Schall; and (ii) “‘ Correlation of 
Radiographic Results with Weld Strength,” by Dr. 
H. Vinter. Wednesday, July 25, 9.45 a.m.: (i) “‘ Xero- 
radiography,” by Dr. L. van Ouwerkerk; and 
(ii) ‘‘Short-Range Radiography,” by Mr. E. van 
Someren. 2 p.m., “ Site Radiography of Pipe Welds,” 
by Mr. R. Piercey, Mr. S. H. Gottfeld and Mr. R. V. 
Walker. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, §.W.1, at the 
price quoted at the end of each paragraph. 


Motors for Battery-Operated Road Vehicles and 
Industrial Trucks.—In view of the increasing use of 
battery-operated vehicles, the Institution has prepared 
and published a specification, B.S. No. 1727, covering 
the motors for such vehicles. It concerns the classifi- 
cation, rating and methods of test for direct-current 
electric motors forming part of the equipment of 
battery-operated road vehicles, industrial trucks and 
tractors, but does not apply to rail vehicles. The 
specification contains details regarding types of motor, 
temperature tests, over-speed tests, commutator tests, 
high-voltage tests, and efficiency, performance and 
type tests. The appendices include data on the 
classification of insulating materials, methods of deter- 
mining efficiency, terminal markings, and recommended 
limits of temperature in service. [Price 3s., postage 
included.] 

Enamelled Round Copper Wire.—A third revision 
of B.S. No. 156, covering enamelled round copper wire 
insulated with oleo-resinous enamels, has been issued. 
The specification was first published in 1922 and it was 
revised for the first time in 1932 and for the second time 
in 1936. A further edition, entitled ‘‘ Enamelled 
High-Conductivity Annealed Copper Wire,” was 
published in 1943. The present issue differs from this 
in that it has been extended to include the full range 
of wire sizes from 0-001 in. to 0-160 in. diameter 
inclusive. The specification contains details of wire 
diameters and resistances, and the thickness of the 
enamel (including tolerances), together with tests on 
the enamel insulation. The latter relate to hardness, 
flexibility and adherence, heat shock, cold test at 
0 deg. C., heat ageing and electric strength. [Price 
38., postage included.] 








CONTROL OF ALLOCATION OF STEEL, COPPER AND 
ZINC.—A statement on three measures, decided upon by 
the Government, for the control of the use of scarce 
metals was made in the House of Commons on June 28 
by the Chancellor of the Exchequer. In the first place, 
he stated, allocation schemes were being prepared for 
iron and steel (other than sheet steel and tin-plate, which 
were already subject to allocation) for introduction as 
soon as possible, and corresponding measures to regulate 
the distribution of the more important of the scarce non- 
ferrous metals would also be worked out. Secondly, 
since it would take some time to get these schemes 
introduced and working effectively, a ‘‘ Defence Order,” 
or “D.0.,” symbol would be applied, by Government 
decision, to orders for specialised defence equipment or 
work. The quotation of this, with the contract number, 
would entitle the contractor or sub-contractor to obtain 
steel and copper, zinc and their alloys. In the third 
Place, various categories of civilian production must be 
safeguarded and a scheme, for which the symbol “ P.T.,” 
indicating “‘ Preferential Treatment” would be used, 
would enable departments to deal with particularly 
difficult obstacles to important production. 


LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ BrrrisH REALM.”—Single-screw oil tanker, with 
accommodation for twelve passengers, built and engined 
by the Fairfield Shipbuilding and Engineering Co., Ltd., 
Govan, Glasgow, for the British Tanker Co., Ltd., 
London, E.C.2. Main dimensions: 610 ft. between 
perpendiculars by 81 ft. by 44 ft. 6 in.; deadweight 
capacity, 28,100 tons on a summer draught of 34 ft. 
Impulse-reaction steam turbines with double-reduction 
articulated gearing, developing 13,750 s.h.p. at 112 r.p.m., 
and two Foster Wheeler water-tube boilers. Speed, 
154 knots in service. Launch, June 7. 

M.S. “‘ CHARLTON VENUS.”—Single-screw oil tanker, 
built and engined by William Doxford & Sons, Ltd., 
Sunderland, for the Charlton Steam Shipping Co., 
Ltd. (Managers: Chandris (England), Ltd.), London, 
E.C.3. Main dimensions: 505 ft. by 69 ft. 9in. by 39 ft. ; 
deadweight capacity, 16,500 tons on a draught of 30 ft. 
Doxford five-cylinder opposed-piston oil engine develop- 
ing 6,450 b.h.p. at 117 r.p.m. and a service speed of 
14 knots. Launch, June 19. 

M.S. “ SHANKLIN.”—Twin-screw vessel with accom- 
modation for 1,400 passengers in one class, mails and 
general cargo, built and engined by Wm. Denny and 
Brothers, Ltd., Dumbarton, for the Portsmouth/Ryde 
ferry service of the Southern Region of British Railways. 
Third vessel of a series of three. Main dimensions: 
200 ft. overall by 46 ft. by 10 ft. 6 in, to main deck; 
draught, 7 ft.; gross tonnage 965. Two Denny- 
Sulzer eight-cylinder two-stroke trunk-piston Diesel 
engines, together developing 1,900 b.h.p. at 375 r.p.m. 
Speed, 14} knots. Went into service on June 18. 

M.S. “ Jacky.”—Single-screw trawler, built by John 
Lewis & Sons, Ltd,., Aberdeen, for E. Nickerson & Co., 
Ltd., Grimsby. Second vessel of a series of four. Main 
dimensions : 120 ft. between perpendiculars by 25 ft. by 
12 ft. 6 in.; fishroom capacity, 7,000 cub. ft.; gross 
tonnage, about 300. Mirrlees six-cylinder direct-drive 
and reversing oil engine, developing 650 b.h.p. at 
250 r.p.m., constructed by Mirrlees, Bickerton & Day, 
Ltd., Stockport, Cheshire. Speed in service, 11} knots. 
Launch, June 19. 

M.S. ‘‘ ATHELTEMPLAR.”—Single-screw tanker for 
carrying molasses in bulk, built by Joseph L. Thompson 
& Sons, Ltd., Sunderland, for the Athel Line, Ltd., 
London, W.1. Main dimensions: 465 ft. between 
perpendiculars by 63 ft. 34 in. by 35 ft. 10 in.; dead- 
weight capacity, 12,875 tons on a draught of 28 ft. 3 in. 
N.E.M.-Doxford four-cylinder opposed -piston oil engine, 
developing 4,350 b.h.p. at 112 r.p.m., constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Service speed, 12} knots. Launch, 
June 19, 

M.S. “ BririsH Map.Le.”—Single-screw oil tanker, 
built by Sir James Laing & Sons, Ltd., Sunderland, for 
the British Tanker Co., Ltd., London, E.C.2. Second 
vessel of an order for two. Main dimensions: 
463 ft. 54 in. by 61 ft. 9 in. by 34 ft. lin.; deadweight 
capacity, 12,160 tons on a draught of 27 ft. 7% in. 
N.E.M.-Doxford four-cylinder opposed-piston oil engine, 
developing 3,100 b.h.p. at 105 r.p.m., constructed by the 
North Eastern Marine Engineering Co, (1938), Ltd., 
Sunderland. Speed, 114 knots. Launch June 19. 

M.S. “ Sravix.’”—Single-screw oil tanker, built by 
Swan, Hunter, and Wigham Richardson, Ltd., Wallsend- 
on-Tyne, for Aktieselskapet Hav and Aktieselskapet 
Havtank (Managers: Helmer Staubo & Oo.), Oslo, 
Norway. Main dimensions: 465 ft. between perpen- 
diculars by 63 ft. 6 in. by 36 ft. 3 in.; deadweight 
capacity, 13,575 tons on a draught of 28 ft. 14 in.; 
gross tonnage, 8,842; capacity of oil tanks, 623,900 
cub. ft. Wallsend-Doxford four-cylinder opposed -piston 
two-stroke Diesel engine, developing 3,750 b.h.p. at 
100 r.p.m., constructed by the Wallsend Slipway and 
Engineering Co., Ltd., Wallsend-on-Tyne. Service 
speed, 12} knots. Trial trip, June 20. 

M.S. “ Port TOWNSVILLE.”——Single-screw cargo vessel, 
with accommodation for twelve passengers, built by 
Swan, Hunter, and Wigham Richardson, Ltd., Wallsend- 
on-Tyne, for the Port Line, Ltd., London, E.C.3. Main 
dimensions: 460 ft. by 64 ft. 6 in. by 41 ft. 6} in.; 
deadweight capacity, 10,700 tons on a draught of 
28 ft. 84 in.; gross tonnage, 7,500; cargo space, 
312,000 cub.ft. insulated and 295,000 cub. ft. uninsulated. 
Wallsend-Doxford six-cylinder opposed-piston reversible 
oil engines, developing 7,500 b.h.p. at 114 r.p.m., con- 
structed by the Wallsend Slipway and Engineering Co. 
Ltd., Wallsend-on-Tyne. Speed, 154 knots. Launch, 
June 21. 

S.S. “Carpe BRIER.”—Single-screw trawler, built by 
Cochrane & Sons, Ltd., Selby, Yorkshire, for the National 
Sea Products, Ltd., Halifax, Nova Scotia. Main 
dimensions : 137 ft. between perpendiculars by 26 ft. 6in. 
by 13 ft. 9 in.; gross tonnage, 365. Triple-expansion 
steam engines, developing 700 i.h.p. at 125 r.p.m., and 
one oil-burning boiler, constructed by Amos and Smith, 





Ltd., Hull. Launch, June 21. 


PERSONAL. 


LoRD HyYNDLEY, G.B.E., chairman of the National 
Coal Board, retires on July 15. As from August 1. 
Sm HvuBert HovutpswortsH, K.C., D.Sc., chairman of 
the East Midlands Division of the Board, will be chair- 
man and Mr, W. J. DRUMMOND and Sm ERIC OCoarEs, 
deputy chairmen. The full-time members are to be 
Mr. EBBY Epwarpbs, SIR CHARLES ELLIS, B.A., Ph.D., 
F.R.S., SiR GEOFFREY VICKERS, V.C,, and SmR ANDREW 
BRYAN, B.So., M.I.Min.E., J.P., F.R.S.E. The part-time 
members are Mr. J. H. HAMBRO, SIR GEOFFREY HEY- 
WORTH, Mr. GAVIN MARTIN, SIR GODFREY MITCHELL and 
ALDERMAN 8. JONES. 


Smk CHARLES LitiicraP, K.C.B., M.B.E., M.I.N.A., 
Director of Naval Construction, Admiralty, is retiring 
on September 30. His successor is to be Mr. V. G. 
SHEPHEARD, M.I.N.A., who has been deputy Director 
of Naval Construction since 1947, 

Mr. H. G. Ivatr, M.I.Mech.E., chief mechanical engi- 
neer, London Midland Region, British Railways, retired 
on June 30 after 47 years of railway service. 

Mr. W. F. ParKEr, M.I.E.E., has been elected national 
chairman of the Association of Supervising Electrical 
Engineers, 54, Station-road, New Barnet, Hertfordshire. 
Mr. L. L. Emmett has been elected vice-chairman and 
Mr. E. J. Sutton has been re-elected honorary treasurer. 

Dr. Nico. Gross, A.M.I.Mech.E., has been appointed 
assistant director of research of the British Welding 
Research Association, 29, Park-crescent, London, W.1, 
but will remain in charge of the research station at 
Abingdon. Dr. K. Winterton, B.Sc., and Mr. H. E. 
Drxon, M.Sc., A.I.M., have been appointed chief metal- 
lurgists, the former for ferrous metals and the latter 
for non-ferrous metals, Mr. OC. L. M. CoTTRELL, M.Sc., 
and Mr. P. T. HouLDoROFT, B.Sc., have been appointed 
assistant chief metallurgists for ferrous and non-ferrous 
metals, respectively. 

Consequent upon the death of Mr. E. H. W. CooKE, 
Mr. LEWIS CHAPMAN, managing director of William 
Jessop and Sons, Ltd., Sheffield, has been appointed 
chairman of the Birtley Co., Ltd., Birtley, Co. Durham. 


The board of Drysdale and Oo., Ltd., Bon-Aeccord 
Works, Yoker, Glasgow, W.4, have appointed three 
additional directors. Mr. F. J. B. HENDERSON, B.A. 
(Cantab), is chief of the purchase department and 
material and supply officer; Mr. OC. H. CarsLaw, B.Sc, 
(Glas.), A.M.I.Mech.E., is technical director; and Mr. 
T. L. Mackie, A.I.Mar.E., is sales director, 

The Iron and Steel Corporation of Great Britain 
announce that Mr. F. Scopes has been appointed 
director and chairman of the Kettering Iron and Coal 
Co., Ltd., Kettering, in succession to Mr. JAMES GOUGH, 
who resigned recently. Mr. Scopes has also been ap- 
pointed chairman of the New Cransley Iron and Steel 
Co., Ltd., Kettering, in succession to Mr. H. J. ELLISON, 
who has retired from the positions of chairman and 
managing director. The latter position has now been 
taken up by Mr. G. H. Jounson. Mr. EDWARD WITHING- 
TON and Mr. N. W. FIscHER have retired from the board 
of GLYNHIR Trin PLATE Co., LTp., Pontardulais, Glamor- 
gan; Mr. W. S. G. REEs has been appointed chairman 
and Mr. O. J. THomas, Mr. Ivor Lewis and Mr. E. 
ARTHUR WITHINGTON have been made directors. 


Mr. G. W. STEVENSON has been made manager of a 
new branch office opened by Musgrave and Co., Ltd., 
St. Ann’s Works, Belfast, at 297, Hagley-road, Bir- 
mingham, 17. 

Mr. L. WarTSsoN, secretary and accountant, and Mr. 
E. ©. FARRER, M.C., A.M.I.Mech.E., manager of the 
firm’s Northern office, have been appointed to the board 
of Hydraulic Coupling and Engineering Co., Ltd., Flui- 
drive Works, Worton-road, Isleworth, Middlesex. 

CarraIn H. J. Cavuiu, O.B.E., general labour super- 
intendent of the Shipping Federation, 52, Leadenhall- 
street, London, E.C.3, retired at the end of June, on 
reaching the age of 65. 

Mr. J. D. Mrtiner, formerly of the South London 
branch of Ferodo Ltd., Chapel-en-le-Frith, Stockport, 
has been made manager of the North London Depot, at 
Handel-street, W.C.1, consequent upon the resignation 
of Mr. L. A. Porrer. Mr. E. B. KNEE, of the firm’s 
Bristol branch, is to be the new manager of the South 
London branch, and the new manager of the Bristol 
branch is to be Mr. F. E. PERRYMAN. 

Dun Lop Corron MrLis, Ltp., Rochdale, are to estab- 
lish a factory in Londonderry, Northern Ireland, for the 
production of rayon cord to be used in the manufacture 
of rubber tyres of all types. 

E. H. Jones (MacuIne Toots), Lrp., have been 
appointed agents for Great Britain and Eire for the 
range of A-I machine tools produced by Artillerie- 
Inrichtingen, Ltd., Hembrug, Zaandam, Holland. 

THE COAL UTILISATION JoINT COUNCIL have removed 
their offices to 3, Upper Belgrave-street, London, 8,W.1. 





(Telephone : SLOane 9116.) 
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CARMARTHEN BAY POWER STATION. 














Fig. 1. GENERAL View oF SITE. 


NEW POWER STATIONS FOR THE 
} B.E.A.: XIX—CARMARTHEN BAY. 


“Tux Carmarthen Bay power station of the British 
Electricity Authority, an aerial view of which is 
reproduced in Fig. 1, is situated in the South Wales 
Division at Burry Port. The necessary excavation 
and construction work, for which Messrs. Balfour, 
Beatty and Company, Limited, 66, Queen-street, 
London, E.C.4, were the contractors, was carried out 
below the water level table, so that a temporary 
de-watering system had to be laid down. 

Coal will be brought to the station by rail, and after 
tippling will be taken to the boiler house by two sets 
of conveyors, each of which will have a capacity of 
75 tons per hour. Facilities will also be provided for 
taking coal to and from a stock pile which has a capacity 
of nearly 100,000 tons. After pulverising, the coal will 
be burnt in three boiler houses containing a total of 
13 boilers, five of which are at present being installed. 
Each of these boilers will pine. steam at a pressure 
of 950 lb. per square inch and a temperature of 
925 deg. F. The flue gases will be cleaned in Prat- 
Daniels dust collectors and Sturtevant precipitators. 

The generating plant at present being erected 
consists of two 52:5-MW Metropolitan-Vickers sets, 
but three further 60-MW units, with hydrogen-cooled 
alternators, are to be installed. These sets will generate 
at 11-8 kV, the voltage being stepped up to 132 kV in 
63-MVA transformers, which are being manufactured 
by Asea Electric Company, Limited, Walthamstow, 
London, E,17. These transformers will be connected 
to an adjacent switch-house in which air-blast switch- 
ved provided by Messrs. Ferguson Pailin, Limited, 

anchester, will be erected. Fig. 2 shows the exterior 
of No. 1 turbine room with the steelwork for the 
associated boiler house, while the interior of the 
turbine room is illustrated in Fig. 3. 

The condensers will be cooled by sea water drawn 
from the Burry estuary by Vickers-Armstrongs vertical- 
spindle axial-flow pumps, each of which will have an 
output of 53,000 gallons per hour. Three of these 
pumps are now being installed ; one of them will be 
driven by a constant-speed motor and two by variable 
speed motors. They are being installed in a deep-level 
house on the foreshore. 

The five-stage feed-heating system will consist of 
Metropolitan-Vickers equipment and will give a final 
temperature of 365 deg. F. There will be four feed 
pumps, three of which will be electrically-driven and 
one steam driven ; the capacity of each will be 550,000 
lb. per hour against a pressure of 1,250 Ib. per square 
inch. The electrically-driven pumps are being manufac- 
tured by the Harland Engineering Company, Limited, 
and the steam-driven pump by Messrs. G. and J. Weir. Fig. 3. IyTertor oF TURBINE Room. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 

the fact that the above is the address of our Regis- 

Offices, and that no connection exists between 

this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP te Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
er. 





Accounts are payable to ““ ENGINEERING ” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada £5 5 0 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
t han two years. 
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THE NAVAL ARCHITECTS’ 
CONFERENCE. 


By the time that this issue of ENGINEERING is 
in the hands of readers, the International Conference 
of Naval Architects and Marine Engineers will be 
nearly over; it concludes in Newcastle-on-Tyne 
to-day, and to-morrow those members and delegates 
who are returning to London, where the Conference 
began on June 25, will be travelling south by a 
special train, to disperse among the 14 or 15 coun- 
tries from which they came. It is amply evident 
that, from both the technical and the social points 
of view, the Conference has been gratifyingly 
successful. The papers preserved an excellent 
balance between the scientific and the descriptive ; 
the various visits, dinners and other functions have 
reached a coinmendably high standard of general 
interest and smooth organisation ; the weather has 
been reasonably kind—an important factor in 
contributing to the success of any gathering of 
this sort; and—most important of all—the ties 
of a common purpose, which have always been 
notably strong among the fraternity of those whose 
business is with the construction and operation of 
ships, have been reinforced in a way that must 
prove of enduring benefit to all those concerned. 

In two respects, the Conference was unfortunate 
—namely, in the enforced absence, for reasons of 
health, of Admiral of the Fleet Viscount Cunning- 
ham, President of the Institution of Naval Archi- 
tects, and of Professor Gilbert Cook, President of 
the Institution of Engineers and Shipbuilders in 
Scotland. The place of Lord Cunningham—who, 
we understand, is making satisfactory progress 
towards recovery—was excellently filled, however, 
by his successor-elect, Viscount Runciman; and 
there was equal satisfaction in the news that 
Professor Cook, who had to undergo a serious 





operation with very little warning—had recovered 
sufficiently to return from hospital to his home in 
Helensburgh, where he was saluted by the Confer- 
ence party on their way down the Clyde in the 
historic steamer King Edward. 

All four of the professional societies which colla- 
borated in the organisation of the Conference—the 
Institution of Naval Architects, the Institute of 
Marine Engineers, the Institution of Engineers and 
Shipbuilders in Scotland, and the North-East Coast 
Institution of Engineers and Shipbuilders—possess 
an appreciable proportion of members who are 
domiciled overseas, and it was a happy decision, 
therefore, to hold these meetings in the Festival 
year and to show them that, despite economic and 
other difficulties, the shipbuilding and marine engi- 
neering industries in England, Scotland, and Ireland 
(for a strong contingent paid a visit by air from the 
Clyde to the Harland and Wolff shipyard at Belfast) 
are in a commendably flourishing condition. The 
historical connection with 1851 afforded a good 
opportunity to review the great contributions that 
Britain has made to the science and the practice 
of both ship construction and marine-engine build- 
ing ; some of which are occasionally in some danger 
of being forgotten, merely because they have been 
so generally adopted. At the same time, the papers 
from overseas delegates have come as a timely 
reminder of how thoroughly other nations have 
assimilated this knowledge and experience. 

The paper which, perhaps, was the most eagerly 
awaited was that on the resistance experiments 
carried out with the former Clyde paddle steamer 
Lucy Ashton. No discussion that could have been 
compressed into the time available could possibly 
have done more than provide a sample from the 
vast field of inquiry that the trials opened up for 
exploration. The complementary papers which will 
follow, in due course, the lead set by Sir Maurice 
Denny will be awaited with an interest no less keen ; 
and the complete series promises to equal in im- 
portance the pioneer work of William Froude 
himself. In this highly original method of testing, 
Britain undoubtedly has led the world, and great 
credit is due to Dr. 8. Livingston Smith, the Director 
of the British Shipbuilding Research Association, 
from whom emanated the original proposal to use 
jet engines for propulsion, thus avoiding all the 
uncertainties which have complicated the applica- 
tion of Froude’s work in actual design work. 

The papers on “ Higher Steam Conditions for 
Ships’ Machinery” and “Boiler and Turbine 
Testing ’’ were usefully complementary, the former 
showing clearly the factors limiting further advances 
in steam temperature and pressure, and the progress 
made in various countries to raise the limits; and 
the latter paper indicating, as fully as security 
requirements permit, the amount of research work 
needed to solve the problems that further advances 
entail, and the facilities available in this country 
for that purpose. Incidental details brought out 
by this paper are the cost of large-scale testing of 
propelling machinery—something in the region of 
100,0001. in the case of the destroyer machinery 
tested at the Pametrada station at Wallsend—and 
the fact, obvious enough, but not always remem- 
bered, that “‘as machinery advances, the margins 
in design become less ”’ and the cost of each further 
improvement, in effort even more than money, 
progressively greater. The paper on “‘ Marine Fuel 
Oils *’ indicated, moreover, the need to seek steadily 
for means to utilise fuels of something less than 
optimum quality ; particularly, perhaps, the use of 
oils with relatively high sulpbur content. 

The paper on “Ship Motions,” apart from its 
merits as a contribution to knowledge of that subject, 
was a useful reminder that it is still possible to do 
research that is worth while, without entailing the 
immense capital expenditure represented by large 
and super-accurate equipment such as the newer 
tanks at Teddington, Carderock and elsewhere. 
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The tank at Newport News is only 56 ft. long and 
8 ft. wide, and the models in it are towed by the 
relatively simple device of a falling weight; but 
the work described in the paper covered a wide 
field, and the results obtained are such as to suggest 
the utility of exploratory small-tank work as a 
preliminary to more elaborate research in the 
larger tanks. The next stage, of course, is the com- 
prehensive full-scale testing of ships at sea, and a 
scheme to carry this a stage beyond anything 
hitherto attempted was contained in the paper on 
a “Proposed Design for a Combined Research, 
Training and Cargo Ship.” 

' ‘The final paper of the eight read in London—that 
on “Some Aspects of Pre-fabrication in Ship 
Construction ”’—brought into discussion a subject 
that is probably exercising the minds of most 
shipbuilders of more than minor craft. The fact 
that some shipyards are finding it advisable to 
reduce (and even to halve) the number of their 
berths in order to make full use of welded con- 
struction, while others, apparently, have decided 
that such drastic measures are unnecessary or, at 
least, are not yet economically justifiable, indicates 
how varied are local conditions and how numerous 
the possible combinations of facilities and circum- 
stances. The paper is of particular value as being a 
record of actual achievement. The same may be 
said, in a somewhat different connection, of the 
paper read in Newcastle on ‘‘ U.S. Fleet Maintenance 
and Battle-Damage Repairs in the Pacific during 
World War II.” With careful restraint, the author 
observed that “it is doubtful whether the combined 
productive capacity of the United States and her 
Allies ” could have provided and maintained enough 
ships to defeat Japan if they had had to depend on 
their home shipyards and dockyards. If, unhappily, 
there should be a World War III, it is tolerably 
certain that they will not be able to depend on such 
facilities, but will have to rely on their own efforts 
and equipment for repairs to an even greater extent. 
It will be more than ever necessary, in such circum- 
stances, that avoidable injury to propelling 
machinery shall, in fact, be avoided in the design 
stage, and some of the ways of doing so were 
described in the concluding paper, on “ Stresses in 
Propellers and Propeller Shafting under Service 
Conditions.” 

In conclusion, some reference should be made to 
one unfortunate experience in the course of a 
Conference which, in other respects, has proceeded 
with a more than ordinary absence of minor 
coniretemps. Efficient transport is one of the most 
important factors contributing to the comfort and 
pleasure of such an occasion, and it is regrettable, 
therefore, to record that organisers and members 
alike were badly “let down” by British Railways. 
It was an error of somebody’s judgment, in the first 
place, to decide that third-class accommodation 
would be good enough on the special train which took 
the members on their tour to Scotland and the 
North-East Coast, but that does not absolve British 
Railways from blame for having provided such 
elderly, dirty and ill-equipped rolling stock. The 
locomotive was so begrimed that its colour was 
actually indistinguishable ; the lavatory compart- 
ments were a disgrace—in some, the water tanks 
were nearly empty at the start; the train bore no 
distinctive label except a number on the engine, so 
that ordinary passengers boarded it at Crewe and 
had to be induced, with some difficulty, to alight 
again—at which some, including one who boasted 
himself “ a railway official,” were decidedly offensive; 
and the timing was leisurely in the extreme. Last 
year’s World Power Conference had provided a 
foretaste of such treatment, but we did not expect 
it to be repeated this year, in still more objectionable 
form. It may be that British Railways are anxious 
to discourage the use of special trains ; but, if so, 
they might at least make an exception in the case of 
an international conference of such importance. 





CAPITAL EXPENDITURE ON 
BRITISH RAILWAYS. 


Two major problems face the railways of this 
country: the drift of employees to more congenial 
jobs and the restriction on capital expenditure. 
Both are symptomatic of the same fact, namely, 
that the nation is neglecting its railways. A policy 
of full employment, in which the practical freedom of 
choice of work is more widespread than it has ever 
been, is having the effect of denying the railways 
adequate man-power, since the traditional advan- 
tage of security of employment is no longer regarded 
as peculiar to railways ; neither are the pay and con- 
ditions and hours of work specially attractive. 
Moreover, no artificially-created inducement, such 
as exemption from National Service in the Armed 
Forces, is operating to redress the balance. This 
trend in employment is not due to any declared 
policy but is the natural outcome of the circum- 
stances, whereas the restriction on capital expendi- 
ture is a deliberate policy of the Government. It is 
difficult to see how any action on the part of the 
Government could satisfactorily solve the man- 
power problem, though a decision to increase capital 
expenditure might indirectly have the desired effect 
since, apart from the scope for greater work, the 
morale of railwaymen would benefit if they knew 
that great efforts were being made to raise the 
efficiency of the undertakings. 

Since the Labour Government took office in 1945, 
the railways have not fared very well in matters of 
priorities or other special treatments, and it is not 
surprising that railwaymen, by transferring to other 
industries, are disproving the once-popular socialist 
theory that men would be happier in their work in a 
nationalised industry. A bold policy of capital 
investment has rightly been pursued in the coal 
mines, but the British Transport Commission have 
been fobbed off with cuts and postponements in 
their plans for rehabilitation and improvement. 
Immediately after the war, it was a question of 
planning the work of the nation and achieving a 
proper balance of trade; now, it is a question of 
rearmament. 

The Government’s Economic Survey for 1950 
devoted considerable space to capital investment in 
the railways of this country, the totals for which 
were given as 65/1. million in 1948, 70]. million in 
1949, and 791. million in 1950, excluding running 
repairs to rolling stock and permanent-way repairs 
and maintenance. It was conceded that the effects 
of restrictions in investment would be severe. A 
year later, the Economic Survey for 1951 hardly 
mentioned railways ; there were sections on coal, 
electricity, steel, building, textiles, agriculture, etc., 
but not a word about railways except for a line, in 
a table of gross fixed investment in the United 
Kingdom, giving 2871. million for 1948, 3241. million 
for 1949, and 3171. million for 1950, in respect of the 
whole of transport and communications, “including 
ships and road goods vehicles, irrespective of the 
industry or service in which they are employed.” 

Little comfort was to be found in the annual 
report of the British Transport Commission for 1949, 
published in September, 1950: ‘‘ notwithstanding 
representations made by the Commission that any 
further reduction [in capital investment] might have 
serious consequences upon the efficiency of the rail- 
ways, the approved level of expenditure in 1950 was 
reduced to 92I. million”’—tbe difference between 
that figure and the 79/. million given in the Economic 
Survey for 1950 being due to the exclusion, in the 
latter, of permanent-way repairs, etc. The Com- 
mission stated that they could hope to do little 
more than preserve their undertaking in a reason- 
able working condition. There was no opportunity 
of making provision for the modernisation and re- 
equipment of railway termini and depots, which 
was clearly essential if inter-working between road 


and rail services, in the interests of effective integra- 
tion, was to be achieved. 

Some slight though vague relief in the situation 
was afforded by the statement the Chancellor of 
the Exchequer made in the House of Commons on 
June 21. He explained that, owing to defence 
needs, there would be no increase in 1951 in the 
supplies of plant and machinery available for home 
industry, while in 1952 and 1953 there would have 
to be a substantial reduction, since more and more 
of the engineering industry would be producing 
armaments. He added, however, that investments 
in coal, electricity, gas, coke ovens, railways, roads 
and petroleum would be higher than in 1950. The 
statement was in very general terms, though it 
expressed a policy of far-reaching implications, 
but it is clear that experience has taught the 
Government the unwisdom of publishing a detailed 
investment programme; no doubt such a pro- 
gramme is worked out, but its implementation 
depends on other controls, such as allocations of 
steel and, as Mr. Gaitskell said, there is a great 
deal of uncertainty in view of the materials position 
and the impact of the defence programme. 

What effect this revision of policy will have on 
the railways it is impossible to determine. All 
industries will be affected, of course, but there are 
strong grounds for the suspicion that the capital 
investment allowed to the railways is not based on an 
adequate assessment of the real transport interests 
of the country. <A shortage of a basic commodity 
such as coal, or a. basic measurable service such 
as electricity, is instantly apparent when it arises 
and is also largely predictable, but the inadequacy 
of transport is not so readily defined. Statistics 
are not a sufficient indication of the efficiency of 
transport, the true value of which is difficult to 
assess. It is, however, a major factor in the coun- 
try’s industrial capacity, especially at a time of 
rearmament, and transport users generally would 
be happier if it could be shown that the railways are 
being permitted a level of capital investment proper 
to the strained circumstances and urgent needs. 

That this is the considered view of industry is 
shown by the fact that, in a memorandum lately 
addressed to the Ministry of Transport, the Asso- 
ciation of British Chambers of Commerce have 
demanded a long-term plan of capital investment 
on a substantial scale in British Railways, to replace 
wartime wastage and enhance general efficiency. 
As Colonel B. H. Leeson remarked in the discussion 
on Mr. R. A. Riddles’s paper at the Joint Engineer- 
ing Conference, there is a tendency to say that this 
country or that could not afford developments in 
its railways, when it might be more correct to say 
that it could not afford not to have them. More 
money must be spent on the permanent way if 
the number and severity of speed restrictions are 
to be reduced ; stations, termini and depots must 
be modernised if the efficiency of railway operation 
is to be raised to the essential level; electrification 
must be extended, provided it is agreed that no other 
form of motive power is likely to invalidate its 
advantages ; and London Transport services must 
be enlarged if the work of a bigh proportion of the 
country’s population is not to suffer. It is not 
sufficient to argue that present conditions do not per- 
mit these developments : rearmament, no less than 
unclouded peace, depends on the efficient transport 
of men and materials. Unfortunately, if there is 
wrestling in high places over the railways’ needs, 
there is little evidence of it in published statements 
or reports. The last annual report of the British 
Transport Commission stated that “in all matters 
relating to the control of capital investment the 
closest contact is maintained with the Minister, 
and the Commission have received every possible 
assistance from him and his officers within the strict 
limitations imposed.” It is to be hoped that the 
next annual report, which will be published shortly, 





will reveal a more pugnacious attitude. 
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NOTES. 


RESEARCH LABORATORIES OF THE SmMON GROUP. 


A NOTABLE addition to the research laboratories 
owned and operated by British industrial organisa- 
tions was inaugurated on Tuesday of this week 
when Sir Henry Tizard, G.C.B., A.F.C., F.RB.S., 
Chairman of the Advisory Council on Scientific 
Policy, opened the new 250,000/. research and 
development buildings of the Simon Engineering 
Group, at Cheadle Heath, Stockport. Speaking 
on the value of research, Sir Henry said it was some- 
times thought that only large concerns could afford 
research. The truth was that no firm could afford 
not to do research. Those who argued against 
large-scale research sometimes pointed to Parsons’ 
invention of the steam turbine. Parsons, however, 
could not have invented the turbine without his 
sound knowledge of thermodynamics—a science 
which was fundamental in industry—and his 
background of engineering experience. Inventions 
often depended on research done considerably 
earlier, but new knowledge was always needed 
and the recent spectacular advances in the gas- 
turbine field would have been impossible without 
simultaneous intensive research. Lord Simon of 
Wythenshawe said that although the Simon Group 
had undertaken research for many years, it had 
been recognised that such work must be done on a 
new scale if the company was to continue to compete 
successfully in foreign markets. In the past, 
customers such as Messrs. Imperial Chemical Indus- 
tries, Limited, had helped by constructive criticism 
of plants designed for them by the company. He 
hoped that new customers, such as the National Coal 
Board and the British Electricity Authority, would 
do the same. Lord Simon announced that Messrs. 
Simon-Carves, Limited, had been appointed main 
contractors for the United Sulphuric Acid Corpora- 
tion’s 3,500,000/. plant at Widnes, to produce sul- 
phuric acid from anhydrite, and were acting in the 
same capacity for the I.C.I. 1,500,000/. anhydrite 
scheme at Billingham. 


Lonpon DEVELOPMENT PLAN. 


The Town and Country Planning Act, 1947, 
required the London County Council to submit’ a 
scheme to what is now the Ministry of Local Govern- 
ment and Planning, which would serve as a guide 
to all the building activities of the Council, local 
authorities, organisations and private developers 
for the next 20 years. This task, which is being 
carried out in consultation with all those concerned, 
is being performed in seven stages, of which four, 
covering surveys, the preparation of town maps, 
consultation with other bodies and reconsideration 
of the maps in relation to individual subjects, such 
as density of population, education and housing, 
have already been completed. The sixth and seventh 
stages will comprise further consultations with the 
City Corporation and Metropolitan Borough Coun- 
cils and the presentation of the plan to the Minister 
at the end of the present year. Meanwhile, a 
report covering the fifth stage of the plan was 
presented by the Town Planning Committee to a 
meeting of the London County Council on Tuesday, 
July 3. It comprises four main documents: a 
town map, illustrating the proposals for the use of 
land ; a programme map, which gives a broad 
indication of the work which it is expected will be 
substantially completed during the first five and 
following 15 years ; and two statements containing 
factual descriptive information and an analysis 
which is intended to serve as a basis.for discussion 
on the problems which have arisen. According to 
the report submitted on Tuesday, it is proposed in 
the first five years to provide dwellings for 233,000 
people, which will involve the re-housing of some 
70,300 people. Over 20 years, the needs of educa- 
tion will require the displacement and re-housing of 
89,000 people, while, in addition, the provision of 
480 acres of open space in the first five years and 
590 acres eventually will mean the displacement of 
about 5,400 and 45,000 people, respectively. The 
plan also includes proposals for building six fly- 
over intersections, 37 roundabouts, 103 miles of 
new principal roads, 7 miles of major widenings 
of existing routes and two miles of new tunnel. 


These works will require the re-housing of about 
23,000 people. 


Society oF CHEMICAL INDUSTRY. 


The 70th annual meeting of the Society of Chemi- 
cal Industry will be held from Monday, July 9, 
until Friday, July 13, at the Royal College of 
Science, Imperial Institute-road, South Kensington, 
London, 8.W.7. The meeting opens at 8 p.m., on 
the first day, with a reception at the Geological 
and Science Museums, South Kensington. The 
annual general meeting will be held on Tuesday, 
at 10 a.m., and after a luncheon at the May Fair 
Hotel, visits will be paid to the Anglo-Iranian Oil 
Company’s research station at Sunbury-on-Tharfes ; 
the Mullard Radio Valve Company, Limited, Mit- 
cham ; Kodak, Limited, Harrow ; the Metropolitan 
Water Board’s Laboratories, and other works and 
establishments. On Wednesday, July 11, at 
10 a.m., the Society's Medal will be presented to 
Professor E. C. Dodds, M.V.O., F.R.S., at the Royal 
Institution, Albemarle-street, W.1. Later in the 
morning, lectures on ‘‘ Water in Industry,” which is 
to be the theme of the lectures at the meeting, will be 
delivered by Mr. H. W. Cremer, C.B.E., and Profes- 
sor P. G. H. Boswell, D.Sc., F.R.S. Further visits to 
several works and establishments will be paid in the 
afternoon. At 7.30 for 8 p.m.,the annual dinner of 
the Society will be held at the Dorchester Hotel, 
Park-lane. On the morning of Thursday, July 12, 
further lectures on various phases of ‘“ Water in 
Industry ”’ will be delivered by Dr. E. W. Russell, 
Dr. M. A. H. Tincker, Professor H. 8. Taylor, 
Dr. E. I. Akeroyd, Mr. J. Leicester, Dr. U. R. 
Evans, F.R.S., and Dr. T. Thornhill. In the after- 
noon more visits will be paid to works, etc., and 
on Friday morning, the final lectures on “ Water in 
Industry ” will be delivered by Dr. J. H. Oliver, 
Mr. E. L. Streatfield, Mr. P. Hamer, Dr. F. W. 
Mohlman and Dr. B. A. Southgate. Additional 
visits have been arranged for Friday afternoon and 
the meeting closes with a reception by the chairman 
and directors of Imperial Chemical Industries, 
Limited, to be held at 8.30 p.m., at the Connaught 
Rooms. 


Tue Mrnistry OF MATERIALS. 


The Rt. Hon. R. R. Stokes, P.C., M.P., Lord Privy 
Seal, speaking at a luncheon at the Park Lane Hotel, 
London, on Monday, July 2, referred to the task 
he was about to undertake as the first Minister of 
Materials. The luncheon was organised by the 
journal, The Manager, and the chair was taken by 
Sir Archibald Forbes, finance director of Spillers, 
Limited, and President of the Federation of British 
Industries. Mr. Stokes said that greater efforts 
must be made towards joint consultation of the right 
kind, namely, in the shops; not the board room. 
It was not always realised that full employment 
entailed a duty to give a full day’s work; voluntary 
absenteeism, if tackled in the right way, could be 
reduced to less than 0-3 percent. Some alleviation 
of the fuel situation could be achieved if the heat 
insulation of workshop buildings was not so crimi- 
nally neglected. With regard to the length of the 
working week, it was a fallacy to assume that 
because it was desirable to reduce hours in heavy 
industry it was also desirable throughout other 
industries. The fact must also be faced that the gap 
between the pay of skilled men and unskilled men 
had become so narrow that it was no longer worth - 
while to become skilled. Mr. Stokes said that 
shortages of materials had been aggravated by the 
defence programme, but were not wholly due to it. 
In his view, the problem facing the world, after the 
materialists of the East had been dealt with, was to 
raise the standard of living of the millions of the 
world. With regard to the work of the new Ministry, 
the staff would be largely recruited from the Board 
of Trade and the Ministry of Supply. The “ pipe- 
line ” of industry must be kept full; it was his job 
to see that materials were available, and he hoped 
to tackle the question of exorbitant commodity 
prices. As far as possible, industry would be 
dealing with the same people as before. He did not 
think a Minister of Production was necessary. He 
had had a very good reception at Washington ; there 
were political difficulties, but responsible Americans 





appreciated the needs and the problems. 





LETTERS TO THE EDITOR. 
SOME UNSOLVED PROBLEMS IN 
CIVIL ENGINEERING. 

To THE EprroR OF ENGINEERING. 

Sir,—I have read with great interest your reprint 
of Mr. G. A. Maunsell’s James Forrest lecture to 
the Institution of Civil Engineers (published in the 
issues of June 8, 15 and 22). Mr. Maunsell states 
(page 769, June 22): “ Parsons, the inventor of the 
steam turbine, broke right away from established 
steam-engine practice, with which he could scarcely 
have been fully conversant.” I believe it is true, 
but I cannot give a reference, that Sir Charles, when 
still a pupil at Armstrongs, of Elswick, obtained 
permission to build a radial steam engine of his own 
design. As an old Parsons man, I would be glad to 
know if anyone can tell me whether this engine 

worked. 

My father, the late Emeritus Professor W. M. 
Thornton, who co-operated with Sir Charles some 
45 years ago on experiments on cavitation of ships’ 
propellers, once told me that Sir Charles had re- 
marked to him that ‘“ mathematics are of very 
little help.” Dr. Gerald Stoney, his famous 
assistant, has also stated that Sir Charles was 
“rarely, if ever, known to make use of formal 
mathematical reasoning for the solution of any 
problem.” This is in spite of the fact that he 
was llth Wrangler in the Mathematical Tripos at 
Cambridge. These remarks surely support Mr. 
Mauneell’s observation, “It may quite possibly be 
that many or all works of genius and all genuine 
advances of the human mind . . . owe their origin 
rather to an intuitive perception of truth on the 
part of the founder than by intellectual reasoning.” 

Yours faithfully, 
B. M. THORNTON. 

Winnington Hall Club, 

Northwich, 
Cheshire. 
July 2, 1951. 





JOINT ENGINEERING 
CONFERENCE, LONDON. 


To tHe Eprror oF ENGINEERING. 


Sm,—In your report of the paper on “ Electric 
Signalling,” on page 747 of your issue of June 22, 
it is stated that “‘ Power signalling was first intro- 
duced at Crewe in 1900.” While it is true that this 
installation was the first on the London and North 
Western Railway, the first installation of power 
signalling anywhere in Great Britain was at Granary 
Junction, Bishopsgate, on the Great Eastern Rail- 
way, in 1898, where the Westinghouse electro- 
pneumatic system was installed. It is of interest 
that, while the Crewe installation has now been 
replaced by a modern all-electric interlocking 
system, the original installation at Granary Junction 
is still in service. 

Yours faithfully, 
O. 8. Nock. 
20, Sion-hill, Bath. 
June 27, 1951. 





British ELECTRICITY AUTHORITY.—The graduate 
training scheme for technical engineering staff, by which 
the British Electricity Authority provides training 
courses for men and women engineering graduates, has 
been modified to include a period of up to 6 months basic 
mechanical workshop training. The period of training 
may now be 2 or 24 years and the rates of pay have been 
increased to 3301. for the first year and 3451. per annum 
for the remaining period, with an addition of 251. per 
annum in the London area. 

CABLE TRUNKING WITH FusED Tap-OrF UNITS.— 
A cable trunking system has been designed by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, for use in factories where the total 
current does not exceed 100 amperes per phase. Where 
vulcanised rubber cables are employed, a terminal 
block, which enables the main cable to be tapped without 
cutting, is fitted inside the trunking and to it a fused 
tap-off unit is fitted and wired. Connection is then 
made by cable to the machine. All the drilling and 
fixing can be carried out on site after the position of 
the machine has been chosen. 
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OBITUARY. 


MR. R. F. McKAY. 


We regret to learn of the death, on June 14, at the 
age of 67, of Mr. Robert Ferrier McKay, M.Sc., 
A.M.LC.E., who achieved some distinction as an 
author, lecturer and examiner and for his work on 
naval machinery and protection devices. He had 
retired last year as manage: of the inventions and 
patents department of the Dunlop Rubber Company. 

Mr. McKay was born in Edinburgh on August 19, 
1883. His general education was gained at the 
Henry Smith School, Hartlepool, and after three 
years at the University of Durham, Newcastle-upon- 
Tyne, he graduated B.Sc. in 1903. A further three 

was then spent under Sir Alfred Yarrow, 
followed by five years as a junior draughtsman. 
In 1906, Mr. McKay turned to academic work as 
a demonstrator at the City and Guilds Engineering 
College, London, under Professor W. E. Dalby, 
and in 1911 he was made senior lecturer, specialising 
in the theory of machines and machine drawing 
and design. During the summer vacation of 1915 
he kept in touch with naval matters as an assistant 
to the works manager of Messrs. Yarrow and Com- 
pany, Limited; he took part in the erection of 
machinery, and in the trials and preparation for sea 
of torpedo-boat destroyers. In 1916 he returned to 
Yarrow’s as senior draughtsman. 

In 1917, Mr. McKay joined Messrs. Vickers 
Limited, under Mr. T. G. Owens-Thurston (later 
Sir George Thurston), and for the two years he was 
there he was engaged on the protection of shipping 
against mines and submarines, being associated with 
the design of the Mk. III ‘ Otter,” an anti-mine 
device for the protection of merchant vessels, and 
in 1919 he read a paper on the paravane to the 
British Association. In 1920 he was appointed a 
technical officer (engineering) in the Department cf 
Scientific and Industrial Research, where he acted 
as secretary to several committees. He joined the 
Dunlop Rubber Company in 1926 as engineer in a 
department formed for the development of the 
technique of electrically depositing natural rubber 
latex, and he was later made manager of the depart- 
ment from which he retired last year. 

While working under Professor Dalby, Mr. 
McKay wrote The Theory of Machines, first pub- 
lished in 1914, and he was also the author of The 
Principles of Machine J For some years 
he served as examiner for the B.Sc. (Eng.) degrees 
of London and Benares universities, and for the 
examinations of the Institution of Civil Engineers. 
He joined that Institution as a student in 1904, 
was made an associate member in 1919, and 
received the Bayliss Prize. He was also a member 
of the Institution of Mechanical Engineers. 





MR. G. GEOFFREY SMITH, M.B.E. 


WE also note with regret the death, on Friday, 
June 29, at the age of 66, of Mr. Geoffrey Smith, 
M.B.E., a director of Associated [Iliffe Press, 
Limited. He wax well known in connection with 
the motoring and allied journals of that publishing 
house, and, as a technical journalist, he earned 
merit by his advocacy of gas turbines at a time 
when the subject was a closed book to all but a few. 

George Geoffrey Smith was born at Newark, 
Nottinghamshire, on March 4, 1885. After an 
apprenticeship with Messrs. Ransomes and Marles, 
Limited, he joined the editorial staff of The Motor 
Cycle in 1904 and, eight years later, was appointed 
editor. He was made an M.B.E. for his service 
during the first part of the 1914-18 war, subse- 
quently joining the Royal Flying Corps. Between 
the wars he assumed the direction of an increasing 
number of Iliffe journals; in 1923 he was made a 
director of Iliffe and Sons, Limited, and in subse- 
quent years, of a number of their subsidiary com- 
panies, Mr. Smith’s best known book was un- 
doubtedly Gas Turbines and Jet Propulsion (first 
published in December, 1942), a work on a modest 
technical level, but he was also the author of The 
Modern Diesel. He was a Freeman of the City of 
London, and a liveryman of the Worshipful Com- 
pany of Coachmakers and Coach Harness Makers. 





THE ROYAL AGRICULTURAL 
SHOW AT CAMBRIDGE. 


THe Royal Agricultural Society’s annual show, 
which opened at Cambridge on Tuesday, July 3, and 
closes this evening, is the fourth to be held in that 
neighbourhood. When it was held at Cambridge 
for the first time in 1840, it occupied about five 
acres of Parker’s Piece, then the County and 
University cricket ground, and the livestock and 
implement entries totalled 337 and 115, respectively. 
This year, the show covers 150 acres and approxi- 
mately 5,000 head of livestock will compete for 
prizes having a total value of 20,0007. This is 
probably the greatest collection of farm livestock 
ever gathered in one place and well illustrates how the 
diversity of the country’s soil and climate has led to 
the development of a wide variety of breeds to meet 
local conditions. There are, for example, over 
20 breeds of cattle, 32 of sheep and over a dozen 
breeds of pigs. Although tractors are rapidly 
replacing horses on the farm, there are still occasions 
when horses are invaluable for certain types of work 
anid there were many occasions during last winter 
when they were able to carry on in mud which 
bogged down tractors. It is gratifying to record, 
therefore, that the entries of horses totalled 928 
against 843 at last year’s show, this year’s entries 
ranging from heavy shires to diminutive Shetland 
ponies. 

Wogi, of course, was the foundation of this 
country’s wealth, but the difficulties of shepherding 
to-day, not least of which is the havoc caused by 
dogs to flocks kept near large centres of population, 
has caused a decline in the number of flocks during 
the last few years, particularly in the lowland 
counties of England. Even so, over 800 entries of 
sheep, representing 27 breeds, are being shown, and 
for the first time since 1947, there are classes for the 
cheviot breed. The largest entries from one breed 
come from the Suffolks, which have spread from 
their native East Anglia to nearly every country in 
the world. Cattle entries exceed 1,800 head, and all, 
with the exception of some Highland breeds, are 
from attested herds. Two championship trophies 
are being awarded for the first time this year, one 
for beef cattle and one for dairy and dual-purpose 
cattle. Entries for pigs were so large that many 
had to be refused; nevertheless, space has been 
found for approximately 1,000 pigs, the most 
popular breed being the large whites. There are 
nine classes for goats but, owing to the prevalence 
of fowl pest earlier in the year, it has not proved 
possible to form a poultry section and no birds are 
on show. The machinery and implement section 
covers 70 acres, nearly half the showground ; it is 
next to impossible to assess the total number of 
exhibits, as they range from large crawler tractors to 
small hand tools, but it would appear that there is a 
drop on the figures for last year, probably due to the 
rearmament drive and the consequent shortage of 
raw materials. 

An attractive feature of the Royal Show is the 
way all facets of farming are covered, the exhibits 
ranging from large experimental plots to small 
handicrafts sections. The dominant theme of the 
Ministry of Agriculture’s exhibit, for example, is the 
need to give both crops and livestock a good start for 
greater output. The complete display covers more 
than an acre and outdoor plots demonstrate : the 
manuring of a typical sequence of crops of four 
predominant soil types in East Anglia; seed 
dressing and control of weeds in cereals; labour- 
saving methods of sugar-beet growing; planting 
dates and fertiliser placement with potatoes ; weed 
control on carrots ; and the establishment of good 
grazing leys in East-Anglian conditions. Indoors, 
groups of shorthorn cattle show the results of 
rearing cattle on four different levels of nutrition, 
while litters of pigs are used to demonstrate the 
importance of high-weaning weights in piglets. 
For the horticulturist, there is information on better 
strawberry production and other exhibits cover 
labour-saving piggeries, inexpensive fencing, 
examples of farm roads made from local materials, 
and demonstrations on making concrete roads. 
The Ministry of Agriculture exhibit, incidentally, 
affords a good example of the foresight needed in 





planning the Royal Show as the calves for the beef 
exhibit were bought eighteen months ago and 
preliminary work started on the outdoor plots nine 
months ago. 

Adjoining the site of the Ministry of Agriculture, 
is the exhibit of the National Institute of Agri- 
cultural Botany, where plant-breeding and seed- 
testing methods are explained. The importance of 
quality in marketing agricultural products, is 
demonstrated by the Northern Ireland Ministry of 
Agriculture, and an exhibit staged jointly by the 
Ministries of Food and Agriculture shows a complete 
egg-candling grading and packing station at work. 
Countryside crafts and activities are represented at 
numerous stands. The Rural Industries Bureau, for 
example, are demonstrating the work of the rural 
craftsmen, while agricultural engineers and wood- 
workers are showing what can be produced in a 
modern workshop. 

It was only to be expected that this year many 
of the exhibits have an historical bent and, accora- 
ingly, the Milk Marketing Board are displaying the 
scientific and technical developments in the 
handling, transporting, manufacturing and dis- 
tributive aspects of milk production which have 
occurred during the last century. The Royal 
Agricultural Society’s exhibit also is historical, 
consisting of farm implements and machines about 
100 years old, some of which are still in use. The 
display includes an early portable steam engine 
which was hauled by horses, a two-horse wooden- 
framed mower and a winnower built in 1853, which 
recently was converted to engine drive and, after 
the show, will be returned for further use. Another 
interesting exhibit in this section is a farm cart 
originally shown at Crystal Palace in 1851, and still 
in everyday use on a Northamptonshire farm. To 
show the contrast between new and old, a seed 
drill is being displayed beside a seedlip and dibbler 
and a wooden plough beside an iron plough. 

In the implement section, practically every con- 
ceivable aspect of mechanised farming is covered. 
The tractor, as was to be expected, takes pride of 
place and, in common with previous shows, a 
parade of the latest machines of this type is taking 
place each day in the Grand Ring. Formerly, the 
parade ‘was confined to tractors of British origin 
but this year the scope has been widened and is 
open to all tractors regardless of whether they are 
of British or foreign manufacture. Further interest 
has been added to the parade this year by including 
one of the earliest farm tractors to be driven by an 
internal-combustion engine, namely, the Ivel 
agricultural motor which was exhibited at the 
1903 Royal Show. It is a three-wheel machine 
which, instead of the usual engine-cooling radiator, 
is provided with a 30-gallon cooling tank. A 
simple, but exceptionally heavy, cone clutch is 
arranged to give one forward and one reverse speed 
and the control lever, which is locked in forward 
and neutral gear, is designed so that when in reverse 
it has to be held in engagement by hand as a 
safety factor. 

Tractors, of course, are the very backbone of 
mechanised farming, so it is only logical to com- 
mence our review of the exhibits in the implement 
section by referring to a new machine of this type, 
namely, the Ferguson Diesel tractor which is being 
shown by the manufacturers, Harry Ferguson 
Limited, Coventry. This machine is illustrated in 
Fig. 1, opposite, from which it will be seen that 
it bears a close resemblance to the standard Ferguson 
tractor. It is fitted with a four-cylinder engine 
having a bore and stroke of 3% in. and 4 in., respec- 
tively, and developing 25 h.p. at 2,000 r.p.m. The 
Freeman-Sanders patented form of combustion 
chamber is used and the manufacturers claim that 
this gives exceptionally quiet and smooth running 
with but little Diesel “‘knock.” C.A.V. fuel- 
injection equipment is fitted, the rate of injection 
being controlled by a pneumatic governor. 

The unit is of straightforward construction, the 
combined crankcase and cylinder block being fitted 
with renewable dry-type liners and the cylinder head 
being provided with overhead valves operated in the 
usual manner from the camshaft through push rods 
and rocking levers. Aluminium-alloy pistons are 
used and these are fitted with fully-floating gudgeon 
pins located by Circlips. The crankshaft is static- 
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Fie. 1. 











Fie. 2. Narrow-WipTH TRACTOR ; 


ally and dynamically balanced and is supported 
by three large main bearings of the lead-bronze 
indium-plated type. The camshaft also is sup- 
ported by three bearings and is driven from the 
crankshaft through a duplex roller chain. To assist 
in starting in cold weather, a Kigas heater is in- 
stalled ; this comprises a small special fuel tank 
fitted with a hand-operated pump and an atomising 
nozzle in the manifold for spraying the fuel on to an 
electrically-heated glow plug. Other equipment 
installed on the engine includes an oil cleaner of the 
replaceable-cartridge type, a water-circulating pump 
for engine cooling, twin fuel filters, and de-compres- 
Electrical equipment is fitted as standard 
and consists of a 12-volt battery, together with an 
auxiliary dynamo of the non-ventilated type and a 
starter motor. The starter motor is operated from 
the sixth position of the gear lever and a special 
interlocking device ensures that the unit cannot be 
engaged accidently when the tractor is running. 
As with other Ferguson models, the new Diesel 
engine is being manufactured by the Standard 
Motor Company, Limited, at their Banner-lane 
factory, Coventry. 

Messrs. Harry Ferguson Limited are also showing 
their new extra-narrow tractor. This machine, 














Messrs. Harry Fereuson Limirep. 


which is illustrated in Fig. 2, on this page, has been 
developed for use in vineyards, sugar plantations 
and similar locations not generally accessible to 
their standard machine. It is 20 in. narrower 
than the standard tractor and although similar in 
layout, basic changes had to be made to the rear 
and front axles. The front central axle beam has 
been shortened and set to a different angle, and both 
the right- and left-hand axle assemblies have been 
modified so that the steering geometry is un- 
affected ; new radius rods and drag-link assemblies 
also have been provided. 

As will be seen from the illustration, the bonnet is 
considerably longer than on the standard machine ; 
this has been brought about by having to move 
the radiator forward to give the necessary clearance 
for the cross swinging of the front axle. New 
smaller wheels are fitted to the front and rear axles, 
thereby lowering the tractor by 2 in. and ensuring 
that the stability is still satisfactory despite the 
narrower track; should long overhung implements 
be used, however, extra weights are provided for 
fitting to the front wheels. The controls, ‘eat 
position, mudguards, etc., have, of course, been 
modified and the hydraulic-lift shaft arms have been 
altered to allow for the very narrow track. The 





lower hydraulic-system lift arms, however, are 
standard fittings placed in the reversed position so 
that, when the wheel track is opened out, to 44 in. or 
more, it is only necessary to reverse them and carry 
out a few more minor modifications such as the 
removal of special stabilisers, the fitting of standard 
check chains and the re-location of the mudguards, 
to enable the tractor to be used in conjunction with 
all standard implements. The front track width is 
adjustable by increments of 4 in. between the limits 
of 37 in. and 50 in. and the rear track by the same 
increments between the limits of 32 in. and 56 in., 
and by reversing the front wheels on their hubs, 
the maximum front-track width can be increased 
to 58 in. The overall width at the front of the 
tractor with the wheels set at the minimum track 
is 46 in. and the corresponding dimension at the 
rear of the tractor 44 in. 

Mr. Harry Ferguson was, of course, the pioneer 
of tractor-mounted implements and it was only to 
be expected that special efforts would be made 
during this Festival year to improve on, and 
increase the number and wide range of implements 
already available. Many new implements are, in 
fact, being shown and these include a tractor- 
mounted potato planter, a combined seed drill 
and fertiliser distributor, a mounted reversible or 
“one-way ” plough and precision seeding machine, 
to mention but a few. The tractor-mounted potato 
planter, which is illustrated in Fig. 3, on Plate I, 
is really an attachment for use with the Ferguson 
ridger ; it is designed so that two operators can be 
carried in a convenient position for feeding the seed 
potatoes by hand down the planting chutes. Two 
types are available, one for planting ordinary seed, 
in which case a steel hopper is used, and the 
other for planting chitted seed, the latter type 
being shown in the illustration. The trays are 
carried by steel-frame attachments which replace 
the hopper and, when not in use, the complete 
frame can be dismantled and stored as lengths 
of angle iron. Six trays may be carried, two in 
front and two at the side of each operator, the side 
trays being supported by extensions to the main 
frame which are bolted in position, the bolts passing 
through holes normally used for securing the 
marker to the ridger. When used as a potato- 
planter, the central ridging body is moved back 
almost into line with the two outer bodies and 
correct spacing is ensured by a marker bell operated 
by a small land wheel.’ Row width can be varied 
from 24 in. to 30 in. and the spacing from 8 in. to 
16 in., while the depth of planting may be from 1} in. 
to 5in. above ridge-bottom level. 

The combined seed drill and fertiliser distributor is 
illustrated in Fig. 4, on Plate I. On several 
machines of this type the fertiliser distributor forms 
an integral part of the implement and cannot be 
detached. This has the disadvantage that a 
separate fertiliser distributor has to be used for 
crops other than cereals. The Ferguson distributor 
is designed, therefore, so that it can form an attach- 
ment to their universal seed drill, thereby making 
it a combined drill; or it may be used separately as 
a broadcast distributor, being fitted to the tractor 
rear linkage in the latter case. When used with the 
seed drill, the fertiliser is fed down separate tubes 
and placed immediately behind the seed, the drive 
being taken through the seed-drill gearing. Applica- 
tion up to a maximum of 4 cwt. an acre can be 
obtained by this method, whereas for broadcast 
distribution up to 25 cwt., an acre can be applied, 
the rate being controlled by single ratchet wheel 
arranged to operate a variable-speed gear enclosed 
in an oil bath. An agitator operates throughout 
the breadth of the machine and the fertiliser falls 
through fixed apertures on to short conveyor belts 
which deliver the predetermined quantities of 
fertiliser to the ground. The width ot distributicn 
is 7 ft. and the hopper, which is lined with stainless 
steel, has a capacity of 74 cub. ft. 

The introduction of the Ferguson reversible 
plough, or one-way plough as it is often called, is 
particularly welcome as this form of plough can 
prove particularly useful, especially on hilly ground. 
It is illustrated in Fig. 5, on Plate I, from which it 
will be seen that it is a single-furrow implement of 
exceptionally neat design. Both the right- and 





left-hand bodies are mounted, together with their 
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Fig. 1. 


disc coulters, on a central beam at an angle of 
approximately 80 deg. to each other. The central 
beam, in turn, is supported by a tubular structure 
provided with two horizontal arms and a vertical 
strut for attachment to the three-point linkage of 
the tractor. A latch plate is fitted to the forward 
end of the central beam which operates in conjunc- 
tion with a latch mounted on the tubular structure to 
lock the plough in the working position. The latch 
is depressed by a plunger in an indexing arm which 
pivots at the front of the central beam, the position 
of the indexing arm being controlled by a cam 
mechanism and over-centre spring mounted on the 
latch plate. The indexing arm is operated by a 
chain assembly fixed to a bracket at the rear of 
tractor and indexing takes place automatically 
when the plough is lifted into the transport position, 
the movement of the plough relative to the tractor 
causing the chain to tighten and depress the latch. 
The indexing arm is then pulled over until it engages 
a shoulder on the latch plate ; this, in turn, is also 
pulled round until the plough reaches the transport 
position when the latch engages a slot in the latch 
plate to lock the complete assembly in position. 
The plough is, of course, controlled for depth 
and lifted for transport by the hydraulically- 
operated implement lift fitted to the rear of the 
tractor. 

The Ferguson precision seeder is illustrated in 
Fig. 6, on Plate I. Basically, it consists of two 
cylindrical hoppers fitted to a steel frame of the 
row-crop type situated close to the ground. Ser- 
rated-plate seeding mechanisms are located in the 
bases of the hoppers and these are driven indepen- 
dently by chains from the press-covering wheels 
visible in the illustration. Depth of sowing can be 
adjusted to a maximum of 5 in. below the surface 
and disc’ markers are provided to ensure accuracy 
of row spacing, the markers being designed so that 
they are raised and lowered automatically with the 
seeder. Seed spacing within each row can be 
adjusted from 1 in. to approximately 3 ft. and pro- 
vision is made for sowing clusters of seeds, altera- 
tion of seed spacing being obtained by changing 
the seed plates and drive sprockets. Row spacings 
can be adjusted from 18 in. to 52 in. but this can 
be increased still further by removing the markers. 
Individual fertiliser hoppers having a capacity of 
2 cwt. can be fitted; these are shown in position 
in Fig. 6. The fertiliser-distributor mechanisms 
are made from corrosion-resistant materials and the 
fertiliser placement in relation to the seed rows 
canbe adjusted up to 2 in to either side and 4 in. 
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below the surface. By changing the drive sprockets, 
the rate of fertiliser application can be varied from 
75 lb. per acre up to a maximum of approximately 
5 ewt. per acre, the actual figure depending, of course, 
on the row width. 

The production of mounted implements for use 
behind tractors, however, is by no means confined 
to tractor manufacturers as many specialist firms 
have produced special implements, or modified 
their existing range, to fulfil this purpose. A good 
example is furnished by the tractor-mounted ele- 
vator-digger illustrated in Fig. 7, on Plate II, which 
has been produced by Messrs. Johnson’s (Engi- 
neering), Limited, March, Cambridgeshire, for the 
continuous lifting of such crops as potatoes, carrots, 
etc. It can be used behind any tractor fitted with 
a three-point implement linkage and rear power 
take-off and is exceptionally easy to manipulate. 
As will be seen from the illustration, it consists of 
the usual digging shares which lift the roots on to a 
shaker-elevator arranged to deliver to one side. 
It is designed for coupling directly to the tractor 
rear linkage and can, therefore, be lifted into and 








Fig. 4. Piston-ASSEMBLING FIXTURE. 


| out of the work at will. The elevating gear is driven 
by an extension shaft from the tractor rear power 
take-off and all shafts, etc., are fitted with oither 
ball or taper-roller bearings to reduce maintenance 
work to a minimum. The driving gears are made 
from hardened steel and to prevent the mechanism 
from being damaged, adjustable safety clutches are 
incorporated in the drive. Its introduction satisfies 
a long-felt need as it is a fast-working implement 
particularly suitable for use on smaller farms that 
do not warrant the capital outlay involved in a 
full-size machine of this class. 

In our reports of previous Royal Shows, it has 
been pointed out that the design of horticultural 
equipment has reached an advanced stage and that 
machines have been developed which, by a simple 
system of interchanging parts, can be adapted to 
perform several different tasks. A good example 
of such a machine is furnished by the “ Bantam ” 
rotary cultivator, a machine manufactured by 
Rotary Hoes, Limited, East Horndon, Essex, and 
designed basically for rotary cultivation, but which 
can also be fitted with a range of implements such 
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as a cylindrical mower, a reciprocating-cutter bar, 
hedge clipper and a rigid tine cultivator. It is 
illustrated in Fig. 8, on Plate II, where it is shown 
arranged for ordinary cultivating work, the rotary 
hoe having been replaced by a rigid tool frame. 
The machine is driven by a single-cylinder air- 
cooled petrol engine which may be either of the 
two-stroke or four-stroke type. As will be seen 
from the illustration, the engine is set across the 
frame of the machine and the drive is transmitted 
to the “propeller” shaft by a pair of stepped 
pulleys and a V-belt. The land wheels have a 
diameter of 14 in. and are fitted to a drum, an 
arrangement which gives good stability but simpli- 
fies the construction. It is controlled in the normal 
manner by extended steering arms and, in view of 
its light weight, approximately 135 lb., is excep- 
tionally easy to handle. 

Rotary Hoes, Limited, are also showing their 
new potato-haulm pulveriser and their range of 
rotary cultivators designed for use behind the 
leading makes of tractor. The potato-haulm pul- 
veriser, which is illustrated in Fig. 9, on Plate II, 
has been designed to disperse all weeds and haulms 
from the ridge before the tubers are lifted and is 
suitable for use behind Ferguson, Fordson Major 
and Cropmaster tractors. Its general design is 
similar to that of the cultivators, but the blades 
are arranged at angles to follow the contour of the 
land baulk. The implement is operated with the 
blades about 1 in. or 2 in. above the ground, and 
the controls include a dog clutch for putting the 
rotor into operation and an adjustment for height 
of working. It is lifted by the ordinary hydraulic 
mechanism of the tractor and is driven through 
suitable gearing and a cross shaft from the tractor 
rear power take-off. 

The range of Howard “ Rotavator ” rotary culti- 
vators being shown by Rotary Hoes, Limited, 
includes their new machine designed for use behind 
the Ferguson tractor. It is illustrated in Fig. 10, 
on Plate II, from which it will be seen that the 
general design follows closely that for previous 
machines of this class. It is driven from the rear 
power take-off through an extension shaft, an inter- 
mediate jack shaft, connected to the extension 
shaft by bevel gears, and a chain, which connects 
the jack shaft to the rotor spindle. The complete 
unit is mounted centrally behind the tractor and its 
working width is 50 in., so that when the tractor 
wheels are set in at their closest, it eliminates the 
wheel tracks. Provision is made for disconnecting 
the rotor drive and the depth of working is controlled 
by the adjustable land-wheel visible in the illus- 


tration. (To be continued.) 
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ALTHOUGH Messrs. Blackstone and Company, Limited, 
Stamford, had been making horizontal oil engines for 
a number of years, it became apparent before the out- 
break of the second world war that, in the higher- 
powered ranges, the demand for vertical high-speed 
engines would soon outstrip that for horizontal engines, 
despite the continued popularity of the latter type 
overseas. Accordingly, the firm’s technical staff 
studied the possibility of developing a vertical engine 
that would give greater output per cylinder without 
involving a commensurate increase in specific fuel con- 
sumption, be no heavier than existing engines and yet 
be competitive in price. It was decided at the outset 
that the engine should be capable of operating as a 
normally-aspirated or a turbo-charged unit and be 
equally suitable for use on land or for marine propul- 
sion. Designs were completed in a comparatively 
short time and a prototype engine of the turbo-charged 
type was soon put into operation. The war, naturally, 
impeded development, but the design has now been 
settled and engines are already being produced in large 
numbers and in a variety of sizes. 

The new range of engines has been designated the 
EV series, a typical unit being illustrated in Figs. 1 and 
2, opposite. This is an eight-cylinder unit fitted with 
a normal induction system and capable of developing a 
maximum of 366 h.p. at 600 r.p.m.; when fitted with 
a turbo-charger, however, the output is increased to a 
maximum of 480 h.p. Normally-aspirated engines 
ranging from two-cylinder units to the eight-cylinder 
unit just referred to are available, but the turbo- 
charged engines are available only in four-, six- and 
eight-cylinder sizes. The bore and stroke for all 
engines remain constant at 8} in. and 11} in., respec- 
tively, and the design of the complete range is similar 
in the main essentials. The bedplate is an iron casting, 
of box section, designed to carry the crank in steel- 
backed white-metal lined main bearings of the precision 
type. Asingle-piece casting forms the cylinder housing 
for each size of engine, it having been decided that the 
use of a separate casting in each case is preferable to a 
unit built up from standard castings as it is lighter and 
saves machining the joint faces. The crankshaft is 
machined from a solid forging of nickel steel, heat 
treated to give a tensile strength of between 40 and 
50 tons per square inch. In accordance with usual 
practice, passages are drilled through the webs to feed 
the oil to the main and big-end bearings and the whole 
shaft, which is built to Lloyd’s survey regardless of 
whether the engine is for land or marine use, is balanced. 
All crankpins and journals are ground and the flywheel 
end of the shaft is bare md to form a half-coupling to 
which the flywheel is bolted 

Close-grained cast-iron pistons are used and each is 
provided with three compression rings and two oil- 
control rings, the latter being situated one above and 
one below the gudgeon pin. The gudgeon pins are of 
the fully-floating type retained in position by Circlips 
and a cover plate is fitted inside each piston dome to 
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prevent oil spray coming into contact with the heated 
underside of the crown. Separate heads are fitted to 
each cylinder and each is fitted with overhead valves 
operated in the usual manner by push rods and rocking 
levers. Wet-type cylinder liners are employed and 
these are treated by the Listard process of chromium 
hardening to give a hard-wearing internal surface. 
They are sealed at the top by copper gaskets and at the 
bottom by rubber rings, the top locating shoulders being 
ground on to their mating surfaces. The connectin 

rods are machined from H-section heat-treated stee 
stampings and are fitted with steel-backed white-metal 
lined big-end bearings and chill-cast phosphor-bronze 
small-end bushes. Four fitted bolts retain each bearing 
cap in position and the rods are drilled for lubrication 
of the small-end bushes. The camshaft is driven 
through gearing at the flywheel-end of the engine and 
the complete camshaft assembly can be removed 
laterally from the engine after dismantling the side 
covers and tappet blocks, a useful feature for marine 
applications. 

C.A.V. fuel-injection equipment is fitted as standard, 
individual pumping elements being provided for each 
cylinder. The fuel injectors are arranged between the 
inlet and exhaust valves and spray into toroidal com- 
bustion chambers formed in the piston crowns. 
A governor is driven from the camshaft and it is claimed 
that this keeps the engine speed constant within 
+24 per cent. Forced lubrication is, of course, 
employed throughout, the wet-sump system being 
used on land engines and the dry-sump system on 
marine engines. Cooling is effected by a heat ex- 
changer, water in both the primary and secondary 
circuits being circulated by gear-driven centrifugal 
pumps. An oil cooler is also installed and the manu- 
facturers state that the lubricating-oil consumption is 
0-0036 pint per brake horse-power hour for the nor- 
mally-aspirated engines and 0-0027 pint per brake 
horse-power hour on the turbo-charged units. Fuel 
consumption varies, of course, with the load, but for 
normally-aspirated engines, it is given as 0-372 lb. per 
brake horse-power hour at full load and 0-366 lb. at 
three-quarter load, the corresponding figures for turbo- 
charged -engines being 0-365 lb. and 0-352 Ib., 
respectively. As previously mentioned, a turbo- 
charger is available for four-, six- and eight-cylinder 
units; this is driven by the exhaust gases and is 
manufactured by Measrs. D. Napier and Sons, Limited. 

The engines are well fitted out and, as will be seen 
from Fig. 2, the controls are all grouped at the forward 
end. Standard equipment supplied with each engine 
includes an air filter, air-starting to all cylinders, 
starting-air reservoir, lubricating-oil priming pump, 
tachometer and all the usual gauges, thermometers, 
etc. Turbo-charged models are fitted with a divided 
exhaust manifold and the turbo-charger is mounted on a 
bracket at the flywheel end of the machine, a special 
intake air filter being provided in place of the usual 
Micro-vee unit. The overall dimensions vary, of 
course, with the type of engine, but for the eight- 
cylinder unit illustrated, the length, including turbo- 
charger, when fitted, is 162} in., the height 84 in., and 
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the maximum width 48} in. The height measured 
from the centre line of the crankshaft is 64 in. and the 
distance to the base of the sump, measured from the 
same datum, is 20} in. 

The complete range of engines is being produced at 
the Stamford factory of Messrs. Blackstone, a self- 
contained works having its own power house, pattern 
shop, foundry and the usual machine shops, erecting 
shops, etc. The foundry has an output of some 35 tons 
a day and is capable of fulfilling all the internal 
factory requirements. Considerable thought has been 
given to production problems and to ensure a good 
rate of output, many new machine tools have been 
installed. The cylinder blocks, for example, are 
machined on a large triple-head plano-miller in three 
passes, the last pass comprising a finishing cut on the 
top surface of the cylinders for which purpose a 24-in. 
cutter is used. Another interesting machine is the 
three-spindle vertical borer illustrated in Fig. 3, on page 
22, which has been installed for boring the connecting 
rods and tappet blocks. There are four stations, three 
of which are used for rough yr = semi-finish boring 
and finish boring, respectively, while the fourth station 
is used for loading, thereby reducing idle time to a 
minimum. It was manufactured to the requirements of 
Messrs. Blackstone by Messrs. Adcock and Shipley Com- 
pany, Limited, and is believed to be the only machine of 
its type in existence. To ensure accuracy in the finished 
connecting rod, particularly between the centres of 
the top and bottom ends, a final cut is taken in a 
dual-head fine-point boring machine; this machine, 
which is illustrated in Fig. 5, on peee 23, is excep- 
tionally accurate and is capable of maintaining very 
close limits. Considetable use is made of jigs in the 
machine shop. The flanges of the various types of 
turbo-charger pipes, for example, are drilled in a 
universal jig which can be adapted to take all such 
pipes, while the engine end-cover plate is bored in an 
air-operated fixture designed to ensure that the centres 
of the gear-driven water-circulating pumps and lubri- 
omer pumps are maintained at the correct relation- 


Much ingenuity has been used also in the assembly 
shop. Here each cylinder block is assembled complete 
with cylinder heads, pistons, connecting rods, valve 
gear, injectors, etc., before it is fitted ta the baseplate, 
a system which is probably unique. The blocks are 
built up ate at , each passing down an assembly 
line on a special trolley. At the first station, the 
cylinder liners are installed, the top locating shoulders, 
as previously mentioned, being ground to their mating 
surfaces. Next the cylinder heads, which have been 
fitted previously with their valves and associated 
springs, are placed in position followed by the valve 
gear, the tappet blocks for which are installed as a 
complete sub-assembly. These sub-assemblies, such 
as the cylinder heads and tappet blocks, are put 
together on what might be termed subsidiary assembly 
lines arranged at right angles to the main assembly 
line and equip with special machines designed to 
accelerate each operation. The camshaft, for example, 
has the flats for so the cams machined on it by 
& special vertical-head milling machine designed and 
constructed by Messrs. Blackstone. Designing this 
machine was not a simple matter as due allowance 
had to be made for the different timings of normally 
aspirated and turbo-charged engines. 

As previously mentioned, the block has the pistons 
fitted before it is bolted to its associated bedplate. 
These are, of course, inserted in the bores complete 
with connecting rods, which are assembled, together 
with the piston rings, in one of the sub-assembly areas. 
As the heads are y in position, they are inserted 
from below the block and to simplify this procedure 
the special rig illustrated in Fig. 4, on page 22, has been 
evolved. In operation, the base of the piston is placed 
on @ small platform, which subsequently is raised 
towards the cylinder, the necessary motion being 
obtained by means of a chain and sprocket mechanism 
operated by a handwheel. During this operation, the 
rings are held within their grooves by a special clamp, 
which drops clear as the piston enters the, cylinder. 
The operation is surprisingly simple and saves a con- 
siderable amount of time over the more usual method. 
When each block is coiapletely assembled, it is trans- 
ferred by an overhead crane to the opposite side of 
the assembly shop, where it is lowered on to its asso- 
ciated bedplate previously fitted with the main bearings, 
crankshaft, etc. This operation is illustrated in Fig. 6, 
on page 23, correct alignment of the block and bed- 
plate being ensured by dowels inserted at each corner 
of the crankcase. The engine is then completed prior 
to dispatch to the test house. 





UnITED KINGDOM EXPORTS OF BICYCLES AND MOTOR 
OrcLes.—Exports of bicycles and motor cycles during 
May were valued at 2,840,3171. or 1,000,0002. more than 
was the case in May 1950. The increase for bicycles was 
666,0951., and for motor cycles 356,7111, 


LABOUR NOTES. 


Ar least 800,000 insured workpeople were absent 
from their employment every day of the year, owing 
to illness or injury of one sort or another, according to 
a statement made by Mr. Alfred Robens, the Minister 
of Labour and National Service, at the opening of the 
** People at Work ” Conference at Keble Co , Oxford, 
on Saturday last. The number of reported accidents 
in factories which occurred during the last year for 
which statistics were available amounted to very near! 
200,000, and it had to be remembered that not 
industrial accidents were required to be reported. 
Each of these accidents resulted in a loss of working 
time and it had been estimated by a competent author- 
ity that, taking industry as a whole, and ignoring 
losses due to permanent disablement or death by 
accident, the less serious accidents represented a loss to 
the nation’s man-power strength of the equivalent of 
over 25,000 operatives a year. Although much had 
been done to fight the dangers of industrial diseases and 
accidents, there was still much, Mr. Robens stated, 
that remained to be accomplished. The problem 
would largely be solved, however, if managements and 
workpeople alike could be educated in the use of safe 
practices. 





A four-day strike of operatives at the works of the 
Austin Motor Company, Limited, Birmingham, which 
arose owing to a dispute over questions of redundancy, 
came to an end on June 26. At the same firm, shop 
stewards recently advanced wage claims for an all- 
round wage increase of lls. a week for all employees, 
other than those in administrative and office grades. 
In an announcement issued by the Company on June 29, 
it was stated that about 3,000 of its 17,000 employees 
were to receive wage increases. In the case of com- 
mercial and works staff, the increases would amount to 
5 per cent. on existing basic pay, while the lower-paid 
employees would receive increases varying from 5s. to 
10s. a week. All these increases would be retrospective 
for nearly three months. Negotiations are in pro 
between the ineering and Allied Employers’ 
Federation and the various unions concerned regarding 
demands for wage increases by other sections of the 
firm’s employees. 





As was to be expected, the constantly increasing 
cost of living and the measures best suited to limit the 
a of rising prices on the lowest-paid wage earners 
will provide the principal subjects for discussion at the 
biennial conference of the Transport and General 
Workers’ Union, which will open at Whitley Bay on 
Monday next and continue until the following Friday. 
Altogether some hundreds of motions will be submitted 
to ‘the conference on a large variety of industrial, 
economic and trade-union subjects. Among them will 
be proposals for the reduction of purchase tax on 
essential articles, the reintroduction of price controls 
on a large scale, further increases in the tax on dis- 
tributed profits, reductions in the costs of wholesale 
and retail distribution, longer holidays with pay, and 
wage increases. One suggestion is that subsidies 
shall be paid to the nationalised industries out of the 
moneys provided as compensation to the former owners 
of those industries. 





A number of branches of the T.G.W.U. have put 
forward motions asking for wage improvements, in 
one form or another, but only one branch has suggested 
that there should be a definite all-round wage increase 
of a fixed sum. This motion is too long to quote here 
but it appears to be intended to provide for employees 
generally to receive an extra 20s. a week. A proposal 
less frequently encountered at these conferences is 
one that certain changes shall be made in the manner 
of compiling the index of retail prices. About eighty 
branches have sponsored motions requesting that 
prompt action shall be taken to halt, or reverse, the 
upward trend in the cost of living, and those appealed 
to in this connection include the Union itself, the 
Government, the Trade Union Congress, and various 
combinations of these three. 





Some 816,000 workpeople in the United Kingdom 
received increases in their full-time weekly wages 
during May and these were estimated to amount to 
a total of 213,000/. net, or an average of over 5s. a 
head. The Ministry of Labour Gazette for June records 
that, among the principal groups of workpeople who 
benefited from the increases, were the manipulative 
grades in the Post Office, employees in the iron and 
steel industry, persons engaged in civil-engineering 
construction in certain districts, operatives employed 
in the paper-making industry and those engaged in 
the manufacture of wooden boxes and packing cases 
in England and Wales. In the iron and steel industry 
there were small increases owing to the operation, in 
that industry, of sliding-scale arrangements based on 





the interim index of retail prices. The highest pro- 


gress | and 51,000 days lost. 








vincial-grade rate of wages was adopted in the civil- 
engineering construction industry for all areas in 
Great Britain outside the London district and this 
regrading resulted in the granting of increases }d., 1d, 
or 1}d. an hour, according to area, for those affected. 





During the first five months of the present year, a 
total of 6,395,500 persons received net increases in 
their full-time weekly wages amounting in all to 
approximately 2,463,300. a week. The significance 
of these figures becomes apparent when they are com- 
pared with those for the corresponding months, 
January to May, of 1950, when a total of 2,268,000 
workpeople received net increases in their wages 
aggregating only 374,0001. a week. In the course of 
the first five months of the present year, 1,102,000 
persons in the building and contracting industries 
received increases amounting to 562,5001. a week, some 
1,111,500 persons employed in the transport and com- 
munications industries benefited by a total of 447,500I., 
and 103,500 operatives in the printing and paper 
industries obtained advances totalling 38,1001. During 
the same period, personnel in the engineering, ship- 
building and electrical-goods industries numbering 
182,000 received net increases amounting to 80,9001. 
a week, while, in the metal-manufacturing industry, 
194,000 workpeople received net additions to their 
wages aggregating 45,9001. a week. 





Stoppages of work in the United Kingdom, due to 
industrial causes, were slightly fewer in number during 
May last,’ but were of rather more serious a character. 
Altogether, there were 189 disputes in progress during 
the month, and, in them, some 57,700 persons were 
involved and about 190,000 working days were lost ;. 
while, during April, the number of disputes in progress. 
was 192, but, in these, only 46,100 workpeople took 
part and the number of days lost was rather less than 
152,000. During May, 1950, the total number of dis- 
putes in progress was 133, with 22,300 persons involved 
Strikes occurring during the first 
five months of the present year aggregated 736, against 
636 during the corresponding months of 1950. In the 
case of the former, 180,800 workpeople took part and 
904,000 working days were lost. 





Two outstanding improvements in the working condi- 
tions of British coal miners were announced at the 
annual conference of the National Union of Mine- 
workers, which opened at Blackpool on Monday last. 
One of these improvements will provide two weeks” 
annual holiday with pay for all miners and will come 
into force from the beginning of next year. The 
present period of annual holiday with pay is one week 
and there has been considerable agitation, for some 
time past, that this should be extended to a fortnight. 
The other concession by the National Coal Board is 
the institution of a supplementary pension scheme for 
the industry. It is hoped that this scheme also will 
come into operation on January 1 next. A special 
delegate conference of the N.U.M. will be held in 
London on September 20 to discuss the details of the 
scheme and to make the final decision as to its accept- 
ance. 





The terms of the proposed pension scheme, as 
announced to the delegates at the annual conference, 
will provide for retirement pensions varying from 
10s. to 30s. a week for miners aged 65 and over, in 
addition to the pensions under the National Insurance 

cts. The proposals, as they stand, are expected to 
cost the National Coal Board a total of about 150l. 
million during the next thirty years, or an average 
cost of between 54d. and 6d. per ton of coal produced. 
It was stated that the Board would borrow some 
401. million, of the 1501. million which it must provide, 
in order to meet the cost of that proportion of pension 
due to miners aged 47 and over, when the scheme 
comes into operation, in respect of their past services, 
and for which they have paid no contribution. The 
repayment of this loan will be spread over a number of 
years and the interest will amount to about 201. million. 
The remainder of the total sum will be paid out at the 
rate of 3/. million a year in respect of the Board’s 
share of the weekly contributions to the pension fund. 





The Board’s contributions will amount to 2s. a week 
each for underground miners and ls. 8d. a week each 
for surface employees. The men will pay ls. 6d. a 
week when employed underground and ls. 3d. a week 
when engaged on surface work. The amount of pension 
drawn will vary according to length of service, with a 
minimum of 16 years for those employed underground 
and of 19 yéars for surface men. The attendance record 
of the individual and the extent to which he has been 
employed on surface or underground work will be 
taken into consideration. Provision will be made for 
cases of early retirement for reasons of ill health. 
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SHIPS’ STRUCTURES: A CENTURY 
OF PROGRESS.* 


By R. B. SHepHxarD, C.B.E., B.Sc. 


One hundred years ago, with the repeal of the 
Navigation Acts and the opening of sea-borne trade 
with this country to ships of all nationalities, British 
ag was entering on a period of vigorous expansion. 
While, in 1851, steam packets were well established on 
the services of the General Steam Navigation, Cunard, 
Royal Mail, and Pacific Companies, only 4 per cent. of 
British tonnage was steam-driven, and the bulk of 
trade was carried in wood sailing-ships. Yet during 
the following 20 years the total British-owned ton- 
nage was doubled, and had reached a figure of nearly 
83 million tons. Of the tonnage of new ships built 
in 1870, 66 per cent. were steam-driven, and 80 per cent. 
constructed of iron. 

Structural arrangements of early iron ships followed 
all too — those of the wood ship, though advantage 
was soon taken of the improved strength to increase 
dimensions. In 1853, the Himalaya, 339 ft. in length, 
the largest steamship then afloat, went into service. 
The 1863 Rules of Lloyd’s Register for Iron Ships con- 
tain sketches of design commonly adopted at that 
period. It was natural that the great civil engineers 
of that time should apply their minds, unfettered by 
the traditions of wood shipbuilding, to the use of iron. 
Fairbairn, I. K. Brunel and J. Scott Russell designed 
or built iron ships, with particular attention to their 
efficiency as stressed floating girders. Fairbairn, who 
built about 100 iron ships on the Thames, realised the 
comparative weakness at the deck in ships of that 
period ; and, in the J.N.A. Transactions of 1860, gave 
calculations of hull longitudinal strength on the beam 
theory, assuming the hull to be poised—rather un- 
naturally—on rocks. From his experience with tubular 
bridges, he suggested strengthening the decks by fitting 





* Paper presented at the International Conference of 
Naval Architects and Marine Engineers, London, on 
June 26, 1951. Abridged. 
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cellular boxes under the gunwale and abreast the 
hatchways. 

Brunel, chief engineer of the Great Western Railway, 
early turned his fertile mind to ship design. His 
Great Britain, 296 ft. in length, built of iron in 1843, 
was transversely framed and arranged with two longi- 
tudinal bulkheads of full depth and five transverse 
bulkheads. She survived serious stranding on the 
North-East Coast of Ireland, which amply proved the 
strength of the structure. 

Brunel will always be remembered in association with 
Scott Russell for the design and building of the Great 
Eastern, on the Thames between 1854 and 1858. She 
was 680 ft. in length, with cellular construction in the 
bottom, extending up to some 10 ft. above the load 
water-line, and with similar construction at the strength 
deck. Ten transverse bulkheads were fitted (Fig. 1, 
herewith). She was dogged by financial misfortune, 
but her structure was revolutionary and proved entirely 
successful. Scott Russell in 1862 presented @ aor 
to the Institution of Naval Architects on his longi- 
tudinal system. Fig. 2, on page 26, reproduced from 
this paper, shows one of his ships so framed, the clipper 
Annette of 1861. The shell plating was supported by 
equally-spaced deep fore-and-aft girders with transverse 
frames and several bulkheads, the fully plated iron deck 
also being longitudinally stiffened. Nevertheless, the 
scientific thinking of these great pioneers had little 
effect on the trend of general development. The longi- 
tudinal system was not accepted, and pro towards 
increased structural efficiency by a better distribution 
of longitudinal material and elimination of redundant 
internal stiffening was long delayed. 

There remained one final glorious period of wood and 
sail. The China tea clippers reached their zenith 
between 1860 and 1870. They were built on a com- 
posite system of wood planking on iron framing. 

Two of the many famous ships in this service may 
be singled out—the Thermopylae, designed in 1868 
by Bernard Waymouth, Principal Surveyor to Lloyd’s 
Register, and the Cutty Sark, ordered from Scott and 
Linton and completed by William Denny and Brothers 
a year later, which now lies in the River Thames at 
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Rotherhithe. The opening of the Suez Canal in 1870 
sounded the death-knell of the China clipper. 

Wrought-iron plates were nevessarily limited in size, 
and rarely exceeded 500 lb. in weight. By the nature 
of their manufacture, methodical testing was imprac- 
ticable. Many complaints were voiced of the incon- 
sistent and r quality of the material, and, in some 
instances, of excessive corrosion. Crucible steel, with 
high tensile strength, was available, but unreliable, 
brittle, and very costly. Henry Bessemer took out 
his early patents in 1885, and Siemens some ten years 
later. By the early ’70s, great progress had been made 
in the manufacture of ductile steel by the converter 
and open-hearth processes. Mild steel was used in 
France in 1873 in the building of warships, and in 
1875 Nathaniel Barnaby appealed to British steel- 
makers to produce reliable mild steel on a commercial 
basis. ‘‘ We want a perfectly coherent bloom or ingot 
of which the rolls have only to alter the form, and we 
look to manufacturers for it.” 

Steelworks rapidly grew up in this country and, as 
a result of special investigations, Lloyd’s Register in 
1881 established the system of tensile, ductility and 
bend tests, under supervision of their surveyors at the 
works, which has since remained essentially unchanged. 
This availability of reliable material of higher tensile 
strength than wrought iron, in conjunction with a pér- 
mitted reduction of 20 per cent. in scantlings (steel 
thicknesses being conveniently expressed in twentieths 
of an inch in place of the equivalent sixteenths for 
iron) led to rapid progress in the size of ships, reduction 
of hull weight and valuable economies in building 
through the use of larger individual plates. It did 
not, however, herald any immediate advances in 
structural design. , 

The third great invention in steelmaking was due to 
Sidney Gilchrist Thomas, who in 1879 took out patents 
for the removal of phosphorus in the steelmaking 

rocesses by the use of “ basic” materials; cheaper 
high- hosphorus ores could thus be used. Basic open- 
et steel soon became, and still remains, the chief 
source of supply for shipbuilding steel. The change 
over from iron to steel in shipbuilding was rapid. 
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Whereas, in 1878, steel was used in only 8 per cent. 
of new construction, the proportion was completely 
reversed by 1890. 

In the iron cargo ships of the ’60s, the shell plating 
was gradually reduced in thickness from the heavy 
keel and bottom to the lower edge of the sheerstrake, 
which usually had the same thickness as the bilge 
plating. A limited reduction in the side shell plating 
only was permitted towards the end of the ship. 
Light stringers and tieplates were fitted below the 
wood decks. As the length of ships later increased, 
iron decks became more common, but in the awni 
and shade deck types, this uppermost deck was o 
lighter scantlings than the ‘‘ main” deck. Fairbairn 
remarked in 1860 that ‘‘ a ship should be constructed 
with the same proportion of strength upon her upper 
deck as at her keel”; yet this sound objective, and 
the implications of William John’s 1874 paper on 
“ The Strength of Iron Ships,”* had little practical 
effect until many years later. 

Built-in bottom ballast tanks were first introduced 
in the Tyne steam colliers in 1852, for the purpose of 
eliminating wasteful loading and discharge of solid 
ballast on the service to the Thames. The most 
popular early design was the McIntyre tank, intro- 
duced about 1860, constructed with comparatively 
shallow fore and aft girders laid on top of the normal 
open floors, and most awkward for access and main- 
tenance. The McIntyre tank gave place early in the 
present — to the transversely-framed ‘double 
bottom, with full-depth plate floors, later modified with 
skeleton floors. 

Typical early iron ships were fitted with several 
decks or tiers of beams ; and the holds were further 
obstructed by large bilge and side keelsons and closely 
spaced pillars. Hatchways were small, and the holds 
were consequently much restricted and extremely 
awkward for loading. In the course of time, tiers of 
beams were replaced by deep webs and stringers in 
the cargo spaces, but were long retained in the forward 

ting area. In place of the built frame with reverse 
angle, rolled Z bars and bulb angles were developed, 
but the associated side stringers remained for many 
years. Close- rows of pillars were re at 
the turn of the century by wide-spaced pillars support- 
ing deep fore and aft girders, and by centre-line bulk- 
heads acting as grain divisions. The earlier practice 
of fitting shallow horizontal and vertical stiffening to 
transverse bulkheads was superseded by vertical stiffen- 
ing with deep horizontal girders. e experimental 
work of the 1914 Bulkhead Committee established 
scantlings for riveted bulkheads on a sound practical 
basis. 

The process of clearing away ineffective material was 
greatly accelerated some fifty years ago through the 
application of ‘ determinate ” methods for assessing 
framing and similar scantlings, and particularly by 
the work of Foster King, Bruhn, and Isherwood. 
Foster King, in a paper to the British Association in 
1925,¢ traced these developments with characteristic 
pungency. The story has also been concisely summed 
up by Bruhn{: ‘‘ Moment of resistance methods have 
gradually led to very considerable improvements in 
the distribution of material. It is only necessary to 
mention the transferring of material to the upper part 
of the structure, the regulation of the snail of 
frames and beams according to the length of unsup- 
ported span, the abolition of side stringers and of 
horizontal stiffeners on bulkheads, and the practical 
abolition of the fitting of hold beams and web frames 
for general strength p In tank ships the 
moment of resistance methods have perhaps had even 
more effect in removing redundant material than in 
ordinary ships.” 

Internal structure in its simple functional form, and 
on the transverse system, finally emerged before the 
first world war, and this system of framing is still 
predominant. The Isherwood longitudinal system 
found no lasting favour in cargo ships, largely due to 
the loss of stowage through the deep side transverses. 
This rearrangement of material sented in progressive 
and substantial savings in weight. A minor setback, 
however, occurred about 1900, when additional 
strengthening of bottom forward was found necessary 
from experience in ballast voyages with the fuller 
forms then fashionable. 

Reliable estimates of the improvement in structural 
efficiency and carrying capacity over the years are 
complicated by changes in ships’ characteristics at 
different periods, and the following illustrations should 
therefore be treated with reserve. The trend in 





* Trans. I.N.A., vol. 15, page 74; and ENGINEERING, 
vol. 17, page 276 (1874). 

t ‘‘ Scantling Developments in Iron and Steel Merchant 
Ships,” by J. Foster King, Brit. Assn., 1929; also 
ENGINEERING, vol. 120, page 305 (1925). 

3 “‘ Efficiency in Ship Construction from the Strength 
Point of View.” Trans. I.E.S.S., vol. 67, page 560 
(1923-24), 
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“* girder ”’ efficiency is indicated by the following table, 
which com the midship section modulus ~ area 
of two-deck steel riveted ships, 380 ft. by 50 ft. by 
36 ft./28ft. of spar-deck or open shelter-deck type, 
built to Lloyd’s Rules of various dates. The 50-ft 
beam, however, does not represent modern practice ; 
if this is increased to 53 ft., the figures are modified as 
shown in brackets. 








Year. | Midship Section Modulus + Area. 
1889 Spardeck, 7°75 

1909 Shelter deck, 8-25 

1922 Shelter deck, 8-80 (9-4) 

1948 Shelter deck, 9-00 (9-9) 





An analysis has been made of the ratio of dead- 
weight/displacement for a number of representative 
riveted three-island and open shelter-deckers about 
400 ft. long, and corrected, for comparison, to a common 
block co-efficient of 0-76. This reveals that a ratio 
of about 0-66 in 1880 has improved to 0-73 in 1920-25, 
with little change since that period. An examination 
of individual ships shows that the reduction in machin- 
ery weight at constant s is largely offset by an 
increase in wood and outfit. 

Compared with the earlier years, there remains 
little scope for reduction in the structural weight of 
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ships, except by the most effective use of welded design ; 
and, pending the development of means to inhibit 
corrosion wastage, or of alternative structural materials. 
Classification Rules have been freed from restrictive or 
arbitrary limits, and now represent standards—which 
should be kept constantly under review—against which 
any individual proposal can be assessed. The 1930 
Load Line Convention, which recognised these stan- 
dards and established international agreement on 
freeboards and conditions of assignment, has proved 
a most effective instrument. Safety at sea, both of 
life and of property, has improved to a degree which 
might well have seemed unattainable in the days of 
Samuel Plimsoll and Benjamin Martell. - 

The design of ships for carrying bulk oil cargoes, 
and conforming in essentials to modern ideas, dates 
from 1886, when three memorable tankers were built 
on the North-East Coast. These were the Gluckauf, 
Bakuin and Loutsch, from the yards of Armstrong 
Mitchell, William Gray, and Hawthorn Leslie. The 
Loutsch, renamed Chaumian, still appears in Lloyd’s 
Register Book, registered at Odessa. ; 

The Loutsch, the structural arrangements of which 
are shown in Figs. 3 and 4, on this and the opposite 

, had two longitudinal bulkheads with tanks about 
26 ft. in length, and expansion trunks, but with a 
ventilated MacIntyre double bottom for ballast only. 
A cofferdam separated the tanks from the coal bunker, 
and the cargo pumps were fitted in a space forward. 
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Shell rivets were countersunk in way of the cargo tanks, 
and the seams double-riveted. Plans for this ship were 
submitted to Lloyd’s Register at the end of June ; she 
was launched in October and completed in December— 
a remarkable achievement. 

Design in these early days was exploratory, and by 
no means standardised. In some cases, light shade 
decks were fitted over the main tank deck, and these 
apparently safely sustained the severe sagging stresses 
resulting from short tank spaces in relation to ship’s 
ing 3 the arrangement was followed in the later 
shelter-deck type. Gradually the single-deck design 
with centre-line bulkhead, expansion trunks and wing 
summer tanks became the accepted standard. The 
size of ships increased and deadweights of 10,000 tons 
were being carried in the early years of the century. 
Framing was arranged transversely, with numerous 
webs and stringers at the shell and bulkheads. 

A venture of unusual interest was initiated in 1908 
by the building of the Iroquois, a powerful twin-screw 
tanker of over 11,000 tons deadweight, desi for the 
ocean towage of the Navajo, 450 ft. B.P., which 
carried about 9,000 tons deadweight of oil but had no 
propelling machinery, and was rigged as a six-masted 
schooner. The pair, familiarly known as the ‘‘ Horse 
and Cart,” traded for many years on the North Atlantic, 
their success being largely due to expert seamanship 
and the special towing gear fitted. The partnership 
was finally broken in 1930, when the Navajo became 
. ne station ; the Iroquois carried on alone till 

Isherwood, in his historic 1908 paper to this Institu- 
tion* described the first tanker built on his longitudinal 

tem by R. Craggs and Sons, of Middlesbrough, 

e Paul Paix. The Isherwood system transformed 
the whole picture of tanker development. Determinate 
methods were applied in the design of a simplified 
structure, providing increased longitudinal strength 
and support to plating against secondary failure by 
buckling, with ample transverse st: h and con- 
siderable saving in steel weight. The earlier erection 
difficulties with longitudinal construction were over- 
come in Isherwood’s design, which made full use of 
hydraulic riveting, and permitted the erection of 
bulkheads and other internal structure in units limited 
only by the available berth lifting capacity. 

The new system made rapid headway, but much 
attention was still given to improvements in trans- 
versely framed tankers, which retained popularity with 
many builders and owners. The great advantage of 
longitudinal framing at the bottom and deck has led 
in recent years to the universal adoption of this system 
in all ocean-going tankers. The summer-tank design, 
particularly susceptible to heavy corrosion, was super- 
seded some 20 years ago by the single-deck type with 
two longitudinal bulkheads. This latter arrangement 
is well adapted to the “combination” system, in 
which the side shell only is framed vertically (and the 
longitudinal bulkheads also, where these are plane 
and not corrugated). Both the all-longitudinal and 
“combination” systems have fully proved their 
efficiency, though for the very largest tankers, the 
longitudinal is perhaps better suited. 

Prior to 1908 the length of individual cargo tanks 

averaged 25 ft. 6 in. Lloyd’s standard length of 
30 ft. in 1924 has been increased recently to 40 ft., but 
tanks exceeding this ] are now not uncommon. 
Tank length has been largely governed by experience 
of structural damage and leakage in heavy weather. 
Immunity from damage with the greatly increased 
tank capacities of the present time is due to improve- 
ments in internal design and connections, and especi- 
me feces the proper use of welding. 
, ratio of tota! tank space to length of ship has an 
important influence on longitudinal bending stresses. 
As Fig. 6, page 27, shows, this ratio has tended to 
increase, with beneficial reductions in the critical 
Sagging moments. A figure of 0-65 is generally 
attained in modern large tankers. 

Size and speed have grown during recent years. The 
12-knot 12,000-tonner is being vopinead by larger and 
faster ships, and many of 28,000 to 30,000 tons dead- 
weight have been built since the war. Further growth 
seems likely to be determined more by restrictions on 
draught and docking iacilities than by structural 
problems. The modern | tanker has capacity 
ample for a full deadweight of light spirit, permitting 
much flexibility when carrying heavier cargoes or in 
ballast. Excessive bending moments may conse- 
quently be im unless careful attention is paid to 
distribution of loading, especially on ballast voyages. 
This control becomes lasseasinghy important in very 
large tankers. 

1874, William John, then Assistant Chief Sur- 
veyor to Lloyd’s ister, read his classic paper before 
this Institution on the strength of iron ships, to which 
reference has been made. He emphasised the “ abse 


of data on the margin of strains to which ships are 
subjected when floating among waves,” and developed 
the method of assessing longitudinal bending moments 
which has remained the accepted basis of comparison 
to the present day. He expressed the results of his 
calculations for various types of warships and merchant- 
men by the familiar factor Displacement x Length. 
Bending Moment 
which was originally due to W. J. MacQuorn Rankine. 

John described the labour involved in these calcula- 
tions as “‘enormous.”” Many simplifications have been 
developed by naval architects, such as the Biles 
“ coffin” for ym distribution of hull weight, 
and the use of “influence lines” in correcting basic 
computations for differences in loading. In recent 
years, attention has been focused on the separation of 
still water from the “standard” wave bending 
moments, and rapid and reliable methods for deter- 
mining these components have been developed by 
J. Foster King* and J. M. Murray,} obviating the 
processes of double integration. Such methods are in 
constant use by Lloyd’s Register, and have proved of 
great value in assessing the effects on bending moments 
of variations in design and in loading. 

Longitudinal bending moments in a and ballast 
conditions for two series of representative cargo ships, 
about 330 ft. and 400 ft. in length, and of different dates 
of build, have been computed. The results, together 
with similar calculations for two modern cargo liners, 
are tabulated in Fig. 5, on page 27. The bending 
moments have been calculated on the usual assumptions 
that the ships are poised on a trochoidal wave having a 
height equal to one-twentieth of the length, the length 
being equal to that of the ship. The Smith correction 
has not been applied, since the results are given for 
comparison only. 

The moments expressed by the factor Displacement 
x Length/B.M. have been computed for the conditions 
of the ship loaded with homogeneous cargo and with 
coal or oil fuel half burnt out, and in ballast departure 
condition, with all permanent and reserve bunkers and 
water-ballast tanks filled. 

Notes on the individual ships are below. 

A broad review of the two groups of cargo ships 
shows that, over the past 50 years, bending moments in 
the loaded condition have tended to increase. Factors 
which have influenced this trend include the change in 
type from three-island to shelter-deck, and increased 
speed. In ballast, the coal burner is subject to severe 
sagging moments; this condition is improved in the 
oil burner. In ships of modern design, therefore, 
the more critical condition is hogging loaded, whereas 
in earlier coal burners this was sagging in ballast. For 
the cargo liners considered, it will be noted that the 
ships are hogging in the ballast condition. 

in Fig. 6, on page 27, are shown similar comparative 
results for a series of tankers, with machinery aft, 
representative of various dates of build. Bending 
moments have been calculated on the same basis as 
for the dry-cargo ships, but for homogeneous loading 
only, and with one-quarter of the fuel burnt out; it 
being assumed that bunkers are filled at the loading 
port. The ballast condition has not been included. 

Notes on the individual ships are as follows. 





Dry Carco SuHips. 

A.—Similar to that considered by John in his 1874 
I.N.A. paper ; the calculations are, in effect, a recon- 
struction of his results. John assumed a 12 ft. height 
of wave; the present calculations have been made 
for the conventional 16-4 ft. height. Making allow- 
ance for this difference, there is substantial agreement 
between the two sets of calculations. 

B.—In this three-island coal burner, the ballast 
factor is severe. 

C and D.—Modern shelter-deckers of the type now 
common in the Mediterranean and similar trades. The 
favourable ballast factors for D—a Diesel-driven ship— 
are due to the small capacity of the oil-fuel bunkers 
amidships. 

H.—Typical of the large three-island tramp built 
at the beginning of the century. The deep tank amid- 
ships affects the severity of the ballast condition. 

F.—A typical three-islander of the period; here 
again the ballast factor is influenced by the deep tank 
in addition to the coal concentrated amidshi 

G.—A_ Diesel-driven closed shelter-decker, with 
about 1,000 tons oil fuel carried in the double bottom, 
and 270 tons only in the midship bunkers. _ Ballast 
tanks fitted in the wings at the after end of No. 1 hold 
and at the tunnel sides—an arrangement adopted in a 
number of war-built shi ease the balance factor. 

H.—A modern shelter-decker, unusual in that she 
is a coal burner. 

I.—A “Liberty” ship. In making the computa- 
tion for the ballast condition, the deep tanks in No. 1 








* “A New System of Ship Construction,”’ by J. W. 
Isherwood. Trans, I.N.A., vol. 50, page 115: and 
ENGINEERING, vol. 85, page 505 (1908). — }$ ‘ 





* “ Longitudinal Bending Moments,” Trans. I.N.A., 
vol. 86, page 214 (1944). 

t “ Longitudinal Bending Moments,” Trans. I.E.S.S. 
(1947). 


hold have been assumed empty. If these tanks are 
filled, the hogging moment is substantially increased. 

J.—In this ‘‘ Ocean ”’ ship, the influence of the large 
amount of coal is reflected in both the load and ballast 
factors. She is typical of a number of war-built ships, 
many of which have since been converted to oil burning. 

K.—A Diesel-engined cargo liner; the ballast con- 
dition is relatively favourable. 

L.—A turbine-engined “ standard ”’ cargo liner. 


TANKERS. 


M.—The two-deck arrangement with expansion 
trunks common at the time. 

N.—This type, with summer tanks and centre-line 
bulkhead, was popular for many years. 

0.—A size of ship, with two longitudinal bulkheads, 
which has been widely adopted. 

P.—Representative of the large modern tanker. 


Buckling of deck plating has attracted attention since 
the earliest days of iron and steel shipbuilding. William 
John, in 1877,* emphasised the importance of regulating 
scantlings to withstand compression as well as tension. 
He examined the case of a 210-ft. iron paddle steamer 
which, when steaming slowly across a long easy swell, 
suddenly broke off at the fore end of the engine space 
and went to the bottom. He showed the sagging to be 
the critical bending moment, and that, on the assump- 
ticns made, the compressive stress in the deck 
exceeded the crippling strength of the plating deter- 
mined by Rankine’s formula. 

In the early of the present century, the practice 
of making Gln ventas with a concentration of 
weight in coal bunkers and deep tanks amidships 
became increasingly common, and cases of buckling of 
decks were reported. The ships affected were generally 
of the awning-deck type, having beams on alternate 
frames at the strength deck. As a result of these 
failures, the requirement was introduced that beams 
should be fitted at every frame on all unsheathed 
strength decks. 

During the first quarter of the Twentieth Century, 
concentration of loading in ballast voyages grew in 
severity, and the minimum thicknesses of unsheathed 
deck plating were increased. The subject was closely 
investigated by Montgomerie, who carried out experi- 
ments on samples of deck plating under compression. 
The results were then related to experience of ships in 
service, and a suitable criterion for the necessary 
thickness of plating and strength of beams to resist 
buckling was thus derived.| The experience of Lloyd’s 
Register since that time has confirmed the validity 
of these conclusions. Additional data on actual 
crippling stresses were contributed by W. Thomson, 
who showedt{ from an analysis of the stresses in ships 
which had stranded and failed through buckling of the 
decks, that Montgomerie’s basic curve held good for 
these static conditions. 

It has been shown that the hogging moments in 
dry-cargo ships have tended to increase. While this 
trend, coupled with the progressive increase in plating 
thicknesses, has reduced the liability of compressive 
failure at strength decks, it has resulted in a decided 
increase in the possibility of deflection of bottom shell 
plating. Evidence of undue compressive stress in 
bottom plating has been observed primarily in welded 
transversely framed ships which have been in service 
for several years. Instability of plating under com- 
pression seems to have been enhanced in these ships 
through the initial deflection of the shell plating 
between the floors, caused by thermal contraction at 
the fillet welding. This deflection, in some cases, has 
been sufficient to lead to progressive increase in unfair- 
ness, during which plastic flow takes place. The 
gradualness of the process provides a safeguard, but 
the efficiency of the plating is impaired. 

This problem, which has only in recent years become 
acute, is being attacked in three directions: by a 
systematic analysis of the loading of ships in service, 
from theoretical investigations of the efficiency of 
deflected panels of plating, and by experimental work. 
Compression tests on full-scale specimens of double- 
bottom structure, both riveted and welded, are now 
being made by the British Shipbuilding Research 
Association, in association with Lloyd’s Register, to 
determine more completely the mechanism of behaviour 
of plating panels and the effects of variation in their 
thickness and arrangement of the supporting frame- 
work. Increased strength and economy of weight from 
the longitudinal system at the bottom and deck have 
long been realised in tanker design ; traditional practice 
must be held largely responsible for retarding a similar 
development in the dry-cargo ship. 

(T'o be continued.) 





* “The Strains of Iron Ships,” Trans. I.N.A., vol. 18, 
page 98 (1877). 

+ ENGINEERING, vol. 137, page 553 (1934). 

t “‘Some Cases of Failure of Deck Plating Under 
Compressive Stresses Due to Stranding,” Trans. I.N.4A., 
vol. 87, page 71 (1945); and ENGINEERING, vol. 159, 





page 518 (1945). 
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NOTES ON NEW BOOKS. 
Geology of the District North and East of Leeds. 


By WILFRID Fpwarps, M.A., G. H. MITCHELL, D.Sc., 
and T. H. WaHIrEHEAD, M.Sc., A.R.C.S. Department 
of Scientific and Industrial Research, Memoirs of the 
Geological Survey of Great Britain. H.M. Stationery 
Office, York House, Kingsway, London, W.C.2. 
[Price 7s. 6d. net.] 
Tu1s typical memoir of the Geological Survey of Great 
Britain describes the area fone by the Leeds Sheet 
No. 70 of the new series of one-inch to the mile geolo- 
gical maps, i.e., the north end of the Yorkshire, Derby- 
shire and Nottinghamshire coalfield. A brief account 
of the area was given in a small memoir on Leeds 
and Tadcaster, published in 1870, and the carboniferous 
rocks were more fully treated in the Geology of the 
Yorkshire Coalfield in 1878. As a result of the re-survey 
carried out between 1931 and 1938, considerable ad- 
vances have been made in the study of the stratography 
of the Millstone Grit, the coal measures and the Permian 
series of rocks. Detailed mapping of the Pleistocine 
drifts has revealed several features of interest, and has 
resulted in substantial progress towards a fuller under- 
standing of the glacial history of north-eastern England. 
The industrial part of the area involved lies almost 
entirely in the south-west, within the boundary of 
Leeds, and, although situated on coal measures, 
the area derives most of its fuel from the more produc- 
tive parts lying farther south. The thick seams 
of the area are now largely exhausted and only one 
large colliery is at present raising coal within the sheet- 
boundary, though others have pushed their workings 
across the southern edge. The few feet of ironstone- 
bearing mudstone, which form the roof of the Black 
Bed coal, have been worked exténsively in the past 
on the east side of Leeds. Ironstones of similar nature 
occur at Various horizons in the carboniferous rocks of 
the district, but these have not been worked since very 
early times. Besides coal and ironstone, the carboni- 
ferous rocks have provided building stone, brick-clay 
and fireclay, and contain coarse-grained sandstones, 
suitable for crushing to sand and concrete-aggregate. 
The Permian rocks, formerly a source of building stone, 
yield lime and contain gypsum. Copious references are 
appended to each of the nine descriptive chapters 
covering the general and economic geology of the area, 
and the general presentation of this 93-page memoir is 
of the usual high standard. 





The Steam Locomotive of To-day: Its Construction, 
Operation and Upkeep. 

By M. P. SELLS, O.B.E. The Locomotive Publishing 

Company, Limited, 88, Horseferry-road, London, 

S.W.1. [Price 10s.] 
THERE may be too many general and popular books on 
locomotives, but, surprisingly, there are not many 
good up-to-date books for enginemen. Though steam- 
locomotive design is well along the asymptotic curve 
of development, changes in details, especially pro- 
prietary pa create a demand for the revision of 
existing ks or the publication of a new book. 
Major Sells’s work is a substantial revision of a book 
published in 1936 under the title How the Locomotive 
Works and Why, part of which was originally prepared 
for the African locomotive running staff of the Nigerian 
Government Railways. As one-time chief mechanical 
engineer of that system and of the Rhodesian Railways, 
he is versed in the difficulties of training the enginemen 
of overseas railways, and a reasonable proportion of 
his book is devoted to practical running matters. 
There are also some notes on workshop practice dealing 
with, for example, tolerances and allowances, scrapping 
sizes, metal mixtures, the maintenance of superheater 
parts, and the electric welding of frames, steel fireboxes, 
tubes, patch plates, cracks, etc. These notes, as the 
author is careful to point out, are based on his experi- 
ence and do not necessarily conform with practice on 
other railways. On 2 the author seems to be 
unaware that the initial letters of the elements carbon, 
hydrogen, oxygen, nitrogen and sulphur are used as 
the chemical symbols; Fahrenheit and Centigrade 
are temperature scales, not types of thermometers 
(vide page 6); and (on page 73) a 3-ft. wheel makes 
twice, not three times, the revolutions of a 6-ft. wheel 
at the same track The book is provided with 
ample illustrations, including several folding plates, 
and is well worth the 10s. of a driver, fireman or cleaner ; 
or, indeed, of a pupil or apprentice who is determined to 
study locomotive practice as well as theory. 





WOOLWICH POWER STATION.—Consent to the extension 
of Woolwich power station bas been received from the 
Minister of Fuel and Power by the British Electricity 
Authority. The extension comprises one 30,000-kW 
turbo-alternator and two boilers each of an evaporative 
capacity of 180,000 Ib. an hour, which will bring the 
total installed capacity of the station up to 133,250 kw. 





PROPERTIES OF MATERIALS 
AND ENGINEERING USES OF CAST 
METALS.* 

By R. W. Batey, oe or Wh.Sc., M.I.Mech.E., 


THE choice of a material for any purpose whatever 
must, of course, be dependent in some measure upon 
the material’s properties, including cost as a property, 
but for engineering uses the term properties has 
generally a restricted range, and usually refers to such 
qualities as strength, elasticity, ductility, ability to 
withstand repeated loading and shock, which would 
ensure reliability under operating conditions of loadin 
and temperature. In addition, there are such physica 
properties as density, thermal expansion, thermal 
conductivity, electrical resistance and magnetic 
properties, any one of which may be of high, and in 
some circumstances of dominating, importance. Since 
most engineering structures have to be designed to 
transmit loads, strength would generally be given 
priority in importance, with ductility as a partner, 
but one of quite uncertain significance concerning the 
over-ruling requirement of reliability, and one which, in 
my view, is frequently over-valued as a property as 
distinct from the indication it may give of an abnormal 
and unsatisfactory condition. In view of the import- 
ance attached by engineers to strength and ductility 
attention is given first to these properties. 

The high importance attached to strength (usually 
tensile strength is understood, since strength in com- 
pression would always be greater than in tension) is 
because more than any other property it determines 
the cross-sectional area of a part, whether the loading 
is static or variable. This is so when it is variable 
because the fatigue resistance bears a ratio to the 
tensile strength, termed the endurance ratio, commonly 
0-4 to 0-5 for a wide range of metals. It is unusual, 
however, to base design directly upon fatigue-test 
data. since failure in practice would depend so much 
upon other factors, such as the character of the disturb- 
ing forces, and the effects of notches and the surface 
condition. Consequently, experience with a particular 
kind of part in service is of much greater importance 
in determining permissible nominal variable stress. 
Hence, strength remains the dominant property. 
Despite the information yielded by failures of parts in 
service, where frequently ductility has clearly played 
little or no part, most engineers have a feeling that 
ductility confers greater security. Therefore, before 
considering the engineering possibilities of cast metals 
from the standpoint of strength, it will be as well to 
inquire what measure of assured ductility is really 
useful in practice. 

That the essential ductility must be quite small for 
most engineering uses is evident if one considers the 
case of hardened gears in, say, motor vehicles, which 
are subject to high loading of a repeated kind and heavy 
shocks at times, with stress concentration present. 
Here a tensile test would show not more than 1 per cent. 
extension including the elastic strain, which would 
constitute the greater part. A virtue assigned to 
ductility, or plastic strain, is that it accommodates 
stress concentrations and thus prevents the high 
stress values which would occur without plastic strain. 
But a stress of, say, 40 tons per square inch, and a 
stress concentration factor of 3, bringing the unrelieved 
stress to 120 tons per square inch, could have the 
difference between, say, 80 and 120 tons per square 
inch accommodated by an extension of (40 + 13,500) x 
100, or by slightly under 0-3 per cent. It will be clear 
from this example that an assured ductility of 1 per 
cent. extension is likely to be adequate for safety in 
most engineering uses, but, of course, commonly more 
would be welcome, and would be essential in special 
cases, as, for example, lifting chains and gear. There 
is, however, a considerable difference between small 
essential magnitudes, and those generally specified 
for wrought materials, which, understandably, tend to 
create a scale in the minds of engineers when considering 
castings. 

Leaving out brass and bronze castings, often chosen 
for properties other than strength, the serious entry 
of castings, as an alternative to wrought parts, occurred 
with the production of steel castings. The choice was 
between the same, or similar materials, in the 
cast and wrought forms. In this connection the 
question naturally arises, what is the influence of forg- 
ing ? The answer from experience is that, given clean 
and sound material, there is frequently little or no 
influence. The improvement often found with forging 
arises from its action in rendering a defective condition 
less harmful, though the condition may be in nowise 
an abnormal or remediable one. This may be exempli- 
fied by the case of a large rotor forging, where the 





* Edward Williams Lecture delivered before the 
Institute of British Foundrymen on Wednesday, June 13, 
1951, during the Institute’s 48th Annual Conference at 
Newcastle-upon-Tyne. Abridged. 


reduction, by forging, on the body is 2-5:1 on the 
cross-sectional area, and at each shaft end 20:1. 
The physical properties by tensile test, are given in 
Table 1, the positions of the test pieces being shown 
in Fig. 1, on page 30. It will be seen that the proper- 
ties at the axial position of the body, and at the shaft, 
are equally good for the end near the bottom of the 
original ingot. That a steel casting can give the 
properties of a high-class forging when the metal is 
clean, and segregation is negligible, is shown by the 
results of tests upon a large Aywheel, cast in the usual 
sand mould. The results of tests are shown in Table IT, 








TABLE I. Properties of Forging Test-pieces. 
] 
Ultimate . 
crt Yield Elonga- , 
Test Piece strength veins, Wen, wt i 
. Tons per | 2OD8 per | Percent. | por cent. 
sq As sq. in. on 2 in. . 
TL 45-6 25-5 20-0 | 39-2 
TR 45-0 25-0 17-0 30-6 
TX 45-8 | 26-0 18-0 24-6 
BL 42-5 | 24-0 23-0 41-9 
TC 47-5 25-5 18-0 36-4 
MC 47-8 26-0 8-0 10-0 
MC2 41-5 23-5 6-0 11-7 
BC 39-6 | 21-5 28-0 41-9 











TABLE II.—Physical Test Figures for High-Quality 
Cast-Steel Flywheel. 











Ultimate Yield Elon- Reduc- 
Tensile Point, | gation, | tion of 
— Strength, | Tons Per Area, end 
* | Tons per | per sq. cent. Per P 
sq. in. in. on2in. cent. 
1 ' 

A | 37 22 27 45 180 deg. 
unbroken. 

B 36-5 22 27 46 180 deg. 
unbroken. 

Cc 37 22 25 36-4 | 180 deg. 
unbroken. 

D 36-5 22 29 48-8 | 180 deg. 
unbroken 

E 37 23 27 50 60 deg. 
broken 

F 37 23 26-5 50 180 deg. 
unbroken 

G 87-25 23 28 50 180 deg. 
unbroken 

H 37 22 17°5 30-8 | 180 deg. 
unbroken. 




















and the positions of the test pieces are shown in Fig. 2, 
on page 30. Experience in both cases shows that 
ductility is reduced by segregation, and that, in the case 
of a forging, ductility may be improved by a sufficient 
degree of reduction by forging. As an example of a 
high-duty non-ferrous metal casting, a high-tensile 
manganese-aluminium brass retaining ring for a single- 
phase turbo-alternator may be cited. The dimensions 
of the ring are shown in Fig. 3, on poge 30, and the 
percen chemical composition is as follows : copper, 
64-4; zinc, 26-5; iron, 1-5; manganese, 1-8 ; and 
aluminium 5-3. The yield point of the material was 
32-8 tons per square inch; the ultimate tensile 
strength 44-5 tons per square inch ; the elongation on 
4+/A, 9 per cent., and reduction of area 13 per cent. 

Such rings have been superseded by non-magnetic 
steel forgings, ‘“‘ warm worked ”’ to a tensile strength of 
60 tons per square inch. The few cases of failure in 
service of these non-ferrous castings were not due to 
any casting defects, but to intergranular cracking of 
the “‘ season cracking” type, the most serious in the 
lecturer’s experience having been traced to the presence 
of ammonia in the atmosphere at the power station 
concerned, due to the proximity of a manure and 
fertiliser works. In Fig. 4, on 30, is seen a 
microphotograph showing a typi crack in this 
case. These examples will suffice to show that engineers 
have confidence in castings operating under severe 
conditions, provided the material has the requisite 
strength, cleanliness and assured ductility. 

So far, working temperature has not been mentioned, 
and as tests are commonly made at atmospheric 
temperature, it is usual to think of material properties 
at this temperature. But, of course, there is a con- 
siderable field of usefulness for castings at elevated, 
and indeed, quite high temperatures, where, if they 
possess the necessary strength and reliability, they may 
not only offer an alternative to wrought material, but 
in some cases they may be constructionally and 
economically superior. The ability of metals to with- 
stand loading in service at elevated temperatures ig 
dependent upon the extent to which they undergo 
permanent deformation or creep, under load, and a 
very extensive field of special testing, as you will 
know, has come into existence during the last thirty 
years to determine the behaviour of metals in this 
respect. The phenomenon is not in itself very new, 
and foundrymen have long been aware of one aspect of 
it in the distortion of castings and the use of a seasoning 





period or treatment to minimise its ill effects. Indeed 
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one of the great early pioneers in testing the properties 
of cast iron, E. H inson, who was responsible, as 
you will know, for a well-known formula for the strength 
of cast-iron columns, and who also settled the cross- 
section proportions of cast-iron beams, must have been 
one of the first, perhaps the very first, to make creep 
tests. He measured the progressive shortening of a 
series of cast-iron columns under different loads, and 
their life to failure. The results of his tests were 
reported in the year 1840, and Fig. 6, opposite, 
reproduced from Hodgkinson’s Royal Society Paper, 
illustrates his tests. Now, vast numbers of tensile 
page orn machines are in use and are being added 
to all over the world, to meet high-temperature needs, 
but they are mainly applied to the testing of steels and 
heat-resisting alloys. Nevertheless, Hodgkinson’s work 
on cast-iron pillars is historic and I would quote his 
words. “In all the previous experiments, the pillars 
were broken without any regard to time, and an 
experiment seldom lasted longer than one to three hours. 
There might, therefore, be considerable doubt upon the 
minds of many persons whether the results obtained 
would be consistent with those which would arise from 
long-continued pressure. At my suggestion, therefore, 
Mr. Fairbairn had the apparatus erected, by which 
pillars might be permanently loaded.” 

Two circumstances in our times which should have 
created a rational perspective regarding the significance 
of strength, microstructure and ductility of cast 
vis-a-vis wrought meta’s, are the behaviour of metals 
at elevated temperatures, and the advent and wide use 
of electric-arc welding. Both these developments 
violate earlier ideas of what appeared desirable, and 
what should be approved or disapproved. Together, 
they provide a reasonable background against which 
properties and the engineering uses of cast metals may 
rationally be judged. Let us first notice the behaviour 
of metals at elevated temperatures. At temperatures 
where creep operates, short-time tensile tests may show 
= strength with unimpaired ductility at fracture, 

ut at lower stresses, failure in a long time may occur 
at much reduced ductility. This is particularly so in 
the case of materials of high resistance to creep, which 
would, therefore, be chosen for parts employed for 
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Fic. 4. Intercranvcar Crack tn Cast MANGANESE-ALUMINIUM Brass. X 25. 


Fic. 5. INTERGRANULAR CRACKING IN MOLYBDENUM STEEL. x 100. 


strength at high temperatures. Low ductility in this 
case results from inter-crystalline cracking which 
supervenes before large deformation has developed. 
Commonly, the long-time ductility of the material 
used for high-temperature plant would not be more 
than a few per cent. extension. Safety against failure 
has to be provided by the margin this ductility has 
over that which takes place, and which, by design, is 
limited by the working stress. Fig. 5, herewith, 
shows characteristic intergranular cracking of a high 
creep-resistant 0-5 per cent. molybdenum steel under 
tension. Thus, wrought materials possessing high 
ductility as shown by the usual short-time tests, may 
really operate under conditions causing the ductility at 
failure to be low and the normal ductility by short-time 
test to have little or no practical significance when 
operation is considered. The position of cast metals for 
high-temperature service should, therefore, be judged 
from this more favourable standpoint. 

A corresponding modification of views is to be expec- 
ted from the widespread adoption of welded structures. 
Electric-arc welding has brought with it a wide range of 
microstructure and often residual stresses which have 
now to be accepted, although many metallurgists of, 
say, two decades or so ago, would have been greatly 
disturbed by their presence in structures of wrought 
materials. This must have compelled the conclusion, 
in practical minds, that microstructure, provided it 
does not reveal a dangerous feature, is in many cases of 
small importance in itself, that it is upon effective 
physical properties that the suitability of a metal part 
rationally depends, and that it should be judged upon 
this basis. Hence the high importance of properties 
of materials in assessing engineering uses of cast metals- 
An outstanding example showing a full appreciation of 
the importance of material properties in influencing the 
engineering use of a cast metal is furnished by the 
work done to improve the strength and ductility of 
cast iron, and particularly in investigating the use of 
cast iron for crankshafts of internal-combustion engines. 

Crankshafts have rightly been regarded as a most 
vital component of engines, subject as they are to high 
loading of a repeated or cyclical character producing 
torsional and bending stresses, associated frequently 


with forced and sometimes synchronous vibration of 
both kinds. The essential form of the part involves 
regions of high local stress which can only be mitigated 
but not removed by skilful design and generous fillets. 
Moreover, good resistance to wear at journals is 
important. Material properties of a high order, such 
as strength, ductility, surface hardness, notch-bar value, 
notch insensitivity and fatigue resistance were looked 
for in forged-steel shafts, and by many engineers they 
were regarded as essential. Clearly, however, the 
successful operation of cast-iron crankshafts has assisted 
in creating a more reliable perspective regarding the 
significance of these properties, and this has been made 
more precise by the extensive investigation of the 
materials used. 

Next to strength and ductility,or, more widely, the 
ability of a material to deform safely in service, the 
ability of a part to withstand repeated, fluctuating, 
and reversing stresses isa property of great practical 
value. It is covered generally by the term fatigue, 
and a vast amount of fatigue testing of metals has been 
carried out over the years, of which only a small part 
can be said to have had much influence upon the choice 
and use of materials. This is because test pieces fre- 
quently are not strictly representative of actual parts 
in material, surface condition and scale. They are 
employed, however, to measure or investigate a material 
property which has usefulness for comparative purposes, 
but is rarely a basic factor in design. Nevertheless, it 
may influence practice in manufacture, as may be seen, 
for example, in the adoption of a surface treatment to 
increase resistance to fatigue failure. Parts should not 
normally fail by fatigue, but they do at times, and most 
frequently the cause is stress arising from vibration 
at a critical or natural frequency, faulty design produc- 
ing high stress concentration, or the presence of a 
defect or defective surface condition. A case may be 
cited where fatigue failure of a steel shaft resulted 
from an electric welder touching the shaft with his live 
electrode. Change in design is usually the only satis- 
factory remedy, and as this is generally possible it is 
the course commonly followed. 

In connection with fatigue, the subject of the internal 





damping capacity of a material or its property of 
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Fic. 6. Apparatus FoR Testinc Cast-Iron CoLumns In 1840. 














Fic. 7. Srx-Untr RepeatTep-Strain Testinc MACHINE. 


absorbing energy—as by internal friction—under 
cyclic stress, is continually cropping up. Damping 
capacity has considerable scientific interest and value 
in the physics of metals, but because its amount is 
usually small compared with that contributed by 
constructional and operational features of machines 


‘ and machine parts, it has very little influence in engin- 


eering practice, and none in my experience in deter- 
mining the choice of a material for a particular part. 

It should not be assumed from the above remarks 
upon the fatigue resistance of a material, that fatigue 
is a property of little importance. Fatigue testing 
becomes of very considerable practical importance when 
it is applied to actual parts, and therefore when it 
makes an approach to the conditions which occur in 
engineering practice. Here the factors of material, 
surface condition, design, and perhaps the character 
of the loading, are present, and the test becomes an 
endurance test under the special conditions determined 
by these factors in association. Strain-gauge technique 





may in some cases be utilised to enable actual stresses 
to be measured, but usually the intensity of the loading 
can be represented by @ nominal calculated stress, 
which can be utilised for design. 

An extremely useful type of fatigue-testing machine is 
one in which a movement of controllable amount can 
be imposed upon the part under test, to determine the 
loading. A valuable feature of this type is that it 
imposes a specific strain, as distinct from a specific load 
or stress. Frequently such machines are simple and 
readily constructed. A good example of this type of 
machine has been applied by the Motor Industry 
Research Association for investigating cast-iron 
crankshafts. In this, a single-throw crank of standard 
form is tested stationary. One side is held firmly 
by a clamp, and the shaft at the opposite side has an 
extension the end of which is displaced up and down, 
thus subjecting the crank webs and pin to bending. 
The movement is applied by a vertical rod and is 
derived from an adjustable eccentric mounted on the 
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driving shaft below the crankshaft. Fig. 7, herewith, 
shows a battery of six cantilever mechanically- 
operated repeated-strain testing units, installed by the 
Metropolitan-Vickers Electrical Company, in which the 
displacement and loading applied by each machine are 
derived from an eccentric of fixed eccentricity. The 
load and displacement are varied by altering the length 
and flexibility of the cantilever, and thereby the 
strain and bending moment it transmits to the part 
or material under test are determined. 

Reference has been made to the applied-strain type 
of machine because cast materials can often best be 
judged in comparison with wrought metal for engineer- 
ing parts by tests of this kind when fatigue or repeated 
strain is the criterion. This is because frequently 
failure, if it occurs, will take place where there is a 
gradient of stress and strain, as at a fillet or hole, and 
the strain which may lead to failure is likely to be partly 
plastic and partly elastic. The accompanying stress 
will be determined by the stress-strain characteristics 
of the material, which will be different with different 
materials. A shaft rotating in three bearings with a 
specific misalignment would be a case of applied strain. 
Many parts which appear to fail by fatigue, do so not 
under millions of applications of stress, as in the 
common fatigue test, but under a comparatively small 
number of applications of excessive strain. It is the 
large pot holes and heavy bumps which most damage 
a road vehicle spring. The ordinary fatigue test and 
fatigue-test results throw little useful light on the 
important property of a material to withstand repeated 
heavy strain without Govseging a crack. This property 
is best investigated by the applied-strain type of 
machine. A cast material having good behaviour in this 
respect would have substantial claims for use as an 
engineering material. A measure of ‘ductility is 
clearly needed, but it should be ductility which allows 
a large number of cycles of strain to be withstood 
safely—a descriptive but inelegant word for this 
property would be “ concertina ” ductility. 

The recent improvements of cast irons resulting in 
a measure of ductility and much improved strength, 
notably by. causing the graphite to be spheroidal, may 
also have conferred the property of withstanding 
repeated high strain. Ifso, this would be an important 
gain and would increase the engineering value of the 
material. Another direction in which one may expect 
cast iron having spheroidal graphite to offer interesting 
possibilities is in applications to parts operating at 
high temperatures under stress, as in steam power plant. 
Hitherto the use of flake-graphite cast iron has been 
restricted in steam power plant to medium temperatures, 
rarely over 350 deg. C. (662 deg. F.), even for the most 
satisfactory compositions, because of growth trouble 
experienced some years ago. This should be very 
greatly reduced by the new irons, and if growth does not 
become of significance at temperatures of 450 deg. to 
550 deg. C. (842 deg. to 1,022 deg. F.), where the 
material would be subject to creep, important further 
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possibilities are open to it for investigation and applica- 
tion in high-temperature plant. 

Engineers have lived so long with stress and strain 
dominated by elastic theory, that vision may be 
handicapped by the limitations this theory imposes, 
and which, in fact, may largely be removed by plastic 
strain effects occurring as creep at high temperatures. 
One of these limitations is stress concentration. It is 
well known that a hole in a plate, small in diameter 
compared with the width of the plate, results in tensile 
stress “at the sides of the hole three times the mean 
stress in the plate when the plate is under tension. 
This is indicated in Fig. 8, on page 31. This, at first 
thoughts, might raise doubts about the influence of the 
senghly spherical cavities in spheroidal-graphite cast 
iron. Creep, however, would substantially remove the 
tensile-stress concentration and, in my view, it is 
probable that cracking, which would be intergranular 
and determined by tensile stress would not be appreci- 
ably hastened by the small graphite-filled cavities. 
Indeed, as cracking of creep-test specimens seems always 
to be initiated at the surface, and we believe involves 
to some extent an effect of the atmosphere, it is possible 
that the graphite might operate advantageously. At 
any rate investigation by creep tests would provide the 
answer, and it should be undertaken—perhaps in- 
terested individuals are doing this or may have done 
so. However this may be, operating temperatures 
have now reached a level such that the long operating 
life expected of steam power plant has made graphitisa- 
tion of wrought steels a possibility, and apparently a 
certainty at the heat-affected zone of an electric weld. 

The sudden failure in an American power station of 
an electrically-welded steam pipe,* due to graphitisa- 
tion, directed a great deal of attention there to the 
possibility of this phenomenon occurring in service, 
especially as operating temperatures have continued to 
increase. The use in steelmaking in America of sub- 
stantial aluminium additions for the deoxidation of 
the steel weld was a predisposing cause not present in 
British practice, and although this has now been cor- 
rected in steam-pipe manufacture, there is no doubt 
that with the higher operating temperatures coming 
into use, graphitisation must be regarded as a possi- 
bility. Experience in America has shown that, at the 
heat-affected zone of an electric weld, graphitisation 
may take two forms, a dangerous one descriptively 
referred to as ‘eyebrow ” or chain graphite, and the 
common normal granular or random form which may 
occur in parts not influenced by welding. The presence 
of this is not regarded as serious in itself. If this is a 
correct assessment, the graphite form in spheroidal- 

phite cast iron, on account of its rounded character, 
should be even less of a risk. There seems to be 
grounds for the hope, from recent developments, that 
the range of usefulness of cast iron for high-temperature 
steam plant may be increased. 

For very high operating temperatures, which gas- 
turbine development has necessitated, it is recognised 
that superior alloys may be impracticable in wrought 
form or may present production difficulties which 
would be avoided by castings. It is because of this 
possibility that particular interest has been taken 
in the lost-wax process of precision casting, and it 
accounts largely for its most common application to 
the production of gas-turbine blades. Cast blades 
have proved satisfactory for the stationary guide vanes 
but the need has not yet arisen for their use as moving 
blades, where operating stress is more severe. Experi- 
ence has shown that stationary blades of jet-aircraft 
gas turbines are liable to cracking as a result of unequal 
heating at combustion hot spots, particularly when 
starting, and that the character of the cracking is 
usually inter-granular. Materials are tested for resist- 
ance to this tendency, and in this property cast materials 
show good performance. 

Kither by inference, or directly, I have endeavoured 
in this lecture to convey the view that, for engineering 
uses, castings where they may offer an alternative to 
wrought metals have as wide a field of use as their 
physical properties justify and their competitive 
position allows. Given high quality both in materials 
and product, castings in most cases need not be at a 
disadvantage in physical properties compared with 
wrought metals. any «asé their promise and pros- 
pects for engineering uses, apart from considerations of 
cost, may be assessed from the results of mechanical 
tests and metallurgical examination interpreted with 
intelligence. 





THE OLD CENTRALIANS.—Dr. W. Abbott will speak 
on “ Engineering Potentialities and Opportunities in 
Afghanistan ’’ at the next luncheon of the Old Centralians 
(the old students’ association of the City and Guilds 
College). The luncheon is to be held at the Chez 
Auguste Restaurant, 47, Frith-street, London, W.1, at 
12.55 p.m. on Friday, July 13. 


* See “‘ Symposium on Graphitisation of Steel Piping,” 
A.S.M.E. Annual Meeting, New York, December, 1944. 





CONCRETE VIBRATORS. 


Two new concrete vibrators have been introduced 
recently by Messrs. Compactors Engineering, Limited, 
la, Brailsford-road, London, S.W.2. Fig. 1 shows an 
internal vibrator which is driven by asmall electric motor 
operating on either a 110-volt single-phase 50-cycle 
supply or a 110-volt direct-current supply; alter- 
natively, it can be supplied for a 220-240-volt 
alternating- or direct-current supply. The motor is 
protected against moisture and is cooled by forced 
ventilation. It is provided with a carrying handle, a 
short length of three-core cable with plug and socket, 
and a 20-ampere switch. The motor, which operates 
at 9,500 to 10,000 r.p.m. under load, is coupled directly 
to a flexible shaft 12 ft. or 18 ft. long, which rotates 
within a semi-flexible non-stretching casing. The 
vibrating head incorporates an out-of-balance weight 
assembly running in high-speed bearings with oil-bath 
lubrication, and enclosed in a casing of heat-treated 
steel. The tip of the vibrating head can be supplied in 
heat-treated steel or wear-resisting rubber, the latter 





Fie. 1. Eiectric VisraTors. 





Fig. 2. PNruMATic VIBRATOR. 


having the advantage of preventing damage to the 
form work. Three sizes of interchangeable vibrating 
head are available—l? in. diameter by 10} in. long, 
24 in. diameter by 104 in. long, and 3 in. diameter by 
12 in. long. The capacity of the vibrator is 8 to 16 
cubic yards of consolidated concrete per hour ; and the 
total weight, with the 12-ft. shaft, is 63 Ib. 

The pneumatic internal vibrator, shown in Fig. 2, 
is designed on conventional lines and is intended for use 
on dry and harsh concrete ; apart from oiling, it is de- 
signed to operate for long periods without servicing. The 
vibrating head comprises a heat-treated wear-resisting 
steel oylinder and toe-piece, housing an eccentric 
running in high-speed bearings and driven by a four- 
vane air motor fitted with a speed regulator and running 
on ball i The motor operates on air at a 
pressure of 75 to 100 lb. per square inch, with a con- 
sumption of approximately 30 cub. ft. per minute at 
90 lb. per square inch ; the air flow is controlled by a 
throttle handle fitted with a }-in. connector. A 1-oz. 
capacity lubricator is fitted. Pressure and exhaust 
hoses 10 ft. in length are supplied. The capacity of the 
vibrator is up to 16 cub. yards of concrete per hour. 
The speed of rotation is approximately 9,000 r.p.m., 
and the overall weight of the complete unit is 34 lb. 





ULTRASONIC SOLDERING BaTH.—An ultrasonic sol- 
dering bath, recently introduced by Mullard Limited, 
Century House, Shaftesbury-avenue, London, W.C.2, 
enables small articles of aluminium and aluminium alloy 
of complex shape to be dealt with. The bath, which is 
% in. in diameter and § in. deep, is first heated by a 
resistance winding until the solder in it becomes molten 
when it is agitated by a magnetostriction transducer. This 
transducer is composed of a stack of iron-alloy laminations 
and is operated at a frequency between 19-5 and 21 kilo- 
cycles. In this way, the refractory oxide films which 





form on the metal are broken up without the use of flux. 
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TRADE PUBLICATIONS. 


Overhead Travelling Crane.—Appleby-Frodingham cas- 
tellated beams have been used in an overhead travelling 
crane recently built by Vaughan Lift & Engineering, Ltd., 
5, Crompton-way, Crawley, Sussex. The use of this 
type of beam, for this purpose as for others, gives a 
greater strength-weight ratio. 


Taps, Drills and Cutters.—A catalogue issued by the 
Aldridge Tool & Engineering Co., Ltd., Aldridge, Nr. 
Walsall, Staffs., illustrates various types of standard and 
special form-cutters and hobs, reamers, drills, ground- 
thread taps, die-sinking cutters, flat and circular form 
tools, end mills, tools for the cycle trade, etc. It also 
gives useful technical information on allied matters. 


Maintenance of Conveyor Belits.—The British Tyre & 
Rubber Co., Ltd., Herga House, Vincent-square, London, 
S.W.1, have prepared a booklet on the maintenance of 
conveyor belts. It gives notes on the repair of belts 
and the mobile service which the firm provide for making 
vulcanised joints in customers’ belts. 


Machine Tools and Small Tools.—A wide range of 
British, American and European machine tools for which 
Burton, Griffiths & Co., Ltd., Mackadown-lane, Marston- 
green, Birmingham, are the sole agents or distributors 
are listed in a catalogue published by them. The Small 
Tools Division of the same firm, at Montgomery-street, 
Birmingham, 11, have issued a similar catalogue of 
small tools and accessories. 
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ENGINEERING IN THE 
FESTIVAL OF BRITAIN.* 


VIII.—Exursition oF Inpustr1aL Power, 
GLascow. 


THE Exhibition of Industrial Power in the Kelvin 
Hall, Glasgow, is Scotland’s principal contribution 
to the Festival of Britain. It is not a trade 
exhibition, but an attempt to tell the story of 
Britain’s contribution to heavy engineering. As 
heavy engineering is the “conquest of power”, and 
coal and water are the two main sources of that 
power in Britain, the exhibits are fittingly arranged 
in two sequences dealing with these two sources. 
and the two unite in the Hall of Railways and Ship- 
building. The whole display occupies an area of 





which contains over 500 filament and mercury- 
vapour lamps giving an illumination of more than 
750,000 candle power. Photo-flash equipment is 
provided to give the effect of sun spots from the 
centre to the surface of the sphere, while the lighting 
is so arranged that a moving shadow is formed, 
with the result that it appears that the “sun” is 
rotating. On the other side of the hall is a glass 
tunnel over which 20,000 gallons of water flow per 
minute and which encloses the stairway into the 
water sequence. 

From the “‘sun ”’ in the Hall of Power the visitor 
passes into the Hall of Coal, in which the progress 
from the primeval swamp to the modern mechanised 
mine is illustrated, in, among other ways, a 
mural legend, which shows how Britain, by being the 
first to bring together coal for fuel and smelting, 
iron for engines and machines and steam for motive 








Fig. 115. 





* Ack” Lonewatut Coat Currer; British JEFFREY-DIAMOND, LIMITED. 
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Fie. 116. 26-my. Tor-Loaptna Face Conveyor; Brirish JEFFREY-DIAMOND, LIMITED. 


some 20,000 sq. ft. The exhibition is to remain 
open until Saturday, August 18. 

The coal sequence begins with coal mining and is 
followed by the Steel Hall, in which not only raw 
and finished materials, but machine tools, are shown, 
Steam and other types of engines are exhibited in 
the Power for Industry Hall, which comes next, 
while the generation, transmission and utilisation of 
electricity are dealt with in the Hall of Electricity. 
Similarly, the water sequence opens with the Hall 
of Hydro-Electricity, moves on through civil 
engineering, and ende with irrigation. Atomic 
energy is dealt with in a final hall. 

The principal exhibit in the Hall of Power, which 
forms the entrance to the exhibition, is a black 
sculptured mural 105 ft. long, which is designed to 
show the latent possibilities of coal and to urge 
men to win this fuel and make it their servant. As 
a symbol of this source of power there is a “sun,” 





* Previous articles in this series, on the Dome of 
Discovery, the Royal Festival Hall, the temporary 
bridges, the ‘‘ Skylon,”’ civil-engineering work, and 
exhibits at the South Bank Exhibition, appeared in the 
Previous volume of ENGINEERING (vol. 171), in the 
issues of April 13 and 20, May 4, 11 and 18, and June 1, 
8, 15, 22 and 29, 1951. 





power, inaugurated the Machine Age. The geologi- 
cal formation of coal is shown diagrammatically. 
A short descent can be made in a mine cage to a 
dark room showing the colliery conditions of two 
centuries ago. This is followed by a model mine, 
in which mechanical coal cutters and loaders are 
employed, while present-day organisation is illus- 
trated by diagrams dealing in particular with rescue 
work and the rehabilitation of the injured. An 
‘exploded ” model shows the layout of a pit-head 
and the aids to safety exhibited include an automatic 
methane detector, which is set to operate in the 
presence of fire-damp in the atmosphere of a mine, 
a fire-damp recorder and flame safety lamps. 

The visitor to the Kelvin Hall will find that the 
guide-catalogue gives a list of exhibits and the firms 
or trade associations who have lent them; at the 
South Bank the guide book and catalogue are 
separate publications. The historical exhibits in 
the Coal Hall include old picks, an original Davy 
lamp, and a model of the original Baird chain coal- 
cutter. Present-day mining machinery is repre- 
sented by a number of cutters, loaders, conveyors, 
etc., which are described below. 

Fig. 115, on this page, shows the Ace longwall 
coal cutter made by British Jeffrey-Diamond, 


Limited, Stennard Works, Wakefield, Yorkshire ; 
at the exhibition there is also an Ace gummer, which 
is an automatic kerf cleaner. The Ace cutter, which 
is either electrically or pneumatically driven, 
is of unit construction, the principal units 
being the sliding jib and cutter chain, supplied in 
various lengths to suit the depth of undercut 
required; the cutting unit; the driving unit; 
and the haulage unit. The three latter units are 
spigot-faced and are held together by high-tensile 
steel bolts. The haulage unit provides a variable 
slow speed for cutting and a reversing fast speed 
for “ flitting” ; the maximum rope pull is normally 
12,000 Ib., an automatic feed and safety device 
coming into play whenever the predetermined rope 
pull is exceeded. The rope drum takes 25 yards of 
§-in. diameter wire rope. In the case of the com- 
pressed-air machine, the driving unit incorporates 
two rotors, which are a pair of double-helical gears, 
housed in a cylinder or casing with a patented form 
of contour designed to give a quieter and more 
gentle release of air from the rotors and to maintain 
the full power of the turbine even with moist air. 
The velocity of the exhaust air is considerably 
lowered and the tendency to freezing is reduced. 
The power of the turbine is 60 h.p. In the case of 
an electrically-driven machine a 60-h.p. motor (one- 
hour rating) is used; it runs at 1,475 r.p.m. on 
a three-phase 50-cycle supply. The starting torque 
is 2} times the full-load torque. 

The cutting unit is arranged to allow ample 
clearance space for the cuttings, thus enabling the 
machine to cut freely without close shovelling. 
The jib can be locked in any of three positions, 
namely, at either side for cutting right or left hand, 
or in line with the machine for flitting or other 
manoeuvring. The machine can be arranged for 
floor-level or dead floor-level undercutting, or for 
overcutting. In the latter case, two types of turret 
head are available: a low type to cut at a height 
of 11} in. from the floor level, and a high type 
to cut at a height which is variable from 18 in. to 
25 in. The Ace gummer, which is fitted to the coal 
cutter, is applicable to all seam conditions; the 
cuttings brought out by the chain are immediately 
swept clear and discharged in a neat pile. Cogging 
and timbering are not interfered with—face timbers 
can, in fact, be set within 12 in. of the cutter chain 
—and the cuttings are not deflected to such an extent 
as to encroach unduly on the conveyor track. 

The British Jeffrey-Diamond face belt conveyor 
in the Kelvin Hall is the R/9/1 model, which is 
17 in. high to the coal line, and is available with 
belts from 20 in. to 26 in. wide ; the minimum belt 
speed is 170 ft. per minute. The driving unit is 
either a 15-h.p. three-phase motor, or a 15-h.p. 
Spiro compressed-air turbine with a high starting 
torque. The drive head, which is shown in Fig. 116, 
herewith, forms the delivery end of the conveyor, 
and the motor or turbine is an integral part of it. 
The conveyor can be arranged on a left-hand or 








right-hand face without any structural alteration ; 
gate side packs can be kept closer to the face than 
is possible with a gear-head, having the power unit 
mounted at the side; the whole gear is compact 
for moving over and stelling ; and there is not the 
same tendency to distortion when the gear is 
stelled as there is with a drive head which has the 
power unit mounted separately alongside. The 
intermediate structures for this conveyor are of the 
semi-troughed type, either open or with a fully- 
covered bottom belt. A standard tail end or a 
self-cleaning tail end can be used. 

The Python conveyor which has been lent by 
Messrs. Hugh Wood and Company, Limited, 
Gateshead-on-Tyne, 11, is illustrated in Fig. 117, 
on page 34, which shows its flexibility. It is made 
in three forms: two light types and a heavy type. 
It can be used with advantage where any of the 
following methods of work are being undertaken : 
on coal-plough and slicer-machine faces; on coal 
cutting and filling faces, including power-loader and 
cutter-loader faces ; on pneumatic-pick and hand- 
got faces; and on faces where, in special circum- 
stances, the coal is shot off the solid. The con- 
struction of the conveyor sections permits them to 
conform closely to the contour of the coal face 
during the loading period, and they are also capable 
of operating in undulating conditions. The con- 
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Fie. 117. “ PytnHon ” 30-1n. Conveyor; MEssrs. 
Hvuexu Woop anp Company, LIMITED. 


veyor can be pushed bodily forward towards the 
face—an operation which can be performed while 
the conveyor is working—and it can be maintained 
close to the working face. As the illustration shows, 
it is not essential for the conveyor to be maintained 
in a straight line ; indeed, on coal-plough faces it 
is the usual practice to move up to the face only 
that portion of the conveyor over which the plough 
has already travelled and loaded the coal. Thus, 
the supports can be adjusted early, which is a most 
important consideration. The drive head incor- 
porates a motor, gearbox, and sprocket arrangement 
which drives the conveyor chains. Where more 
than one power unit is used on a conveyor, the 
drive from the motors is taken through fluid coup- 
lings to equalise the load, but where a single power 
unit is used a fluid coupling or a flexible bobbin 
coupling can be fitted. 

A 26-in. gate tail-end (Fig. 118, herewith) and a 
30-in. fixed tail end (Fig. 119) have been provided 
by Messrs. Richard Sutcliffe, Limited, Horbury, 
Wakefield. The gate tail-end has been designed 
for easy and quick extension in extending gate 
roads. It has a telescopic section which enables the 
return box and hopper section to be drawn back 
4 ft. 6in. When this section has been pulled out 
to its limit, a 3-ft. section and/or a 6-ft. section of 
fully-troughed framework can be inserted between 
the last stool and the tail-end. The low construction 
of the tail-end enables the feed from the face 
conveyors to be made directly to the belt without 
undue packing up of the face gear-heads. The unit 
can be quickly dismantled into three parts for ease 
of handling. The hopper section is 9 ft. in length 
and is split into one 6-ft. unit and one 3-ft. unit; 
the latter can be removed if a short hopper section 
is required. The overall length of the tail-end is 
11 ft. 8in.; the width is 8} in. wider than the belt ; 
and the height is 19} in. over the hopper section. 

Fig. 119 shows Messrs. Sutcliffe’s 30-in. fixed 
tail-end with a low-type hopper incorporating 
impact idlers. It has been designed for use at the 
coal face in thick seams and on trunk conveyors in 
tandem, either in line or at an angle. The impact 
section, of three rollers immediately in advance of 
the tail-end box, forms a cushion for the belt and 
prevents falling material from damaging it. The 
hopper plates, 13 ft. 14 in. long, in two sections, 
ensure that the material has come to rest centrally 
before it is carried along the run of the conveyor. 
The tail-end box houses a 12-in. diameter return 
drum, and two D-links are fitted to the rear of the 
tail-end for attaching chain tensioners. The overall 
length of the tail end is 15 ft. 6 in., and the height 
from the covering over the hopper to floor level is 
2 ft. 8 in. for a 30-in. belt. 

The A. B. Meco-Moore cutter-loader, made by 
Messrs. Anderson, Boyes and Company, Limited, 
Motherwell, Scotland, and the Mining Engineering 
Company, Limited, Worcester, which is illustrated 
in Fig. 120, opposite, is, like the other exhibits, a 

















Fig. 118. 26-mn. Gatz Tam-Enp; Messrs. Ricnarp Surciirre, Limrrep. 

















Fie. 119. 30-mn. Frxep TAIL-END ; Messrs. RicHARD SuTcLiFFEe, LIMITED. 


well-established item of mining equipment. It is 
designed for simultaneous cutting and loading on 
longwall faces in both directions. The machine com- 
prises a cutting portion and a loading portion, 
coupled, by a strong hinge connection. The cutting 
portion consists of an Anderson Boyes longwall coal 
cutter arranged with both undercutting and over- 
cutting jibs, and incorporating twin 60-h.p. motors 
arranged side by side in one housing. One of the 
motors drives the coal-cutting section of the machine, 
and the other the loading portion and the shearing 
jib. Both motors drive into the gear-head of the 
machine, where one drive is arranged through gear- 
ing to the coupling shaft of the loader. The drive 
from the second motor is geared through to the 
top and bottom horizontal cutting chains. These 
chains may be engaged or disengaged by means of 
control spindles passing to the haulage end of the 
machine. 

The loading end, manufactured by the Mining 
Engineering Company, Limited, consists of a pro- 
jecting frame within which is mounted an endless 
rubber belt fitted with steel slats, each slat being 
attached, at its ends, by means of lugs, to driving 
chains which engage with sprockets on the driving 
shaft. In front of, and in line with, the loader 
frame is a loading bar which is separately driven 
and fitted with picks in double-helical formation. 
As the bar rotates, these picks pass through slots 
provided in the loading edge of the loading frame, 
and the loading bar lifts the bottom coal and trans- 
fers it to the loader belt. It also helps to break 
up the bottom coal into suitable sizes for loading. 
As the machine is designed to work in either direc- 
tion, the loading bar arrangement is duplicated on 
the other side of the loader frame. A gummer of 
the single-worm type is fitted to the side of the 
delivery end of the loading structure, its function 
being to remove the gummings produced by the 
bottom cutting chain and to discharge them on to 
the face conveyor. The shearing jib, which is of 
triangular form, is mounted on the face end of the 
loader structure and is fitted at the apex with a 
gearbox which transmits power to the cutting 
chain through a detachable shaft. The shearing-jib 





assembly is mounted on a swivel joint attached to a 
rigid angle plate bolted to the loader structure ; 
this simple and efficient device enables the shearing 
jib, complete with gearbox, to be turned fully 
round for shearing in the opposite direction. The 
machine weighs 10 tons. 

Messrs. Mavor and Coulson, Limited, Bridgeton, 
Glasgow, S.E., have lent a Samson loader, illustrated 
in Fig. 121, opposite, which is shown in conjunction 
with a troughed-belt conveyor. Normally, the 
loader is only 24}in. high to the deck of its conveyor, 
though its height can be altered for filling shuttle 
cars, tubs or mine cars. It can handle up to 4 tons 
a minute. Two gathering arms pull the coal or 
stone on to a flexible conveyor. The to-and-fro 
movement of the machine while loading is controlled 
by plate clutches. The loader is driven by an alter- 
nating-current motor, or a compressed-air turbine, 
as required. The motor is spigoted directly to the 
transmission gearcase, which is a steel casting 
stiffened by internal webs. To save height, the 
shafts are arranged side by side, instead of one above 
the other. The top halves of the bearing housings 
are removable, to allow the shafts to be lifted out 
complete with their bearings and gearing. The 
surface of the ramp is flat and smooth, so that none 
of the material can catch on it, and the crank discs, 
which move the mid-points of the arms, are sunk 
flush with the surface. The upper end of each of 
these arms slides in a Meehanite pivoted block. 
The receiving end of the conveyor is well below the 
surface of the ramp, forming a hopper which holds 
the material swept to it by the arms. 

The crawler treads are 10 in. wide, and carry the 
loader steadily on the straight and round corners, 
on the level and up or down steep gradients. When 
turning sharply or slewing the jib suddenly, neither 
the loader nor the jib has any tendency to shake or 
“dance.” Oil from a pump is admitted by piston 
control valves to jacks for raising the head, raising 
the jib, or slewing the jib. During loading, the 
gathering-head valve is held out by a catch, so 
that the head keeps on the floor by its own weight 
and follows the changes in floor level. When 
loading, the machine thrusts straight into the heap. 
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Fie. 120. 


** Meco-Moore” Currer-LoapER; THE MIntnc ENGINEERING ComPANy, LIMITED, 


AND Messrs. ANDERSON, BoyEs AND Company, LIMITED. 

















Fie. 121. “Samson” Coat LoapER; Messrs. Mavorn anp Covuzson, LIMITED. 

















Fie. 122. Hypravtic Press ror Cottrery Roor Supports; Fintay Conveyor CoMPANy, 
LiMrrep. 


The mobile hydraulic press shown in Fig. 122, 
herewith, is made by the Finlay Conveyor Company, 
Limited, Newport, Monmouthshire, for cold-bend- 
ing steel sections, up to 60 lb. per yard, for roof 
supports. It is driven by a 3-h.p. flameproof 
motor. The press unit itself, which is also used 
on a number of different mountings, consists of 
a stationary crosshead, against which the section 
is bent; a hydraulic ram with return springs; a 





hydraulic cylinder; and the motor, oil cistern and 
pump. The machine is used for the reconditioning 
of colliery-roof supports. 

Dowty Mining Equipment, Limited, Arle Court, 
Cheltenham, have supplied a number of hydraulic 
pit props for the Festival exhibitions. The design 
is illustrated in Fig. 123, herewith. In a paper 
read before the Institution of Mining Engineers 
last year, Mr. M. Fountain-Barber described the 
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development of this prop. It comprises two con- 
centric tubes: the outer pressure cylinder, within 
which slides the reservoir tube. The lower end of 
the latter is closed by a piston head which carries a 
bearing ring and a sealing gland. The pressure 
cylinder is enclosed in a further protective cylinder. 
A small pump is accommodated within the reservoir 
and is actuated by means of a connecting rod and a 
crank with a square external boss on which is fitted 
a removable handle. Actuation of the pump 
transfers oil from the reservoir to the pressure 
cylinder to extend the prop and set it at an initial 
load of 5 tons. Fluid pressure in the pressure 
cylinder is communicated to a “ yield” valve a in 
the head of the prop by means of a pipe b, and when 
the roof weight exceeds 20 tons this valve relieves 
pressure by passing a small quantity of oil to the 
reservoir, thus permitting the prop to shorten. 
Resistance is maintained at 20 tons and yielding 
continues intermittently until the propis withdrawn. 
When it is required to withdraw the prop, the release 
link c is pulled. This allows oil in the pressure 
cylinder to escape back to the reservoir and the 
prop to shorten. When necessary, this can be done 
from a safe distance by means of a light cable or 
chain. In effect, the prop is a compact self-contained 
hydraulic jack with the additional feature that it 
yields under a load of 20 tons. It is manufactured 
in various lengths from the smallest prop—18 in. 
when closed and with an extension of 54 in.—up to 
the longest of 88 in. when extended, with a yield 
travel of 18in. The prop can be set easily, quickly 
(before bed separation occurs), safely, and tight to 
the roof. When set, it offers a uniform resistance 
of 20 tons while accommodating convergence ; also, 
all the props on the face offer identical resistance, 
thus preventing the break-up of the roof. 


(T'o be continued.) 
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RECOVERY OF SULPHUR 
FROM FLUE GASES. 
By W. Francis and G. H. LepPer. 


Ow1ne@ to the serious shortage of sulphur and 
sulphuric acid now confronting the numerous 
industries which require these materials—a state 
of affairs that may get worse instead of better as 
far as present sources of supply are concerned— 
urgent consideration is now being given to various 
possible ways of meeting this situation and pro- 
viding for the future needs of the country. Among 
such, the recovery of the large quantities of sulphur 
contained in the flue gases discharged into the 
atmosphere by power-station boiler houses and 
other large coal-burning or coking installations seems 
to offer promising prospects of eventually supplying 
a substantial proportion of the requirements. The 
present coal consumption of power stations alone 
is over 30 million tons per annum and the quantity 
is increasing by about 5 per cent. each year. The 
average sulphur content of the coal now being burnt 
is probably not less than 1-25 per cent. and may be 
even higher. 

At least 92 per cent. of the sulphur oxides con- 
tained in flue gases can be removed by the non- 
effluent type of gas-washing plant which was 
installed at Fulham power station to comply with 
the conditions laid down when authority was given 
for the construction of a power station on that site. 
The gas-washing plant was closed down early in 
the war when it was suspected that the white plumes 
from the chimneys served as beacons for enemy 
aircraft. There are several known processes for 
recovering practically the whole of the sulphur 
contained in the sludge from the gas-washing plant 
and plans for the installation of a recovery plant at 
Fulham to produce sulphuric acid and cement 
clinker were in hand in 1938. Owing to the situa- 
tion which arose after Munich, however, the idea 
was dropped. 

Of the several for recovering saleable 

ucts from flue gases the four which appear to 
ve the best prospects for immediate application 
on a commercial scale are, firstly, the production 
of ammonium sulphate by double decomposition. 
The calcium sulphate in the sludge resulting from 
washing flue gases with lime or chalk is converted 
to ammonium sulphate by digesting it with a 
solution of ammonium carbonate which is produced 
in large quantities as a by-product of the gas and 
coke-oven industries or, synthetically, for use with 
natural calcium sulphate (anhydrite) as in the I.C.I. 
plant at Billingham. Its application to flue-gas 
washing plants, using the strong ammoniacal liquor 
derived from coke ovens, is covered by British 
Patent No. 457,278 (H. Lessing) but the process, 
depending as it does on the existence of an adequate 
supply of the ammoniacal liquor in the vicinity of 
the gas-washing plant to obviate transport charges, 
would only be commercially applicable where boiler 
house and gasworks or coke-oven plant were 
reasonably close together. 

Secondly, there is a process for the recovery of 
solid sulphur, liquid sulphur dioxide or sulphuric 
acid and cement. This also uses lime or 
chalk (preferably the former) as the alkali, the 
calcium appearing in the cement in combination 
with silica, The calcium sulphate and sulphite 
contained in the sludge are roasted in a kiln with 
coal ash, clay or a mixture of both; the sludge then 
gives off sulphur dioxide in sufficient concentration 

_-to permit its conversion into elemental sulphur by 
passing it over hot eeke. Alternatively, it can be 
converted directly into sulphuric acid by contact 
with a suitable catalyst. Decomposition of the 
calcium salts in the kiln is facilitated by the presence 
of alumina and silica which may be derived from the 
coal ash or clay. The silica and alumina combine 
with the residual quicklime to form Portland-cement 
clinker. If the quantities of calcium, aluminium 
and silicon are adjusted appropriately and the correct 
quantity of carbon is present, a good cement clinker 
is formed at temperatures of about 1,250 deg. C., 
the sulphur present appearing as sulphur dioxide. 
The proportions of the ingredients in the sludge can 
be readily adjusted to lie within the necessary 
limits, the clinker produced having properties of the 


standard laid down in the B.S. Specification for 
Portland cement, except as regards sulphur content 
which is somewhat too high. This excess of sulphur 
would not be sufficient to prevent the clinker from 
being saleable for various uses ; indeed, the product 
would comply with Continental standards for 
Portland cement. Alternatively, it could be 
blended with cement clinker derived from limestone 
or chalk. 

Both in England and Germany this process, using 
natural calcium sulphate as the source of calcium 
and sulphur, has been operated on a large scale 
for a number of years and it is to be applied more 
extensively here for the production of sulphuric acid 
and cement from native deposits of anhydrite. For 
producing these by-products from a gas-washing 
plant it should be economically sound to install 
small rotary cement kilns and recovery plant at 
power stations burning 1,000 tons of coal a day and 
upwards. At smaller power stations, down to 
those consuming not less than, say, 100 tons a day, 
a type of kiln more flexible than the rotary and less 
costly to operate would be desirable. A sintering 
process which was developed in Germany before 
the war would be suitable. Each unit of this type 
produces upwards of 10 tons of cement clinker a 
day, and it is practicable to connect a battery of 
them to a sulphur-recovery plant and thus obtain 
a high degree of flexibility to meet varying load 
conditions. Some of the earlier shaft kilns—such 
as the Dietzsch or Aalborg—could also be used 
economically for small plants. 

Thirdly, the recovery of ammonium sulphate and 
sulphur is a direct process in which solutions of 
ammonium carbonate are used as the scrubbing 
medium. The methods have been developed to 
the pilot-plant stage. In one of these (British 
Patent No. 545,767, W. Francis) the end products 
are ammonium sulphate (more than 95 per cent.) 
and solid sulphur (less than 5 per cent.). The only 
addition to the gas-washing plant is that required 
for purifying and recovering the ammonium sul- 
phate. Both the capital costs and operating 
expenses of such a process might well be below 
that of installations in which lime is used as the 
alkali; and its efficiency should be high. If ex- 
ploited on a commercial scale this direct process, 
like the indirect process previously described for 
producing ammonium sulphate, in which lime is 
the alkali employed, would only be applicable at 
boiler houses situated close to coking plants or 
gasworks where sufficient quantities of the strong 
ammoniacal liquor were available. 

In the fourth process sodium carbonate is used 
as the scrubbing medium to produce sodium sulphite 
and sulphate ; the relative yield of each is controlled 
by the amount of oxidation that occurs during 
scrubbing. The products are allowed to accumulate 
in the system, little or no heat being required for 
the recovery of the crystalline salts from the purge 
of the gas-washing system. The recovered sodium 
salts can be used for industrial purposes, as in the 
paper-pulp industry, or they can be heated with 
chalk or waste calcium carbonate to 

the sodium carbonate used for scrubbing, with 
production of calcium sulphide. This sulphide is 
decom: as in the old Leblanc soda process, 
with carbon dioxide and water to produce hydrogen, 
sulphide, which can then be converted into sulphur, 
sulphur dioxide or sulphuric acid by known pro- 
cesses. The precipitated chalk produced during 
this process is used again in the roasting operation, 
so that all the alkalis employed can be recovered 
for further use and it is only necessary to make up 
the losses inherent in such chemical engineering 
processes: The only saleable product is sulphur 
or some useful compound containing that element. 
The scrubbing plant required is much smaller than 
that needed when using lime or chalk and is simpler 
to operate as there is no possibility of scale forma- 
tion, all the products formed being soluble in water. 

Costing on the basis of 1937 prices for a sulphuric 
acid-cement plant in association with a non- 
effluent gas-washing installation of the Fulham 
type, capable of dealing with the gases from a 
boiler house burning 1,000 tons of coal a day, 
indicated that, whereas the gas-washing plant 
without recovery of by-products represented (in 





capital, operating and maintenance charges) an 


addition of nearly 3s. a ton to the cost of the coal 
consumed, this debit could be transformed into a 
credit of nearly 54d. a ton by recovering sulphuric 
acid and cement and eliminating the cost of removing 
the sludge from the power station. Allowing for 
the increased present-day cost of the plant and the 
higher operating and maintenance charges, and 
taking into account the rise in the prices obtainable 
for the sulphuric acid and cement, such an instal- 
lation should show appreciably better results than 
those indicated by these calculations. 

A preliminary estimate of the post-war cost of 
recovering sulphuric acid from a large power station 
burning 2,000 tons of coal a day, with an average 
sulphur content of 1-5 per cent., shows that this 
would be approximately 7]. a ton, without credits 
for the value of the cement clinker produced or for 
the reduction in pollution of the atmosphere which 
would be effected. If the cement clinker be valued 
at 21. a ton, the net cost of producing sulphuric acid 
would be approximately 5/. a ton. If full credit 
were allowed for the inevitable cost of the removal 
of grit from flue gases by electrostatic means, the 
cost of sulphuric acid would be materially lower. 
Moreover, the total capital cost involved would not 
be greater than for the equivalent-sized anhydrite 
sulphuric-acid plant and, indeed, should be less, 
since the collecting tanks used in the flue-gas 
washing could be used for mixing the cement- 
forming ingredients and no provision need be made 
for the storage of large stocks of anhydrite in the 
factory, or for the expensive grinding equipment for 
pulverising raw material. 

Although there are obvious advantages in having 
the by-products recovery plant directly adjoining 
the gas washer, limitations of space at power 
stations may sometimes make it desirable to trans- 
port the gas-washer solids to a more convenient 
site for treatment. In such cases, and also where 
a number of small boiler houses have to be dealt 
with, a central recovery plant might be established, 
but in that event it would be desirable to dry the 
washer solids at the power station to reduce trans- 
port costs. Hitherto, gas washing at large boiler 
houses has been considered by the authorities 
almost entirely from the point of view of reducing 
atmospheric pollution. Important as it undoubtedly 
is to eliminate the sulphur oxides which do such 
extensive damage to buildings, injure vegetation 
and assist the formation of dirty fog, the country’s 
urgent need of sulphur and sulphuric acid is to-day, 
and seems likely to be in the future, a compelling 
reason why the bulk of the hundreds of thousands 
of tons of sulphur now being discharged into the 
air each year by power stations and other large 
coal-burning and coking plants should no longer be 
allowed to go to waste. In 1950 our imports of 
sulphur from the United States amounted to more 
than 438,000 tons, and, according to the official 
trade returns, were valued at nearly 4-4/. millions. 
The cost had to be paid in dollars; only a few 
hundred tons were obtained from other oversea 
sources. We also imported nearly 200,000 tons of 
pyrites, valued at more than 853,000/. 

Owing to the increased demand for sulphur 
throughout the world, particularly in the American 
home market, we shall be fortunate if we receive 
375,000 tons of sulphur from the United States this 
year—a drop of about 15 per cent. from last year’s 
imports from that source. Taking sulphur and 
pyrites together, about 5-25/. millions were spent last 
year on imports of these materials. At least half 
this sum could be knocked off what must again be 
an adverse balance of overseas trade in the course of 
a few years by the steady pursuit of a long-term 
programme of installing gas-washing and recovery 
plants at power stations. Several such installations 
could be put in yearly at major power stations 
without undue strain on capital resources, manu- 
facturing capacity or man-power if the project 
were given the necessary degree of priority by the 
Government, As a beginning, and to give the 
process @ thorough trial, a recovery plant might 
be put in instead of grit-arresting equipment at one 
or two of the new power stations now being built, 
and if the results proved satisfactory a gradual 
programme of application to existing major power- 
station boiler houses could be put into effect. The 
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plant certainly exists, and if manufacturers in this 
highway = a me with rearmament and other 
“priority activities to supply the equipment it 
could be obtained from the Continent. ‘The capital 
cost of such installations at present prices cannot 
be small, but there is good reason to believe that it 
would not be greater, and might even be less, than 
that of plants of equivalent output of the kind which 
are to be used for mining and treating anhydrite. 





INSTITUTE oF Puysics RaDIOLoGy EXHrsirion.—In 
connection with the summer meeting of the Industrial 





Radiology Group of the Institute of Physics, an exhi- 
bition will be held at the Institute’s headquarters, 
47, Belgrave-square, London, 8.W.1, on Monday, July 23, 
from 2 p.m. to 5.30 p.m.; on Tuesday, July 24, from 
10 a.m. to 6 p.m.; and on Wednesday, July 25, from 
10 a.m. to 4.30 p.m. The exhibition, admission to 
which will be free, will include sections on gamma-ray 
sources and containers, protection, stereography, tracer- 
autoradiography and microradiography, the history of 
X-ray tubes, and applications of radiography. Further 
particulars may be obtained from the secretary of the 
Institute at the address given above, or from Mr. 
B. N. Clack, MRadiochemical Centre, Amersham, 
Buckinghamshire. 


PRINTING AND ALLIED 
MACHINERY AT THE 
DUSSELDORF EXHIBITION. 
By Davin Eyre, A.M.I.Mech.E. 


Tue International Printing and Paper Fair 
(Drupa), which was held in Diisseldorf, Germany, 
from May 26 to June 10, was a break-away section 
of the Leipzig Fair and dealt with all aspects of 
paper and printing. The exhibition was ideally 
situated on the eastern bank of the Rhine, in and 
adjoining a public park known as the Hofgarten, 
and was housed in 17 halls. The scope of the 
exhibition was very comprehensive, there being 
shown composing machines, printing machines, 
paper and board converting or processing machinery, 
as well as numerous items of auxiliary equipment. 
The total number of exhibitors was about 480, of 
which 50 or 60 were foreign. Mr. H. H. A. Stern- 
berg, chairman of Schnellpressenfabrik A.-G. Heidel- 
berg, was president of Drupa. 

A printing machine designed in 1811 by Koenig 
und Bauer A.-G., Wtirzburg (represented in this 
country by Mr. K. 8S. Paul, c/o Messrs. Neill 
Malcolm and Company, Limited, 55, Bishopsgate, 
London, E.C.2) was shown in the entrance hall 
leading to the printing section of the exhibition. 
This machine was built for The Times, which was 
thus the first newspaper in the world to install a 
mechanical printing press. On November 29, 1814, 
the first edition printed on the first machine to be 
driven entirely by power was issued. The machine 
was demonstrated at Dtisseldorf and is of interest 
to-day as it incorporates numerous mechanisms that 
are still accepted in principle in modern practice. 
One such mechanism is a reciprocating device which 
consists of a double-sided rack engaged by a pinion 
mounted on the end of a shaft driven through a 
universal coupling, the latter serving to anchor the 
shaft at that end. The pinion end of the shaft is 
held laterally in a vertical slide, and is driven 
continuously at a constant speed, so that when the 
pinion reaches the end of the upper side of the rack, 
a guiding cam lowers it so that the under side of the 
rack is engaged, so reversing the direction of travel 
of the rack. 

In 1817, Friedrick Koenig invented the first 
two-revolution printing press, but it appears that 
the design was not readily accepted. Indeed, it 
was not until 1884 that the factory returned to this 
type of machine; it has been developed continu- 
ously since that year, the latest type being the 
Sturmvogel Fn., which is shown in Fig. 1, on this 
page. On this machine, the cylinder is driven 
directly from the main driving shaft, independently 
of the type bed, so that it revolves at a constant 
speed throughout the impression. Furthermore, 
there is no play in the cylinder gearing, whether the 
cylinder is under pressure or raised for the return 
stroke of the type bed. The lifting device for the 
cylinder is controlled by twin cams and all principal 
gears have helical teeth to ensure smooth running. 
By the addition of a cylindrical printing unit, two 
colours can be printed at one impression, and by 
using the Beckmann process of curved plates, four 
colours can be printed at one impression. 

An interesting letterpress machine, also exhibited 
by Koenig und Bauer, was their Pax BR VIII, 
which is illustrated in Fig. 2, herewith. This is 
a sheet-feed rotary press which prints sheets 32} in. 
by 46} in. and has a maximum output of 6,000 
sheets an hour. A flat-bed machine of this size 
would be limited to approximately 2,400 sheets an 
hour. Owing to the higher costs of the curved 
stereotype plates that are necessary for the rotary 
machine, however, it is only more economical for 
runs in excess of 20,000 sheets. A factor in its 
favour is the relatively slower printing speed, 
i.e., the speed at which the ink is deposited on the 
paper. For a cycle of one sheet there is very little 
idle time, since the circumference of the impression 
and stereotype cylinders is little more than the length 
of the sheet ; the diameter is, in fact, smaller than 
that of the cylinder of an equivalent two-revolution 
press. Furthermore, there is no idle time as there 
is on @ flat-bed machine due to the return traverse 
of the table. These factors mean that for equivalent 





output speeds the rotary press has approximately 








38 


ENGINEERING. 


JULY 13, IQ5I.. 








PRINTING-TRADE MACHINERY AT DUSSELDORF EXHIBITION. 




















iy Aa | 





Fic. 4, Paper-Servierte Macutne; Ropert GIEBELER. 


twice the time available for ink deposition. The 
stereotype cylinder has a large number of helical 
grooves machined on its surface to accommodate 
clamps, thus enabling the plates to be moved exactly 
as required. This simplifies locating the plates in 
relation to the sheet to be printed. 

The feed table, like the delivery table, is open on 
three sides to facilitate loading and unloading of the 
press. The feeder is of the stream-feed type, and is 
designed so that should a sheet be misplaced in the 
grippers, or two sheets be fed simultaneously, 
the feed stops and the press speed is reduced to a 
rate equivalent to 1,000 impressions an hour to 
clear the sheets already printed. In addition, the 
ink flow is stopped and the impression released by 
the lifting of the printing cylinder. 

The sheet is passed from the feed table to the 
impression cylinder by individually-sprung swing 
grippers. These grippers overlap the cylinder 
grippers so that, for a short distance, the sheet is 
clamped simultaneously by both sets of grippers. 
The printed sheet is passed to the delivery pile by 
means of a chain conveyor. The Pax BR VIII 
press, at is claimed, combines the clarity of letter- 
press printing with the advantages of rotary gravure 
and offset presses. 

Prominent among the exhibitors of printing 
machines were Schnellpressenfabrik A.G. Heidel- 
berg, who are represented in this country by the 
Heidelberg Automatic Platen Company, Limited, 
Eyot Works, St. Peter’s-square, London, W.6. They 
exhibited their two “original” platen machines 
and their “ original” cylinder machine. The three 
classes of machines are stated to be the only 
machines built on assembly lines. The production 
rates at present are: 500 a month for the smaller 
platen machine, 60 a month for the larger platen 
machine, and 50 a month for the cylinder machine. 

Though Heidelberg are perhaps best known for 
their platen machines, it is probably not generally 
known that they built cylinder presses before the 
Heidelberg automatic platen was invented. Shortly 
before the recent war, a return was made to a 
cylinder press. This machine, which is shown in 
Fig. 3, page 37, is of unique design as it is a one- 
revolution press, most letterpress printing machines 
being of either the stop-cylinder or two-revolution 
type. To obtain the one-revolution cycle, the bed 
has an accelerated return stroke, so that the working, 
or impression, stroke takes 63 per cent. of the cylin- 
der cycle and the return, or idle, stroke 37 per cent. 
The single-revolution principle necessitates a cylin- 
der approximately twice the diameter of the 














Fig. 5. 42-mx. GuittotTinz; Soac Macutnery Company. 
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orthodox two-revolution machine, a fact that has 
assisted the designers for it has resulted in a massive 
cylinder weighing, together with its bearing blocks, 
one ton. This cylinder revolves continuously at 
uniform speed and is mounted in fixed bearings, so 
that, unlike other types of machines, the cylinder is 
not lowered for the impression. The type bed has 
a pair of racks mounted on it, one on each side, 
which engage, on the impression stroke, with a 
pair of gear segments on the cylinder, so that it is 
the cylinder that propels the bed during the working 
stroke. The return stroke is effected by means of a 
crankshaft and connecting rod, the latter having 
a pinion gear mounted on its gudgeon pin and 
engaging permanently with two racks, one on the 
machine frame and the other on the underside of 
the type bed. The rotation of the crankshaft is 
accelerated on the return stroke by a link mechanism. 
Thus, the bed is returned during the idle or blank 
section of the cylinder. 





The one-shot pressure lubrication system on this 
machine is worthy of note. There are about 50 
points, requiring daily attention, which are linked 
with a hand pump that meters oil to them at a 
pressure of 420 Ib. per square inch. The system is 
airtight and dustproof. A single-lever control on 
the machine simplifies its operation and safeguards 
it against abuse. In the stop position, the motor is 
at rest and the flywheel brake is applied Movement 
of the lever to the first station releases the brake and 
starts the motor. The second station brings the 
paper feed into operation, and finally the third 
position engages the impression and releases the ink 
supply. Thus, all operations are performed in the 
correct sequence. Should the paper feed fail to 
pass a sheet to the cylinder, the press is stopped 
automatically. Another Heidelberg feature is auto- 
matic washing of the inking rollers while tbe 
machine is running, an operation that is performed 
in one minute. The conventional procedure is to 
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remove the inking rollers from the machine for 
washing. 

Robert Giebeler, of Langenfeld, near Cologne, 
whose agents are Messrs. Engelmann and Buckham, 
Limited, Anstey Mill Lane Works, Alton, Hampshire, 
produce machines for rotary printing of paper and 
for converting paper into a variety of articles. The 
range is too numerous to mention here, but one of 
their machines that may be noted is used for the 
manufacture of serviettes; it is illustrated in 
Fig. 4, opposite. The paper is fed into the machine 
from a reel, and passes through as many as five 
printing units, after which it is embossed, folded 
longitudinally, cut to length, folded cross-wise 
and delivered on to a horizontal table ready for 
packing. All the printing units are rotary, four 
aniline and one gravure. They are arranged so that 
the printed surface of the paper is untouched by 
guide or register rollers until it has passed. over the 
drying cylinder, thus avoiding the risk of smearing. 
To obviate the use of inter-colour registering rollers 
(to register the various colours in a print design), the 
printing cylinders are mounted on splined shafts 
sliding through helical gears, so that lateral move- 
ment of the driven gear rotates the printing-cylinder 
shaft without moving the printing cylinder laterally. 
To complete the register, however, end adjustment 
of the printing cylinder is also provided. 

To prevent the ink, which is quick drying in 
serviette work, from acting as an adhesive when the 
machine is stopped, an independent drive is provided 
for the inking rollers, so that they continue to rotate 
while the web of paper is stationary. This necessi- 
tates a mechanism which withdraws the printing 
cylinders from the paper; a device is therefore 
coupled to all the aniline printing units and linked 
to the clutch-operating lever, so that one control 
lever starts the web of paper and engages the 
impression. The cross-cutting and folding unit 
consists of two pairs of knives and a folding mechan- 
ism mounted on cylinders geared together, so that 
each pair of knives produces a scirso1s action when 
they engage at each revolution. Theset of these 
knives ensures a right-angle cut on the paper, and 
the length of paper cut is variable. The cross fold 
is obtained by grippers mounted on a cylinder 
receiving the paper, which is inserted by a thin 
spring-steel blade mounted on the mating cylinder. 
These grippers then pass the finished article to the 
delivery table. The position of the cross fold of the 
serviette in relation to the cross cut can be adjusted 
so that it is exactly mid-way, or it may be up to 
one inch off centre. The machine, which is of 
unusually compact design, consists of individual 
units mounted on a common frame. The machine 
will produce up to 12,000 serviettes an hour. 

One of the few British firms to exhibit was the 
Soag Machinery Company, Juxon-street, London, 
S8.E.11, who showed a machine for the manufacture 
of paper cups (used by bakers and pastrycooks for 
making cakes), a 42-in paper guillotine, and a 
machine for making drinking cups. The guillotine 
which is shown in Fig. 5, opposite, has several 
features which were not apparent on other machines 
at the exhibition, not the least being the better 
finish. The overall design presents a cleaner and 
more pleasing appearance, since mechanisms which, 
on German machines, are mounted externally, are 
built into the interior of the Soag machine. In 
order to ensure interchangeability of components, 
Jigs are extensively used in the production of the 
machine. The knife mechanism is actuated by 
toggles which help to keep the load on the flywheel 
coastant, since the thrust increases as the knife 
progresses through the paper pile. An unusual 
feature of the knife assembly is the provision of two 
handwheels with calibrated scales for levelling the 
knife after regrinding. The rate of operation is 
40 cuts per minute. A friction clamp is used to 
hold the paper pile while cutting, the pressure being 
set by means of a handwheel and calibrated dial. 

The back gauge of the guillotine is power-operated 
and is also provided with a micrometer handwheel 
adjustment, which is a useful feature in conjunc- 
ton with the semi-automatic advance of the back 
gauge, as allowance can be readily made for slight 
variations in the pitch of printed matter. The 
aushor observed that nearly all the German guillo- 
tines shown at the exhibition had tables about 6 in. 





lower than the table of the Soag guillotine. Ideas 
of table height appear to vary in the two countries, 
for it is common practice here to build up the height 
of a machine having a low table. The table of the 
Soag guillotine is cantilever-mounted, so that it is 
unaffected by any possible settling of the floor. 
The majority of accidents on guillotines are due to 
overrun of the knife, a fault that is stated to be 
overcome on this guillotine by the provision of an 
interlock that disengages the knife drive when the 
knife brake fails to function. 


The Polyform Series PDS Machine marketed by 
the Soag Machinery Company produces a simple 
and cheap paper drinking cup of the pleated type 
from a single web of paper. The discs, or blanks, 
are cut from the web by a thin serrated blade made 
of strip steel fixed to the outer contour of the pleat- 
forming tool. The web is held between clamps for 
this operation, in such a way that the cutting edge 
of the blade does not make contact with any metal 
parts of the tool. When the pleats have been 
formed, the cup is retained in one of four similar 
tools mounted on a turret indexed by means of a 
Geneva mechanism. The first index brings the 
pleated cup to the edge-rolling station, where a 
spinning tool rolls the rim of the cup so locking the 
pleats firmly in position. The second index delivers 
the cup to a delivery conveyor which stacks the cup 
ready for packaging. The operation of this machine 
is fully automatic, its optimum speed being 60 cups 
a minute. 

Another guillotine examined at Drupa was the 
Atlas A-132-Z 52-in. machine made by Atlas-Werke 
A.G., Bremen, and illustrated in Fig. 6, opposite. 
It is of robust design employing orthodox principles. 
The knife, which operates on the well-established 
swinging motion, is held in position by bolts inserted 
through slots in the knife holder. These slots are 
arranged slantwise, so that excessive pressure will 
not move the knife. Knife setting is effected by 
two levers conveniently mounted on the machine. 
The paper clamp is operated by tension springs, 
the length of which ensures approximately constant 
pressure on the paper, regardless of height of the 
pile. In normal use, the clamp is provided with 
ribs, but these can be covered to avoid marking the 
work being cut. The back gauge is reversible, one 
side being ribbed, the other plain. As the back 
gauge is symmetrical, the setting of the measuring 
tape is unaffected. The ribs on the back gauge are 
staggered in relacion to the ribs on the clamp so that 
paper can be cut down to a remaining strip of { in. 
The back gauge is power operated in both directions 
and can be advanced automatically for repetition 
work, The knife is driven through a friction clutch, 
which can be disengaged at any part of the stroke, 
disengagement of the clutch automatically engaging 
a brake. 

To describe all the machines shown at the exhibi- 
tion would, of course, be impracticable ; the few 
that have been chosen for this article, however, were 
among the most interesting. The exhibition was 
apparently a great success, particularly as regards 
the export trade of Germany, and it seems likely 
that it will be held again in three or five years’ time. 





SovutH LONDON TRAMWAY CONVERSION.—The fourth, 
and smallest, of the nine stages required to complete 
the conversion of the South London tram routes 
to oil *bus operation came into operation on the 
night of July 10-11. The London Transport Executive 
announce that the 68 and 70 tram routes and the 
68A ’bus route have been replaced by three new 
"bus routes; namely, the 188, between Greenwich 
Church and Chalk Farm Station, the 70, between Green- 
wich Church;and Waterloo or London Bridge Station, 
and the 70A, between Deptford and the Embankment. 
The 4 ’bus route, from Finsbury Park Station to Ber- 
mondsey, have been extended to Surrey Docks Station, 
and the 196 ’bus route, from Tufnell Park to Waterloo, 
has been extended to Norwood Junction. In all, 33 
trams have been replaced by 38 ’buses, bringing the number 
of trams withdrawn to date, to 313, and the number of 
"buses put into service, to 384. Prior to the commence- 
ment of the conversion, there were 102 route miles (202 
track miles) of tram lines in the districts affected. 
Including the changes now announced, the lengths aban- 
doned will amount to 364 route miles (73 track miles), 
leaving 654 route miles (129 track miles) still in use. 
Tram tracks in eleven South London main roads -will no 
longer be required. 


THE JOINT ENGINEERING 
CONFERENCE, LONDON. 
(Continued from page 9.) 

Two sessions of the Joint Engineering Conference, 
organised by the Institutions of Civil, Mechanical 
and Electrical Engineers were held on the afternoon 
of Friday, June 8, one at the Institution of Mecha- 
nical Engineers, where a paper on “ Technical 
Advances in the Gas Industry during One Hundred 
Years,” by Mr. F. M. Birks, C.B.E., M.I.Mech.E., 
was presented, and the other at the Institution of 
Electrical Engineers, where Sir Noel Ashbridge, 
B.Sc. (Eng.), M.I.C.E., M.I.E.E., gave a paper on 
“The British Television Service.” 


TrcHnicaL ADVANCES IN THE Gas INDUSTRY. 


At the Institution of Mechanical Engineers the 
chair was occupied by Mr. P. L. Jones, M.C., 
Wh.Ex., M.I.Mech.E. To illustrate the work of 
British pioneers in building up the industry, Mr. 
Birks referred, in his paper, to William Murdoch, 
who, in 1792, had examined the distillation products 
of coal and other substances, and had later taken 
credit for the first application of gas to useful pur- 
poses. Continuing, Mr. Birks stated that the gas 
industry as a public service had come into being with 
the formation of the Chartered Gas Light and Coke 
Company in 1812. In those days, technical know- 
ledge was meagre and old musket barrels were used 
for the early gas pipes, giving rise to the expression 
“barrel piping.” The world’s first gasworks, at 
Westminster, was being used, in 1851, for making 
two types of gas, namely, gas of maximum candle- 
power obtained from cannel coal and used to 
supply the Houses of Parliament, the Royal Palaces, 
and the purlieus of Westminster, and gas of normal 
candle-power made from ‘‘ Newcastle ’’ coal. This, 
with similar supplies from two other works, was 
used to supply the remainder of the district served 
by the Chartered Gas Light and Coke Company. 

During the greater part of the Nineteenth Century, 
charging of gas retorts was manual, so that the 
retorts were limited to two or three tiers. This 
limitation in height of the retort setting, and conse- 
quently the restricted amount of gas per unit of 
ground space, did not affect most works which had 
ample area. At the St. Pancras works of the 
Imperial Company, however, the demand for gas 
increased so rapidly in about 1860 that D. Methven, 
the engineer of this station, was only able to meet 
his requirements with the limited site available by 
building settings of ten retorts in five tiers. The 
top two tiers of retorts were charged from a movable 
stage. During the two decades 1870-1890, direct 
firing of retort settings had been superseded by 
producer-gas firing, with or without the addition of 
recuperators for preheating the secondary air by 
heat exchange from the waste gases. « 

The period 1900-10 had seen the successful de- 
velopment of the Glover-West and the Woodall- 
Duckham systems of continuous vertical retorts. 
High gas output per unit of space and improved 
amenities owing to the elimination of hot-coke 
discharge and low fuel consumption had made 
continuous vertical retorts so popular that they were 
responsible for about one-half of the gas output of 
the industry. Moreover, at present the fuel con- 
sumption of continuous vertical retorts was only 
about one-sixth of the coke produced, and about 
1,050 Ib. of waste-heat steam were made available 
per ton of fuel. This was sufficient to supply all 
the process and power requirements of the works. 
A ton of Durham coal yielded 74 therms of gas, 20 
therms of tar, and 165 therms of saleable coke, 
the total products for sale having 86 per cent. of 
the thermal value of the coal. The gas industry 
differed from any other public-utility undertaking 
as it had to market several different but inter- 
dependent fuels and chemical materials and the 
manufacturing costs of its main product, gas, was 
markedly influenced by the revenue received from 
the residuals of the carbonisation process. 


Discussion. 


Mr. C. H. Chester, who opened the discussion, said 
that the author could not be expected to consider 
deeply the question of refractories as used in 
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retort settings and coke ovens. The great reduction 
in thermal losses in the period under review, 
however, had been due, in part, to improved 
methods of heating and design and, in part, to the 
closer control of operating conditions, but a contri- 
bution had also been made by the improvements in 
refractories, which had resulted in better heat 
transmission. On the twin questions of gas purifi- 
cation and by-product recovery, much could be 
said. The possible contribution which the gas 
industry could make to the supply of home-produced 
motor fuel was hampered by economic considera- 
tions. The refining of by-products, however, had 
progressed very rapidly during the last few years, 
particularly under the impetus of war. 

Captain (E) W. Gregson said that the paper 
showed that, by 1851, the gas industry was already 
established in this country, but at that time its 
output was used almost entirely for purposes of 
illumination. He believed that the first road to be 
publicly lighted had been Pall Mall, and it was a 
matter of interest that some of the original flares 
were still in existence outside some of the clubs in 
that thoroughfare. The gas industry was essen- 
tially a British industry and the two main systems 
of carbonising, the horizontal retort and the con- 
tinuous vertical retort, were both essentially British 
developments. The use of the gas turbine for 
waste-heat recovery had considerable potentialities 
when applied to gasworks practice and a combina- 
tion in which a gas turbine was employed for elec- 
tricity generation and the remainder of the waste 
heat used for steam generation seemed to be an 
extremely attractive proposition for the average 
gasworks in this country. 

Mr. J. H. Dyde said that when Mr. Birks had 
mentioned that, by 1851, the method of constructing 
gasholders was fairly well established and a sound 
engineering accomplishment, so much so that the 
essential parts of many of these holders had lasted 
to the present day, this was a fitting tribute to 
the former engineers in the industry. The intro- 
duction of the electrostatic “‘de-tarrer” in recent 
years, to eliminate tar “fog,” was an interesting 
development. The tar fog was precipitated by 
subjection to a corona discharge from wire electrodes 
at 30,000 volts. 

Dr. J. Burns stated that the author had drawn 
attention to the comparative heat balances relating 
to carbonisation in 1851 and in 1951. These showed 
that the industry had succeeded in extracting from 
coal exactly 39 therms per ton more in 195] than 
in 1851. Both tons of coal had been credited 
with 300 therms, but, whether the coal of to-day 
had the same number of therms as the coal of 
1851, he was not quite sure. The next speaker, Mr. 
H. Kerr, said that the modern continuous vertical 
retort was capable of dealing with any type of 
gas-making coal of either high or low swelling proper- 
ties. This kind of plant had the added advantage 
over the static types of plant that it could be built in 
a residential area without detriment to the surround- 
ing amenities. In the past, gasworks had been a 
source of derision, but the architectural design and 
layout of the modern plant were such that it could 
be successfully harmonised into any surroundings. 
The last speaker, Mr. K. H. Tuson, said that he was 
glad to hear that dry coke-quenching plants were 
being started up again. To a layman, it seemed a 
shocking waste of heat to see the volumes of steam 
emerging from a wet-quenching tower. He believed 
that some 25 per cent. of the heat used to fire a 
coke oven might be dissipated in this way, as 
we to 8 per cent. for a dry coke-quenching 


After a brief general reply by Mr. Birks, a vote 
of thanks was accorded to him for his paper, on the 
motion of the chairman, and the session terminated. 


Tue British TELEvision Servior. 


THE meeting at the Institution of Electrical 
Engineers on the afternoon of Friday, June 8, was 
presided over by Sir Harry Railing, and a paper on 
“The British Television Service” was presented 
by Sir Noel Ashbridge. The author said that 
experimental work at the start of the century had 
led to the development of low-definition, television 
with mechanical scanning and ultimately to the 
introduction by the British Broadcasting Corpora- 





tion of 30-line transmission on medium frequency 
in 1926. The development oft cameras with elec- 
tronic scanning made it possible to use much im- 
proved definition. As a result the 405-line tele- 
vision service on “‘ very high frequency ” came into 
operation in 1936. This service was closed down 
in 1939, but was re-opened in 1945, using pre-war 
standards. 

Outlining the improvements which had been 
made since that time, Sir Noel described the 
cameras, control apparatus and film-scanning equip- 
ment used, as well as the system of television record- 
ing employed and the studio lighting and outside 
broadcast apparatus. Details of the transmitters 
and masts and aerials employed were also given. 
As regards long term developments, a few years ago 
it appeared quite possible that the next step forward 
in television would be increased definition for 
monochrome pictures obtained by increasing the 
number of lines. At the present time, however, 
the picture quality with the 405-line system was so 
good that the attractiveness of this step had 
decreased. On the other hand, all the disadvantages 
of a large number of lines in cost, spectrum space 
and liability to distortion had become increasingly 
evident. The objections to stereoscopic transmis- 
sion were serious. It would increase the channel 
space required and the cost of the receiver; and 
add to the complication in the studio. Colour 
transmission offered the most attractive large scale 
development in television for the future. It was 
now possible to transmit a satisfying picture of 
adequate detail in colour within the same spectrum 
space as a picture of apparently similar detail in 
monochrome. 

Discussion. 

In opening the discussion, Sir Stanley Angwin 
suggested that further references to published work 
on camera and control equipment would be useful. 
For example, the adoption of the Emitron and 
super-Emitron for the British system was men- 
tioned, but there did not appear to be any reference 
to later work on the Image Orthicon. The circuit- 
ing and control mechanism necessitated very high 
standards and fine limits of tolerance. It was also 
essential to obtain a reasonable life while keeping 
the cost of production within economic limits. 
These problems would be intensified when higher 
definition was required and colour reproduction 
was added. The general advantages of standardisa- 
tion were as applicable to television as to other 
engineering projects. The particular advantages of 
standardisation lay in the desirability of minimising 
the possibilities of interference and providing for 
the interchange of programmes. The most con- 
troversial question was the number of lines to be 
used. An increase in the number of lines above 
405 might, however, be prohibitive economically 
and involve some degradation of the picture. If 
chaos was to be avoided European agreement on 
the frequency bands to be used, the allocation of 
stations within those bands, and the allocation of 
specific frequencies to all stations within a country 
and to those in adjacent countries, was necessary. 

Sir Archibald Gill said that a debt of gratitude 
was due to Baird for the way in which he had 
inspired interest in television in this country. The 
great step forward in the development of television 
had been the introduction of the modulated-beam 
cathode-ray tube. He thought that all those who 
knew the facts were convinced of the wisdom of the 
decision to continue to use the 405-line system and 
the author had dispelled to some extent the myth 
that the number of lines was a measure of the 
quality of the picture. It was stated in the paper 
that plant for a 50-kW medium-wave station would 
cost about 100,000/. and for a 50-kW television 
station about 200,000/. The costs of the equivalent 
short-wave radio equipment were considerably less, 
thus emphasising the expense of broadcasting 
equipment. The same difference in cost between 
audio-frequency transmission and television trans- 
mission occurred in the line. 

Mr. I. Shoenberg said they had started research on 
television at Electrical and Musical Industries, 
Limited, in 1931 by investigating the possibilities of 
electronic reception. It was soon found that the 
hard cathode-ray tube was a practicable proposition; 
and a tube with sufficiently good electron-optical 








focus for high-definition pictures was made. A 
short-wave sound transmitter, designed by the 
Marconi Company, was modified and used as a 
transmitter. The success of the Emitron had 
recently re-opened the question of the number of 
lines to use. The answer was determined not by 
mechanical considerations, but by the band width 

itted by the valves and circuits then available. 
Finally, the 405-line system was chosen, but it 
was some indication of the doubts that were felt 
on the subject, as well as on the abandonment 
of the mechanical system, that the Television 
Advisory Committee took the precaution of 
arranging for a simultaneous trial of a mechanical 
system operating on 240 lines. At the beginning of 
1935, it had been possible to submit to the Television 
Committee a detailed specification for a high- 
definition television system operating on 405 lines, 
which was later embodied without any important 
modifications in the Alexandra Palace transmitter. 

Mr. G. M. Wright thought there was room for 
considerable improvement in the aerial which was 
used by the general viewer for the reception of the 
television programme. Emphasis must be laid on 
the necessity of research into metnods of producing 
the highest power possible in the upper frequency 
band, which could be modulated linearly over the 
band required by television. It was disturbing to 
learn that 300 kW would be dissipated in lighting 
at the Lime Grove studios and it seemed that more 
study of this branch of the art was required. 

Dr. D. C. Espley pointed out that the slight 
degradation of the picture quality in transmitting 
the programme over the radio link, mentioned in the 
paper, was due to the fact that a temporary system 
was being used under conditions whici necessitated 
the employment of very narrow and 
attenuation filters on the ultra-high frequency side. 
This had now been altered. 

Mr. C. E. Strong said that, though the author had 
given reasons for not using a wider band than 
three megacycles, the London-Birmingham cable had 
been designed to cope with a wider band if the need 
arose. Low-power modulation could be less com- 
plex than high-power modulation, at least, if the 
inter-stage coupling circuits could be first twin 
inductively-coupled circuits. There was a great 
difference in simplicity between a high-power sound 
modulator and a high-power vision modulator and it 
was also necessary to take into account new develop- 
ments, such as reverse feed-back. If the vision 
stations were amplitude-modulated and the sound 
equipment frequency-modulated, it would make 
diplexing easier, while if ultra high-frequency 
broadcasting used frequency modulation, there 
would be a case for having the same system on 
sound as on, television. 

Sir Noel Ashbridge, in reply, said that all the 
studio apparatus in use at Alexandra Palace had 
been in operation since 1936. At the moment, the 
design of this apparatus. was lagging somewhat, but 
they hoped to catch up when equipment specially 
designed for studio operation was installed at Lime 
Grove. Ultimately, there was no doubt that 
standardisation would have to come, but not at the 
moment. With the sort of aerials that viewers used, 
it was doubtful whether polarisation would make 
any difference, unless they were almost on the edge 
of a service area. The view of the Corporation was 
that a good service required a field strength of at 
least 0-5 millivolt per metre. About 11 per cent. 
of the sets in the country were, however, working 
at under 100 microvolts per metre, which meant that 
many of them were taking service from the wrong 
transmitter. It was certain that people would not, 
over the years, be satisfied with this. They had 
recently been thinking about the question, of direct 
relaying, since the ten-station scheme could not 
last for ever and it would be necessary to squeeze 
more stations on to the five channels or break out 
into another band. 

(T'0 be continued.) 





STRANDINGS OF M.V. “‘ CAMEO ” AND S.S. “ PYROPE.”’ 
—tThe formal investigations into the strandings of the 
Glasgow motorship Cameo and of the Glasgow steamer 
Pyrope have been fixed for hearing at the Judiciary 
Building, at the foot of Saltmarket-street, Glasgow, on 
Wednesday, July 25, at 10 a.m., and Thursday, July 26, 
at 2 p.m., respectively. 
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THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS. 


(Continued from page 12.) 


THE second paper presented at the opening 
technical session, on June 26, of the International 
Conference of Naval Architects and Marine Engi- 
neers, was that on “The B.S.R.A. Resistance 
Experiments on the ‘ Lucy Ashton.’ Part I.—Full 
Scale Measurements.” A summary of the printed 
paper is given below; but Sir Maurice Denny, in 
presenting the paper to the meeting, did not use 
the printed text which had been circulated. Instead, 
he summarised the course of events leading to the 
trials, indicated the general lines on which they 
had been planned, and drew attention to various 
points of particular interest in the equipment used, 
the problems to be solved, and the results obtained, 


RESISTANCE MEASUREMENTS ON THE “ Lucy 
ASHTON.” 


Sir Maurice Denny’s paper dealt with the full- 
scale research on the Lucy Ashton. Some results 
were included because of their interest and import- 
ance (in particular, the resistance curves for four 
conditions of the hull) and to show the methods 
adopted ; but in general the paper was descriptive 
of the ship, the method of propulsion, the modifica- 
tions made to the hull, the instrumentation, etc. 
It was explained that a second paper would deal 
with the correlation of the full-scale trials with the 
tests of models in experiment tanks, and that further 
results obtained would be the subject of a subse- 
quent paper, or papers. The trial results described 
in the paper related to resistance tests with the 
seams sharp and the hull coated with red-oxide 
paint ; with sharp seams and bituminous aluminium 
paint; with faired seams and red-oxide paint ; 
and faired seams in conjunction with bituminous 
aluminium paint. The fairing consisted of a wedge 
of plastic composition 3 in. wide. When the vessel 
was docked after the first trial with this filler in place, 
it was found that about 25 per cent. of the fairing 
was missing, so that the improvement attributable 
to it could not be ascertained exactly; it was 
thought, however, to amount to between 3 and 
4 per cent., and probably nearer to 3 per cent. The 
four Rolls "Royce Derwent V engines used, for pro- 
pulsion each had a thrust of 3,600 Ib. at 14,500 
I.p.m., giving a total propulsive force of just over 
6 tons ; 54 tons gave the ship a speed of about 
15 knots. The consumption of fuel (a special- 
quality aviation kerosine) was about 1 lb. per hour 
per pound of thrust, at full load; and the thrust 
could be measured to an accuracy of about + 5 Ib. 
on each engine. This margin represented an error 
of about one-sixth of 1 per cent. at full speed. The 
speed through the water could be measured by the 
Pitometer logs to an accuracy of one-tenth of 1 per 
cent. at 10 knots. It was found that the ship could 
be handled and manceuvred on the measured mile 
with the same facility as any other vessel with con- 
ventional means of propulsion. The trials empha- 
sised the importance of the condition of the hull 
surface, and of the sensitivity of full-scale ship 
resistance to small roughnesses; trials run with 
the naked hull coated with bituminous aluminium 
paint (which gave a smoother surface than red- 
oxide paint) after the ship had been laid up for 
40 days showed that the total resistance had 
increased by about 3} per cent. The dimensions 
of the Lucy Ashton were: length between per- 
pendiculars, 190 ft. 6 in.; breadth moulded, 
21 ft. 0 in.; and depth moulded, 7 ft.2in. Ata 
mean draught of 5 ft. 4 in., measured over the 4-in. 
bar keel, the displacement in salt water was 390 
tons in level trim. The block coefficient was then 
0-685; the prismatic coefficient, 0-705; the mid- 
ship area coefficient, 0-972 ; and the wetted surface, 
including rudder and bar keel, 4,488 sq. ft. 

Sir Maurice added that, since the paper was 
written, certain further results had become avail- 
able. The programme of tests had included—but 
only if time and opportunity offered—some work 
on the increase of resistance due to fouling. This 





work had no relevance to the main purposes of the 
trials, but it was thought that data might be 
obtained which would be of value to shipowners and 
also to shipbuilders who had experience, on the 
trials of sister ships, of wide discrepancies in the 
power required, which could only be ascribed to 
fouling. Some discrimination must be observed 
in interpreting the final results because the water 
temperature was not constant over the period, 
rising from 43 deg. F. at the end of March, to 
59 deg. F. in early June. At the latter date, the 
hull showed a fine growth of short “ grass,” while, on 
the bottom of the ship, there was a general but light 
scattering of tiny limpets. By this time, at what 
might be a normal service speed, the total resistance 
had increased by about 28 per cent. This figure was 
larger than would be expected from the results 
given in the paper, obtained during the months of 
December and January, and suggested that water 
temperature had a large effect on fouling. A fair 
mean for the increase in surface friction would be 
about 0-6 per cent. per day; and Sir Maurice 
recalled that before the Institution of Naval Archi- 
tects, many years ago, his father, Sir Archibald 
Denny, had suggested a figure of 4 per cent. per 
day increase in surface friction at standard tempera- 
ture as a good working basis. 
Discussion. 

Sir Charles §S. Lillicrap, K.C.B., who opened the 
discussion, recalled that 82 years had passed since a 
committee appointed by the British Association 
for the Advancement of Science rendered a report 
** On the state of existing knowledge on the stability, 
propulsion and seagoing qualities of ships and the 
application which it may be desirable to make to Her 
Majesty’s Government on these subjects.” One 
recommendation in that report was that the resist- 
ance of a full-size ship should be determined by 
towing it at sea. Trials of at leaet two ships were 
proposed, considerably different both in size and 
proportions, and with different conditions of smooth- 
ness of surface. The Committee realised that great 
care would be necessary to ensure satisfactory 
results, and enumerated the precautions necessary. 
William Froude was a member of the committee and 
signed the report, subject to an explanation regard- 
ing ship resistance. He described his theory of ship 
resistance and expounded the Law of Comparison. 
While agreeing that a dynamometric determination 
of the resistance of a full-size ship was necessary, 
he considered that model experiments would be more 
fruitful, at much less cost, and gave results of the 
tests of some models he had carried out in the river 
Dart. The difficulties which he and the committee 
foresaw in towing a ship were fully confirmed when 
trials were carried out two years later on H.M.S. 
Greyhound. The foundations of ship-model research 
laid by William Froude had been strengthened by 
many years of experience, though the results of the 
Greyhound trials did not afford full support for the 
Law of Comparison. Useful advances had been 
made by experiments on planks and models in 
tanks, but the real requirement was to obtain 
reliable information on actual ship resistance. 
Sir Maurice had stated that few experiments of this 
nature had been attempted. The reasons were 
not far to seek. One was the large expenditure 
of time and money involved; another was the 
necessity for really accurate results to carry convic- 
tion. They are greatly indebted to the author, in 
his capacity as chairman of the Research Board of 
the British Shipbuilding Research Association, to 
Dr. Livingston Smith, the Director of Research, and 
to his staff that the effort involved had been squarely 
faced at last and the details so admirably carried 
through. 

Having followed the development of the project 
from its inception, and witnessed some of the 
trials, Sir Charles continued, he had complete confi- 
dence in the accuracy of the results. The real key 
was the method of propulsion. The ingenious 
application of jet engines had disposed of the serious 
source of inaccuracy consequent on interference. 
The results on the trials had been obtained at a 
Reynolds’ number as large as 375 million. Natur- 
ay the B.S.R.A. were keen to obtain results at 
higher Reynolds’ numbers, and he had been 
approached by Dr. Livingston Smith with the 
suggestion that: such trials might be carried out with 


a small warship, no longer required for naval service. 
Sir Charles had proposed to the Admiralty, there- 
fore, that similar trials should be carried out with 
one of H.M. ships. If these proposals were 
approved, results would be available at even higher 
Reynolds’ numbers. There would be the fullest 
re a yr exchange of data between the 
ty and the B.S.R.A., should the proposed 
trials materialise. = 

Mr. J. A. Milne, C.B.E., weleoomed the paper as 
a good milestone in the annals of experimental 
technique, and emphasised that the work described 
was @ co-operative effort, both in finance and brain 
power, on the part of the British shipbuilding 
industry. He commended especially the vast 
amount of forethought and care that had been 
lavished on the experimental arrangements. He 
thought it probable that the real reason why there 
were few attempts to repeat the Greyhound experi- 
ments was not expense, but the realisation that 
greater accuracy was then unobtainable. 

Dr. F. H. Todd said that the United States Navy 
had a continuing programme of skin-friction research 
covering experiments on planks and model vessels, 
and full-scale ship trials. In the model basin, they 
had on each side of the models and planks a plate 
which could be removed and sent to the shipyards 
to be painted under the conditions in which ships 
were painted, and then replaced in position on the 
models; in that way, they could measure the 
relative resistances of different paint surfaces on 
the actual ships, and attempt to correlate the 
physical characteristics of the surfaces and the 
resistance. Most of the full-scale trials had been 
done with thrustmeters fixed, so as to assess the 
thrust necessary for the propelled vessels. The 
gap between the apparent skin friction of the ship 
and that _ Predicted was called the “roughness 
allowance.” Results were available from four 
recent merchant-ship trials in the United States. 
Three were tankers, about 600 ft. long, and one 
was a passenger ship, somewhat larger. The allow- 
ances necess to balance the resistance of the 
ships with that predicted from the models varied 
between 10 and 37 per cent. It was proposed in 
the United States to carry out work similar to that 
described in the paper on two types of vessel, one 
being a small twin-screw naval ship and the other 
a single-screw tug. Thrustmeters would be fitted 
and propulsion by aircraft engines would be used 
to determine the ships’ resistance. If it could be 
shown that there was not such a serious scale 
effect, more confidence would be felt in trials in 
which the resistance of a ship was predicted from 
model data. 

Sir Amos L. Ayre, K.B.E., thought that the 
occasion might safely be called epoch-making. The 
fact that it had been possible to undertake all the 
work, and the time and expense, involved in the 
Lucy Ashton trials was due solely to the existence, 
for the British shipbuilding industry, of a research 
association ; it could not have been done otherwise. 
It was Sir Maurice Denny who took steps to ensure 
that the Lucy Ashton was available, when otherwise 
she might have been broken up; and the great idea 
of propelling by means of jet engines, so that the 
resistance would not be affected by the means of 
propulsion, was due to Dr. Livingston Smith. 

Dr. J. F. Allan said that the work on the Lucy 
Ashton had caught the popular imagination in a 
way that was unusual in shipresearch. Sir Maurice 
Denny had had such a trial in mind for years. In 
the committee stage, in the Research Association, 
there was a good deal of doubt concerning the 
possibility of carrying out the work, but there was 
never any doubt about its desirability. The main 
features were the efforts made to ensure accuracy in 
every direction, and the success achieved in produc- 
ing a steady uniform propulsion by means of the 
jet units. It was most valuable to have the results, 
particularly to throw light on the difficult problem 
of correct correlation between ships and models. 

Mr. R. W. L. Gawn, O.B.E., said that, with 
regard to the depth of water, the author quoted 
17 fathoms in the trial area. That was truly deep 
water for the purpose of the trial, and the results 
would not be influenced by any restrictions due to 
limitations of depth. He mentioned that point, 





because a few years after the Greyhound experi- 
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EXHIBITS AT THE BRITISH INSTRUMENT INDUSTRIES EXHIBITION. 


Fig. 4. f 


(For Description, see Opposite Page.) 
Fig. 5. 
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the Lucy Ashton; rather 





a high figure. Was the 








ship laid up during that 





ment, William Froude tested a model of the Grey- 
hound in water of restricted depth, and found that 
the resistance was increased. He then concluded 
that the correction to the curve of resistance, cal- 
culated for the ship from the experiments with 
the model, would considerably improve its agree- 
ment with the actual curve of resistance of the 
ship. Sir Maurice Denny had mentioned that the 
Greyhound ship-trial results did not agree with the 
model experiment results; that was one of the 
reasons, which did not come out at the time. 
Details were given in a paper which he (Mr. Gawn) 
presented to the Institution of Naval Architects 
in 1941.* If possible, it would be useful to arrange 
for some trials of the Lucy Ashton in shallow water, 
though, no doubt, it would be difficult to find a 
suitable course. He was impressed by the figures 
showing the combined effect of fairing the seams 
and applying a smooth paint, namely, a reduction 
in hull resistance of some 6 per cent., which might 
be roundly expressed as equivalent to a reduction 
of about 9 per cent. of skin-friction resistance. It 
had been known for some time that resistance could 
be reduced by making the surface smooth, but the 
amount of improvement to be realised thereby had 
been variously estimated. There seemed to be 
scope for the development of bottom compositions 
which would be at least as smooth as that applied 
to the Lucy Ashton. Sir Maurice had suggested 
0-6 per cent. per day as the mean increase of surface 
friction due to spring and early summer fouling of 





* “ Historical Notes on Investigations at the Admiralty 
Experiment Works, Torquay.” Trans. I.N.A., vol. 83, 
page 80 (1941). 








time ? Admiralty experi- 
ence, based on a number 
of trials, averaged about 
4 per cent. per day in 
general service. The paper 
did not mention the profile of the wave against the 
side of the ship, or the sinkage in space at various 
speeds. This information would form a check on 
observations which were usually made during routine 
model tests. Had such observations been made ? 

Lieut.-Cmdr. (E) H. T. Meadows, D.S.C., R.N.R., 
drew attention to a reference in a Glasgow newspaper 
to this “new method of propelling ships,” and 
thought that it should be emphasised that, while 
the method of propelling the Lucy Ashton was 
certainly novel, it was not being investigated as a 
new method of propelling ships. 

Professor E. V. Telfer asked Sir Maurice Denny 
to include in the paper, and in his reply, a section 
of the vessel showing the actual seaming, so that 
the seam resistance could be calculated as a check. 
The amount of difference in roughness resistance, 
according to the different qualities of paint, was 
extremely interesting, and showed clearly the need 
for a study of paint on behalf of the shipping industry 
so that the maximum benefit could be derived from 
the new designs of ships’ structures. With the 
ordi riveted construction, the butt resistance 
would probably be dominant and would not allow 
improved smoothness of paint to be felt to the fullest 
extent. It might be possible, on the Lucy Ashton, 
to simulate types of butt construction by fitting a 
ridge on the plating, so as to obtain butt resistance 
figures for comparison with the known butt 
resistance of other ships. 

Sir Maurice Denny, in replying to the discussion, 
said that Dr. Todd had referred to the trials of four 
quite large ships in America, where the propeller 
thrusts were measured and then, after making 
certain assumptions, the resistance of the ships 
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Figs. 4 anp 5. Fort-Am Flowmeter; Battery Meters AnD ConTROLS, LIMITED. 


were deduced. Dr. Todd had said that the results, 
in terms of apparent roughness, seemed to vary very 
widely. In the light of his own experience and that 
of other shipbuilders who had run ships, and 
especially sister ships, on trial, Sir Maurice suspected. 
that there were substantial variations between the 
ships on trial. 

Mr. Gawn had requested photographs of the 
waves, or measurements of wave profiles, on the 
Lucy Ashton while under way, and had asked 
whether there have been measurements of bodily 
sinkage. The answer to the question on bodily 
sinkage was “No” ; but photographs were taken of 
the wave profiles. 

Professor Telfer has asked for a section to show 
where the seams were ; that would be provided. He 
also suggested that the Lucy Ashton might go out 
once more on trial, with little pieces of wood tacked 
round her to enable the resistance of butts to be 
measured. The Lucy Ashton, however, was lying 
in dock at Dumbarton, and had had her four jet 
engines removed after they had far exceeded their 
allotted running time. It was hoped that she would 
not need to do more trials, because the amount of 
time and money and energy expended on them was 
such that all concerned felt that they had had about 
enough for the moment. On that afternoon, 
Sir Maurice added, he was attending, with some 
trepidation, a meeting of the Council of the B.S.R.A.; 
with trepidation because, before the trials were 
undertaken, he was asked to give an estimate of 
what they would cost. He was very anxious that 
the ship should go on trial, and he gave a figure 
which was only six times wrong ! 

The chairman, in closing the discussion, confessed 
to a somewhat sentimental feeling about the Lucy 
Ashton, since, during part of her long life, he was 
one of her owners. It is pleasant to feel that she 
would not be forgotten. He then proposed votes of 
thanks to the authors of the two papers presented 
during the morning session, which were accorded by 
acclamation, and the discussions were adjourned. 





(To be continued.) 














JULY 13, I95I. 


ENGINEERING. 


43 








INSTRUMENT INDUSTRIES 
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BRITISH INSTRUMENT 
INDUSTRIES EXHIBITION. 
(Continued from page 10.) 

Tux first industrial instrument exhibition (which, 
closes on Saturday, July 14) coincides with the 
125th anniversary of Messrs. Griffin and Tatlock, 
Limited, Kemble-street, Kingsway, London, W.C.2 ; 
to celebrate the occasion, the firm have issued a 
souvenir catalogue giving a brief history and 
description of their wide range of exhibits of labora- 
tory equipment. Among these may be mentioned 
the soap-film gas-analysis apparatus, designed 
originally by the Gas, Light and Coke Company, 
for coal gas and other gaseous mixtures. The 
instrument consists of a series of calibrated glass 
tubes in which soap films are made, alternating 
with a series of reagent vessels. The reagents used 
are either liquids, flowing through syphons on to 
glass helices, or hot granular solids, placed in pipette- 
shaped vessels in electric furnaces. The gas is 
passed alternately through a reagent vessel and a 
soap-film meter; the position of the soap film at 
the conclusion of the analysis indicates the volume 
of each constituent gas, in the order carbon dioxide, 
oxygen, unsaturated hydrocarbons, hydrogen, car- 
bon monoxide, paraffin hydrocarbons, and nitrogen. 

Among a comprehensive range of indicating, 
recording and controlling instruments for boiler 
furnaces and industrial processes, Messrs. Bailey 
Meters and Controls, Limited, Progress-way, Croy- 
don, Surrey, are showing a recording instrument 
in which the oil flow and the air flow in an oil-fired 
furnace are indicated, in red and blue ink respec- 
tively, on the same chart. The instrument is 
calibrated, after it is installed, by means of com- 
bustion tests ; analyses of the flue gases are taken 
at different boiler loads, with various percentages 
of the total air, and observations of the flame 
condition, the refractories, the fuel-burning equip- 
ment, etc., are made. From these tests the opti- 
mum fuel-air ratio is determined ; usually it varies 
with the rate of flow. The mechanism of the meter 
is then adjusted so that when the desired ratio of 
air flow to fuel flow is present, the air-flow trace 
on the chart will be superimposed on the fuel-flow 
trace. When the air-flow pen rises above the fuel- 
flow pen, it indicates that an excess of air is present. 

For measuring the oil flow, an orifice tube is 
installed in the fuel-oil pipeline. The pressure 
difference across the orifice is measured by a stain- 
less-steel bellows. A cross-section through the 
differential-pressure mechanism is given in Fig. 4, 
opposite ; a sealed metal bellows a and a calibrated 
spring b are housed in a pressure chamber c, which 
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is supported on the back of a pressed-steel instru- 
ment casing d enclosing the circular recording chart, 
the air-flow metering and calibrating mechanism, 
and the recording pens. The interior of the bellows 
is connected through e to the low-pressure side of the 
orifice, and the space within the pressure chamber 
outside the bellows is connected with the high- 
pressure side by f; as the differential pressure 
increases, the bellows tends to contract against the 
resistance offered by the calibrated spring. Move- 
ments of the bellows are transmitted by the vertical 
rod, g through a simple linkage and a pressure-tight 
bearing to the recording pen. 

Fig. 5 shows in outline the air-flow metering 
mechanism. The two sides of an air-flow measuring 
dia h are connected to tappings in the com- 
bustion chamber and wind-box ; the diaphragm is 
connected by a link ¢ to a balance lever j and a 
drive link k which is adjustably mounted in a 
quadrant | which carries at its upper end a bracket 
to which the air-flow pen is attached (not shown in 
Fig. 5). On the other end of the balance lever is 
suspended a displacer and weight assembly m, the 
displacer floating in a mercury reservoir n. The 
force due to the pressure difference across the 
diaphragm lifts the displacer out of the mercury 
until balance is obtained, and the air-flow pen is 
correspondingly moved through the drive linkage. 
Movements of the balance lever are restricted by 
the stops 0, p. By adjustments to the air-flow 
linkage and the settings of the balance weights q, 
and by changing the level of mercury in the reser- 
voir, it is possible to calibrate the meter so that the 
total air flow obtained when the oil-flow and air-flow 
pens are together varies with the boiler rating 
The recorder chart is driven by a self-starting. 
synchronous electric motor operating on a 200-250- 
volt 50-cycle supply. The charts are uniformly 
divided and complete one revolution every 24 hours. 

Messrs. George Kent, Limited, Luton, Bedford- 
shire, are showing a range of industrial instruments 
for the measurement and automatic control of flow, 
temperature, pressure, pH, gas-content, etc., among 
which is a working model of a continuous para- 
magnetic oxygen recorder being shown for the first 
time. A photograph of this instrument is re- 
produced in Fig. 6. The design of the instrument 
is based on the fact that, among the common gases, 
only oxygen and nitric oxide are attracted by a 
magnetic field, oxygen more than twice as strongly 
as nitric oxide. A sample of the gas to be analysed 
is taken through a primary refractory filter, by a 
water-operated aspirator fitted to the oxygen 
analyser. The sample is ducted to a measuring cell 
consisting of an annulus with a horizontal glass 
by-pass tube, on the outside of which are two 
identical platinum windings joined in a Wheatstone- 
bridge circuit. One of these windings is surrounded 
by an intense magnetic field from a permanent 





magnet. Oxygen from the sample is attracted into 
the by-pass by the magnetic field ; as it is heated by 
the winding, its magnetic susceptibility falls and it 
is displaced by cool gas, flowing through the by-pass 
into the annulus. The continuous gas flow thus set 
up, known as the “magnetic wind,” causes a 
difference in temperature, and therefore a difference 
in resistance, between the two platinum windings, 
and unbalances the bridge. The resulting out-of- 
balance electromotive force, which is proportional 
to the oxygen content of the sample, is measured by 
a standard Kent Multilec potentiometer-recorder. 

Another development shown by Messrs. Kent is 
the Dall tube, an arrangement for producing a pres- 
sure difference for flow measurement with remark- 
ably low head losses. For a given pressure difference, 
the Dall tube is more compact and weighs less than 
a short Venturi and, it is claimed, gives an overall 
pressure loss some 30 to 50 per cent. less than that of 
a classical Venturi tube. The Dall tube, which is 
made in cast iron or steel with a liner of brass or 
gunmetal, consists of a short length of parallel pipe 
followed by two short truncated. cones, there being 
an appreciable step between the pipe bore and the 
larger end of each cone. At the throat between the 
smaller ends of the cones there is a small gap. The 
upstream pressure tapping is taken just before the 
approach cone, and the throat tapping is within 
the chamber formed by the throat walls and in line 
with the gap. The overall length is little more than 
1} pipe diameters. In the smaller sizes, the cone 
surfaces are fully machined, but above a pipe dia- 
meter of about 24 in. only the centre portion of each 
cone is machined. 

Fielden (Electronics), Limited, Manchester, are 
showing a range of industrial indicators and re- 
corders, among which may be mentioned their 
recently-developed sensitive differential-pressure 
recorder known as the Manograph. A photograph 
of the interior of the instrument is reproduced in 
Fig. 7. It consists of a glass U-tube containing 
water, mercury or any other suitable liquid. One 
limb of the U-tube is surrounded by a small metal 
band which can be traversed up and down the tube 
by a screw mechanism operated by a servo-motor. 
Any change in electrical capacity between the ring 
and the meniscus of liquid is detected by a capacity- 
sensitive electronic circuit, which controls the servo- 
motor so as to move the ring to follow the movements 
of the meniscus. The ring is mechanically linked to 
an indicating pointer or the pen of a chart recorder ; 
the linkage can be arranged to give either a linear 
or a square-root relationship of the pen movement to 
the differential pressure. It will be appreciated that 
the energy required for operating the mechanism 
does not depend on the differential pressure source 
and, therefore, the instrument is particularly well 
suited to measuring the flow of low-velocity gases. 

Messrs. Southern Instruments, Limited, Fernhill, 
Hawley, Camberley, Surrey, are showing an auto- 
matic developer for developing oscillograms in day- 
light immediately after they have been recorded ; it 
is designed primarily for use with their M731 uni- 
versal oscillograph recording camera. The machine 
works on the principle, first demonstrated by Messrs. 
Kodak Limited, of moistening the emulsion of the 
oscillograph recording paper and then drying it 
quickly over a heated drum, which causes the rapid 
development of the recorded trace. The dried paper 
does not blacken appreciably in daylight, and can 
be kept for many days without serious darkening. 
The auto-developer consists of a cast aluminium 
casing, housing a framework carrying a 6-in. dia- 
meter metal drum with internal heaters and a 
thermostat set at just over 100 deg. C. The drum, 
which is driven through gearing by an electric 
motor, rotates once in about 40 seconds ; the paper 
therefore travels about 4in.in a second. A detach- 
able unit contains a tank full of developer, a small 
reciprocating pump, and a shallow container which 
moisten the paper as it passes through it. The 
top of the case is covered by a framework carrying 
black cloth sleeves through which the operator 
loads the machine, by touch. A fan is driven from 
the motor shaft to circulate air and discharge steam 
generated in the drying process. The processed 
paper is discharged through a slot in the side of 


the machine. 
(To be continued.) 
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ROLLS-ROYCE OIL ENGINES. 


Roiis-Roycz Liurrep are embarking on the 
production of a range of oil engines suitable for 
earth-moving and oilfield equipment, ‘for road and 
rail transport, heavy tractors, and stationary and 
marine purposes. During the past few years, con- 
siderable design study has been carried out, and 
test running of single-cylinder units has been 
followed by trials of complete engines, both on the 
bench and in different types of vehicles. Between 
15,000 and 20,000 engine hours have been accumu- 
lated on the test-bed and many hundreds of hours 
in vehicles; several engines have been fitted to 
Vickers VR 180 crawler tractors which have been 
used intensively on various kinds of sites. A 
tractor is at present operating in Tripolitania under 
arduous sand and temperature conditions. The 
firm hope to commence a production flow of engines 
early next year, and a new factory adjacent to the 
main works at Derby has been built for the Oil 
Engine Division. The first batch of engines will be 
delivered to Messrs. Vickers-Armstrongs Limited, 
for installing in the VR 180 tractor. At a Press 
conference in London last week Lord Hives, chair- 
man of Rolls-Royce Limited, said that the new 
engines would be a challenge to the Americans, who 
had achieved a very high standard with their earth- 
moving equipment. 

In order to satisfy demands for different types of 
engines, to suit different purposes, the “C” range 
(as it is termed) includes four-cylinder and six- 
cylinder engines, which can be supercharged or 
normally aspirated, with wet-sump or dry-sump 
lubrication, with light-alloy or ferrous castings, and, 
with or without a front-end power take-off. Certain 
external components can be fitted on either side, 
thereby enabling the maximum accessibility to be 
achieved in many different applications. Common 
parts used throughout the range include pistons 
and piston rings, cylinder liners, valves, valve 
rockers, connecting rods, main bearings, and almost 
all the parts that are subject to wear or are normally 
renewed during servicing. The engine design is 
orthodox and, in general, follows established prac- 
tice, but the quality .of design and construction 
accord with the Rolls-Royce tradition and can be 
confidently expected to give high efficiency and low 
operating costs. 

The six-cylinder supercharged engine, type 
C.6 S.FL, is illustrated from opposite sides in Figs. 1 
and 2, herewith ; it is a four-stroke direct-injection 
overhead-valve machine developing 190 brake horse- 
power at 1,800 r.p.m. It has a high power-to-bulk 
ratio; when the main castings are ferrous its net 
dry weight is 2,480 lb., but when light alloys are 
used it weighs 1,970 Ib. The standard cylinder 
bore is 5} in. (130-175 mm.) and the stroke is 
6 in. (152-4 mm.); thus the capacity of the six- 
cylinder engine is 742-64 cub. in. (12-17 litres). 
Fig. 6, opposite, shows the rated performance 
of the six-cylinder engine (+24 per cent. at normal 
temperature and pressure) up to the governed speed 
of 1,800 r.p.m. ; it will be seen that the maximum 
torque is 600 lb.-ft. The six-cylinder engine, norm- 
ally aspirated, is rated at 150 h.p. 

The crankcase, of light alloy or a special cast iron, 
is designed so that the wheel-case and flywheel 
housing can be fitted at either end. By this means 
the exhaust system, supercharger, and other ex- 
ternally-mounted units can be fitted on either side, 
as previously mentioned, without altering the fully- 
machined crankcase. Deep webs support the main- 
bearing caps, which are also, secured by transverse 
bolts. The main bearings are of the pre-finished 
steel-backed shell type with copper-lead-indium 
bearing surfaces. The cylinder block is integral 
with the crankcase and is fitted with easily-replaced 
wet liners. Press-fit replaceable valve seats are 
used in the cylinder head. The seven-bearing 
crankshaft is nitride-hardened and at the front 
end has an externally-mounted viscous-silicone 
torsion damper which effectively reduces the oscil- 
iations and vibrations of the crankshaft over the 
full speed range. The connecting rods, which are of 
Rolls-Royce “ forged-to-size” design, are drilled 
longitudinally for pressure lubrication of the gudgeon 
pins. Each of the light-alloy pistons is fitted with 
three compression rings and one oil-scraper ring, 
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and is recessed in the crown to form a toroidal com-| positive-displacement type, made by Sir George 
bustion chamber. The overhead valves—one inlet| Godfrey and Partners, Limited, Ham pton-road, 
and one exhaust valve to each cylinder—are actuated | Hamworth, Middlesex, and is mounted on the 
by * sm rods. SS crankcase and driven by a gear train and spring 

en space is limited, a supercharger can be| drive from the timing gears at approximately twice 
fitted to give the required power. It is of the! crankshaft speed. It gives a boost of about 8 Ib. 
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190-H.P. 





per square inch at the maximum governed speed of 
1,800 r.p.m. The power take-off at the front end 
of the crankshaft will transmit the full power of 
the engine. 

A heat exchanger of robust design is used to bring 
the engine oil rapidly to its most efficient working 
temperature and to maintain it at that temperature 
under all éonditions. Maintenance of the correct 
engine temperatures, apart from increasing effi- 
ciency, shortens the warming-up period, so reducing 
wear. Figs. 3, 4 and 5, herewith, show the arrange- 
ment of the heatexchanger. On starting the engine, 
the cooling radiator is by-passed so that the coolant 
circulates through the heat-exchanger chamber 
and the engine. Fig. 3 shows the coolant-hose 
connections to this chamber, which is located 
on the side of the sump; it contains three pairs of 
tubes through which the cold lubricating oil makes 
three passes (as shown in Figs. 4 and 5), being 
warmed by the coolant. When the coolant reaches 
70 deg. C., a thermostatically-controlled valve opens 
and allows it to circulate through the radiator. 

A wet-sump system is normally supplied, but 
when use on uneven ground is intended, as in earth- 
clearing tractors, the dry-sump system is recom- 
mended. Dry-sump lubrication with an oil reservoir 
makes the engine suitable for working on slopes of 
up to 40 deg. As the oil drains into the sump, it is 
pumped through strainers and a gauze-type de- 
aerator into the reservoir. It is then pumped 
through the heat exchanger, from which it passes 
through full-flow filters to the main feed gallery for 
the engine bearings. Full pressure lubrication is 
employed ; oilis fed to the main bearings, crankpins 
and gudgeon pins, and, at a lower pressure, to the 
valve rocker-shaft bearings, the push-rod ball ends 
and the ends of the valve stems. An externally- 
mounted relief valve keeps the main pressure at 
40 Ib. per square inch. 

The coolant is circulated by a belt-driven centri- 
fugal pump through the heat exchanger, engine, 
and radiator. Provision is made for fitting twin 
cooling fans. Though water can be used for the 
coolant, Rolls-Royce recommend the use of a 
correctly-inhibited anti-freeze mixture throughout 
the year, as it not only provides protection against 
frost but also prevents corrosion of the coolant 


passages, 
A C.A.V. fuel-injection pump unit, mounted on 
the side of the engine, supplies fuel to the injection 


Fig. 3. 
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nozzles. The pump unit is driven from the engine 
wheel-case and includes a diaphragm lift pump for 
supplying fuel from the main tank. The injectors 
are accessible for servicing. Alternative governing 
owe are available. The firing order is 1, 4, 2, 
6, 3, 5. 

A 24-volt starter motor and a generator are the 
only electrical units on the engine. The starter 
motor is of the axial type, and, with normal batteries 
and §.A.E. 30 oil, the engine starts satisfactorily at 
temperatures down to — 8 deg. C. Special starting 
aids have been developed for the engine to start on 
suitable fuels at temperatures as low as — 40 deg. C. ; 
air, hydraulic or combustion starters can be accom- 
modated. The generator, which may be up to 8 in. 
in diameter, is mounted on the crankcase and is 
belt-driven in series with the coolant pump, the belt 
tension being adjusted by moving the generator. 

A single-plate Borg and Beck dry clutch, 18 in, 
in diameter, has been designed for the engines ; 
other clutches or torque converters can be fitted to 
the standard clutch housing (No. 1 S.A.E.) for 
stationary or marine purposes. Various types of 
single and multitple air-cleaner units have been 
developed for the engines by Rolls-Royce to ensure 
the highest practicable degree of filtration. The 
engine is fitted with a tachometer drive and connect- 
ing points for pressure and temperature gauges. 
An engine service counter, registering hours run at 
1,500 r.p.m. or the equivalent, can also be fitted. 

The overall dimensions of the six-cylinder super- 
charged engine, as arranged for tractor use, are 
length, 55-7 in.; width, 36-2 in.; and height, 
38-6in. The four-cylinder engine, unsupercharged, 
develops 100 h.p. at 1,800 r.p.m. (vehicle rating), 
and weighs 1,900 lb. with ferrous castings and 1,480 
Ib. with light-alloy castings. Its overall dimen- 
sions, with a wet sump, are: length, 43-8 in. ; 
width, 23-9 in. ; and height, 41-75 in. 





OPEN Days AT CHEMICAL RESEARCH LABORATORY.— 
The Department of Scientific and Industrial Research 
announce that Open Days at the Chemical Research 
Laboratory, Teddington, have been arranged and that 
applications from industrial firms wishing to send repre- 
sentatives should be sent, before August 31, to - the 
Director for the following sessions : September 19 (after- 
noon), September 20 (morning) and September 21 (morn- 
ing or afternoon). It is not necessary for firms already 
on the invitation list to re-apply. 
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THE SITUATION IN THE NON- 
FERROUS METALS INDUSTRY. 


In the course of his annual report made at the 
sixth annual general meeting of the British Non- 
Ferrous Metals Federation, held in Birmingham on 
July 5, Mr. William H. Henman, the retiring President, 
stated that during the last twelve months prices of 
raw materials had risen higher and ever higher, until 
they were records. The demand which, a r ago, 
appeared to be falling off, was now higher than ever, 
and was greatly in excess of the industry’s capacity 
to supply. It would, however, be unwise to take a 
superficial view of the present situation. The fact 
must not be overlooked that a great deal of what was 
regarded as demand was highly artificial, and was not 
really a demand for current consumption. There was 
the obvious example of the stock-piling of copper, 
zinc, nickel and other materials, carried on by the 
United States and other nations, including this country. 
A policy of stock-piling withdrew part of the annual 
production of metal from annual consumption, and 
thereby reduced the quantity available for normal 
uses, but it did not actually consume the metal, which 
remained available in case of need. This might give 
some comfort to the primary aa whose rate of 
production was unimpaired, but it did cause con- 
siderable concern to the fabricator, who still found 
himself obliged to curtail output. 

The continued shortage of virgin metal and the 
consequent drying up of scrap were matters of great 
concern. The present shortage was most serious in 
nickel and zinc, but that of copper was ry A slightly 
less serious. Under our present system of bulk pur- 
chasing and international co-operation, the prime 

nsibility for dealing with such shortages lay with 
H.M. Government and the international isations 
to which the Government belonged. The advice of the 
Federation had been sought as to whether the Ministry 
of Materials should also act as a sponsoring Ministry for 
the wrought non-ferrous metals industry. After 
considerable discussion within the Federation, the 
Government had been advised that it was considered 
best that the Ministry of Supply should continue 
to act as the sponsori inistry, and this advice had 
been followed in the Bill which was now before Parlia- 
ment. The Ministry of Materials was responsible for 
procuring copper, zinc, nickel and other metals, but 
the responsibility for the wrought industry rested with 
the Ministry of Supply. : , 

So long as the present conditions continued, it was 
clear that the marys might have to suffer some 
reduction of output. the absence of a complete 
licensing system, which neither the Government nor 
the industry desired, a great deal of bens cay nef 
rested upon the manufacturer to ensure that limited 
output went to the most useful quarters. This problem 

been the subject of constant discussion ween 
the Federation and the Ministry of Supply and a reason- 
ably successful system of manufacturing priorities had 
now been in operation for many months. The state- 
ment which had just been made by the Chancellor of 
the Exchequer on behalf of H.M. Government, however, 
was most welcome. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ScoTTisH STEEL.—All branches of the steel industry 
were busily engaged last week in clearing off as many 
orders as possible before the general close down of 
Glasgow and Lanarkshire steelworks to-day, July 13. 
Pressure for delivery has been strong, as consumers are 
anxious to have sufficient material for the resumption 
of work after the Glasgow Fair holiday. Raw materials 
for steelmaking show inadequate improvement, and there 
are fears that the 20 per cent. cut in steel-ingot produc- 
tion will not be the lowest point reached this year. 

New Factory aT GREENOCK.—The American firm 
of International Business Machines World Trade Corpora- 
tion have acquired a 110-acre site at Greenock where 
they are to establish a new factory, employing eventually, 
it is expected, about 5,000. The firm manufacture 
business machinery of many kinds, including accounting 
machines and electric typewriters. 





WEAVERS Socrety.—The Society of Weavers in 
Pellokshaws, Glasgow, with a history going back to 
1749, and one of the oldest institutions of its kind, is 
to be dissolved. The assets of the Society, stated in 
the last balance-sheet to be 7,0001., are to be distributed 
among the remaining members, numbering about 85. 

PRIZES FOR APPRENTICES.—Bonuses amounting to 
5801. and 55 book prizes were distributed at the appren- 
tices’ prize-giving ceremony of Alexander Stephen and 
Sons, Ltd., shipbuilders, Glasgow, on June 25. About 
250 apprentices received awards. 





MARINE RaDAR SCHOOL AT GREENOCK.—A radar 
operators’ school, which has been established at the 
James Watt Memorial School, Greenock, was formally 
opened on June 12, by Captain R. C. Lewis, D.S.O., 
O.B.E., R.N., at a ded by representatives 
of several shipping lines and of the Ministry of Transport. 
The British Thomson-Houston Company’s standard 
3-cm. marine radar, type RMS.10, is installed in the 
school, which is the first of its kind in Scotland. The 
installation provides a plan picture of the Clyde within 
a radius of 25 miles, 
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CLEVELAND AND THE NORTHERN 
COUNTIES. 


STEEL TONNAGE ALLOCATION.—The reaction of steel 
users to the Government plan for the allocation of steel 
supplies, so as to provide adequate tonnages for the 
defence programme and satisfactory deliveries for non- 
priority needs, is favourable. The movement is in 
keeping with measures that have long been approved 
in Tees-side commercial circles. 

TEES SHIPPING STATISTICS.—While decreases in 
imports, exports and the number of ships entering 
Middlesbrough and sub-ports were reported at a meeting 
of the Tees Conservancy Commission held on July 2, 
Alderman B. O. Davies, who presided, declared that the 
situation did not warrant concern and he hoped that the 
position in regard to foreign ore and ships would soon 
return to normal. Statistics submitted to the meeting 
showed that, during May, 306 vessels having a total net 
tonnage of 300,854 were cleared, compared with 360 ships 
having an aggregate tonnage of 369,662 in May last year. 
Imports totalled 253,534. tons against 284,497 tons in 
May, 1950, and exports 131,410 tons, compared with 
148,046 tons in May last year. 

CLOSING OF NORTHUMBERLAND COLLIERIES.—Four 
collieries in the Throckley district of Northumberland are 
approaching the end of their productive capacity and 
are shortly to be closed. Discussions to this effect are 
now being concluded between the National Coal Board 
and the men’s representatives. The four collieries are 
the Maria, Isabella, Blucher and Coronation pits, and the 
1,300 men affected will be found work in other mines in 
the area, 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


THE DRIVE FOR ScRaP.—Special steps are being taken 
to induce farmers to collect and sell the considerable 
quantities of scrap, in the form of discarded machinery 
and other waste metal, which lie about many farms. 
Depots at central points, often at a railway station, are 
chosen and to these farmers can send their scrap to be 
paid for when weighed. The arrangements are being 
made through the National Farmers’ Union. The national 
drive for scrap is yielding about 10,000 tons a week more 
than the weekly average last year. 








EMPLOYING THE ELDERLY.—A letter of appeal to 
Sheffield employers, to consider the claims of the older 
men seeking situations, has met with a good response. 
The Sheffield and District Employment Committee were 
responsible for the appeal, which has been made necessary 
by the growing scarcity of labour. The letter, which was 
sent to 23 employers’ organisations and more than 30 
trade unions, suggested that industry should not impose 
any “ over-age ”’ bar to work, should give consideration 
to older persons in filling vacancies, and should retain 
employees who had reached retiring age. 


LARGER SUPPLIES OF GAs.—The East Midlands Gas 
Board has formulated schemes for a large increase of 
gas supplies in Sheffield and Rotherham, and in Notting- 
hamshire and Derbyshire. During 1952, six million 
cubic ft. of gas a day should be available, under an 
arrangement with the North-Eastern Division of the 
National Coal Board, involving the installation of 
producers to make gas for heating the Smithywood 
coke-ovens, thus releasing coke-oven gas to the Neepsend 
Gasworks, Sheffield. Work has begun at Carr House 
Works, Rotherham, on an 8,000,000 cubic ft. a day 
installation. Large gasholders are under construction at 
Sheffield, Rotherham, Barnsley and Chesterfield, and 
smaller ones at Gainsborough and Worksop. 





PROPOSAL TO SoRAP SHEFFIELD TRAMWAYS.—The 
Sheffield decision to scrap gradually the City’s tramways 
is meeting with vigorous opposition. The Sheffield Tram- 
ways Development Association has been formed to 
combat the proposal and has passed a resolution asking 
the City Council to hold a referendum on the matter. 





PRESTRESSED CONCRETE WATER TANK.—Sheffield Cor- 
poration Water Department is completing a prestressed- 
concrete water tank of 212,000-gallons capacity to serve a 
new housing estate. It is stated to be the first of its 
kind in the North of England. Professor W. G. Fearn- 
sides, F.R.S., consultant geologist to the National Coal 
Board and a former Sorby Professor of Geology at 
Sheffield University, is stated to be interested in the 
method of construction as a possible means of lining new 
colliery shafts. 

IMPROVED CARRIAGE-CLEANING DEPOT, LIVERPOOL.— 
A scheme has been prepared by British Railways (London 
Midland Region) for the modernisation and renovation 
of the carriage-cleaning depot at Downhill sidings, 
Liverpool. The work will cost about 58,0007., and 
includes the installation of new equipment for vacuum- 
cleaning carriage upholstery, the preheating of trains, 
brake testing and charging train batteries. 


THE MIDLANDS. 


THE LATE Mr. C. T. BARLOW.—The death occurred 
at his home in Handsworth Wood, Birmingham on July 1, 
of Mr. Charles Thomas Barlow, O.B.E.; he was 75 years 
of age. Mr. Barlow was a well-known figure in Midland 
industry. He was born at Aston Manor, Birmingham, 
and educated at Perry Barr. Mr. Barlow helped to found 
the firm of Accles & Pollock, Ltd., serving for some years 
as general manager and joint managing director. He was 
one of the founders of Tube Investments, Ltd., Birchley 
Rolling Mills Ltd., British Stampings Ltd., British Tube 
Mills Ltd., London Works (Barlows) Ltd., and several 
other Midland firms. 

UNITED STATES TECHNICIANS IN THE MIDLANDS.—A 
team of American technicians under the leadership of 
Mr. F. C. Greenhill, of Toledo, has arrived in this country 
to study British methods of pressed-steel product manu- 
facture. Among the Midland factories to be visited by 
the team are those of Joseph Sankey & Sons, Ltd., 
Rubery Owen & Co., Ltd., and Joseph Lucas Ltd. The 
team will study methods of fabrication, assembly and 
finishing. 

PROPOSED MIDLAND TRUNK ROAD.—The Minister of 
Transport has approved in principle the proposed section 
of the Bristol-Birmingham-Lancashire trunk road which 
will pass through the Black Country. Originally two 
schemes were put forward; an “ outer line” which 
by-passed the Black Country on the West, proceeding 
from a point near the Lickey Hills to a point near Stafford, 
and an “‘inner line ” which passed just to the west of 
Birmingham. Considerable opposition to the outer line 
was raised, on the grounds that valuable agricultural land 
would have to be taken for its construction. The road as 
now proposed will take a N.N.E. direction from Lydiate 
Ash, Worcestershire, and join the existing Birmingham- 
Wolverhampton road at Oldbury. There it will break 
off, and restart at West Bromwich and proceed roughly 
northwards to the west of Stafford. The section between 
West Bromwich and Oldbury has been abandoned 
because it would pass through a built-up area and involve 
much demolition. 





BRITISH TIMKEN LTpD.—At the annual general meeting 
of British Timken Ltd., held on June 27 in Birmingham, 
the chairman, Mr. John Pascoe, announced that, follow- 
ing the death of the late chairman, Mr. M. B. U. Dewar, 
the Timken Roller Bearing Co. of Canton, Ohio, U.S.A., 
had exercised their right to purchase all the late chair- 
man’s share holdings in the British company. Asaresult, 
the American Company now holds 54 per cent. of the 
ordinary share capital of British Timken Ltd. 

EMPLOYEES’ CONFERENCE.—A party of 400 employees 
from John Thompson, Ltd., Wolverhampton, recently 
attended a week-end conference at Pwllheli. The party 
consisted of directors, works managers, supervisors and 
members of welfare committees, with their families, and 
also apprentices. The conference was divided into three 
sessions, for supervisors, welfare committees and appren- 
tices, respectively, and the meetings were addressed by 
the directors. The subjects discussed at the meetings 
included welfare matters, the scrap drive, safety, the 
work of the John Thompson Supervisors Association 
formed last year, and the opportunities available for 
trade, indentured and commercial apprentices. 





SpeciaAL LATHE FOR CANADA.—Messts. Tangyes Ltd., 
Cornwall Works, Smethwick, Birmingham, competing 
with American and Canadian makers, undertook, on 
February 1, to build a special 16-in. axle lathe for the 
Canadian National Railways within five months. The 
contract was completed with a week to spare, although a 
considerable number of special features necessitated 
special machining fixtures and many new patterns. 





EXTENSION OF BRONX ENGINEERING Factory.—The 
manufacturing capacity of the Bronx Engineering Co., 
Ltd., Lye, near Stourbridge, is to be increased ; a new 
heavy erecting shop is now being built and will be 
equipped with two 25-ton travelling cranes. The 
extension has been necessitated by the increasing demand 
for Bronx machines for rolling mills. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 

ITALIAN LABOUR IN SOUTH WaLEs.—Further Italian 
labour was introduced into the West Wales tin-plate 
industry last week when a party of 54 commenced 
training. They arrived in Swansea on June 30, and 
were the first of 200 men selected last April by a joint 
delegation of employers and employees in the industry 
which visited Italy. Further batches will arrive over 
the next few weeks. The men will work in the old type 
of tin-plate mills in the Swansea, Llanelly, Gorseinon and 
Pontardulais districts. It is estimated that the number 
of Italians now employed is 300. 





CARDIFF AIRPORT.—A sub-committee of three has been 
appointed by the Cardiff Corporation Airport Com- 
mittee to attend a meeting with the Air Ministry in 
London to discuss the future of the Cardiff airport. 
The airport at Pengam Moors was requisitioned by the 
Air Ministry in 1939, and, after the war, was handed 
over to the Ministry of Civil Aviation. The Town Clerk, 
Mr. S. Tapper-Jones, has reported that the requisition 
expires in December next, but that the Air Ministry has 
not yet decided whether the airport should be de- 
requisitioned. If the Ministry decide to retain the air- 
port, it will be purchased. 

WELSH INDUSTRIES Fairn.—The 1951 Welsh Industries 
Fair, organised by the National Industrial Development 
Council of Wales and Monmouthshire, and staged at the 
Sophia Gardens Pavilion, Cardiff, was opened on 
July 4 by Lady Shawcross, wife of Sir Hartley Shawcross. 
The Fair closes on July 18. Over 100 firms are exhibiting. 

RECONVERSION OF PICKLE LIquorR.—A project by the 
Steel Company of Wales to reconvert spent pickle liquor 
to sulphuric acid is being closely watched by engineers 
and scientists. A pilot plant which, it is hoped, will 
prove that this is commercially possible, is being installed 
at the Old Castle Tin-Plate Works, Llanelly, in con- 
junction with Simon-Carves, Ltd., and the British Iron 
and Steel Research Association. If it is successful, 
large-scale plants will be built at the Margam and Trostre 
works of the Steel Company of Wales. : 





IRON AND STEEL EXHIBITION.—An iron and steel 
training exhibition, mainly to interest youth, was held 
at Cardiff from July 4 to 10. It was one of a series of 
exhibitions sponsored by the British Iron and Steel 
Federation in the steelmaking centres of Britain. 

RESERVOIR FOR CARDIFF.—The Cardiff Corporation 
Finance Committee have given approval to an estimated 
expenditure by the waterworks committee of 35,0001. 
for a new 2,000,000-gallon reservoir. This scheme will 
replace an earlier proposal to repair the existing reservoir, 
at a cost of about 20,0007. 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF PHysics.—Industrial Radiology Group : 
Monday to Wednesday, July 23 to 25, at 47, Belgrave- 
square, 8.W.1. Annual Summer Meeting. Monday, 
July 23, 2.15 p.m.: (i) “‘An Analysis of the Quality of 
Radiographs,” by Mr. D. Bromley; and (ii) ‘‘ Gamma- 
Ray Stereography,” by Mr. J. Rhodes. Tuesday, July 24, 
10 a.m., Discussion on “‘ Penetrameters,” to be opened by 
Mr. J. C. Rockley. 2 p.m., (i) “ Growth of Radio- 
graphy,” by Mr. W. E. Schall; and (ii) ‘‘ Correlation of 
Radiographic Results with Weld Strength,” by Dr. 
H. Vinter. Wednesday, July 25, 9.45 a.m., (i) “‘ Xero- 
radiography,” by Dr. L. van Ouwerkerk; and 
(ii) ‘* Short-Range Radiography,” by Mr. E. van 
Someren. 2 p.m., “ Site Radiography of Pipe Welds,” 
by Mr. R. Piercey, Mr. S. H. Gottfeld and Mr. R. V. 
Walker. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, August 14, 
8.15 p.m., St. George’s Hall, St. George’s-road, Wimble- 
don. ‘*‘Carbon Brushes for Electrical Machines,” by 
Mr. C. T. Lawrence. 





CONTRACTS. 


STANDARD TELEPHONES & CABLES LTpD., Connaught 
House, Aldwych, London, W.C.2, have obtained a con- 
tract for the supply of equipment for the Royal Air Force 
Station at Nairobi. This will include 19 short-wave 
radio transmitters of the DS 10, DS 12 and DS 13 types, 
with powers of 5 kW, 4 kW and 40 kW, respectively, 
together with associated drive units, monitoring and 
remote-control equipments. The total power of the 
station will be 369 kw. 

HARBOUR & GENERAL WORKS, LTD., 173, St. Stephens 
House, Victoria-embankment, London, 8.W.1, have 
received an order from British Railways for additional 
sidings to be constructed at Basford Junction, near 
Nottingham, London Midland Region. 

During June the British Electricity Authority have 
placed contracts for equipment for power stations, trans- 
forming stations and transmission lines amounting, in 
the aggregate, to a value of 8,496,6487. The principal 
orders include circulating-water pipework for Brunswick 
Wharf power station, with Arron & Co., LTD., and ash- 
and dust-handling plant for this station, with BaBoock 
& WiLcox, Ltp.; 33-kV switchgear for Willesden power 
station, with A. REYROLLE & Co., LTp.; coal-handling 
plant for Meaford “‘ B ” power station, with BABcock & 
Wi1cox, Lrp., and 132-kV 2,500-MVA switchgear for this 
station with the GENERAL ELEcTRIC Co., Ltp.; founda- 
tions, tunnels and works for coal-handling plant for Usk- 
mouth power station, with JoHN MorGAN (BUILDERS), 
Ltp.; generator and station transformers for Connah’s 
Quay power station, with C. A. Parsons & Co., Lip.; 
cables, connections and lighting installation for Keadby 
power station, with W. T. HENLEY’s TELEGRAPH WORKS 
Co., Ltp. ; site clearance and other preliminary works for 
Stella South power station, with Sir ROBERT MCALPINE 
& Sons (NEWOASTLE-ON-TYNE), LTD.; coal-handling 
Plant for Roosecote power station, with ROBERT DEMP- 
STER & Sons, Ltp.; condensing and feed-heating plants 
for two 30,000-kW turbo-generators for Fleetwood 
power station with VICKERS-ARMSTRONGS, LTD. ; 132-kV 
2,500-MVA switchgear for Stourport power station, with 
the GENERAL ELEcTRIC Co., Ltp. ; Hawarden to Bangor 
132-kV overhead line, with British INSULATED CaL- 
LENDER’S CONSTRUCTION Co., LTp.; Bonnybridge to 
Devonside 132-kV overhead line, with J. L. Eve Con- 
STRUCTION Co., LTD. ; and Clydes Mill to West Melton, 
275-kV double-circuit overhead line with BaLrour, 
Beatty & Co., Ltp., and British INSULATED CALLEN- 
DER’S CONSTRUCTION Co., LTD. Moreover, bulk orders 
for 275/132-kV, 120-MVA auto-transformers have been 
Placed with BrrrisH ELECTRIC TRANSFORMER Co., 
Ltp. (4); BRITISH THOMSON-HovUsTON Co., LTD. (3); 
ENGLISH ELECTRIC Co., LTp. (2); FERRANTI, LTD. (2) - 
METROPOLITAN-VICKERS ELECTRICAL Co., LTD. (4); 
and C, A. Parsons & Co., LTp. (2). 


THE BURNTISLAND SHIPBUILDING Co., LTp., Burnt- 
island, Fife, have secured contracts to build two ships. 
The first is a cargo motorship of 10,500 tons deadweight 
capacity for the Compania de Navegacion Oriental de 
Panama, Panama (Phocean Ship Agency, Ltd.). The 
propelling machinery will consist of 4,900-b.h.p. Diesel 
engines constructed by SULZER Bros., Ltp., Winterthur, 
Switzerland. The second ship is a self-trimming collier 
of 1,800 tons deadweight for J. & A. Brown & Abermain 
Seaham Collieries, Ltd., Sydney, Australia. The vessel 
is to be built by the firm’s associated company, HALL, 
RUSSELL & Co., Lrp., Aberdeen. The propelling machi- 
hery will consist of 1,230-b.h.p. Diesel engines constructed 
by BRITISH POLAR ENGINES LTD., Glasgow. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


B.A. Screws, Bolis, Nuts and Washers.—A revision 
of B.S. No. 57, covering B.A. screws, bolts, nuts and 
plain washers has just been issued. The specification 
was first published in 1920 and first revised in 1944. 
The present edition confirms as a regular British Stan- 
dard specification the war-emergency specification 
issued in 1944, subject, however, to certain modifica- 
tions which more recent experience has shown to be 
desirable. General dimensions for all the common 
types of B.A. screws, bolts and nuts in sizes from 
No. 0 B.A. to No. 16 B.A., are given and the ranges of 
nominal sizes given in the tables are classified as 
“* preferred,” ‘“‘ second choice” and “not normally 
stocked.” General requirements in respect of material, 
screw threads and finish are given and dimensions for 
two types of washers are specified. Finally, since the 
production of B.A. bolts is small compared with 
that of B.A. screws, the title of the specification 
has been amended so that the first word is ‘‘ screws ” 
instead of “‘ bolts.” [Price 3s., postage included. ] 


Woven Asbestos Binding Tape for Electrical Purposes. 
—A new specification, B.S. No. 1720, covers woven 
asbestos binding tape for electrical purposes. It applies 
to plain unimpregnated tape having selvedges and does 
not include tapes having an all-cotton weft or warp. 
It is recommended that, for identification purposes, the 
tape covered by the new specification should incorporate 
green warp threads woven into the centre of the tape 
or the selvedges. By agreement between the purchaser 
and the manufacturer, however, the identification 
warp threads may be of other colours. In the specifi- 
cation are set out clauses regarding the finish, length, 
thickness and width of the tape and the number of warp 
and weft threads per inch it contains. Appendices 
deal with methods of conditioning specimens for test 
and with testing procedure. [Price 2s., postage 
included.] 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ BRITISH ViIscCcOUNT.”—Single-screw oil tanker, 
built and engined by Swan, Hunter, and Wigham 
Richardson, Ltd., Newcastle-upon-Tyne, for the British 
Tanker Co., Ltd., London, E.C.2, on behalf of the Anglo- 
Iranian Oil Co., Ltd. 39th tanker built for the British 
Tanker Co. Main dimensions: 490 ft. overall by 
61 ft. 9 in. by 34 ft. lin.; deadweight capacity, 12,167 
tons on a summer draught of 27 ft. 74in. Swan Hunter- 
Doxford four-cylinder opposed-piston Diesel engine, 
developing 3,100 b.h.p. at 105 r.p.m. Speed on trial, 
124 knots. Trial trip, June 20. 


M.S. “ STANBURN.”—Single-screw cargo vessel, built 
by the Burntisland Shipbuilding Co., Ltd., Burntisland, 
Fife, for the Stanhope Steamship Co., Ltd. (J. A. Bill- 
meir & Co., Ltd.), London, E.C.2. Main dimensions : 
435 ft. between perpendiculars by 59 ft. 6 in. by 
38 ft. 11 in. to shelter deck; deadweight capacity, 
about 10,300 tons on a draught of 25 ft.10in. Hawthorn- 
Doxford four-cylinder opposed-piston two-stroke Diesel 
engine, developing 3,300 b.h.p. at 110 r.p.m., constructed 
by R. & W. Hawthorn, Leslie & Co., Ltd., 1 ewcastle- 
upon-Tyne. Speed, 12} knots. Launch, June 20. 


M.S. “‘ CHAKDARA.”—Single-screw cargo liner, carrying 
twelve passengers, built and engined by Barclay, Curle 
& Co., Ltd., Whiteinch, Glasgow, for the British India 
Steam Navigation Co., Ltd., London, E.C.3. Eighth 
vessel constructed recently for these owners. Main 
dimensions: 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck; deadweight capacity, about 10,000 tons 
on a draught of 27 ft. 3 in.; gross tonnage, 9,000. 
Barclay Curle-Doxford six-cylinder opposed -piston solid- 
injection oil engines, developing 6,800 b.h.p. at 116 r.p.m. 
on service. Speed, 15 knots. Launch, June 25. 


M.S. “* WAYFARER.”’—Single-screw cargo vessel, built 
and engined by William Doxford & Sons, Ltd., Sunder- 
land, for Thos. and Jas. Harrison, Ltd., Liverpool. 
Main dimensions: 460 ft. overall by 59 ft. 6 in. by 
37 ft. 8in.; deadweight capacity, about 10,000 tons on 
a draught of 26 ft.6in. Doxford four-cylinder opposed- 
piston oil engine developing 3,300 b.h.p. at 108 r.p.m. 
Service speed, about 124 knots. Trial trip, July 2. 


M.S. “* FRANCE STOVE.”’—Single-screw oil tanker, built 
and engined by Harland and Wolff, Ltd., Belfast, for 
Lorentzens Rederi Co., Oslo, Norway. Main dimensions : 
580 ft. between perpendiculars by 78 ft. by 42 ft. 6 in. ; 
deadweight capacity, 24,000 tons on a draught of about 
32 ft. Harland-B. & W. seven-cylinder two-stroke 
opposed-piston oil engine. Launch, July 2. 





PERSONAL. 


Marshal of the Royal Air Force LorD PORTAL OF 
HUNGERFORD, K.G., G.C.B., O.M., is retiring soon from 
the position of Controller of Atomic Energy. Mr. M. W. 
PERRIN relinquished the post of deputy Controller of 
Atomic Energy on June 30. 

Dr. GEORGE WEBSTER, O.B.E., M.I.N.A., principal 
surveyor for Scotland, Lloyd’s Register of Shipping, is to 
retire at the end of September after 37 years of service 
with the Society. His successor will be Mr. H. R. Grass, 
who has been senior ship surveyor at Glasgow since 
March, 1950. Mr. Gibbs will be succeeded as senior ship 
surveyor at Glasgow by Mr. H. MCQUEEN, M.B.E., who 
is at present stationed at Newcastle-upon-Tyne. 

The University of Durham has conferred the honorary 
degree of Doctor of Science upon Sm ANDREW M. 
BrYAN, B.Sc., M.I.Min.E., J.P., F.R.S.E., and PROFESSOR 
C. J. Hawkes, M.Sc., M.I.Mech.E., M.I.N.A., who 
occupied the Chair of +ngineering at King’s College, 
Newecastle-upon Tyne from 1920 until 1945. 

Mr. C. L. OLD, B.Sc. (Eng.) (Lond.), M.Sc. Tech. 
(Manch.), M.I.Mech.E., Principal of the College of 
Technology, Rotherham, since 1948, has been appointed 
Principal of the Wolverhampton and Staffordshire 
Technical College, Wulfruna-street, Wolverhampton, 
in succession to Dr. W. BE. Fisher, 0.B.E., who is retiring. 
Mr. Old assumes his new duties on September 1, 1951. 

Mr. W. J. TeRRY has been elected President of the 
British Non-Ferrous Metals Federation, 132, Hagley- 
road, Birmingham, 16, for the year 1951-52, in succession 
to Mr. W. H. HENMAN. 

Mr. T, A. MCKENNA, managing director of the Staveley 
Coal and Iron Co., Ltd., has been appointed chairman in 
succession to Mr. D. N. TuRNER, M.I.Min.E., who, as 
stated on page 467 of our issue of April 20, retired as 
from July 1. 

PROFESSOR A. N. SHIMMIN, who occupies the Chair 
of Economics at the University of Leeds, has been 
appointed chairman of the Transport Users Consultative 
Committee for the Yorkshire area. The Minister of 
Transport bopes to appoint the full committee shortly. 

Mr. J. Ratrer, O.B.E., B.Sc., M.I.C.E., who has been 
civil engineer (maintenance), London Transport Exeocu- 
tive, since 1947, has been appointed chief officer, engi- 
neering (works), Railway Executive. 

THE BRUSH ABOE GROUP OF COMPANIES announce that 
Mr. OC. F. BARNARD has been appointed assistant general 
manager, National Gas and Oil Engine Co., Ltd., Asbton- 
under-Lyne; that Mr. E. J. BaTOHELOR has been 
appointed vice-chairman of Brush Coachwork Ltd. ; 
that Mr. K. N. Eoxsarp, M.I.E.E., M.Inst.T., 
M.I.Loco.E., has been elected to the board of Brush 
Bagnall Traction Ltd., as director and general manager ; 
and that Mr. B. D. GriorDAN, B.Sc., A.M.I.Mech.E., 
is the new general manager of Mirrlees, Bickerton & Day. 

Mr. WILLIAM Jones has been appointed manager of 
the Bristol office of Brookhirst Switchgear Ltd., Chester, 
in succession to the late Mr. H. J. BARBER. 


Mr. L. CO. JoHnson has been appointed archivist in 
charge of the preservation and custody of all historical 
records of the British Transport Commission, 55, Broad- 
way, London, 8.W.1. His office is at 66, Porchester-road, 
Paddington, London, W.2. Mr. J. H. SCHOLES has been 
appointed curator responsible for the custody and display 
of old prints, models, pictures, rolling stock, ete. His 
office is at Euston Station, London, N.W.1. 


Leverhulme Research Grants for 1951 have been 
awarded to Dr. J. NEEDHAM, F.R.S., Fellow of Caius 
College, Cambridge, for the completion of a study of 
science, scientific thought and technology in the Far 
East, and to Mr. D. G. PEoK, M.A., who is studying the 
urban drift in rural communities between 1850 and 1950. 


The registered office of LANCASHIRE DYNAMO HOLD- 
Ine@s Ltp., and of LANCASHIRE DYNAMO AND ORYPTO 
(Mre.) LTp., is now 94, Petty France, London 8.W.1. 
The latter subsidiary company is entirely responsible for 
the activities of the Trafford Park and Willesden Works. 


STANDARD TELEPHONES AND CABLES LTD., Connaught 
House, Aldwych, London, W.C.2, have appointed A. Ww. 
GorpoN, Lrp., 11, Gloucester-street, Beifast, to be 
their sole selling agents in Northern Ireland. 


ELECTRO-HYyDRAULICS LTp. announce that their fork 
truck division, forrnerly known as CONVEYANCER FORK 
Truck Co., has now been incorporated as a separate 
private limited company. As from July 1, it has 
operated as CONVEYANCER FORK TRUCKS Lrp., with 
registered office at Liverpool-road, Warrington. 

The name of the SouTH AFRICAN INSTITUTION OF 
ENGINEERS has been changed to the SOUTH AFRICAN 
INSTITUTION OF MECHANICAL ENGINEERS, as from 
June 1. The offices remain at Kelvin House, Cor. Mar- 
shall and Hollard streets, Johannesburg, Transvaal. 

A. C. WICKMAN, LTp., announce that as from June 28 
the name of the company has been changed to WICKMAN 
LIMITED. 
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USKMOUTH POWER STATION. 





NEW POWER STATIONS FOR THE 
B.E.A.: XX.—USKMOUTH. 


Tse Uskmouth power station of the British Elec- 
tricity Authority ‘s situated at Nash Point on the 
mouth of the River Usk. The area occupied by the 
station, of which a view is given in Fig. 1, is about seven 
acres, and, as much of the surrounding area is below 
high-tide level, it is proposed to cover it first with ash 
to a depth of 8 ft. to 10 ft. and then with soil, so that it 
can be used for cultivation. Owing to the fact that the 
marl was 62 ft. below ground level, it was necessary to 
drive some 9,000 piles, varying in length from 50 ft. to 
70 ft., to form the foundations. The contractors for 
this part of the work were Messrs. John Morgan 
(Builders), Limited, Cardiff. 

Coal from the South Wales fields will be brought in 
by rail and will be taken by a conveyor system with 
a capacity of 600 tons hour either to the boiler- 
house bunkers or to a 108,000-ton storage ground. The 
steam-raising plant, which, like the conveyor system, 
is being constructed by Messrs. Babcock and Wilcox, 
Limited, Farringdon-street, London, E.C.4, will consist 
of 12 pulverised-fuel fired high-head boilers, each 
with an output of 360,000 lb. of steam per hour at a 
pressure of 950 lb. per square inch and a temperature 
of 925 deg. F. Each pair of boilers will supply a 
receiver and these receivers will be also connected in 
pairs. The grit will be extracted by Centicell dust 
collectors and electrostatics ipitators and subse- 
quently, like the ash, will Le dealt with on the hydro- 
jet system. A view of the boiler and turbine houses 
in course of construction appears in Fig. 2. 

The oe plant will consist of six Fraser and 
Chalmers-General Electric Company hydrogen-cooled 
sets, which will generate at 11-8 kV and will discharge 
into Hick, Hargreaves condensers. These condensers 
will be cooled by river water and, owing to the tidal 
range of 35 ft., the pumps, which are being manufac- 
tured by Messrs. Gwynnes Pumps, Limited, Lincoln, 
for this purpose, and each of which will have an output 
of 2,500,000 gallons per hour, will be installed at a depth 
of 62 ft. below finished ground level. For economic 
reasons, syphonic assistance to the extent of 15 ft. will 
be utilised and, owing to the nature of the ground and 
the difficulty of obtaining cast iron, reinforced-concrete 
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ducts are being laid. To erect the pump-house, 
a welded-steel caisson, which is reputed to be the 
— of its type in Europe, had to be sunk by Messrs. 
Holloway Brothers (London), Limited, the operation 
being assisted by the reinforced-concrete structure. 
The consulting engineers for this part of the work 
are Sir William Halcrow and Partners, Alliance House, 
Caxton-street, London, S.W.1. 

Feed-heating, the plant for which is being manufac- 
tured by Messrs. Hick, Hargreaves, Limited, Bolton, 
will be in five stages, to give a final feedwater tempera- 


Houses UnpgER CONSTRUCTION. 


- 

ture of 385 deg. F. Both electrically and steam driven 
feed pumps will be installed, the latter being brought in 
automatically should the electricity supply fail. 

The output from the main alternators will be ey 
up to 132 kV in 70-MVA transformers and contro 
at this voltage by Metropolitan-Vickers switchgear 
of the indoor air-blast type. The work’s auxiliaries 
will be supplied from 11-8/3-3-kV and 132/3-3-kV 
transformers, and the switchgear controlling the 
circuits is being manufactured by the General Electric 





Company. 
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HYDRO-ELECTRIC POWER 
ON THE ZAMBESI RIVER. 


For many centuries, “‘ the glory that was Greece 
and the grandeur that was Rome”’ have been 
accepted appraisals of historical developments which 
have left impressions on the minds of nations as 
plain to be seen as the physical traces on the terri- 
tories where Greek and Roman bore sway. Sur- 
veying the world of to-day, however, as portrayed 
(in most civilised countries, with tolerable accuracy) 
by newspapers and other printed records, we are 
inclined to wonder whether the contemporary 
opinion of Grecian glory and Roman grandeur was 
appreciative or the reverse; whether the peoples 
who became Roman vassals valued at their real 
worth the Roman road-making and their system of 
colonial government, or whether the people of 
Athens regarded the building activities of their 
authorities of the day any more favourably than 
British people of 1951 regard the growing mass 
and multitude of their Government offices. We 
suspect very strongly that most of them, if they 
thought about the matter at all, never dreamed that 
the activities in which they were engaged would 
be so highly regarded more than a thousand years 
later. It may even be that some intransigent 
Gauls or Celts thought of the public work of their 
administrators much as Persia views those of the 
Anglo-Iranian Oil Company, and looked upon their 
skilled engineering no more gratefully than Egypt 
now does the Suez Canal and the Nile barrages. 

Britain is becoming accustomed to this kind of 
short-sighted ingratitude, and, recognising its rather 
puerile origins, is not deflected thereby from the 
task of making the great sources of power in Nature 
available for the use and convenience of man. 
Thus it is not surprising to find that, in spite of the 





present state of affairs in Persia, in India, and 
Malaya, in Egypt, and the Sudan, and many other 
places where British initiative and British capital 


“ have succeeded in raising many blades of grass 


where few grew before, there is no slackening in 
the work of planning new schemes to harness natural 
forces. Political trends may enable greedy and 
irresponsible governments of some future era to 


44| expropriate the works when they are completed, 


and to ruin their efficiency by sheer incompetence ; 
but the type of mind which conceives and carries 
through great engineering works is seldom diverted 
from its purpose by any such considerations of the 
future. Some day, the popular newspapers of the 
Middle East may write romantically of ‘‘ the glory 
that was Britain,’’ and dwell on legends of how a 
few courageous and highly knowledgeable pioneers 
wrested from the soil of Persia riches that the 
Persians themselves could not possibly have tapped. 

Meanwhile, the exploring engineers of Britain 
carry on with their beneficial investigations, and 
make their reports, the latest of which, on pro- 
posals for harnessing the Zambesi River at the 
Kariba Gorge, was issued a week ago.* The Com- 
mission responsible for this report was appointed in 
November, 1946, by the Central African Council 
with instructions ‘‘to study the possibilities of the 
Kariba and Kafue hydro-electric power projects 
and any other large sources of power available for 
joint development” by the Council, which was 
formed in 1944 to co-ordinate the activities of the 
two Rhodesias and Nyasaland. The Council is an 
advisory body with no executive authority, and, we 
understand, is eventually to be superseded by an 
inter-territorial permanent secretariat ; meanwhile, 
however, if it does nothing more, it can claim credit 
for having carried through an admirable piece of 
fundamental preliminary work in instigating this 
survey and report. The advisory panel of con- 
sulting engineers who organised the survey and 
prepared the report were Sir William Halcrow, 
M.I1.C.E., of Messrs, Sir William Halcrow and Part- 
ners; Mr. H. J. F. Gourley, M.LC.E., of Messrs. 
Binnie, Deacon and Gourley ; Mr. C. H. Pickworth, 
M.1C.E., M.I.E.E., of Messrs. Preece, Cardew and 
Rider; and Mr. Geoffrey Kennedy, M.I.Mech.E., 
M.I.E.E., of Messrs. Kennedy and Donkin. 

The Kariba Gorge is about 16} miles long, fairly 
wide at both ends, but deep and narrow for several 
miles in the middle. There is also a short restriction, 
less pronounced in character, at the lower end. 
The catchment area above the gorge is about 
206,000 square miles. It was proposed to construct 
a dam across the gorge, with a hydro-electric power 
station to utilise the discharge. There appeared to 
be several possible sites, but the choice was even- 
tually reduced to three. One of these (Site 3) is 
at the lower end of the gorge and has the advantage 
of being more accessible than the other two. Site 1, 
about 1} miles below the upper end of the gorge, 
was estimated to requite about 750,000/. more 
capital outlay than Site 3a, while giving less power ; 
and Site 1a, about three quarters of a mile below 
Site 1, though affording the opportunity for a shorter 
dam, is much less accessible. The estimated saving 
in cost, however, was between 2I. and 31. millions, 
compared with Site 1. The site provisionally 
selected is 3a, where, it is estimated, the ultimate 
capacity would be 1,000 MW at an annual load 
factor of 70 per cent. Regarding the Kafue scheme, 
the report observes that considerable further investi- 
gation would be necessary to enable a definite 
proposal to be formulated ; and it is recommended 
that, as the capacity at Kafue would be only 
380 MW, that site would not be suitable as a first 





* Report on Kariba Gorge and Kafue River Hydro- 
Electric Projects, by the Inter-Territorial Hydro-Electric 
Power Commission, Centra] African Council. Published 
by the Crown Agents for the Colonies, 4, Millbank, 
Westminster, 8.W.1. [Price 63s.] 
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The immediate potential load in Northern 
Rhodesia is about 100 MW of demand by the 
copper-mining companies in that area. In Southern 
Rhodesia, there is a greater potential demand, and 
it is estimated that, by 1962, the Salisbury-Midlands 
area will require between 270 MW and 380 MW; 
there is a likelihood of an approximately comparable 
demand, in the aggregate, from the Shabani, 
Gwanda and Bulawayo areas. It was for this reason 
that the Commission decided that the Kariba 
scheme should take priority over that at Kafue, 
expressing themselves as ‘‘satisfied that the load 
development estimates in the territories to be 
served are well founded and that the Kariba scheme 
affords the most economical source of bulk power 
available to the territories.” In a later paragraph 
of their recommendations and conclusions, they are 
even more emphatic, stating that they fully agree 
with the Advisory Panel’s opinion that ‘the 
Kariba project is an unusually favourable one, and 
that the cost of energy therefrom is low by any 
standard.” This opinion, they add, ‘‘is based on 
Kariba as a power project alone,” though it offers 
other considerable advantages. 

The estimated cost of the Kariba project, based 
on the prices ruling in November, 1950, and assuming 
an initial installed capacity of 385 MW., is 
43,519,0001., of which the civil engineering works 
and generating plant would account for 32,080,000/. 
For a final installed capacity of 1,000 MW, the total 
cost would be 74,504,0001., the corresponding figure 
for civil engineering works and generating plant 
being 43,600,000/. The respective costs of the 
current, at the generators, are estimated at 0-157d. 
and 0-0832d., per kilowatt-hour; and the corre- 
sponding costs of energy at the receiving stations, 
at 70 per cent. load factor, would be %-2525d. 
and 0-1703d. It is recommended that a ring 
system of transmission at 220 kV should be adopted. 

To implement the recommendations of the 
réport, it is proposed that a Rhodesian Hydro- 
Electric Power Authority should be constituted 
“to finance, control and administer all installations 
at Kariba, together with the main transmission 
lines and associated equipment.’ It is also recom- 
mended that a Zambesi River Authority should 
be set up eventually, to consider ‘‘ matters affecting 
common interest in, and common usage of, the 
river by riparian territories, including power pro- 
duction, navigation and transport . - and the 
determination and initiation of measures necessary 
to preserve and improve the regime of the river.” 
This Authority would also “‘act as an inter-terri- 
torial water court for the equitable apportionment 
of the waters of the river between the riparian 
territories.”” The suggestion is made that, “as a 
matter of urgency,”’ an Interim Commission should 
be appointed, consisting of representatives of all 
the riparian territories, to make recommendations 
regarding the constitution, powers and financing 
of the recommended Zambesi River Authority. 

It will be seen, from the above very brief summary 
of this most important report, that the British 
engineering skill and foresight which wrought such 
vast changes in India, Egypt and elsewhere in the 
late Nineteenth and early Twentieth Centuries is 
still at the service of the world, and is likely to be 
no less potent a force for good in the future than it 
has been in the past. If the effect of educating the 
native African—another development which Britain 
has sponsored more ardently than any other nation 
—is to arouse in him an acute jealousy of the white 
men who thus render available the natural resources 
of his home country, so that he feels impelled to 
seize control of them for himself, the historians of 
future eras will probably not be surprised ; but it is 
to be hoped that they, at least, will appreciate 
that there was also a glory that was Britain, and 


In spite of a deficit amounting to 14,100,0001., the 
annual report* of the British Transport Commission 
for 1950 affords reasonable grounds for the view 
that, if two major obstacles can be overcome, the 
transport services will no longer be a source of 
national concern and embarrassment, and the 
benefits of integration will not be overshadowed by 
an inability to provide the services at cost. The 
two obstacles are the inflexibility of the present 
arrangements allowed to the Commission for raising 
its fares and charges to meet mounting costs, and 
the limitations on capital expenditure which, over 
a long term, prevent the necessary improvements in 
efficiency. The deficits for each year since the 
Commission took over have been 4,700,0001. in 1948, 
20,800,0007. in 1949, and 14,100,000/. last year, 
making a total deficit accumulated on net revenue 
account of 39,600,060/. This figure, however, must 
be considered in relation to the annual turnover of 
5001. million for three years, and in relation to a 
diagram which shows how delay in the authorisation 
for increasing charges leads to an ever larger deficit, 
and how, when the authorisation is finally effected, 
the resulting excess of working surplus over central 
charges is slight and short-lived. A solution to the 
delay problem must be found, and it is therefore to 
be hoped that, when Parliament debates the report, 
attention will be focused on this aspect. 

The most encouraging feature of the annual 
report, however, is that the total working expenses 
per train mile have fallen by about 2s. since the 
beginning of 1948. On the basis of the rate of 
train miles ruling at the end of 1950, this reduction 
is equivalent to between 35/. million and 40I. 
million perannum. Nevertheless, in the three years 
since nationalisation, transport users have received 
transport services at less than cost, and users in the 
future are left to make good the difference. In so 
far as it is possible to judge the efficiency of a 
virtual monopoly, it is apparent that substantial 
results have been achieved in limiting expenditure 
and improving efficiency. For example, the total 
expenditure on British Railways hardly altered 
from 1949 to 1950, the actual figures being 
312,800,000/. and 313,700,000/., respectively. The 
net savings due to the closing of certain stations and 
branch lines amounted to 350,000]. for the three 
years, and the reduction of railway staff over the 
same period was 55,000, or 8 per cent. of the total. 

The uncertainties relating to the control of capital 
expenditure, which was the subject of an article in 
ENGINEERING last week, are clearly a reflection of 
the uncertain international outlook, but it is 
regrettable that full advantage was not taken of the 
modest amount allowed by the Government in 1950 ; 
actual capital expenditure was just under 681. 
millions, although the permitted expenditure was 
811. millions, comprising 791. millions for railways 
and 2. millions for London Transport garages. 
The Government have now apparently recognised 
the futility of publishing hypothetical expected 
rates of capital expenditure, but the method of 
controlling it has not been explained. To a large 
extent, it must depend on the granting or with- 
holding of authorisations for major schemes of 
development. The Commission protest at the 
restrictions: after affirming that the principal 
remedy for declining profitability is to be found in 
improvements in efficiency, and citing electrification 
in suitable circumstances as one example, they state 
that ‘such projects are practicable only if the capital 
resources are available, and as things are turning out, 
the public transport system may count itself 
fortunate if the ration of capital expenditure 
allowed to it suffices to patch and maintain the 





* British Transport Commission: Third Annual Re- 
Statement of Accounts and Statistics, for the Year 


development.” 

Capital expenditure is needed for many desirable 
schemes. In the Metropolis, for example, the 
implementation of the London Plan depends on 
major decisions by the Government, particularly 
with regard to the future of Charing Cross, Cannon 
Street and Blackfriars railway bridges. The report 
of the committee, under the chairmanship of Sir 
Robert Inglis, which is examining the transport 
requirements of the Glasgow area, is expected to be 
completed in the near future. The value of electri- 
fication is shown by the results achieved with the 
Liverpool Street-Shenfield service : the number of 
passenger journeys increased by 48-5 per cent. and 
the receipts by 40-8 per cent., as between nine 
months in 1949 prior to electrification and a corres- 
ponding period in 1950 after electrification. 

Dealing with the permanent way, the report 
states that an investigation was begun by a firm of 
consulting engineers into the possibility of intro- 
ducing an incentive scheme for length and relaying 
gangs. Four trial schemes of mechanisation of 
day-to-day length-gang maintenance were planned 
for introduction this year, and the use of Matisa 
ballast-tamping machines and cleaning machines is 
being extended. A large number of technical 
researches is being undertaken in the civil-engi- 
neering departments, and trials are continuing with 
various automatic train-control systems. The 
locomotive stock and the number of different types 
are being reduced. The carriage situation is much 
healthier and the proportion of wagons under and 
awaiting repair was 6-7 per cent. at the end of 1950, 
compared with 8-4 per cent. in 1949 and 9-8 per 
cent. in 1948. A committee of officers of the Railway 
Executive have reviewed the design, capacity and 
types of wagons, considering, in particular, the 
desirability of eliminating grease-lubricated wagons, 
the ideal design and capacity of wagons, the fitting 
of automatic brakes to all freight stock, the type of 
coupling for wagons with automatic brakes, and the 
comparative merits of vacuum and air brakes. 
There are 480 different types of wagons, and pro- 
posals under consideration would reduce this to 150. 

Developments by the other Executives are also 
recorded. The Road Passenger Executive are 
testing a new double-deck "bus, the “ Lodekka,” in 
which the seating capacity is increased from 55 to 
58; the step between the conductor’s platform and 
the lower saloon is eliminated; and the centre of 
gravity is lower, thus reducing the strain on tyres. 
The Road Haulage Executive are planning a 
national system of workshops, and a committee has 
been considering the numbers and types of vehicles 
to form an “ideal” fleet. The Docks and Inland 
Waterways Executive have been hampered by the 
fact that many docks, such as those built for 
exporting coal, are not used as intended, and the 
Commission are considering proposals for trans- 
ferring certain waterways to other authorities. 

Thus, the report devotes much space to explaining 
the developments and also the reasons for short- 
comings in the transport services. Criticism, and, 
indeed, opposition, comes from some unexpected 
quarters: “‘the attempts of the Commission to 
regroup operations, or to alter working conditions, 
have met with considerable opposition from sections 
of the staff. This delays the whole experiment in 
integration and co-ordination of the services, from 
which a great improvement in efficiency and an 
elimination of waste could undoubtedly result.” 
Three years is evidently not long enough for the 
feeling of dissatisfaction which has been engendered 
in the staff by the unavoidable inertia of planning 
from the top to be dissipated by evidence of 
improved conditions and services. From whatever 
angle the Commission’s work is viewed, the problem 
is ultimately resolved in terms of finance—capital 








apportion the credit where it is due. 


port, 
ended 31st December, 1950. (H. M. Stationery Office, 12s.) 


expenditure and appropriate charges. 
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NOTES. 


Atomic Power For INDUSTRY. 


In a written answer to a question about the use 
of atomic power for industrial purposes, in the 
House of Commons on Monday, July 9, the Minister 
of Supply (the Rt. Hon. G. R. Strauss) said that 
work on the planning of nuclear reactors for use as 
power units, and on the development of the necessary 
facilities for investigating materials for use in such 
reactors, had continued and considerable progress 
had also been made in the technology of the special 
materials required for reactor construction. Design 
studies of experimental reactors for marine pro- 
pulsion and for static use were in progress. He 
added that it was too early to make any reliable 
estimate of the relative cost of generating elec- 
tricity by present methods and from atomic power. 
There was, however, a reasonable prospect that 
generation from atomic power could be developed 
on a large scale and that ultimately the cost would 
not differ greatly from that of power from conven- 
tional sources. The relative cost would vary from 
place to place, according to the local availability 
and cost of coal and to other general economic 
factors. Generation from atomic energy was there- 
fore likely first to offer advantages in particular 
places. It was, however, too early to form definite 
conclusions or to prepare plans for action. 


INTERNATIONAL MacutnE Toot Exursirion, 1952. 


It was announced by Mr. Robert Asquith, 
president of the Machine Tool Trades Association, 
at a press conference on Wednesday, July 11, that an 
International Machine Tool Exhibition will be held 
at Olympia, London, from Wednesday, September 17 
to Saturday, October 4, 1952. It has for a long 
period been customary for this body to organise 
such exhibitions at four-yearly intervals, but none 
took place between 1934 and 1948, partly owing to 
the fact that in 1938 the industry was fully occupied 
in preparing for war and partly owing to the war 
itself. Changes in design were also largely checked 
by the overriding demand for output during the war 
and, even four years ago, the principal task of the 
industry was to deal with the conditions caused by 
a sellers’ market. Since then, however, the trade 
position has changed, and manufacturers have, as 
a result, been paying more attention to improve- 
ments in detail with the laudable object of increasing 
the efficiency of their products. An exhibition is 
obviously one way of calling the attention of both 
home and foreign buyers to these advances. It is, 
therefore, a little surprising that there have been 
rumours that the postponement of the exhibition 
would be necessary, owing to the political situation. 
It has, however, been decided that such a display of 
products will be in the best long-term interests of 
a industry and will act as a stimulus to the export 

rive. 


JUBILEE OF THE Vacuum CLEANER. 


The first vacuum cleaner in the world was 
invented in 1901 by Mr. H. Cecil Booth, F.C.G.L., 
M.LC.E., then a young civil engineer working on the 
design of steel structures and bridges. His pro- 
fessional work included the great wheels erected in 
Blackpool, Paris and Vienna, and a part in the 
design of the great wheel at the Earl’s Court 
Exhibition. After considerable experiment, he 
constructed and patented his machine, which he 
christened the vacuum cleaner, and on February 25, 
1902, with some friends, he issued the prospectus of 
the Vacuum Cleaner Company, Limited. The great 
potentialities of the invention were envisaged at the 
outset, as the following quotation from the pros- 
pectus shows: “The advantages of the system in 
private houses are equally great. Rooms which 
are now thoroughly cleaned only once a year at an 
annual spring cleaning can, in future, be treated 
effectively and completely in a few hours, without 
the inconvenience caused by removal of carpets and 
furniture.” At that time, of course, few houses 
were supplied with electric current, and small high- 
speed motors and high-pressure fans did not exist. 
The first cleaners, therefore, consisted of a vacuum 
pump driven by a petrol or electric motor and having 
a dust-collecting filter, the whole mounted in a van 
which worked in the street, with long hoses into the 





house. In 1903, the original firm became the British 
Vacuum Cleaner and Engineering Company, Limi- 
ted, of which Mr. Booth is still chairman. With 
works at Leatherhead, Surrey, they are the 
makers of Goblin domestic vacuum cleaners, and 
they and their founder have every reason to be 
proud ‘of the progress they have made in the 
application of engineering in the home. 


EXPERIMENTAL BOILER FOR BIRMINGHAM 
UNIVERSITY. 

On July 3, at the University of Birmingham, the 
presentation was made to the University of a 
water-tube pp, with the necessary auxiliary plant 
for instrucfional and experimental use in the 
Mechanical Engineering Department. The boiler 
is the gift of Messrs. Babcock and Wilcox, Limited, 
and the presentation was made by Mr. C. K. F. 
Hague, managing director of Messrs. Babcock and 
Wilcox. , The Pro-Chancellor, Mr. Sydney Vernon, 
accepted the boiler on behalf of the University, and 
unveiled a tablet, affixed to it, commemorating the 
occasion. The ceremony was attended by a number 
of guests, who were entertained to luncheon before 
the presentation. The boiler, which has an evapora- 
tive capacity of 5,000 Ib. per hour at 200 Ib. pressure 
per square inch and superheat to 500 deg. F., is 
generally similar to one presented to the University 
of Cambridge, and will supply steam to a number 
of engines, etc., in an adjacent building. It is 
fitted with a Mirrlees ‘“‘ Combustioneer ” mechanical 
stoker, which also has been given by Messrs. Babcock 
and Wilcox. The equipment, all presented by the 
respective makers, includes an economiser, by Messrs. 
E. Green and Sons, Limited ; an induced-draught 
fan, by Messrs. Davidson and Company, Limited, 
and electric motor, by the General Electric Com- 
pany, Limited; a centrifugal feed-pump, by 
Messrs. James Beresford and Son, Limited; and a 
feed-water regulator, by Messrs. Cope’s Regulators, 
Limited. The valves were supplied, as a gift, by 
Messrs. Dewrance and Company, Limited; the 
insulation similarly by the Darlington Insulation 
Company, Limited; and Messrs. A. N. Fenner 
and Company, as their share, painted the boiler after 
erection. 


COMMEMORATION OF CHRISTOFER POLHEM. 


Christofer Polhem, the great Swedish engineer, 
was born on December 18, 1661, at Tingstiide, on 
the island of Gotland, and died in 1751. To mark 
the bicentenary of his death, a service of commemor- 
ation was held at Tusgstade on June 10, particulars 
of which we have received recently through the 
courtesy of Dr. H. W. Dickinson, joint honorary 
secretary of the Newcomen Society. The celebra- 
tion was organised by Mr. Robert 8. Nilsson, of 
Visby, Gotland, and began in the morning with the 
arrival at Visby of two aircraft from Stockholm, 
bringing representatives of the Swedish Government 
and some 80 members of the Swedish Association of 
Inventors. At Tingst&de, the ceremony opened 
with-an address by Mr. Arvidolsson, and a prayer 
by Bishop E. Bijérlander, after which a choir 
and orchestra rendered folksongs and some of the 
folk-music of Gotland. Mr. Nilsson then delivered 
an address summarising the works carried out by 
Polhem. Later, a visit was paid to Polhem’s 
birthplace and to the adjoining blacksmith’s shop 
in which, as a boy, he laid the foundation of his 
engineering skill. After lunch, the party returned 
to Visby, where wreaths were placed on the statue 
of Polhem. The celebrations ended with a banquet. 
In early life, Polhem was an estate clerk in Suder- 
mania, the province in which the southern part of 
Stockholm is situated. By dint of great frugality, 
he contrived to save enough money to enter the 
University of Upsala, where he studied “ natural 
science,” which was the nearest approach at that 
time to the subject of engineering. Subsequently, 
he worked as a mining engineer, introducing many 
mechanical devices into the copper mines at Stora 
Kopparberget. He is also credited with the 
invention of the elevating screw for guns, in place of 
the quoin or wedge. His ingenuity brought him 
to the notice of the then King of Sweden, Charles 
XII, who ennobled him in 1714, when he took the 
name of Polhem; previously, his name was 
Polhammar. He was then 53 years of age, and had 
still to make his mark as an engineer of public 


works. In the course of his remaining 37 years, 
however, he undertook many civil engineering works 
of magnitude, including the construction of docks 
at Karlskrona, the canal and lock connecting Lake 
Malar with the Baltic, and a system of locks to 
enable ships to pass the waterfalls at Trollhittan, 
which form the only outlet of Lake Wenern. Only 
the first lock was excavated, however, and this was 
not completed, as Charles XII died before the gates 
were erected, and the support which the Crown 
had given to the scheme ceased. Polhem carried 
out a great deal of other work, however, of such 
variety as to justify the sub-title of “ The Archimedes 
of the North,” given to the paper about him, by the 
late J. G. A. Rhodin, which was printed in Vol. VIT 
(1926-27) of the Transactions of the Newcomen 
Society. 
EMPLOYMENT OF RETIRED ENGINEERS. 


Rather more than a year ago (ENGINEERING, 
vol. 169, page 445 (1950)) we referred in a leading 
article to the plight of many elderly engineers who, 
having been forcibly retired from responsible posi- 
tions overseas, find on returning home that their 
savings, pensions, superannuation allowances or 
insurance benefits are wholly inadequate to main- 
tain them and their dependents in the face of 
crippling taxation, inflated prices and a devalued 
currency. Many such persons are still active and 
eager to take up temporary or part-time employ- 
ment suited to their qualifications but find them- 
selves deprived of opportunities to do so for no 
other reason than their being on the “ wrong” side 
of forty. Organisations such as appointments 
bureaux can sometimes assist, but they do not cater 
for any particular age group and are chiefly success- 
ful in placing younger men. There exists, however, 
an organisation to which we referred at the time, 
whose motives are entirely beneficent and which 
aims at helping elderly engineers in particular. 
It was formed rather more than a year ago by Mr. 
C. E. R. Sams, President of the Old Centralians— 
an association of former students of the City and 
Guilds Engineering College. Mr. Sams outlined his 
aims in a letter in our issue of April 28, 1950. 
He now reports that he has succeeded, so far, in 
placing 30 men, whose ages range from 58 to 71, in 
posts for which their experience and qualifications 
were suitable, and that, at present, the demand for 
such men exceeds the supply. This does not mean, 
however, that anyone who applies to Mr. Sams is 
certain to find a suitable job waiting for him ; there 
are some posts available for which there are, at 
present, no applicants with the requisite qualifica- 
tions. The organisation does not aim to find 
places for individuals within commercial or indus- 
trial organisations but, rather, to attach them to 
such undertakings in positions where they will not 
be subject to the ordinary routine or be required 
to keep strictly to office hours, etc. The prepara- 
tion of inventories is given as an example of work 
which can be undertaken on this basis. Those 
interested should communicate with Mr. C. E. R. 
Sams, F.C.G.I., Imperial College of Science (City 
and Guilds College), London, 8.W.7. 


CONFERENCE ON AUTOMATIC CONTROL. 


An international conference on the theory and 
use of automatic control in industrial processes, 
research laboratories and in other applications, is to 
be held at the College of Aeronautics, Cranfield, near 
Bedford, from July 16 to 21. The conference will be 
opened by Sir Ben Lockspeiser, K.C.B., F.R.S., who 
will deliver a presidential address. Among those 
who will be chairmen of discussions are Professor 
Van der Pol, of the International Telecommunica- 
tions Union, Switzerland; Sir John Cockcroft, 
F.R.8., of the Atomic Energy Research Establish- 
ment; Sir Charles Goodeve, F.R.S., of the British 
Tron and Steel Research Association; Professor 
A. Tustin, of the University of Birmingham ; 
Professor E. O. Willoughby, of the University of 
Adelaide, Australia ; and Professor J. Z. Young, of 
University College, London. Scientists from Canada, 
France, Germany, Holland, Sweden, Switzerland, 
the United States and also from this country will 
present 32 papers. These deal with such matters as 
feed-back system engineering, stability criteria, the 
performance and applications of servo systems, 
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process control, the characteristics of air-operated 
controllers, pneumatic controllers, the influence of 
measuring and transmission lags, new concepts and 
theorems concerning non-linear systems, static 
friction in position control systems, backlash and 
resilience within the closed loop of automatic control 
systems, free-moving versus fixed control levers in a 
manual tracking task, oscillatory phenomena in 
on-off controls with feed-back, and _ electro- 
hydraulic control of water turbines. The papers and 
the discussion to which they will give rise, are to be 
published, price 50s., in October, 1951, by Butter- 
worths Scientific Publications, Ltd., 4-6, Bell Yard, 
Temple Bar, London, W.C.2. 


TECHNICAL TRAINING IN THE UNITED KINGDOM. 


Delegates from several European countries and 
one from the Gold Coast Colony have been attending 
a course of lectures on Technical Training in the 
United Kingdom, which has been held in Glasgow 
and London under the auspices of the British 
Council. The course, which commenced in Glasgow 
on Monday, June 18, included lectures and discus- 
sions, and visits to works and other places of 
technical interest in Scotland. While there, the 
delegates were able to see the apprentice-training 
schemes of several important engineering concerns 
and also the staff-training college of the North of 
Scotland Hydro-Electric Board at Pitlochry. They 
also visited the University of Glasgow, the Royal 
Technical College, Stow College School of Engineer- 
ing, Glasgow Engineering Centre, and the Exhibition 
of Industrial Power at Kelvin Hall. Travelling to 
London on Sunday, July 1, the party spentithe two 
remaining days of their programme on lectures and 
visits in or near London, the visit concluding with a 
reception given in honour of the delegates by the 
British Council, on Tuesday, July 3. The Assistant 
Director-General of the British Council, Mr. G. H. 
Shreeve, C.B.E., acted as host on this occasion and 
the guests included the secretaries of the senior 
engineering institutions and several prominent 
personalities in the field of technical education, 
in addition, of course, to the delegates themselves. 
The object of the course has been to give those 
attending it a general survey, with specific examples, 
of British systems for training engineering craftsmen, 
technicians and professional engineers, both in 
educational institutions and in the industry itself. 





INCORPORATED PLANT ENGINEERS.—The Scottish 
branches of the Incorporated Plant Engineers have 
arranged to hold a conference at the Dunblane Hotel 
Hydro, Dunblane, Perthshire, from the afternoon of 
Friday, October 5, to Sunday, October 7, On the 
Saturday morning, addresses will be given by Mr. D. 
Lacy-Hulbert, B.Sc., the President of the Institution, 
and Mr. J. F. Field- B.Sc., controller of the South-Kast 
Scotland Electricity Division. At a session on the 
Sunday morning, Mr. L. G. Northcroft, 0.B.E., B.Sc., 
will speak on “‘ Coal and Europe.” A varied programme 
of social activities has been arranged. Further informa- 
tion may be obtained from the secretary of the Institu- 
tion, Mr. Hadleigh S. Seaborne, 48, Drury-lane, Solibull, 
Birmingham. 

GEORGE MONTEFIORE PRIZES.—The results of the 
competition for the George Montefiore Prize, awarded 
by l’Association des Ingénieurs Electriciens sortis de 
VInstitut Electrotechnique Montefiore, Liége, Belgium, 
have been announced. The prize is awarded every 
five years to the author of a paper describing a definite 
contribution to the scientific or technical advancement of 
electrical science. The adjudicators comprised leading 
electrical engineers and technicians in Belgium, Switzer- 
land, Sweden, France, Holland and the United Kingdom. 
The British representative was Mr. C. W. Marshall, 
B.So. (Eng.), M.I.E.E., Geputy chief engineer (research), 
British Electricity Authority, London. Owing to the 
war, the period of the competition was extended from 
1939 to 1950, and, of the 17 papers presented, four have 
earned prizes. The first prize bas been awarded to 
Dr. Ulrik Krabbe, of Fruens-Bage, Denmark, for his 
paper, “The Transductor Amplifier”; the second to 
Dr. Max Hoyaux, of Charleroi, Belgium, author of 
“Theory of the Drop in the Aro of Mercury-Vapour 
Reotifiers’; the third to Mr. E. H. Hubert, of Liége, 
for his paper “‘ Theoretical and Experimental Contribu- 
tion to the Automatic Re-Closing of Circuit Breakers ” ; 
and the fourth to Mr. René Pélissier, of Paris, author of 
“The Propagation of Transitory and Periodic Waves 
along Electrical Lines.” The next competition will be 
held in 1955. 


LETTERS TO THE EDITOR. 
FREEDOM TO MEASURE: YARDS 
OR METRES? 


To THE Eprror oF ENGINEERING. 


Sm,—Dr. H. 8. Rowell, in his championship of 
the Imperial system of weights and measures as 
opposed to the metric system (in your issue of 
June 22), injures a strong case by overstatement. 
It is hardly an argument against the metric system 
to say that he has to convert French hotel prices 
into Sterling in order to compare them with English. 
He accuses the Weights and Measures Commission 
of special pleading and then goes on to use argu- 
ments which leave one wondering why he omitted 
to mention the plight of the three-bottle man 
attempting to qualify as a three-litre man. He 
praises the “ flexibility ” of the Imperial system on 
the grounds that 1. per ton is 1s. per ewt. and that 
1 guinea per week is 3s. per day. To carry this 
argument to its logical conclusion the ideal number 
of pounds in a ton should be 2,520, so that without 
the difficult operation of splitting lumps into recur- 
ring decimals it. would be possible to divide a ton of 
coal into fair shares for an eight-hour shift, a seven- 
day week, a five-year plan or a nine-days’ wonder. 

The real flexibility of the Imperial system arises 
from the fact that it is so largely based on the scale 
of two ; factors of 3, 5, 7 and 11 also occur but they 
are more nuisance than they are worth. Personally 
I would like to see our coinage tidied up by scrap- 
ping the present coins from a florin downwards and 
substituting a quarter crown divided into four 
groats of four pence. In weight units the pound 
and its subdivisions need not be touched, but the 
14-lb. stone might with advantage become 16 lb., 
the hundredweight 128 Ib. and the ton 2,048 Ib. 

Length units are in less need of reform. When 
commodities are sold by the yard it is subdivided 
into half and quarter yards and not, as a rule, into 
feet and inches ; very small quantities are usually 
sold at a different rate so that a break of scale does 
not, matter. These reforms would greatly assist 
the common man in daily transactions and the 
giving of change,even though the coal heaver might 
not like the heavier sack, the engineer should not 
be greatly disturbed, and the scientist would con- 
tinue to use c.g.s. The best system is that which 
gives the greatest freedom from mistakes ; if this 
condition is satisfied all other desirable properties 
will be found to follow automatically, and in this 
connection I agree with Dr. Rowell that the distinct 
monosyllabic names of the Imperial system are a 
priceless legacy from the original conglomeration 
of units which were made commensurable by cen- 
turies-old legislation. 

Finally, may I put in a plea to give the pint pot 
priority over the condenser in the use of the term 
capacity ; after all, it was there first. Volume will 
not do; volume is based on length, and capacity 
on weight of a standard liquid, and the two are not 
commensurable. 

Yours faithfully, 
C. H. Bosanquet, M.A. 

Stockton-on-Tees. 


To THE Eprror or ENGINEERING. 


Sm;—I was delighted to read Dr. H. 8. Rowell’s 
spirited defence of the Imperial system of weights 
and measures, in your issue of June 22, as there is 
no doubt that quasi-scientific people are far too 
ready to impute to the metric system advantages it 
does not possess. When all is said and done, there 
is nothing fundamentally scientific about the metre ; 
it is, in fact, based on a miscalculation of the radius 
of the earth. The claims of its advocates can only 
rest on the supposed advantages of a decimal system, 
and, as Dr. Rowell points out, these need not be so 
great as are sometimes suggested. Astronomers, for 
example, who are responsible for most complicated 
numerical calculations, and who therefore might be 
to seek simplification wherever it might 
be found, still cling to such non-decimal systems as 
those of time and angular measure. 

No, Sir, if our system of units is to be changed, 





let it be to an engineers’ system in which all the 
present needless muddle and confusion between 





mass and weight are avoided. Most of the com- 
putational errors in engineering problems can be 
traced, not to such difficulties as the translation 
of acres per year to 8q. cm. per second, or of calories 
per centimetre per degree C. per second to B.Th.U. 
per foot per degree F. per hour, but to worry 
whether the symbol “Ib.” (or even, one suspects, 
kg.) in the calculations meant pounds (or kilo- 
grammes) mats or pounds weight. How often 
does one hear the cry, “I seem to be out by a 
factor of about 30”? Let us, therefore, abolish 
this g, or, rather, render it innocuous, by choosing 
our new system of units such that its value is unity. 

The numerical value of g depends on the units 
chosen for distance and time, and also, of course, 
though these may be neglected in engineering 
calculations, on position and date. Time must 
always present difficulties for the “ decimalisers ” 
unless, fortunate creatures, they happen to live on 
a convenient planet whose number of rotations 
round its sun is an exact power of the number of 
digits of the creatures concerned. It is not easy for 
us, with 365-242 days in the year, to find a system 
of time that is both arithmetically simple and 
socially convenient, but linear measurement presents 
no such difficulties. . The new unit—perhaps one 
might christen it the “ Newton ’"*—could therefore 
be defined as 32-2 of our present feet and 981 of our 
present centimetres. The exact factor could be 
agreed internationally, and would correspond to the 
acceleration due to gravity determined at a par- 
ticular spot on a particular day, say at Greenwich on 
January 1, 2000. The variation of gravitational 
force with position and time is usually neglected in 
engineering problems, but, where it is important, it 
could be allowed for as presumably it is now. The 
new unit of mass could be based, as heretofore, on 
the specific gravity of water, and all other derived 
units follow, simply by making the constants in 
their equations of derivation equal to unity. Thus 
may we rid ourselves of that hateful g and that 
abomination of all right-thinking engineers, the 
“ce slu: ‘ed 

Finally, on a more immediately useful plane, 
may I submit a plea for the unification of tempera- 
ture units, which are not dealt with specifically in 
Dr. Rowell’s article ? Surely this is an easier first 
step to take than to change our systems of length 
or mass. Such unfortunate go-betweens as the 
metallurgists, who must translate the scientists’ 
degree Centigrade into the engineers’ degree 
Fahrenheit, suffer thereby much unnecessary hard- 
ship and waste a good deal of paper on conversion 
tables. A few enlightened industries (that of the 
aircraft gas turbine is one) have adopted the 
Centigrade system already, and none of Dr. Rowell’s 
arguments in favour of Imperial units provides a 
really effective defence for the degree Fahrenheit. 


Let us start there ! 
Yours faithfully, 
StepHen L. Brace, M.A., 
Research Engineer. 
William Jessop and Sons, Limited, Sheffield. 
July 2, 1951. 


[By an unfortunate typographical accident, which 
occurred after the issue had been passed for press, one 
of the paragraphs of Dr. H. 8. Rowell’s article was 
rendered meaningless. One line was omitted from, 
and another duplicated in, a paragraph commencing 
about half-way down the third column on page 745. 
The correct rendering of the part of the paragraph 
affected is as follows: The arguments of logic are 
risky even for philosophers. The argument that only 
one system of measures should be used for all trades is 
equal in value to the statement that every man should 
be restricted to one overcoat or one garment for all 
climates and all weathers. But is it logical of the 
Committee to pretend that the metric system is only 
one system of units ?—Ep., E.] 





‘*NORMAL ELLIPTIC FUNCTIONS.” 
To THE Eprror oF ENGINEERING. 

Sm,—In a letter, on page 412 of your 170th 
volume (1950), it was stated by the writer that his 
normalised form of Lamé’s differential equation, for 
ellipsoidal harmonics made the computation of 
polynomial solutions practicable without prohibitive 
labour. No reference was given to previous work 
because none had been found in the numerous 
text-books and periodicals accessible for scrutiny. 
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Fig. 11. 


Recently, while seeking information about con- 
tinuants in Muir’s history of determinants, a 
reference was found to a paper by E. Heine in 
Crelle’s Journal, pages 87-99, 1859, which gives an 
equivalent reduction of the condition of compati- 
bility to a continuant equated to zero. As in all 
other applications worked out by the writer, the 
normal form greatly simplifies the analysis. It is 
disappointing to find one’s “ discovery ” anticipated 
by nearly a century, but surprising only in that 
Heine’s results do not find a prominent place in 
text-books, especially in view of Muir’s explicit 
reference to Lamé’s equation. 

The writer has no taste for controversy but takes 
this opportunity to say that your comment on the 
letter was too much concerned with the elementary 
transformations which are merely the starting 
point and too little with the far-reaching results 
which flow from them. The normal cubic is in 
close correspondence with Legendre’s normal quartic 
and brings a satisfying unity to the exposition 
which is sadly lacking in standard text-books. Itis 
indeed remarkable that the latter should have been 
accepted universally more than a century ago 
while the former is still unduly neglected. In any 
case, it is gratifying to find oneself in the distin- 
guished company of Heine and Legendre. 

Yours faithfully, 
Kingston-on-Thames. A. R. Low. 
June 22, 1951. 





POST-GRADUATE COURSE IN 
APPLIED THERMODYNAMICS. 
To THe Eprror oF ENGINEERING. 

Smr,—The post-graduate course in applied thermo- 
dynamics at the University of Glasgow has just 
completed its first session, and, of such courses of 
study planned to be carried on in different aspects 
of mechanical engineering in a number of univer- 
sities in this country, it is among the first to get 
under way. The setting up of such courses is largely 
the result of the existence of the important body 
of opinion which holds that we require to have 
greater recourse to systematic post-graduate study 
if we are to keep our place alongside some of 
our great industrial rivals. It is natural that a 
beginning should be made in mechanical engineering, 
for perhaps no other branch so influences industrial 
production or is so potent in the field of power 
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at the University of Glasgow has so far been planned 
to cover one session of three terms. It includes 
daily lectures on advanced mathematics as well as 
on the main subject of study, and the student 
pursues, in addition, an appropriate experimental 
project which occupies several hours of his time 
each day. 

Many men who graduate B.Sc. with honours and 
then enter industry perhaps find, after a time, 
that they are required to do work of a research 
nature. Some, again, find themselves in super- 
visory and administrative positions in which they 
have some responsibility for experimental work 
and for the initiation of investigations. All these 
Tequire to understand research procedures and 
techniques. Many young engineers are entering 
upon scientific work in Government departments, 
and in all such cases it is of the utmost importance 
that they should possess a lively understanding 
of the methods of approach to experimental prob- 
lems and a knowledge of the means of observation 
and analysis, as well as a clear perception of the 
theoretical bases of their work. This course is con- 
trived to meet their needs, and, indeed, no matter in 
what branch of applied science a man may be 
engaged, the study of experimental methods and the 
instruction on sources of information and on analy- 
tical techniques are of an importance which makes 
the particular branch around which the course is 
planned a secondary consideration. Five young 
men have just completed the course, and the demand 
for their services suggests that industry appreciates 
their potential value. It is to be hoped, however, 
that private employers and employing authorities 
may, in increasing numbers, see their way to release 
able young men for the period of three terms so that 
they might attend such courses and thus increase the 
strength of the research side of our national indus- 
tries. The University of Glasgow has offered 
scholarships which provide reasonable financial 
support to students. The course is not confined 
to men who are successful in obtaining such awards. 
The co-operation of employers is of first importance 
to the success of this venture. 

Yours faithfully, 
JaMES SMALL, 
James Watt Professor of the 
Theory and Practice of Heat Engines. 
James Watt Engineering Laboratories, 
The University, Glasgow. 
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THE ROYAL AGRICULTURAL 


SHOW AT CAMBRIDGE. 
(Continued from page 23.) 

Tue Royal Show, which was held this year at 
Cambridge, closed on Friday evening, July 6, after 
having been open since the previous Tuesday 
morning. Although always a difficult task to assess 
accurately the tangible results of any exhibition, 
there appears to be little doubt that, from all points 
of view, another successful show has been held. 
Fortunately, the weather was fine on each day and, 
as a consequence, the attendance figures were better 
than for last year when it was held at Oxford to the 
accompaniment of torrential rain which turned parts 
of the showground into quagmires. Success of any 
Royal Show, however, has to be judged not se 
much on the total attendance figures but by the 
inquiries made regarding livestock and machinery, 
and the general opinion seems to suggest that the 
results were above expectations, particularly in the 
implement yard. This is most gratifying as it 
seemed possible that shortage of materials, coupled 
with rising costs, would have an adverse effect. 
Judged by previous shows, there were fewer new 
implements and machines but this was only to be 
expected as present difficulties are bound to deter 
the introduction of novelties, and the post-war era 
of development, therefore, has been replaced by one 
of consolidation. 

It should not be inferred from the foregoing that 
no new machines were being shown ; Messrs. David 
Brown Tractors, Limited, Meltham, Huddersfield, 
for example, were showing two new tractors, 
namely, their Cropmaster Diesel “50” wheeled 
tractor and their Trackmaster Diesel “ 50” tracked 
tractor. The new Cropmaster tractor is illustrated 
in Fig. 11, on this page, from which it will be noted 
that it is considerably larger than the standard 
Cropmaster tractor. It has been designed for use 
on larger farms, both at home and overseas and, in 
average conditions, is capable of hauling a five- 
furrow plough. It is fitted with a new six-cylinder 
Diesel engine designed and manufactured by Messrs. 
David Brown and capable of developing 45 h.p. 
at the normal governed speed of 1,600 r.p.m. Direct- 
injection is employed and the injection rate is 
determined by an all-range governor operating from 
600 r.p.m. to 1,800r.p.m. Transmission is by means 
of a conventional clutch to a twin-range three-speed 
gearbox designed to give six forward and two reverse 
speeds ranging from 1-33 miles an hour in first low 
gear to 13-55 miles an hour in third high gear. 
A four-speed power take-off unit forms an integral 
part of the rear axle and at an engine speed of 
1,600 r.p.m. gives shaft speeds of from 233 r.p.m. to 
1,225 r.p.m. A belt-pulley power take-off unit is 
fitted on the near side of the tractor and this has an 
estimated belt horse-power of 38-5 at 1,600 r.p.m. 
of the engine, the corresponding belt speed being 
3,215 ft. per minute. 

A notable feature of this tractor is the provision of 
extending rear-axle shafts for rear-track adjustment, 
an arrangement which also permits the fitting of 
twin rear wheels when working on soft ground. The 
standard size of rear tyre is 11-00 in. by 38 in. but 
oversize tyres can be fitted to meet the needs of 
overseas customers. The brakes operate on the 
rear-axle shafts, the linkage being designed so that 
the wheels may be braked independently or together; 
to give easy access, the brake drums are fitted 
externally. The complete machine is designed 
expressly for working with conventional hauled 
implements and is fitted, therefore, with a swinging- 
type drawbar, the movement of which is limited 
by adjustable stop pins. 

The Trackmaster Diesel “50” tractor is illus- 
trated in Fig. 12, on page 54. In general, it is 
similar to the standard Trackmaster tractor, but, 
like the new wheeled tractor just referred to, is 
fitted with the David Brown six-cylinder Diesel 
engine. The transmission assembly also is similar, 
comprising a conventional clutch and a three-speed 
twin-range gearbox giving six forward and two 
reverse speeds, from 1-06 miles an hour in first 
low gear to 6-5 miles an hour in third high gear. 
Steering is effected through the David Brown 





Duotrack system in which the tracks are never 
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locked but are driven througho.t the turn. The 
steering gear incorporates ll-in. diameter oil- 
immersed hand brakes coupled to 30-in. hand- 
steering levers. There are three track widths, 
namely, 48 in., 56 in., and 64 in., and two widths of 
trackplate, the latter being available in 14-in. 
and 16-in. sizes. As on the wheeled tractor, the 
rear axle is fitted with a four-speed power take-off 
and, if required, a belt pulley can be arranged to be 
driven from the power take-off shaft. This can be 
run at any of the four speeds but the two lower 
speeds will probably suffice for all normal require- 
ments; the speed in first low gear is 961 r.p.m. 
and in second low gear, 1,780 r.p.m. The tractor is 
capable of hauling a five-furrow plough, but in 
view of its high power, namely, 32 drawbar horse- 
power, it is equally suitable for industrial applica- 
tions and is available, therefore, with Blaw-Knox 
earth-moving equipment. 

In last week’s article on the Royal Show, it was 
mentioned that several Continental firms are 
showing tractors and associated equipment. Most 
of the tractors exhibited have been described pre- 
viously in ENGINEERING, but a newcomer so far as 
the Royal Show is concerned, namely, the Normag, 
is illustrated in Figs. 14 and 15, on the opposite 
page. This machine, which is manufactured by 
Normag Zorge G.m.b.H., Zorge-Siidharz iiber 
Walkenreid, Germany, is designed so that, by 
changing certain parts, it can be converted for a 
variety of purposes ; Fig. 14, for example, shows it 
equipped with a rigid front axle of high clearance 
for row-crop work, whereas Fig. 15 shows it fitted 
with front springs and a half-track conversion for 
working in heavy ground. It is driven by a two- 
cylinder water-cooled in-line Diesel engine of the 
four-stroke type fitted with wet cylinder liners, 
overhead valves and aluminium-alloy pistons. 
Three different sizes of engine are available, but 
the tractor illustrated is fitted with 2 25-h.p. unit, 
this power being developed at 1,500 r.p.m. The 
clutch is of the conventional single-plate type, but 
to concentrate the weight over the rear wheels, and 
thus increase the adhesive weight, the gearbox is 
situated over the rear axle, the clutch housing and 
gearbox casing being joined to each other by a 
tubular member in which the propeller shaft is 
located. There are four forward speeds and a 
reverse speed, the forward speeds ranging from 
2-2 miles an hour to 11-8 miles an hour in top gear. 

Gear changes are effected by sliding spur wheels 
in the normal manner while the final drive to the rear 
axle is by means of a worm and worm wheel 
assembly, the latter incorporating a differential 
designed so that, when required, it may be locked. 
A rear power-lift for raising the tools is fitted as 
standard, but, in contrast to the normal practice, 
compressed air is used for this purpose, air under 
pressure being supplied by an engine-driven com- 
pressor and stored in a bottle arranged inside the 
circular member which joins the engine to the rear- 
transmission assembly. The servo unit also is 
located inside this member and is connected to the 
linkage by an external bell-crank lever. Use of 
compressed air for this p has several advan- 
tages as there is no risk of losing the fluid normally 
used, the compressor can be used for inflating the 
tyres, while trailers fitted with pneumatic brakes 
may be used, thereby giving greater safety. 

The half-track conversion illustrated in Fig. 15 
is remarkably neat and is designed so that the drive 
sprockets do not support the tractor. Both drive 
sprockets are bolted in place of the rear wheels and 
each is provided with a short stub axle on which 
pivots a longitudinal beam. Each beam, in turn, 
is fitted with two rubber-tyred load-carrying wheels 
and two idlers, the track passing over the top of the 
sprockets and round the two idlers and load-carry- 
ing wheels. The idlers are located towards the 
ends of the beams and provision is made for adjust- 
ing their relative positions so as to maintain correct 
track tension. 

A half-track conversion somewhat different from 
that just described was being shown by Messrs. 
James A. Cuthbertson, Limited, Biggar, Scotland 
who were exhibiting on the stand of the Butterley 
Company, Limited. This unit, which is illustrated 
in Fig. 13, on this page, has been designed for use 
with any standard tractor and has the effect of 
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Fie. 13. Hatr-Track Conversion; Messrs. James A. CUTHBERTSON, LIMITED. 


reducing the ground pressure and increasing the 
drawbar pull. The assembly consists of large- 
diameter driving sprockets, which replace the 
tractor rear wheels, and smaller diameter rear- 
mounted idlers, the latter being supported by a 
frame arranged so that it may be adjusted relatively 
to the tractor to provide the correct track tension. 
The drawbar is attached directly to this frame so 
that the drawbar pull is transmitted to the tracks 
through the’idlers. The frame is fabricated from 
channel-section steel members and is located at its 
forward end by two pins projecting from a subsidiary 
frame bolted to the tractor. At its rear end it is 
provided with a cross tube in the ends of which are 
stub axles arranged to carry the idlers on taper- 
roller bearings. These stub axles are renewable 
should it become necessary and it is possible to 
alter the gauge of the tractor by extending them. 
The track is composed of wire-reinforced rubber 
pads connected to each other by cleat plates on the 
outer circumference and by driving plates on the 
inside. The bolts connecting the cleat plates to the 
driving plates pass through steel ferrules incorpor- 
ated in the pads and the reinforcing wire is wound 





round the ferrules in such a way that the stresses 


are distributed equally over eight cross sections, 
each of which is capable of withstanding a pull of 
2-3 tons. The track-driving plates incorporate dog 
teeth which engage with bars formed on the driving 
sprockets and the complete assembly is protected 
at each side by a steel shield. 

Various types of steel and rubber cleats can be 
fitted to the track dependent on the conditions in 
which the tractor is to be employed. For road 
work, a solid-rubber cleat with a steel base has been 
developed but it should, perhaps, be pointed out 
that steel cleats can be used on roads quite satis- 
factorily. As the track is manufactured in sections, 
the work of replacement and its cost is small ; 
furthermore, there are no pins and associated 
bushes to cause trouble, and owing to the flexibility 
of the track, it is self cleaning, an important feature 
when employed in clay soils. Normally there are 
32 pads and driving dogs to each track, each pad 
measuring 13 in. by 54 in. by fin. thick. The dia- 
meter of the sprockets is 3 ft. 6} in. and distance 
between the centres of the sprockets and idlers 
2 ft. 3} in., the length of track in contact with the 
ground, as a consequence, being 2 ft. 8 in. 





(To be continued.) 
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RESEARCH LABORATORIES OF THE 
LONDON BRICK COMPANY. 


THE art of brickmaking is of such antiquity and has 
been practised so widely throughout the centuries that 
one might well suppose there is little further to be 
known about it. To visit the new research laboratories 
of the London Brick Company, however, at Stewartby, 
Bedfordshire, is to be quickly disillusioned, for this 
great undertaking, the largest brick-manufacturing 
organisation in the world, with a total productive 
capacity of 35 million bricks per week, sets so much 
store by research that it has spent recently nearly 
50,0007. on the construction of buildings for this 


jurpose. 

Nor does research represent a new departure, 
for the company have engaged in experimental work 
for many years, and the accommodation now provided 
is but a replacement of older buildings by new. Broadly 
speaking, the objects of the research are two-fold. 
In the first place, the company aim to achieve as high 
& degree of uniformity as possible in the quality of its 
bricks and other products, for not only does this ensure 
that the optimum, once discovered, is maintained, 
but it also reduces manufacturing costs. Secondly, 
the work is directed to producing new building materials 





with special properties, for which there is, nowadays, 
a steadily growing demand. 

Much of the work in the first category is, of course, 
routine and not strictly research. It dedes sampling 
and analysis of the clays in daily use, and the testing 
of samples of the products at all stages in their manufac- 
ture. With the information obtained in this way, the 
various — can be adjusted to produce the best 
result. The methods of quality control are widely 
emplo in this work. The test work also covers 
unworked deposits of clay which are examined to 
determine their extent and suitability as new sources 
of raw material. The machines used to prepare the 
clay are also subjected to constant scrutiny, to ensure 
that their performance is maintained and, where 
possible, improved. 

The Oxford clay, from which Fletton bricks are 
made, is peculiar in the amount of carbonaceous 
material which it contains. The a calorific 
value of the latter is no less than 1,000 B.Th.U. per lb., 
and this accounts for the fact that Fletton brick can 
be burned with comparatively little extraneous fuel. 
Indeed, were kilns of 100 per cent. thermal efficiency 
practicable, no extraneous fuel whatever would be 
required. To secure the maximum efficiency of 
burning, the process is constantly under examination. 





Data relevant to the design of kilns are obtained 
both by measuring the performance of full-size kilns 
and from experiments on smaller-scale installations. 
At present, the design of flues and chimneys is receiving 
considerable attention. 

The new laboratories are in three wings, which meet 
to form a T. Each wing has a central corridor with 
rooms on either side, and a fourth corridor runs from the 
junction of the others to a large entrance hall which 
forms the centre-piece of a block containing a conference 
room, library and directors’ dining room. The ‘plan 
view of the buildings, therefore, resembles a cross 
standing on a base, although the latter is unsymmetrical. 
In addition to the customary chemical laboratories, 
balance room, in agg dark-room, etc., there are 
a geological laboratory, instrument shop, physics 
laboratory, small-scale plant laboratory, microscope 
room, store room, sample store, and compression-test 
room. The last-mentioned room is equipped with an 
Amsler Zootan compression-testing machine. 

The near-by clay pits and works of the company are 
also of considerable interest. The Stewartby pit 
requires to produce 42,000 tons of clay per week to 
meet the demands of the works at maximum output. 
This quantity is dug by a single electric excavator 
in the form of a face-shovel with a capacity of 10 cub. 
yards per lift. The 15 ft. to 20 ft. of overburden is 
removed previously by means of a drag-line excavator, 
and is transferred to spoil dumps in the worked out 
portion of the pit by means of a long jib-conveyor. 
The clay is dropped by the excavator into a sorting 
machine which breaks up the larger lumps and feeds 
the material automatically into wagons which convey 
it to the works. Overhead-chain haulage is employed 
for the greater part ofthe run. On arrival, each wagon 
is lifted mechanically and its contents are tipped into 
storage towers which feed two lines of grinding mills. 
These reduce the clay to a fine powder, which is sieved 
into revolving screens and conveyed on a belt to the 
brick presses below. In these, the powdered clay is 
moulded into bricks between heated dies at four 
pressures of increasing amount. 

The “green ”’ bricks produced in this manner are 
strong enough to be conveyed to, and loaded into, the’ 
kilns without preliminary drying. The kilns consist of a 
number of chambers, each holding 40,000 or, in some 
cases, 72,000, bricks, which intercommunicate through 
a system of flues. By setting various dampers, the 
bricks can be dried and pre-heated by the waste heat 
from burnt bricks which are cooling in other parts of 
the kilns. Operation is continuous, the chambers being 
filled, burned and unloaded in rotation. The company 
design and build some of the specialised machinery 
which they use and have a foundry and engineering 
shops at Peterborough. 





CONTROLLING VISITORS IN THE 
SOUTH BANK EXHIBITION. 


THE comparatively restricted area occupied by the 
South Bank Exhibition has made it desirable, if not 
necessary, to ascertain the attendance of the public 
at any time so as to determine if saturation point is 
being approached. All the turnstiles at the eight 
entrances to the exhibition have therefore been 
equipped with switches, made by Rentrix, Limited, 
Millfields-road, London, E.5, which are connected to a 
storage device to prevent the impulses generated from 
two or more turnstiles operating simultaneously being 
merged. The impulses from the eight groups of turn- 
stiles are transmitted to separate five-digit counters 
in the main control room. These counters consist of 
automatic telephone equipment and are associated 
with apparatus so that one of ten lamps which are 
equally spaced round the circumference of a circle 
can be lighted. In front of the circle of lamps is a 
sheet of frosted glass on which numbers are stencilled, 
and these are illuminated as the appropriate lamp is 
switched on. In the centre of the circle is the word 
** units,” “‘ tens,”’ etc., which is illuminated in a similar 
way. The counting equipment applicable to each 
entrance is installed behind a separate panel and the 
— els are mounted one above the other in an 
oak cabinet with a “ total’’ panel at the bottom. The 
number of people that have entered the exhibition 
oa any entrance during a particular day is thus 

i ly indicated. 

To ascertain the ‘‘ congestion’’ at any time it is, 
however, necessary to know, not only the number who 
have entered the exhibition, but also the number who 
have left. Counters are therefore also fitted on the out- 
going turnstiles and impulses are similarly transmitted 
from them to a second series of illuminated panels which 
are arranged one above the other in the control room 
to the right of the first set. The number who have left 
the exhibition through any exit is thus ascertainable. 
Finally, the ‘‘ in” and “out” panels are surmounted 
by a “ total” panel which by indicating the difference 
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between the totals on the “in” and “out” panels, 
shows the number of people who are actually in the 
exhibition at any given time. The information dis- 

yed also indicates to the London Transport authori- 
ties the exits through which the crowds are likely to 
leave ; and enables them to provide suitable transport. 
In addition to the main panels, the control room con- 
tains a second cabinet on which the numbers coming in 
thro each entrance with advance tickets are dis- 
played. 

In addition to regulating the attendance at the 
exhibition in the manner just described, an emergency 
— has been installed by Central Rediffusion 

ices, Limited, Regent-street, London, 8.W.1, for 
controlling the internal crowds, for making announce- 
ments and for transmitting time signals, as well as for 
broadcasting. All the functions except the last are 
normally controlled from the Festival control room. 
This room contains a large-scale map, measuring 2 ft. 
by 3 ft., which is mounted in an inclined position and 
covered with glass. The whole area covered is divided 
into a number of sub-areas in each of which a button 
is mounted. By pressing the appropriato button the 
loud speakers in the associated sub-area are brought 
in so that the n announcements can be made. 
Similar arrangements in the Rediffusion control room 
enable music to be broadcast. The transmitting 
network is divided into two separate sections, one 
covering the entrances and exits and the other the 
remaining points in the exhibition. The connecting 
feeders are run underground in asbestos tubing and are 
switched in through relays by primary switches in the 
control room. A total of 1,200 loudspeakers has been 
installed. 

A further system of communication is provided by 
a switchboard to which 27 telephones situated in 
cabins having a good view of the grounds and build- 
ings are connected. Lines from this board, which was 
installed by the Post Office, enable communication to 
be established with the police station on the site, the 
London Electricity Board and the main Festival 
switchboard. It is supplied with power from two 
sources. Rentrix watchmen’s patrol units have been 
installed. These consist of 60 two-way switches at 
different positions in the exhibition, which are con- 
nected to a corresponding number of red lights in the 
control room. At predetermined times these lights are 
illuminated as a signal to the watchman to patrol and 
are extinguished one by one as the appropriate switch is 
operated. When all the switches in one of the sections 
into which the site is divided, have been actuated a 
on light indicates that the patrol has been com- 

eted. 

Finally, it may be mentioned that a complete fire 
alarm system indicating at a central board has been 
installed by Standard Telephones and Cables, Limited, 
Aldwych, London, W.C.2, and that the lighting through- 
out the exhibition is controlled by centrally-placed 
time switches supplied by Venner Time Switches, 
Limited, New Malden. 





HANDBOOK FOR WELDED STRUCTURAL WorRK.—The 
fourth revised edition of the “‘ Handbook for Welded 
Structural Steelwork ”’ is now available from the secretary 
of the Institute of Welding, 2, Buckingham Palace- 
gardens, London, 8.W.1. The price of the handbook is 
10s., postage included. 





MiniraRy RESEARCH IN AMERICAN UNIVERSITIES,— 
The Engineering College Research Council of the 
American Society for Engineering Education have 
recently surveyed the resources for scientific and engi- 
neering research in American colleges and universities. 
As a result, the Council conclude that a large number of 
defence-research projects can be undertaken at small 
college laboratories. A preliminary report giving the 
chief statistics has been prepared, but copies of the 
full report will be available shortly from the secretary of 
the Council, Room 7-204, 77, Massachusetts-avenue, 
Cambridge 39, Massachy:setts, U.S.A. 





BRIM8SH PURCHASING COMMISSION TO EUROPE.—The 
European Purchasing Commission have now opened 
offices in France, Italy and Switzerland. Sir Charles 
Henderson, K.B.E., is in charge at 116 (Bis), Avenue 
des Champs Elysées, Paris (8e), Mr. W. Rogerson at 
Via Borgonuovo 10, Milan, and Mr. Max Binney, at 
St. Peter Strasse 11, Zttrich. Appointments in Spain 
and Denmark have also been made. Mr. W. Maude is 
the representative in Madrid, c/o. H.B.M. Embassy, 
Calle Fernande El Santo 16, and Mr. A. K. Duthie, 
O.B.E., the representative in Denmark, at Gentofte. 
Offices in Belgium and Germany were opened on May 28, 
Mr. Norman W. Doley is in charge at 107, Rue Belliard, 
Brussels, and Mr. A. 8. Radford, at 5, Mehlemer Strasse, 
Marienburg, Cologne. 


LABOUR NOTES. 


Breakaway unions were condemned by Mr. Alfred 
Robens, the Minister of Labour, in a debate in the 
House of Commons, on July 5, on the labour dispute 
which arose in connection with the Hants and Dorset 
Omnibus Company. Replying to a motion to reduce 
the Ministry of Labour vote by five pounds, which 
was rejected by a majority of 15, Mr. Robens stated 
that a previous speaker, Sir David Maxwell Fyfe, 
had been forced into the position of pleading for a 
breakaway union. These brought anarchy into the 
trade-union movement and employers’ associations 
would not share the view that it was wise to encourage 
them. While he, Mr. Robens, remained Minister of 
Labour, he would never do anything to give encourage- 
ment to a breakaway union or do anything to weaken 
the position that the trade-union movement had 
built up for itself. One way to get industrial strife 
was to encourage breakaway unions. The ’bus industry 
was operated under the terms of a national agreement, 
on which were based a number of local ments, 
and the N.U.R. was a party to that national agreement. 





In the course of the debate, it was stated that the 
membership of the National Union of Railwaymen 
included many ’bus employees, and that another large 
group belonged to the Transport and General Workers’ 
Union. The *bus employees who were members of 
the N.U.R. considered that they had not secured 
adequate recognition by that Union. They were not 
represented on the national council for the omnibus 
industry and they had formed a ‘‘ national bus workers 
association,” which had come to include some 90 per 
cent. of the *bus employees in Hampshire and Dorset. 
This association had failed to secure recognition and 
complaint was made that the Minister of Labour had 
declined to intervene. It was stated that the Minister 
had declared that the association was not a registered 
trade union, but it was contended that the association 
had applied for registration as such. 





The dispute between the "bus company and its 
employees, it was declared in the debate, had arisen 
owing to difficulties relating to time schedules. The 
men had recently received a wage increase of 7s. 6d. 
a week, but, under new schedules, that increase had 
been wiped out, and some of those concerned were 
losing as much as 12s. 6d. a week. It was asked 
why the Minister had not considered it necessary to 
institute an inquiry when the schedules were brought 
to his notice, and why he had not supported the funda- 
mental right of a man to join the union which he 
considered was best suited to his needs. Another 
speaker in. the debate expressed the view that the men 
had made® mistake in breaking away from the N.U.R., 
to form a new organisation, and thus putting themselves 
in the wrong with the whole trade-union organisation. 
He advised those concerned to return to the N.U.R., 
which had given a tee beforehand that a "bus 
section of that Union would be constituted and receive 
a fair degree of autonomy. 





Protests against the Government’s refusal to intro- 
duce equal pay for women Civil Servants were made 
to Mr. Hugh Gaitskell, the Chancellor of the Exchequer, 
by the staff side of the Civil Service National Whitley 
Council on July 6. This organisation represents over 
530,000 persons of both sexes employed in Government 
offices. The deputation expressed their great regret at 
the Government’s decision, recently announced by 
Mr. Gaitskell, and maintained their previous contention 
that this reform could be introduced by stages. In 
their opinion, the Government’s contention that the 
introduction of equal pay into the Civil Service would 
lead to demands for similar treatment for women in 
commercial and industrial positions was erroneous. 
Mr. Gaitskell informed the members of the deputation 
that the Government were unable to risk the presenta- 
tion of a very number of similar demands from 
many sections of workpeople outside Government 
employment. Such demands were very likely to follow 
the introduction into Government offices of equal pay, 
and these might well have serious effects on the national 
economy. Under these circumstances, the demands 
could not be met at the present time, but the deputation 
were assured that the Sovemmeet accepted the prin- 
ciple of equal pay. 


The biennial conference of the see and General 
Workers’ Union opened at Whitley Bay on Monday 
last and continued in session until to-day. The Union, 
which claims to be the largest in the world, now has a 
total membership of 1,314,483. Delegates attending 
the conference numbered just under 700. In his open- 
ing address on Monday, Mr. E. E. Fryer, the President 
of the Union, referred to the dangers of adopting a 








“smash and grab” policy on wages and suggested 








that the country’s economic situation was such as to 
render it necessary to continue to act with restraint 
in putting forward new wage claims. At the same time, 
care must be taken to ensure that members of their 
Union did not suffer in the general wage movement 
which was now gathering momentum. He ap led 
to trade unionists throughout the country to make the 
largest possible contribution towards the national pro- 
duction and income. Substantial increases in output 
would fulfil the twofold duty of maintaining the existing 
standards of living and enabling the nation to rearm 
effectively. 


Mr. Fryer urged the delegates to do all in their power 
to uphold the sanctity of trade-union agreements and 
warned them of the dangers which would confront the 
whole trade-union movement should such agreements 
come to be disregarded. He emphasised the advantages 
which accrued from the state of full employment that 
now existed, and declared that the benefits from this 
policy should not be jeopardised by using them as a 
ever to secure ill-disciplined strike action. Any 
disregard for the sanctity of trade-union agreements 
would shake very badly the whole foundation on which 
effective trade unionism had been built. The develop- 
ment, even perhaps the survival, of the movement 
depended upon trade unionists adjusting their way of 
thinking. The greatest need of the movement at the 
present time was for the members generally to accept 
the leadership of those whom they had appointed to 
lead. He asked all members of the Union who might 
contemplate unofficial action, possibly from a mistaken 
sense of loyalty, to pause beforehand and to consider 
how far the movement had travelled during the last 
ten years. 








The urgent need for the effective control of prices 
was another topic referred to by Mr. Fryer in his 
address. He stated that the national executive of 
the T.G.W.U. would do all in their power to urge 
the Government to maintain its rigorous control. A 
re-imposition of controls on some commodities in 
general use might help considerably. Mr. A. E. 
Deakin, C.B.E., the Union’s general secretary, sub- 
mitted the annual report of the executive, which he 
asked the delegates to accept. Some exception was 
taken to a paragraph on the nation’s defence pro- 
gramme and it was eventually rejected by a small 
majority of votes. The paragraph referred to stated 
that the defence programme forced upon Britain, 
equally with other western countries, “‘ by the im- 
perialist policy of the U.S.S.R. was greatly to be 
regretted.” It meant placing a brake on this country’s 
recovery and on the further development of the social 
services. As in the war years, industry would once 
again have to be adapted to military needs instead of 
being able to concentrate on the production of goods 
urgently needed for home consumption and the 
export trade. 





Demands for substantial increases in wages are likely 
to be presented in the near future on behalf of railway- 
men and miners. Mr. J. B. Figgins, the general 
secretary of the National Union of Railwaymen, referred 
to new wage demands at the annual conference of the 
Union at Hastings, which was held last week. He 
announced on July 4 that a private session of the 
conference, on that day, had accepted the report of 
the committee which was formed, at the Union’s 
special general meeting in March, to investigate wages 
and working conditions in the railway service. This 
report recommended the Union’s executive committee 
to present claims for a substantial increase in wages. 
Other recommendations contained in the report 
included an instruction to the general secretary to 
expedite the negotiations for the granting of supple- 
mentary pensions for all grades of railwaymen, and 
proposals for increases in meal allowances, lodging 
payments, and payments for dirty or dangerous 
work, and holiday duties. 





Mr. Figgins stated that, in accordance with that 
report, claims would be presented to the Railway, 
London Transport, Hotels, Docks and Waterways, 
and Road Haulage Executives for wage increases. 
It was the suggestion of the same committee, Mr. 
Figgins continued, that an approach should be made, 
during the next few days, to the Transport Salaried 
Staffs’ Association and the Associated Society of 
Locomotive Engineers and Firemen, with a view to 
the submission of joint demands. At the annual 
conference of the National Union of Mineworkers at 
Blackpool last week, a resolution was passed unani- 
mously on July 5 requesting a minimum wage of 
7l. 10s. a week for underground employees and 
proportionate adjustments in the rates for those 
engaged on surface work. These claims are equivalent 
to weekly increases of 23s. for underground employees 
and 20s. for all other grades. 
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ANALYSIS OF THE ROCKWELL 

HARDNESS TEST, EMPLOYING 

A NEW DEADWEIGHT TESTING 
MACHINE.* 


By C. E. Puiurms, Wh.Sc., M.I.Mech.E., and 
A. J. Fenner, B.Sc.(Eng.), A.M.I.Mech.E. 

THE complete verification of a static indentation 
hardness-testing machine is normally not a simple 
operation ; even those of simple design do not lend 
themselves readily to direct measurement of the 
applied load, owing to the smallness of the movement 
available at the indenter chuck. In direct-reading 
(Rockwell principle) hardness-testing machines, the 
difficulty is even more acute because of the special 
nature of the test. The hardness number is derived 
from a measurement of the net vertical movement of 
an indenter, from a datum position reached under an 
initial load (the minor load), after application and 
subsequent removal of a second load (the major load). 
For convenience, loads are normally applied by means 
of levers or springs, and the penetration is measured by 
a dial-gauge indicator, after mechanical amplification. 
Verification of hardness-testing machines, therefore, is 
usually restricted to check tests made from time to 
time on “standard hardness blocks ”—uniform blocks 
of metal the hardness of which has been determined 
previously by tests in a machine which is considered 
to be accurate. 

Direct-reading hardness-testing machines are now 
very widely employed in industry, probably owing to 
the simplicity and rapidity of the testing operation. 

© consequent introduction of Rockwell hardness 
tolerances into specifications for materials, however, 
has drawn attention to considerable discrepancies 
which can arise between results obtained from different 
testing machines. In recent years, it has also become 
apparent that a small but definite difference exists 
between “standards” of Rockwell hardness; for 
example, a hardness block standardised in the United 
States would not necessarily be allotted the same 


* Communication from the National Physical Labora- 
tory. Abridged. 
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average hardness number as would be assigned to it in 
the United Kingdom. The investigation now described 
was undertaken in an attempt to assess the reasons 
for such differences and to provide a reliable basis for 
the standardisation of hardness blocks. Preliminary 
investigations and a detailed consideration of the condi- 
tions of the test, already specified in B.S. 891-1940, 
strongly suggested that the high standard of perform- 
ance required of an independent reference would merit 
the design and construction of a special testing machine 
which could be readily verified from time to time. 
An experimental rig was first constructed; using 
saprenenee gained with this, the machine described 
below was designed and constructed. 

A general view of the machine is given in Fig. 1, 
herewith. The mechanism is housed in a very rigid 
framework, consisting of a cast-iron baseplate with 
four 3-in. diameter solid-steel pillars supporting the 
casting which carries the test platen. The specimen 
under test rests on this platen, which consists of a 
hardened-steel plate with a machined and lapped 
upper surface; the height of the platen may be 
adjusted by means of a screw, operated by a handwheel 
on the right-hand side of the machine. Both the 
minor and major loads are made up of deadweights. 
The speed of application of load is regulated by a hand- 
operated valve which controls the movement of a 
piston in a dashpot situated under the weights. The 
indenter is firmly mounted under the top crosshead of 
a rectangular frame, which, together with a scale pan, 
constitutes half the minor load (5 kg.). The remainder 
of the minor load is provided by a single weight resting 
on the scale pan. 

The platform for the major load is attached to a rod 
passing freely through the lower crosshead of the 
frame, as shown in Fig. 2; the rod has a free vertical 
movement of about } in., so that when the piston is 
at the top of its stroke the indenter is lifted just clear 
of the test block, and when the piston is at the bottom, 
the major load is sus led from the frame. The 
lower scale pan and its attachments form the first 
5 kg. of the major load, the remainder being added 
in the form of loose weights. Lowering the piston 





thus brings first the minor load and then the major 


load on to the test piece. The piston is returned 
mechanically to its top position by a handwheel on 
the left of the machine, the oil returning to the dash- 
pot through a quick-action non-return valve. 

Measurements of the vertical movement of the 
indenter during the relevant part of the test are made 
by means of an optical comparator of the tilting- 
mirror type with a magnification of about 1,600. 
Rockwell hardness numbers are read directly from the 
image of a scale projected on to a ground-glass screen. 
The comparator is mounted on a threaded sleeve 
screwed into a steel plate firmly attached to the test 
platen. A knurled nut and a clamp are provided to 
enable the instrument to be moved vertically and 
clamped in position before tests are made. Normally 
no further setting is required for tests on a particular 
test block; the small zero adjustments needed each 
time the minor load is applied are made using 4 zero- 
setting device on the comparator itself. The indenter 
and minor load assembly are constrained to move only 
in a vertical direction by means of four pairs of 0-03 in. 
diameter steel wires passing between opposite corners 
of the machine, as shown in Fig. 3, on page 58. Two 

irs of wires are fitted to the top, and two pairs to the 
Cistom of the minor load framework. These wires, 
which serve merely as guides, are adjusted to a very 
small tension. 

From the illustrations and the above description, 
it will be seen that the design of the machine differs 
radically from that of the ordinary commercial types 
of direct-reading hardness machines. The use of dead- 
weight loading and the frictionless support of the 
indenter clearly eliminate the possibility of random 
errors in the magnitudes of the applied loads. Particu- 
lar attention is drawn, however, to the method of 
mounting the optical comparator. In ordinary direct- 
reading machines, the dial-gauge indicator, for con- 
venience, is mounted in the head of the machine, 
which also carries the fulcrum of the loading lever. 
The reaction at the fulcrum due to the application of 
the major load causes a distortion of the machine 
frame; though this distortion is very small, it repre- 
sents an appreciable proportion of the total - 
ment recorded by the dial gauge. If, on removal of 
the major load in any test, the framework failed to 
behave y elastically, the remanent distortion 
would be added to the true depth of impression in the 
dial-gauge movement, and would introduce an error 
into the recorded hardness reading. 

In the standard machine now described, the com- 
parator is, in effect, firmly attached to the platen 
beneath the test piece, as may be seen in Fig. 3; any 
distortion of the machine framework which might 
occur as a result of transferring load from the base to 
the upper casting must result in a bodily movement 
of the platen and the comparator as a whole. In the 
same way, if the application of the major load causes 
any settling down of the screw which raises the platen, 
the comparator must needs follow. Regarding this 
latter point, it may be further mentioned that, after 
initial setting, the platen generally remains unmoved 
for all the tests on a given test plate. sees: 

The optical comparator is calibrated in situ by 
introducing slip gauges between the plunger and the 
small platen with which it makes contact. The upper 
surface of the platen is ground and lapped, and slip- 
gauges can be wrung directly on to it. © instrument 
was calibrated in this manner before and after the 
work described later in this article. Good agree- 
ment between the two calibrations was observed, and 
it is concluded that readings over the normal working 
range are correct to better than +0-2 division on the 
Rockwell scale. ; 

The deadweight hardness-testing machine is ulti- 
mately intended for the purpose of s' g 
hardness blocks. The procedure currently employed 
in standardising tests is based on Appendix B of 
B.S. 891-1940, the relevant portions of which read as 
follows: The hardness of the calibrated test specimen, 
“‘as determined by a competent authority, should not 
vary at five points comprising the centre and corners 
by more than one unit for a specimen tested on the 
C scale. The hardness number of the calibrated 
specimen should be taken as the average of all five 
readings. It should be marked with two hardness 
numbers, representing one unit above and below the 
average for a specimen tested on the C scale.” 

During the course of the experiments which led to 
the construction of the standard machine, it was found 
that, in tests on a given block, differences up to about 
two units could arise between readings using the 
same indenter in different machines, and similar 
differences occurred between readings obtained with 
different indenters in the same machine, though all 
the tests were ostensibly made in accordance with 
B.S. 891-1940. It was known that specifications exist 
in which a tolerance of only one or two units in this 
scale of hardness is permitted. Accordingly, it was 
considered essential to explore the factors influencing 





the results of tests before undertaking any standard- 
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ising work. Leaving aside the question of direct 
errors which could be introduced by an inaccuracy of 
the measuring instrument, the most likely causes of 
the discrepancies noted were: (1) differences in the 
shapes of indenters, and (2) differences in the magnitude 
of the minor load or the major load, or both. The 
effects of varying these parameters have been explored, 
and a few tests have also been made to investigate the 
influence of the duration of application of the majcr load. 

The shape of the conical diamond indenter is specified 
in B.S. 891-1940, as follows :—‘*‘ The conical pene- 
trator shall be a diamond with an angle of 120 deg. 
to an accuracy of + 0-1 deg. in any axial plane. The 
point of the penetrator shall be rounded to a radius of 
0-20 mm. and the profile shall conform to the radius 
of 0-20 mm. within an accuracy of + 0:005mm. The 
round and conical surfaces shall join in a truly tan- 
gential manner. The penetrator shall be clean, have a 


good polish, and »e free from cracks and surface 
hoes hes, and shall be solidly mounted in a suitable 


Twelve high-grade conical penetrators were obtained 
from current production and their profile shapes were 
determined in three axial planes in the Metrology 
Division of the N.P.L. The angles were measured by 
optical projection at 200 diameters using a protractor 
method, and again by an interference method developed 
in the Laboratory. The profile of the spherical tip 
was compared with the nominal radius by optical 
projection at 1,000 diameters. The method of measure- 
ment is fully described elsewhere* ; the results of the 
measurements are given in Table I, opposite. All of 
these indenters would be expected to conform to the 
specified conditions stated above. 

For the purpose of these measurements, the B.S. 
tolerance on the radius was taken to mean a nominal 
profile of 0-20 mm. radius, with concentric tolerance 
bands 0-005 mm. wide on each side of the nominal 
profile (see Fig. 4). Another possible interpretation is 
illustrated in Fig. 5. While this second interpretation 


* F. R. Tolmon and J. G. Wood, “ Precision measure- 
ment of Rockwell hardness diamond penetrators.” (To 
be published in a future issue of ENGINEERING.) 








is more normally accepted for specifying an outline of 
this type, it gives a tolerance band which, according to 
Tolmon and Wood, is at present impracticable from 
the measuring point of view. It will be noted that, 
even with the wider tolerance of the first interpretation, 
the spherical tips of eight of the penetrators failed to 
satisfy the specified conditions. In addition, the 
included angles of six a lay outside the 
tolerance limits in each plane of measurement. 

Direct-reading hardness tests (Rockwell principle— 
C scale) were made in the deadweight machine with 
each penetrator, on nine steel plates (each 2} in. by 
1? in. by } in.) at three hardness levels (Rockwell € 
scale hardness numbers approximately 27, 46 and 
62, respectively), to compare the behaviour of the 
different penetrators. The estimated depths of 
penetration for minor and total loads, in plates of those 
hardnesses, are indicated in Fig. 6. The tests on each 
plate were conducted as an incomplete randomised 
block experiment of the type devised by Yates,* using 
a block size of 2, arranged for 13 treatments, one of the 
penetrators being used twice in each experiment. The 
two hardness tests in each block were made at points 
t in. apart on the steel plates. The reasons for selecting 
this particular experimental design are given in the 
Appendix. The results of the tests are summarised in 
Table IT, on page 60. 

Inspection of Table III shows that, for the two 

igher levels of hardness, a low order number in the 
column generally corresponds to a low value of excess 
material at the spherical tip, and vice versa, though 
this behaviour does not persist in the tests on plates of 
low hardness. Figs. 7, 8 and 9 show the way in which 
the average hardness number varies with the average 
value of the departure from the nominal profile, for the 
hard, medium and soft plates, respectively. For the 
purpose of correlation, the hardness values for two of 
the plates have been reduced by constant amounts 
before plotting. Thus, in Fig. 7, each hardness number 
for plate 1 has been reduced by 0-65 division, the 
difference between its overall average and that of 





* Yates, “‘ Incomplete Randomised Blocks.” Annals 


of Eugenics, 1936, page 125. 





0°01 mm. 
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Fig. 6.(b) Medium C Block (H,C-—45) 
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plate 2. Hardness numbers for plate 3 are likewise 
reduced by 0-20 division. This device has, been 
adopted to bring into relief the agreement and dis- 
crepancies between the behaviour of any given 
penetrator in tests of different plates. 

It will be apparent from the diagrams that for plates 
of the two higher hardnesses there is a distinct cor- 
relation between the hardness number and the extent 
by which the profile at the tip of the penetrator projects 
beyond the nominal outline given by the specified 
radius of 0-2 mm. The slopes of the lines drawn 
through the plotted points of Figs. 7 and 8 show that 
the changes in Rockwell hardness number to be expected 
owing to an increase of 0-005 mm. in excess material 
projecting beyond the nominal profile are: for a plate 
of hardness Hy, C 63, — 1-8 units; and for a plate 
of hardness HygC 45,—0-9 unit. It follows that 
if the B.S. specification is interpreted to permit the 
use of penetrators with profiles departing from the 
nominal by + 0-005 mm. of material, or if inspection 
procedure is such that such penetrators are accepted, 
then it is inevitable that a range of variation will occur 
in apparent hardness of about 3 units at Hy C = 63, 
and 2 units at Hy C = 45. It so happened that not 
one of the penetrators obtained for these tests had a tip 
with a radius of curvature greater than the nominal 
value. It may be mentioned here that the projected 
outline of the tip of each penetrator conformed reason- 
ably well to a circular arc extending for the full 60 deg. ; 
with penetrators of ideal form, each 0-001 mm. of 
excess material would represent a reduction in the 
radius of curvature of approximately 0-006 mm. 

Fig. 9 shows that this linear correlation does not 
extend to tests of softer materials, in which greater 
penetration takes place. It was at first thought that 
the lack of correlation might be due to the increased 
influence of errors in the included angles of the pene- 
trators, the effect of which would naturally be expected 
to become more pronounced as the depth of penetration 
was increased. This, however, does not appear to be 
a sufficient explanation. An attempt has been made 
to relate the hardness number with the included angle. 
For the hard and medium blocks, a correction derived 
from the slopes of the lines in Figs. 7 and 8 was applied 
to each average hardness reading, to eliminate the 
effect of the tip form. A graph typical of those 
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(enna Under Minor Load 
obtained is given in Fig. 10. In the case of the soft 
blocks, no such correction could be made, and plotting 
the hardness number against angle error yields diagrams 
of the kind shown in Fig. 11. It will be seen that in 
neither case is there any clear evidence of the influence 
of the angle. 

It will also be seen that, in the tests on the soft 
plates, a greater degree of “scatter” of results 
occurred, inasmuch as the order of the penetrators in 
a table of descending hardness numbers is less well 
preserved from plate to plate. One possible cause of 
this may reside in the amount of “ creep ” which takes 
place under the full load in tests of soft steels. The 
specification requires merely that the full load be 
maintained until movement of the penetrator has 
ceased, and the criterion of this condition will depend 
to a large extent on the sensitivity of the recording 
instrument and on the machine operator. During 
the present series of tests it was found that movement 
could still be detected by the optical comparator after 
the full load had been maintained for 15 minutes. In 
tests so far described, the full load was actually main- 
tained for approximately 2 minutes. The rate of 
deformation for any given diamond during this period 
may well differ from plate to plate,to a degree which 
would suffice to produce the scatter obtained. A short 
experiment to determine the effect of time of applica- 
tion of total load was, therefore, carried out, and is 
described later. 
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An estimate of the change in hardness reading 
expected to result from variations in tip radius and 
angle can be derived in the following manner, if the 
recovery of the metal on removal of the major load is 
neglected, and certain assumptions are made. 

Let R = radius of curvature of tip of which the centre 
is at 0 (Fig. 12). 
a = semi-angle subtended at O by the spherical 


tip. 

P, = minor load 

P, = total load. 

hy = height of O above test surface when minor 
load is applied. 

h, = height of O above test surface when total load 
is applied. 


r9 = radius of minor load impression. 

r, = radius of major load impression. 

p =the mean pressure over the projected area 
of the indentation in a plane parallel to the 
test surface; this is assumed to be a con- 
stant for the material under test. 

From consideration of the mean pressures it can be 
shown that, for hardnesses of H,C > about 30, 
tr < Rsinaandr, >Rsina. Thus h, = ~~ R* — r,?, 
and h, = R sec « — r, tan a. ‘ 

Neglecting recovery, the Rockwell hardness is a 
function of the difference between these heights : 

HC = 100 [1—5 (hy — hy) ] 












































___ Fig. 9. 
: | 
+ 
x 
(26-0F ‘ 
a x [ * 
ge] 4 t 
E 
= 
. 255 $ 
3 if 
§ 
a 
. 
Bod 4 
é + Averages for Plate 7 | 
x Averages for Plate8 x 
o Averages for Plate 9 | 
245 





fe) 0-002 0-004 0-006 

(359) Excess Material Projecting Beyond deen 
ominal Profile at Tip, mm. 

where h, and h, are expressed in millimetres 

= 100 [1 — 54/R* — r,* + 5R sec & — 5r, tan a) 
By substituting for r, and r, in terms of P, and P,, 
respectively, and the constant p, this expression may 
be employed to obtain a series of “ theoretical ” values 
of Hg C corresponding to arbitrarily chosen values of p. 


Further, by differentiating with respect of R and a, the 
effect of varying these parameters may be assessed. 


TaBLE I.—Resulis of Examination of Profiles of Conical 
Penetrators. 


























Error in Minutes from 
Nominal Angle Excess 
Penetrator | Diametral of 120 deg. Material at 
7, Plane of be ie 
on measure- norma 
Letter. ment. Projec- Inter- measured 
tion ference file 
Method. | Method. | Prome, mm. 
A 0 +1 — 4 0-005 
60° — 3 —-4 0-005 
120° — 7 — 6 0-007 
B 0 —4 — 4 0-006 
60° 2 — 6 0-006 
120° — 2 —4 0-005 
c=D 0 + 5 +5 0-010 
60° +1 + 5 0-009 
120° + 3 0 0 
E 0 + 8 +7 0-008 
60° +10 +11 0-002 
120° +9 +12 0-003 
F 0 —9 —10 0 
60° — 9 —13 0 
120° —il4 —12 0-002 
G 0 +13 +18 0 
60° +12 7 0 
120° + 8 +10 —0-001 
H 0 —- — 6 0-008 
60° — — 6 0-004 
120° _- — 6 0-008 
I 0 —_ — 2 0-005 
60° —_— — 1 0-004 
120° _ —2 0-006 
J 0 —12 —14 0-008 
60° —16 —16 0-011 
120° —13 —15 0-006 
K 0 — 8 —15 0-003 
60° —14 -— 15 0-003 
120° —19 —16 0-003 
L 0 —45 — 46 0-003 
60° as —45 0-003 
120° — 46 — 46 0-001 
M 0 — — 1 0-004 
60° _ +2 0-006 
120° — — 2 0-003 
Note.—The estimated jes of the angle determinations 





were, respectively, + 6 minutes of arc for the projection method 
and + 1 minute of arc for the interference method. The latter 
figures were obtained to the nearest } minute, but in the above 
table are approximated to the nearest minute. 


In this manner, using values of p found to correspond 
to Rockwell hardness of 63 and 45 respectively, the 
changes in apparent hardness due to an increase of 
0-005 mm. excess material were found to be :— 

For a plate of hardness Hy C 63: — 1-8 units. — 

For a plate of hardness Hy C 45: —1-2 units 
(approximately). 

The effects of varying the included cone angle over 
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TABLE II.—AveraGE ROCKWELL C SCALE HaRDNESS NUMBERS OBTAINED WITH DIFFERENT PENETRATORS. 











Average Rockwell C Scale Hardness Number. 
Penetrator. 
Plate 1 2 3 4 5 6 7 8 9 
A 62-4; 618, 62-0, 45-1, 46-0, 44-4, 25-0, 26:7, 25-45 
B 62-2, 61°75 61°95 44°8, 45-9, 44-3, 24° 27% 25-3, 
oC 62-0, 61-4; 61-6, 45-1, 46-1, 44°55 25-3, 27-59 25°93 
D 62-2, 61-7; 61:8, 54-3, 46°4, 44°7, 25-53 27 +59 25-95 
E 63-4, 62-8, 62-9, 46-0. 46 +9 45-2, 25-75 27°95 26-4, 
F 64-1, 63-5; 63° 7, 46-3, 47°34 45 +5, 26-05 27°7% 26-55 
G 64-2, 63-55 63 6, 46 +45 47°35 45-6, 26-0, 28-45 27-0, 
H 62°1, 61-39 61-55 45:4, 46°4, 44°71 25°94 27° 8, 26-4, 
I 62 +5, 61-9, 62-1, 45° 5, 46°5, 44 +8, 25-95 27°9, 26-6; 
J 61-5, 61-05 61-0, 45°06, 45 +9, 44 +2, 25-4, 274, 26-0, 
K 63-4, 62-8, 63-05 45°95 46-99 45°04 25% 27-8, 26-5, 
L 63 65 62-9, 63-1, 459% 46-8, 45-1; 25°85 27-8; 26 +5; 
M a ..| 63-0, 62 “0g 62-4, 45-8, 46-7, 45°05, 26 -2¢ 28-1, 26-9 
Standard error...) 0-05 0-05 0-05 0-05 0:05 0:05 0-08 0-13 0-10 
































The standard errors are measures of the variability in the above figures that would occur if the same 
penetrator were used in all rows. They are estimated from an analysis shown in the Appendix. 


Note to Table II.—Each hardness number given in the Table is the weighted (see Appendix) mean of twelve readings on one 


steel plate. The ave in the columns were re-arranged in 


up to show 
from the measurements given in Ta’ 


rages descending order of magni 
the identification letter of the penetrator from which it was derived. "lon 
the position occupied Fe penetrator in the list for each plate, together with the characteristics of its profile taken 
le I. 


e, each figure was then replaced by 
the arrangement of the letters, Table III was drawn 


TABLE III.—RELATION BETWEEN PENETRATORS ON NINE DIFFERENT TEST PLATES. 











4 Position in Table of Descending Order of Hardness Reading. 
Soiiiaeas Angle Error a Excess Material 
moteator. — — Plate:—1 2 8 | Plate:-—4 5 6 | Plate-—7 8 9 
r H,C: 62. HgC: 46. Hg C: 27. 
A ve — 5 0-006 8 8 10 10 10 ll 12 11 
ss we —4 0-006 10 10 9 12 12 ll 12 11 12 
c=pD.. + 3 0-006 > = 2 9 9 9 9 9 10 
E mee +10 0-004 6 4 5 3 38 8 8 3 8 
F —12 0-001 3:3 1 2 1 2 3 8 5 
G +10 0 oe ee oe ae a2 1 
H —5 0-007 _ 2s oo 8 8 8 i ae 
I —2 0-005 a ae i ; . = 4 4 8 
J —15 0-008 18 18 18 pS ae | ee | 10 10 9 
KE —15 0-003 4 6 4 4 4 6 6 5&6 4 
L —46 0-002 3 3 8 5 56 4 7 7 6 
M 0 0-004 6 6 6 eS © 1 Pe 




















* The average of the three values, in each case. 


the specified tolerance was found to be rather less 
than 0-1 -_ at case. It can be seen that the 
experimental results are in reasonably good agreement 
with the calculated figures. ‘ 

The difficulties inherent in verifying the loads applied 
by direct-reading hardness-testing machines on 
p Ale been noted. From measurements of indenta- 
tions made on a single steel plate in tests under similar 
conditions in different ing machines, and from other 
indirect evidence, the authors are confident that 
a ble errors in applied load can occur. The 

ect on the hardness number of altering the minor 
load and the major load has been investigated for the 
Rockwell C scale on three plates of different hard- 
ness (Hy, C : 63-5, 47 and 27-5) and for the Rockwell 
B scale on one plate (Hg B: 81). The tests on 
each plate were conducted as a factorial experiment 


major load, each of the nine possible combinations 
being employed. The —- was arranged as 
an incomplete randomised block design for nine treat- 
ments and a block size of 4, eight tests being made 
with each ible combination of minor and major 
loads. The results of the C-scale tests are shown 
diagrammatically in Figs. 13 and 14. The weighted 
average of the hardness i obtained at each 
load condition is plotted against major load at (a), (5) 
and (c) in Fig. 13 with straight lines drawn through 
points representing tests in which the minor load had 
equal values. The same results are similarly plotted 
against minor load in (d), (e) and (f). The average 
slope of the three lines in each di has been 
estimated and is recorded in Table IV, which indicates 
the change in hardness reading to be expected from 


an increase of 1 kg. in the minor and major loads 





using three values of minor load and three values of 


respectively. 


The figures in Table IV are shown in Fig. 14 —“~ 
against the nominal hardness of the test plate. Fig. 15 
shows the weighted averages of the B scale hardness 
numbers, plotted against major load and minor load 
in the manner described above. It will be observed 


TABLE IV.—Variation of Rockwell C Scale Hardness with 











Applied Load, 
Change in Observed Hardness Due to 

Hardness an Increase of 1 kg. in 

of Test 

Plate , 
Hg-C Minor Load. Major Load. 

27-5 + 0-8, units — 0-3, units 

47 + Ody — 0-2 ,, 

63°5 +02 . — O-le » 














that, in these tests, alterations in major load produced 
an important effect, whereas changes in minor load were 
relatively unimportant. From the slopes of the lines, 
it can de deduced that the changes in apparent hardness 
number of the plate which might be expected as a 
result of an increase of 1 kg. in applied load are: 
+ 0-08 unit for change of minor load ; and — 0-54 unit 
for change of major load. 

A complete experiment, similar to those described 
above, was made on a new low C-scale plate of 
approximately the same hardness. All 12 indenters 
were again employed, but the 13th “treatment” in 
this case was obtained by using one indenter for tests 
of long duration, the full load being maintained for 
15 minutes instead of the 2 minutes adopted in the 
other tests. The corrected averages of the hardness 
numbers obtained with this indenter were :— 


Total load applied for 2 minutes .... 28-0 
Total load applied for 15 minutes 26-9 


It may be recorded here that the results of the tests 
in which the full load was maintained for only 2 minutes 
were used to obtain the positions of the penetrators in 
a table of descending order of hardness number, as in 
Table III, and appreciable divergencies from those 
given for plates 7, 8 and 9 were observed. 

Though the results of the tests are by no means free 
from inconsistencies, the following general conclusions 
may be drawn :— 

(1) It is probable that many of the conical diamond 
indenters produced and employed in industry do not 
conform to the tolerance limits of radius and angle laid 
down in B.S. 891. (Tolmon and Wood express the 
view that the specification of the form of the spherical 
tip is open to more than one interpretation.) 

(2) The hardness number obtained in @ Rockwell 
C-scale test is a function of the profile of the spherical 
tip of the indenter. Variations up to 2 or 3 units may 
arise between indenters conforming to the B.S. speci- 
fication tolerance on radius, as interpreted in Fig. 4. 
(3) On the other hand, there is no clear indication 
that small departures from the nominal included angle 
of 120 deg. have any important influence on the hard- 
ness number. It would appear possible, in the light 








of the tests reported above, to assign wider tolerance 
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limits for the angle (for example, 2 or 3 times the range 
now permitted). 

_ (4) Errors in either of the applied loads have an 
important effect on the hardness number obtained in a 
C-scale test, particularly in tests of comparatively 
soft materials. For B-scale tests, accuracy of the 
minor load appears to be less critical, but variations in 
major load have a noticeable influence on the test 
results. 

(5) Under the C-scale test load of 150 kg., it was 
found that unrecoverable creep of test material of low 
hardness took = over a period in excess of 15 minutes, 
leaving room for doubt as to when the test should be 
regarded as complete. Further investigation of this 
phenomenon is clearly desirable; with the much 
shorter time of application which is often employed in 
quality control in industry (less than 15 seconds), the 
variability of apparent hardness would be expected to 
be greater than that found in the present tests. 

The authors acknowledge the valuable co-operation 
of Messrs. W. and T. Avery, Limited. 


APPENDIX. 
By E. D. van Rast, B.A., B.Sc., F.Inst.P. 


The purpose of a designed experiment should be to 
obtain (a) unbiased estimates of low error variance 
(variance is a measure of variability) of the effects being 
investigated and (6) unbiased and valid estimates of 
that error variance. An earlier experiment had shown 
that the differences to be expected between results from 
the different penetrators were not so great that a large 
residual variance or error of the experiment could be 
tolerated. It was thought that the smallest residual 
variance that could be achieved would be that between 
two replications made within a few millimetres of each 
other on a standard plate. Thus a design was selected 
which would enable the different penetrators to be 
compared when their indentations were next to one 
another on the standard te. This involves an 
arrangement of balanced, incomplete, randomised 
blocks; “incomplete” because only two out of the 
13 penetrators can appear in each pair of indentations 
which form the fundamental block for a comparison ; 

balanced ” because it must be that each pair 
shall ocour together in a block the same number of 
times as any other pair; and ‘‘ randomised ” in order 
that unbiased estimates both of the effects and their 
error variance shall be obtained. The 13 penetrators 
can be arranged in 78 different pairs so that multiples 
of 78 blocks of two spaces for indentation are required. 
The number of tests is of course larger for the smaller 
block size but this was not considered any disadvantage 
by those carrying out the experiment. The block size 
of two has the additional advantage that very few 
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additional blocks would be required for the addition 
at a later stage of new penetrators. 

The actual design was derived by writing out in a 
systematic way the possible pairs of penetrators 
and then randomising the order of the pairs by i 
through a or two of random numbers. Finally, 
the order within pairs (left or right) was randomised by 
a similar method. The resulting list forms the order 
in which the indentations made by the tors were 
arranged on the standard plate but not necessarily the 
order in which they were made; it was i 
preferable to make all the necessary indentations with 
one penetrator before removing it from the head. The 
method of analysis of an incomplete block experiment 
is described by Yates in Annals of Eugenics, 1936, vol. 7, 
page 121, and in Fisher and Yates Statistical Tables for 

iological, Agricultural and Medical Research, Oliver 
and Boyd. In this particular case, the analysis results 
in Table V which enables the errors of either a within- 


TaBLE V.—Analysis of Variance of Resulis from One 
Plate; 2 x 78 Tests. 














Sum of 
Degrees 
Source of Variation. of p ntl ———- 
Freedom. Freedom. 
Blocks— 
1. Different tools ..| 12 Pere 
2. Between block error 65 : 
8. Totalfor blocks .. 77 a Wert Mw’ 
4. Tools within blocks 12 Dev V)2+12 
5. Error within blocks 66 M 
Total .. oe — 155 (Dev y)2 











Distance from Point of Support  “tncmrerme* 


of all the results with that tool and the error of a 
comparison must also involve those weights. 

Then the best (weighted) estimate of the hardness 
value given by the ;th tool is 4, (Vi + »W,) and the 
error variance of these estimates is nailed 

13w + 1iw’’ 
last is the source of the standard deviation used in{the 
hee to cee Gonna es eee eee 
= oe 


example, a difference between two quantities 
yy (Vi + »W,) for two tools would have to be some 2 to 
r 4 ‘ 
2-5 times I3w + liw’ before it could be regarded 


as significant. 





IMPROVED CABLE HOLDERS FOR 
POWER-TRANSMISSION LINES. 


By Sverre Sanpsere and Jurius Lurpsiom.* 


In erecting power-transmission lines, one of the most 
difficult problems is to provide a device for suspending 
the cables at the insulators which will prove satisfactory 
from the point of view of the stresses which occur. The 
— bends at the points of suspension obviously 

it in greater bending stresses in the cable at these 
points than in the free span between them. This is par- 
ticularly so when cable-holders of the older types, which 
support the cable by means of short and often straight 
or sharply bent surfaces are employed. The — 
stress is also increased by the tension in the cable an 
even light winds readily cause vibrations which increase 
the stresses at the ints of sus ion so that, 
sooner or later, the ca break. Efforts to improve 
tters were first directed wholly at reducing the effect 





Vg = sum of all results with the jth tool. 
[dev V]2 = sum of the squared deviations of each V from 
mean of all values of V. 
G = Total of all results. 
By = ¢th block total. 
T; = sum of all block totals which have th tool. 
W, = 11Vg— 127; + G. 
> nee 2 meaning corresponding to that already given 
‘or [dev 
From M and M’ of Table V, are calculated 
1 dw’ 132 
o-g* -mw—un 


w 
and further = T3w+iliw’ 


block comparison or a between-block comparison to be 
evaluated. The quantities to be entered in the third 
column are represented by symbols which are explained 
below. The quantities involved are less straightforward 
than might be expected because the information to be 
obtained from comparisons between blocks is used as 
well as that within blocks. Thus, the mean value of 
the result for a given tool consists of a weighted mean 


of cable vibrations, while ignoring the need to diminish 
the much larger and more dangerous bending stresses 
caused by unsuitably designed cable-holders. In the 
1920’s, this problem was solved in a satisfactory but 
costly manner by employing protective coverings of 
armour rods, the arrangement being illustrated in 
Fig. 1, on this page. These armouri lessen the 
stresses caused by bends and vibrations sufficiently to 
avoid breaks in the cable, but, at the same time, they 
render any to individual wires in the protected 
cable difficult to detect. In recent years, the Svenska 
Aluminiumkompaniet, Stockholm, have developed a 
cable-holder of improved arn ; the theory on which 
the design is based and « brief description of the holder 
are given below. 4 : 

As already mentioned, the ben stress in a cable 
can be considerable if the bearing surface at the support 
is straight or too acutely bent. When the cable leaves 








* Svenska Aluminiumkompaniet, Stockholm, Sweden. 
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the bearing surface—which may be regarded as two 
points of support a short distance apart—it is free to 
follow a natural curve, a fact which can be very detri- 
mental to the cable. The elastic line of the cable, and 
the bending stresses at various points near the point of 
support, may be determined by the following method, 
which was described by the first author in a paper 
presented to the American Institute of Electrical 
Engineers at Cincinnati, Ohio, in October, 1949. 

In Fig. 2, page 61, a is the point of support and b is 
the lowest point of the span ; + is the point of inflection, 
and O the origin of co-ordinates, of which the z-axis is 
horizontal and the y-axis vertically downwards. 

Let 


x,y = co-ordinates of any point P in the elastic line. 

¥, = eccentricity at a of the tangent to the elastic 
line at ¢. 

T = tension in cable in kg, at a. 


p= < = line density of cable. 


w = weight of cable in kg. per metre run, 
g = acceleration of gravity. 





E = Young’s Modulus. 
I = second moment of cross-section. 
l = length of span in metres. 
Write 
c= hs and k? = Lg 
p p 

If the cable under consideration is of aluminium 
with a steel core, let 

Eg = modulus of elasticity for aluminium. 

Es = modulus of elasticity for steel. 

Since E, ~ 3-3 Eg, the effective second moment I, is 
Ip Ig + 3°31, 

where I, and I, are the second moments of the alu- 

minium and steel parts of the cable, respectively. 

Ty, = bending moment at a due to tangential 
eccentricity. Let dg = diameter of individual alu- 
minium strands. It may be shown that the ordinate 
of the elastic line at z, in the neighbourhood of a, is 


v- (5 -2) + a [-iG-*)] 1, (1) 





Fig. 8. 
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approximately, and that the curvature at the same 
point is, approximately 
dy ot f_ 2k, -t(5-2) 
dx* 2ck cl : 
The second equation shows that the curvature is 
zero when 


+e k\2 (2) 


: az : lo 2 (3) 

2 TR ek Tat 
an equation which determines the position of the point 
of inflection, 7. 








The curvature at the point of support, a, is aes ‘ 
a+r 
The bending stress p, at any point, is pg = = “, for 


aluminium wires, and p, = z Pa, for steel wires, 
a 


where R is the local radius of curvature determined 
from equation (2). If, for instance, the total permissible 
stress in a cable is 14 kg. per square millimetre and the 
vibrational stresses can be deemed equivalent to a 
static stress of 2 kg. per square millimetre (the value 
obtained in practical tests has been found to lie between 
1 and 2 kg. ~— square millimetre), 12 kg. per square 
millimetre will be left for other stresses. These may be 
distributed so as to make the tension and bending 
stresses each 6 kg. per square millimetre, but, in order to 
provide an adequate margin of safety, the maximum 
allowable bending stress has been fixed at 3 kg. per 
square millimetre. The minimum permissible radius of 
curvature, R», of the cable slot in the holder, therefore, 


may be determined from the equation pg = Bodo 


2Rp 
with the appropriate value of p, inserted. 

The curves shown in Fig. 3, page 61, can now be 
plotted. Curve (2) is for ice-covered and curve (3) for 
ice-free cables. The corresponding bending-stress 
curves are shown below the others. As the slot of 
the cable-holder is designed to prevent the bending 
stress in the cable between the points of inflection, 1, 
on either side of the bearing surface exceeding a given 
value, this maximum value is represented by line ol 
The lines (5) and (6) then give the oo: 
points z, and 2, on the curves (2) and (3), from which 
points the maximum bending stress on the naturally 
curving cable dwindles to zero at the points of 
inflection. The slope of the cable at the points 2; 
and 2, can be ag gee from equation (2). The 
curve (1), in Fig. 3, 
surface of the ca holder, is 


radius R»,. The slopes of the cable at points z, and 
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2, are now transferred to the corresponding points of 
tangency ¢, and ¢, on curve (1), which indicate how 
far the cable slot must extend from the centre a of 
the holder to prevent the bending stress in the cable 
before the points of inflection from exceeding its value 
in the cable slot. 

The cable-holder should, when convenient, be made 
at least as long as would be required for an ice-covered 
cable. The cable will then fit snugly into the slot, 
which is advantageous from the point of view of 
vibrations. The vibrations may, if desired, be damped 
down still more, by lining the cable slot, especially its 
ends, with soft material. Practical tests have shown 
that the vibration-damping power of the improved 
cable-holder is at least as great as that of the armour- 
ing used with the earlier forms of holder. The vibrations 
extend only a short distance into the cable slot and 
are almost entirely absent in the region of its centre. 
The only effect of the vibrations is to make the cable 
roll to and fro at the ends of the holder, and this 
motion is uflikely to produce any significant wear, as 
only a faint sound is audible close to the place of rolling. 

The calculations can frequently be made more simply 
than by the method outlined above. The sag, h, of 
the cable can be determined with the aid of diagrams 
or some equivalent method. When the sag is known, 
the slope of the cable, ¢, at its points of inflection, 
can be determined from the approximate formula, 


tan ¢ — > (see Fig. 4, opposite). If the cable holders are 


at different levels, as in Fig. 5, tan ¢, =~, (f= d—e) 


and tan ¢, = 2" , are determined, and the mean slope 


of the cable at the holders will be $— fit ty, The 


angle ¢ will then correspond to the above-mentioned ¢. 
The minimum allowable radius of the slot of the 
holder is determined in the same way as before. The 
requisite length, L, of the slot is then mrp 
L = 2 Rsin ¢if the slot is circular. The first require- 
ment in designing a cable holder is accordingly a line 
profile, which is best plotted for an ice-covered cable. 
From this, the values of ¢ at each support can be 
obtained. The problem is complicated if there is a bend 
in the line, but can be solved easily. A few types of 
holder generally suffice for all the supports of aline and 
layouts are possible in which one type of holder suffices 
for the whole line. Typical examples are illustrated 
in the photographs reproduced as Figs. 6 and 7, 
opposite. Attention should be paid to the treatment 
of the cables in the process of suspending them. 
Instead of the single pulleys usually employed for 
hoisting the cables, a bridge consisting of several pulleys, 
as shown in Fig. 8, should be used. The question of 
the cable drums comes before that of these pulleys, 
and their internal diameter should be large enough for 
the cable not to be bent beyond the limit of propor- 
tionality. 

The new cable holder designed by the Svenska 
Aluminiumkompaniet has been tested as to its ability 
to carry the weight of the cable. The holders were 
usually deformed, without breaking, at double the 
breaking strain of the corresponding cables. The 
ability of the holders to withstand unilateral drag 
on the cable, which corresponds most closely to condi- 
tions when a cable breaks, has also been tested. In 
this respect, also, very satisfactory results have been 
obtained. Cable stresses at, and after, cable breakages 
have been investigated by practical tests in the United 
States. 

Large numbers of the new “ry have already been 
installed on transmission lines in Sweden, Norway and 
Finland. It is advantageous to use clamps made of 
non-magnetic material as, otherwise, there may be 
appreciable hysteresis loses at the supports. For this 
reason, the holders are normally made of chill-cast 
Silumin, a silicon-aluminium alloy, but they can be 
manu factured from other patna 





WORLD METALLURGICAL CONGRESS.—A World Metal- 
lurgical Congress, organised by the American Society of 
Metals, wll be held in Detroit, Michigan, U.S.A., from 
October 14 to 19. Some 500 delegates from 20 countries 
are to take part. The director-general of the Congress 
is Dr. Zay Jeffries, and further information may be 
obtained from Mr. W. E. Eisenman, American Society 
for Metals, 7301, Euclid-avenue, Cleveland, Ohio, U.S.A. 





UNITED KINGDOM PRODUCTION OF PIG IRON AND 
STEEL,—Statistics issued by the British Iron and Steel 
Federation, Steel House, Tothill-street, London, 8.W.1, 
show that the production of steel ingots and castings 
during June was at an annual rate of 16,007,000 tons, 
compared with 15,864,000 tons in May, and 16,249,000 
tons in June, 1950. The autput of pig iron was at an 
annual rate of 9,497,000 tons, compared with 9,482,000 
tons in May and 9,474,000 tons in June, 1950. 





ANNUAL CONVENTION OF THE 
BRITISH INSTITUTION OF RADIO 
ENGINEERS. 


Tue third Radio Convention, which has been organ- 
ised by the British Institution of Radio Engineers, 
opened at University College, London, on Tuesday, 
July 3, and continued until Friday, July 6. At the 
opening meeting the general subject was “ Electronic 
Instrumentation in Nucleonics,” and the chairman (Dr. 
D. Taylor) gave an address in which he described the 
radiation and particle detectors used in modern instru- 
ments. These could be classified under the headin 
of integrating systems, counting systems, ratemeter 
systems and systems in which the mean current 
through the detector was measured. The long-term 
stability of the radiation and particle detectors used 
in assay instruments was considered and the relative 
advantages of Geiger-Miiller counters, proportional 
counters and scintillation counters were discussed. 
Finally, the problem of industrial instrumentation, in 
which high reliability was of the first importance, was 
reviewed. 

A paper on a “ £-Ray Thickness Gauge for Indus- 
trial Use ” was then presented by Mr. K. Fearnside, who 
reviewed the methods of using f-particles for measur- 
ing the thickness or weight per unit area of sheet or 
strip material. In one of the methods the radio- 
active source was placed on one side of the sheet and 
the detector on the other. The variation in f-particle 
transmission through the material was then approxi- 
mately proportional to the weight per square centi- 
metre of the interposed material and the output of 
the detector was applied to a meter to read this quantity 
directly. The characteristics of the radioactive source 
and the choice of the detector element in relation to 
the design of thickness gauges were discussed and, as 
an example of the techniques employed, a description 
was given of a B-ray thickness gauge, in which a double 
ionisation chamber and direct-current amplifier was 
used. Finally, the back-scattering and transmission 
methods of measurement were compared. 

The concluding paper at Tuesday’s meeting was by 
Dr. J. E. Johnston on “The Use of Radioactive 
Tracers in Industry.” As a result of the large quanti- 
ties now being produced in atomic piles isotopes of a 
wide variety of elements were being employed for 
an increased range of industrial purposes. For 
instance, radioactive tracers could be used to measure 
minute quantities of impurities in metals ; the wear in 
extrusion dies and piston rings; and the content and 
rate of production of metal in electrolytic furnaces. 
Moreover, they couid be employed to check the uni- 
formity of the mixing of ingredients in animal foods ; 
to detect the mixing of various grades of oil sent one 
after another over long distances in pipe lines; to 
trace the sources of water pollution ; to study venti- 
lation systems ; to locate leaks in underground cables ; 
and to measure the rate of wear of blast-furnace linings. 

At the meeting on Wednesday morning, July 4, a 
paper on ‘“‘Self-Balancing Recording Instruments 
and Their Application to Nucleonic Measurement ” 
was read by Messrs. W. A. Kealy and R. E. Medlock. 
In this the authors briefly described the general prin- 
ciples of operation of both mechanical and electronic 
self-baiancing recording instruments and their applica- 
tion to the measurement of temperatures and radio- 
activity in atomic energy plants. The versatility of 
self-balancing recording instruments was illustrated 
by examples of circuits which permitted simple addi- 
tion, subtraction, multiplication, division, roots and 
ade and derivatives and integrals to be dealt with. 

veral arrangements in which combinations of these 
circuits could be used to solve problems associated 
with nucleonic projects were also described. 


At the meeting on Wednesday afternoon, Mr. E. H. 
Cooke-Yarboro presented a paper on “‘ The Counting 
of Random Pulses,” in which various possible electronic 
and electro-mechanical methods of measuring the mean 
rate of such pulses were described. In particular, the 
means of measuring the duration of the counting 
period and automatically terminating the count at an 
appropriate point were dealt with. This paper was 
followed by one by Messrs. J. Hardwick and E. Franklin 
on “The Design of Portable £- and y-Radiation Mea- 
suring Instruments.’ The principal considerations 
that enter into the design of the air ionisation chamber 
or Geiger-Miiller counter, which were used in portable 
instruments for detecting or measuring nuclear radia- 
tion, were described and the methods which have been 
used, and were being investigated, to achieve optimum 
performance with reliability were discussed. 
ionisation-chamber instruments the main factors which 
had to be considered were the characteristics of the 
electrometer valves, the high-value resistors and the 
selection of insulating materials suitable for dealing 
with very small currents. The ionisation chambers 
themselves must also be designed with the correct 
radiation characteristics. 





In the Geiger-Miiller counter the problem of pro- 
viding a stable source of high voltage had been eased 
to some extent by the development of an instrument 
operating at 300 to 400 volts, instead of at the usual 
1,000 to 1,500 volts. Power supplies, using cold- 
cathode valves and selenium rectifiers, could also be 
made to give a stable output voltage over a wide range 
of battery voltage. The short shelf life of miniature 
high-voltage batteries was, however, still a problem ; 
and the possibility of replacing them by a spring-driven 
generator was being investigated. Cold-cathode valves 
were preferable to filament valves, owing to their 
reliability and robustness. 

The final paper on Wednesday afternoon was by 
Mr. F. Wells, on ‘‘ Pulse Circuits for the Millimicro- 
second Range.” In this a review was given of the 
circuit techniques used in measurements on short 
pulses and the time intervals between pulses in the range 
10-* to 10-* second with particular reference to nuclear 
physics measurements. The circuit described in the 
paper had been developed for work with scintillation 
counters and spark counters; and included shaping 
circuits, pulse generators, amplifiers, scalers and 
recording oscillators. Examples of the use of these 
circuits for high-speed coincidence measurements, 
millimicrosecond time-interval measurements, and fast 
counting, were given. 

On Thursday, July 5, a further meeting was held at 
University College, at which the subject of ‘‘ Valve 
Technology and Manufacture ” was dealt with in five 
papers. In opening the proceedings the chairman 
(Mr. J. W. Ridgeway), briefly reviewed the problems 
of valve manufacture and standardisation and dealt 
with the questions of staff training and research in 
relation to progress in the communications and indus- 
trial electronics fields. 

A paper on “ Triode Amplifiers in the Frequency 
Range 100 Megacycles to 450 Megacycles per Second,” 
was then presented by Mr. D. C. Rogers, in which he 
pointed out that there were very few valves available 
for use in this range, owing to the concentration of effort 
during the war years on those suitable for decimetric 
wavelengths. This state of affairs was particularly 
noticeable in the case of small transmitting amplifiers. 
Exceptions were the expensive all-glass “‘ disc-seal ” 
or “lighthouse” types. It had, however, been found 
possible, by careful attention to the metry of 
electrodes and leads, to design triode valves capable 
of operation at frequencies up to 450 megacycles in 
grounded-grid circuits. These were mounted on 
conventional pressed-glass bases and used only the 
recognised techniques of receiving-valve manufacture. 
The features in the design of such valves and the results 
obtained with various special types were outlined. 

A paper on ‘‘ Aluminium-Backed Screens for Cathode- 
Ray Tubes,” was next read by Mr. R. W. Dudding. 
This included a summary of the advances made in the 
design of cathode-ray tubes, including, in particular, 
a description of the “ all-magnetic ” (electromagnetic) 
tube for use in television. The methods of preventing 
“‘ion-burn ” screen blemish, including the ion-trap and 
metal backings to the screen phosphor, were also 
detailed. The reasons why aluminium was chosen 
for the metal film were stated and the methods of form- 
ing the necessary sub-layer between the phosphor 
screen and the aluminium, and of depositing the latter 
were described. A description was also given of an 
electronic instrument which had been designed for 
performing the important function of measuring and 
controlling the thickness of the aluminium film during 
deposition. 

In a paper on ‘‘ Dynamic Measurements on Receiving 
Valves,” Mr. A. J. Heins van der Ven said that it was 
usual, in order to maintain a constant product, to 
subject all valves to a limited number of measurements 
at the end of the manufacturing process. A small 
percentage of the production was also subjected to a 
much larger number of tests to ensure that the charac- 
teristic data remained at the correct level. These 
measurements usually covered such items as I,-Vy 
characteristic slope, internal resistance, leakages and 
capacities. It was however often useful to supplement 
these static measurements by checks on such dynamic 
properties as hum, noise, cross modulation and power 
output. The loss of valuable information about the 
trend of production, which arose from the impractica- 
bility of subjecting large numbers of valves to the more 
— measurements, could be overcome by 
employing direct-reading measuring equipment, three 
types of which were described. 

A paper by Mr. D. A. Wright on “ Rare Metals in 
Electron Tubes ” indicated how some difficulties in the 


In | manufacture of these tubes could be overcome by the 


employment of rare metals. Such applications included 
electrodes for high temperatures ; the improvement of 
vacuum by the use of getters ; the production of high 
thermionic, secondary and photo-emission; the 
reduction of electron emission from grids ; and the use 
of rare metals in brazing and soldering. 
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in Electronic Valves for Service Equipment,’ Mr- 
G. L. Hunt described the principles underlying the 
procedure and methods adopted to obtain a supply of 
satisfactory valves. The widening of the field of 
application of the electronic valve, the growing com- 
plexity of modern Service equipment and the conditions 
of shock and vibration which had to be withstood were 
also discussed. The need for greater reliability was 
examined and an indication given of the very low failure 
rate it was necessary to achieve. 

At a meeting on Friday, July 6, which was held at 
University College and over which Mr J. W. Ridgeway 
also presided, a paper on ‘“‘ The Production of Miniature 
Valves in France ’’ was presented by Mr. M. Martinoff 
and illustrated by a colour film. The manufacture of 
the component parts and the electrode structure was 
described, as well as the methods of sealing and 
pumping, treatment after evacuation and final testing. 

In a second paper, “‘ The Application of Con- 
verters to High-S Photography ”’ was dealt with 
by Messrs. J. A. Jenkins and R. A. Chippendale, in 
which the performance of various types of these 
instruments was compared; while in a third, by Messrs. 
D. Latham and B. D. Power, on ‘‘ Vacuum Technique,” 
the authors surveyed the methods of producing and 
measuring high vacua, especially in connection with the 
manufacture of electronic tubes. Methods of making 
vacuum joints and of detecting leaks were described 
and various vacuum processes of interest to the 
electronic industry were discussed. 

The final paper was on “ Line Scanning Valves and 
Circuits,” and in this the authors, Messrs. B. Eastwood 
and C. C. Vodden, macnn out that the trend towards 
higher operating voltages and wider scanning angles in 
cathode-ray tube design had necessitated the develop- 
ment of high-efficiency scanning circuits, in order that 
the advantages of these tubes might be obtained 
without unduly high power consumption. This 
economy had been effected by making use of the 
resonant return type of time base, which recovered a 
part of the energy stored in the deflection field at the 
end of each line. The requirements of scanning valves 
arising from these circuits were discussed. Generally 
speaking, pentodes had to withstand high anode voltage 
for a fraction of the cycle with the cathode current cut 
off, while diodes had to withstand a high inverse peak 
voltage and should have a low forward impedance. 
The insulation properties of valves had been investi- 
gated under these conditions; and valves using all- 
mica insulation had been rated at 6 kV on the anode. 





TRADE PUBLICATIONS. 


Private Automatic Dial Telephone Systems.—Details of 
the equipment used in their private automatic telephone 
dial system are given in a leaflet received from Automatic 
Telephone and Electric Co., Ltd., Strowger Works, 
Liverpool, 7. 

Outdoor Oil Circuit Breakers.—The English Electric 
Co., Ltd., Queen’s House, Kingsway, London, W.C.2, 
have sent us a leaflet dealing with their OKD1B oil 
circuit breakers which have been designed for rupturing 
capacities up to 1,000 MVA at 33 kV. 

Square-Hole Broaches.—W. H. Marley & OCo., Ltd., 
105, High-road, London, N.11, have issued a leaflet on 
their new range of square push broaches, which are made 
of high-speed steel. A round hole is first drilled and 
reamed in the workpiece, and then one pass of a broach is 
sufficient to form a square hole. The broaches are made 
in eight sizes, namely, }, fy, #. Ye, . te, § and Zin. 

Ripple Switching-Control Systems.—A pamphlet, 
received from Automatic Telephone and Electric OCo., 
Ltd., Strowger Works, Liverpool, 7, describes how the 
signal availability of their well-known ‘“‘ Rhythmatic ” 
ripple control system can be increased by transmitting 
two signals instead of one for each remote switching 
operation and using relays with two selective units 
instead of one at each switching point. 

Diesel Engines.—A pamphlet prepared by the National 
Gas and Oil Engine Co., Ltd., Ashton-ynder-Lyne, 
Lancashire, gives a gener: |] specification of their AH1- 
type Diesel engine—a ooid-starting horizontal water- 
cooled totally-enclosed compression-ignition engine which 
is rated at 3,40r5 b.h.p. Issue No. 284 of The National 
Bulletin contains two articles on the use of the firm’s 
Diesel engines for driving alternators in a sugar mill and 
a mine in South Africa. 

50-Cycle Alternating-Current Traction.—A detailed 
description of the 4,300-h.p. locomotive and _ the 
1,560-h.p. suburban motor-coach which have been 
built for the Société Nationale des Chemins de Fer 
Frangais and are designed for operation on the single- 
phase alternating-current system at 20 kV and 50 cycles 
is given in a pamphlet published by Ateliers de Con- 
struction Oerlikon, Oerlikon, Switzerland. The reasons 
for the adoption of this system are explained, and an 
account of its characteristic features is given. 


THE ‘“ ROTAVISOR ’’ FILM-LOOP 
PROJECTOR. 


THe “ Rotavisor” diascope which is now being 
manufactured by Messrs. Newton and Company, 
Limited, 72, Wigmore-street, London, W.1, has been 
designed as a self-contained fully-automatic film-loop 
which can be used under daylight conditions where a 
supply of electricity is available. In both the table 
and console form it is therefore a convenient means of 
demonstrating to small groups of people processes that 
can be recorded on 35-mm. film. 

The projector of the ‘‘ Rotavisor” is a standard 
Newton “ Lightmaster” diascope which is equipped 
with an electric motor and a 250-watt high-pressure 
mercury lamp having a life of about 500 hours. The 
light from this lamp illuminates the film, the image 
being thrown on to a 10-in. by 8-in. screen. The film is 
in the form of a loop and the mechanism controlling its 
motion is normally set so that each frame is projected 
for a period of 12 seconds before the one succeeding it 
is moved into position. This timing can, however, be 
varied within certain limits and the mechanism can 
also be halted to allow for the examination of any 
individual picture. Normal operation is entirely 
automatic. Loops of up to 80 frames can be accommo- 
dated in the standard machine, but loop absorbers 
can be fitted when a larger number of frames is 
necessary. 
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Engineering. By R. H. Macmmran. Cambridge 
University Press, Bentley House, 200, Euston-road, 
London, N.W.1. [Price 30s. net.) 

Polyphase Commutator Machines. By B. ADKINS and 
Dr. W. J. Gress. Cambridge University Press, 
Bentley House, 200, Euston-road, London, N.W.1. 
[Price 21s. net.] 

Der Weg zum Atom. By Dr. W. Horzapret. Verlag 
G. Braun, Karl-Friedrich-Strasse 14, Karlsruhe, 
Germany. [Price 9-20 D.M. in cardboard covers, 
11-20 D.M. cloth bound.) 

Mitteiungen aus dem Institut fir angewandie Mathematik 
an der eidgendssischen technischen Hochschule in 
Zirich. No. 2. Programmesteterte digitale Rechen- 
gerdte (elektronische Rechenmaschinen). By HEINZ 
RUTISHAUSER, AMBROS SPEISER and EDUARD 
STIEFEL. Verlag Birkhf&user, Basle, Switzerland. 
[Price 8-50 francs.] 

The Social Survey. Domestic Utilization of Heating 
Appliances and Expenditures on Fuels in 1948/49. By 
LESLIE T. WILKINS. Offices of the Survey, Central 
Office of Information, Montague Mansions, Block 1, 
Crawford-street, London, W.1. [Price 15s.] 

Wellington Harbour Board, New Zealand. Statement of 
Accounts with Annual Reports and Other Statistics for 
the Period Ended 30th September, 1950. The Secretary, 
Wellington Harbour Board, Wellington, New Zealand. 

Annual Report of the Governor of the Panama Canal 
for the Fiscal Year 1950. The Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., U.S.A. [Price 40 cents.] 

United States Coast and Geodetic Survey. Annual Report 
of the Director of the Coast and Geodetic Survey for the 
Fiscal Year Ended June 30, 1950. U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
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Hope@r. The Superintendent of Documents, U.S. 
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U.S.A. [Price 10 cents.) 
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Association. Technical Report No. G/T 234. Gas-Blast 
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York 16, U.S.A. [Price 7-50 dols.}; and Chapman 

and Hall, Limited, 37, Essex-street, Strand, London, 
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The British Shipbuilding Research Association. Report 
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No. 56. Comparisons of Convective and Radiant 
Methods of Heating. By Dr. T. BEDFORD and Dr. 
M. FISHENDEN. No. 63. Effective Modulus of Elas- 
ticity for Wire Ropes. Survey of Published Information. 
By W. OssowskKI. Offices of the Association, 5, 
Chesterfield-gardens, Curzon-street, London, W.1. 
[Gratis.] 

Some Aspects of Fluid Flow. Papers presented at a 
Conference organized by the Institute of Physics 
at Leamington Spa on October, 25 to 28 1950, and 
the reports of the Conference Discussion Groups. 
Edward Arnold and Company, 41, Maddox-street, 
London, W.1. [Price 50s. net.) 

Electric Circuits for Engineers. By PROFESSOR EDWARD 
K.Krayspriu. The Macmillan Company, 60-62, Fifth- 
avenue, New York II, U.S.A. [Price 3°85 dols.] ; 
and Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2. [Price 30s. net.) 

Servomechanisms and Regulating System Design. Volume 
I. By HaROLD CHESTNUT and ROBERT W. MAYER. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 7:75 dols.]; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 62s. net.] 

The Action of Cutting Tools. By A. J. CHISHOLM, J. M. 
LICKLEY, and J.P. BRowN. Machinery’s Yellow Back 
Series No. 31. The Machinery Publishing Company, 
Limited, National House, West-street, Brighton, 1. 
(Price 3s. 6d.] 

Cutting-Tool Materials. By Eric N. Symons. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 21s. 
net.) 

Compressed Air in Mining and Industry. By SYDNEY H. 
Norrts. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 18s. net.] 

Pneumatic Grain Conveying with Special Reference to 
Agricultural Application. By PROFESSOR G. SEGLER. 
The National Institute of Agricultural Engineering, 
Wrest Park, Silsoe, Bedfordshire. [Price 30s.] 

Der Werdegang eines Ingenieurs. By E. ROSENBERG. 
Springer-Verlag, Mélkerbastei 5, Vienna 1, Austria. 
[Price 178.] 

Technische Thermodynamik. By PROFESSOR ANTON 
PISCHINGER. Springer-Verlag, Mélkerbastei 5, Vienna 
1, Austria. [Price 34s.] 

Jahrbuch der Hafenbautechnischen Gesellschaft. 19th 
volume, 1941-1949. Springer-Verlag, Reichpietschufer 
20, Berlin W.35, Germany. [Price 40 D.M.] 

Beton-Kalendar, 1951. In two volumes. Fortieth 
Year. Wilhelm Ernst und Sohn, Hohenzollerndamm 
169, Berlin-Wilmersdorf, Germany. [Price 16 D.M.]; 
and Lange, Maxwell and Springer, Limited, 41-45, 
Neal-street, London, W.C.2. [Price 28s.] 

Central African Council. Report on Kariba Gorge and 
Kafue River Hydro-Electric Projects. By the Inter- 
Territorial Hydro-Electric Power Commission. Offices 
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and the Crown Agents for the Colonies, 4, Millbank, 
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Ferrous. Report of a visit to the U.S.A. in 1950 of a 
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THE FANNICH SCHEME : 
NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 


Tue Fannich project of the North of Scotland 
Hydro-Electric Board, in the County of Ross and 
Cromarty, represents the first stage of the develop- 
ment of the Conon Basin, the catchment area of 
which is 350 sq. miles with an average annual 
rainfall of 75 in. When completed, this develop- 
ment will include power stations at Grudie Bridge 
(24 MW), Glascarnoch (24 MW), Achanalt (2 MW), 
Luichart (24 MW), and Torr Achilty (15 MW), as 
well as a further 18-MW station, which will form 
part of the Orrin project. The eventual installed 
capacity will be about 107 MW, with an annual 
output of 442 million kWh. 

Loch Fannich, which is about 20 miles from 
Dingwall, is 64 miles long. It has a water area of 
3} square miles, the present level of which is 
+ 822 ft. O.D. This level will, however, be raised 
some 20 ft. at a later date by building a dam 
1,500 ft. long and 20 ft. high across the eastern end 
of the loch thus enabling water to be utilised not 
only in the Grudie Bridge station, as at present, 
but in the Luichart and Torr Achilty stations. 
The catchment area which is being utilised in 
the Fannich project extends to some 55 square 





the tubes are closed by 4-in. diameter steel-tube 
staunching bars on the upstream side, which are 
held loosely in position at the side frames. They 
make watertight contact with the main tubes 
when pressure is exerted and also participate in the 
rolling motion as the gate travels down the face of 
the opening. 

When the gate is down the lowest main tube rests 
on a metal sill, the face of which is of Muntz metal, 
while the uppermost tube bears against a similar 
face on the lintel. The gap between the side frame 
of the gate and the roller path is staunched by a 
strip of Muntz metal, which seals the angle between 
the frame and the joint as the gate closes. The 
gate opening is framed by ribbed Meehanite castings 
to which the Muntz-metal sealing faces are attached. 
The gate is hoisted by a 20-h.p. motor through 
gearing at a speed of 4 ft. to 5 ft. per minute, 
although this operation can also be effected manually. 
It is lowered by its own weight at a speed up to 
15 ft. to 20 ft. per minute under the control of a 
hand brake. An automatic centrifugal brake is also 
provided. 

As will be seen from Fig. 9, Plate III, there is a 
control gate of the counter-balanced type down- 
stream of the emergency gate. This gate consists 
of a facing of §-in. steel plate, which is supported at 
16}-in. intervals by horizontal 16-in. by 8-in. steel 
beams. The beams carry the water pressure load 
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miles, and the ultimate capacity of the reservoir 
will be about 7,200 million cub. ft. The consulting 
engineers for the civil engineering portion of the 
scheme are Sir Alexander Gibb and Partners, 
Queen Anne’s Lodge, London, 8.W.1. 

Water is taken from the loch through a tunnel 
about 3} miles to a portal and then through a valve 
house to the top of a pipe-line, which leads down to 
the 24-MW power station at Grudie Bridge, as 
shown in the longitudinal section reproduced in 
Fig. 14, Plate IV. Near the entrance to the tunnel 
from the loch is a concrete-lined gate shaft, 125 ft. 
deep, the design of which will be clear from Figs. 9, 
and 10, Plate III, and the superstructure of which is 
shown in course of construction in Fig. 13, Plate IV. 
As will be seen from these illustrations, both emer- 
gency and control gates are provided, the primary 
function of the former, which is shown in the raised 
position in Fig. 9, being to shut off the water so that. 
the well can be emptied and the control gate in- 
spected and maintained. This gate can, however, 
also be used to cut off the flow if the valve at the top 
of the pipe-line fails. As such an occurrence would 
necessitate the closing of the gate through a rapid 
flow of water, it is made of heavy weldless steel tubes, 
which are 14 in. in external diameter and extend 
throughout its height. The ends of these tubes are 
closed by cast Meehanite bearings with lubricated 
bushes, which rotate on fixed axles. These axles, 
which are 4 in. in diameter, are turned down at the 
ends and fit into side frames faced with Muntz metal. 
The tubes, therefore, serve as rollers to facilitate 
movement and as beams to carry the water load 
across the span of the opening. The gaps between 
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across the opening and are extended beyond the 
plating at each end into 16-in. by 6-in. steel posts, 
which bear the whole of the load. A rocking path 
of nickel cast iron, 6} in. wide, is attached to the end 
post and bears against a train of nickel cast-iron 
rollers, 74 in. wide by 7} in. diameter, which trans- 
mit the load to the side walls of the well through a 
second fixed and renewable roller path of nickel 
cast-iron. This path is attached to a machined face 
on the Meehanite roller groove through which the 
load is transmitted to the concrete. 

The plating at the bottom of the gate extends 
below the lowest beam and is reinforced and 
machined so that it makes close contact with a 
Muntz metal bearing plate on the sill casting. 
Sealing is effected at the sides by strips of rubber 
fabric, which extend the full height of the gate 
and are held in place and protected by metal keeps. 
These strips rub against machined strips of Muntz 
metal, which extend the whole height of the side 
and guide frames and are forced home by hydraulic 
pressure when the gate closes. Staunching across 
the lintel is effected by a brass tube, which is retained 
loosely in a recess and is forced into contact with the 
gate and the lintel when a difference in pressure 
develops. In addition, a rubber seal is fixed to the 
upper part of the lintel casting next to the gate. 

To obviate the hydraulic and pneumatic disturb- 
ances which tend to occur when the gate is opened. 
under the full head of 112 ft. to fill the tunnel, a 
limit switch is fitted. This prevents the gate from 
lifting more than 12 in. until the tunnel has been 
filled and the water has risen high enough in the 
shaft for No-flote electrodes to operate the switch. 


The gate is opened and closed by an electric 
winch, which is installed in the house at the top of 
the tower illustrated in Fig. 13, Plate IV. Hoisting 
is effected by a Renold chain which is attached 
to a counterweight, as shown in Fig. 9, Plate IIT, 
and passes over a sprocket on the winch to sus- 
pension rods on the gate. The chain is suffici- 
ently long to enable the gate to be raised or’ 
lowered through its own height. The gate can 
also be removed completely by raising it a rod 
length at a time and then securing it while another 
grip is taken. When it is being raised, the gate 
bears against the rollers, which move freely on 
their paths at half its speed. At the top of each 
roller train is a pulley which is supported in the 
bight of the chain. One end of this chain is attached 
to the top of the gate and the other to the top of the 
groove some 25 ft. above the sill. The resulting 
two-to-one purchase ensures that the pulley travels 
at half the speed of the gate, that is at rolling 
speed, so that the trains remain suspended. Both 
the emergency and control gates were designed 
and constructed by Messrs. Glenfield and Kennedy, 
Limited, Kilmarnock. 

Downstream and closely adjacent to the gate 
shaft is a screen shaft containing coarse and fine 
screens for the interception and removal of debris. 
The position of this shaft is indicated in Fig. 14, 
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Plate IV, while its construction will be clear from 





INTERIOR OF SCREEN SHAFT. 


Figs. 11 and 12, Plate III. Views of the super- 
structure of this shaft in which the hoisting machin- 
ery is housed, and of its interior, also appear in 
Figs. 1 and 2, respectively. The coarse screen, 
which has a span of 12 ft. 10} in. by 7 ft., consists 
of 6-in. by }-in. bars spaced at 6-in. centres. It 
is supported on a steel structure, below which is a 
debris sump 5 ft. deep. The fine screen, which is 
downstream of the coarse screen, is made up of 
panels of 3-in. by 4-in. round-ended steel bars 
spaced at 3y-in. centres and covers an opening of 
12 ft. 10} in. by 14 ft. These panels are furnished 
with trays to catch any debris which may fall while 
they are being lifted. The screen itself, which 
weighs eight tons, is suspended by wire ropes, so 
that it can be raised by a 10-hp. motor into the 
gate house for cleaning. During this operation it 
is steadied by skids which run in metal guides. 
The screens were also designed and constructed by 
Messrs. Glenfield and Kennedy, Limited. 

The mouth of the tunnel through which the water 
is conveyed to Grudie Bridge power station will 
be about 104 ft. below the ultimate raised surface 
of the loch, as shown in Fig. 8. For 470 ft. from 
this opening the tunnel is of horseshoe section, with 
an, equivalent diameter of 11 ft., and then merges 
into a short section with an equivalent diameter of 
10 ft., and 230 ft. long, between the bottoms of the 
gate and screen shafts, as indicated in Figs, 14, 15, 
16 and 17, Plate IV. It next passes via a transition 
into the main tunnel, which is also of horseshoe 
section with an equivalent diameter of 10 ft., as 





shown in Fig. 17. This portion of the tunnel runs 
to a transition length at the bottom of the surge 
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Fig. 4. SECTION ON C.L. OF TUNNEL 
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shaft, which is described later. From this point 
to the valve house at the top of the pipe-line, the 
tunnel, which is of circular section, is 9 ft. in 
diameter, as indicated in Fig. 18, Plate IV. The 
invert from the loch mouth to the bottom of the 
gate shaft lies on a rising gradient of 1 in 24, after 
which the tunnel falls on gradients between 1 in 355 
and 1 in 311 to the base of the surge shaft. The 
short section of 9-ft. tunnel from the base of the 
surge shaft to the valve house is laid on a falling 
gradient of 1 in 21-7. The tunnel will take a flow 
of 760 cusecs. 

The main contractors for the construction of the 
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tunnel were Messrs. Balfour, Beatty and Company, 
Limited, 66, Queen-street, London, E.C.4. Driving 
was effected simultaneously from three main faces, 
two of which were formed at the end of an adit, 
which was driven into the rock about 3,150 ft. 
upstream from the site of the surge shaft, as shown 
in Fig. 14, Plate IV. The third enabled work to 
be carried out in a downstream direction from the 
base of a working shaft which later became the 
screen shaft. The rock encountered was practically 
entirely Moine schist of fairly uniform hard and 
tough consistency, so no arch supports were required. 
They were only in fact adopted in the exceptional 
case of the length from the gate shaft to the intake. 

Generally speaking, full face working was adopted 
in the main tunnel to allow the concrete lining 
to be about half completed before the headings 
had been holed through. Drilling was effected 
from a jumbo by Ingersoll-Rand D.A. 35 drifters, 
using mainly forged carbide-steel bits. This 
jumbo, which was mounted on two bogies, and 
was made up of a tubular framework which also 
acted as an air receiver and distributor. It was 
fitted with side platforms, which were folded down 
for travelling and propped up when in use. It 
ran over a 2-ft. gauge track. Five drifters were 
used at each face, and the maximum footage exca- 





vated was 140 ft. a week, working 19 to 20 shifts 
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with about 15 men per face per shift. Generally, the 
“burncut ” method was employed with a pull of 
7 ft., although as much as 11 ft. was used on occa- 
sion. The explosive employed was usually Polar 
Ammon gelignite. 

The excavated rock was handled by an Eimco 
loader into 2 cub. yard skips which ran on a 2-ft. 
gauge track and were hauled by electric locomotives. 
The total rock excavated was about 90,000 cub. 
yards, and part of it was used as aggregate for 
making the concrete lining of the tunnel. This 
concrete, which contained 650 lb. of cement per 
cubic yard, was conveyed from the mixing plant on 
the hill side through the adit in } cub. yard trays, 
which were mounted on carriages so that when the 
train stopped opposite the shuttering there was 
one opposite each door. The sides of the trays 
were then lowered so that they rested horizontally 
on the platform, thus facilitating the shovelling 
of the concrete into the shutter. When the shutter 
had been filled to an intermediate level the doors 
were closed and the rest of the concrete was put in 
from the top. Immersion vibrators were used for 
consolidation. The concreting was carried out in 
four stages, two haunches first being cast along 
each side of the tunnel for carrying the shuttering. 
Next, the side walls and arch were completed with 
70 ft. and 40 ft. shuttering, the trays during the 
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Fig. 11. VERTICAL SECTION THROUGH GEAR HOUSE 


Fig. 9. VERTICAL SECTION THROUGH GATE SHAFT 
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Fig. 14. LONGITUDINAL SECTION THROUGH TUNNEL 
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Fig. 19. Concrete Skip AT SHUTTER IN SuRGE SHAFT. 


latter operation being mounted with their long axis 
perpendicular to the line of the tunnel. Finally, 
the invert concrete was placed. The 9-ft. circular 
tunnel and the steel-lined sections were concreted in 
20-ft. lengths, the sides and arches being dealt with 
in one operation, and a timber shutter being used. 

The concrete for the section from the surge shaft 
to the exit portal was mixed in the tunnel and 
pumped into position, while at the end nearest the 
loch it was pumped down, the gate shaft and then 
laid in place. After the concreting had been 
finished the tunnel lining was painted with bitumen, 
but this was not entirely successful, owing to the 
large amount of condensation preventing the bitu- 
men fromadhering. On the completion of the work 
the adit was sealed by a concrete plug in which 
access and drain pipes were inserted. 

As the tunnel approaches the bottom of the surge 
shaft, the position of which is shown in Fig. 14, the 
10-ft. equivalent horse-shoe section is reduced to a 
circular section of 9ft. diameter. This reduction was 
effected in a series of four transitional profiles, which 
extend over a length of 20 ft., as shown in Fig. 3, 
opposite ; the actual junction of the tunnel and surge 
shaft is shown in the sections reproduced in Figs. 4, 
5 and 6. This shaft, which is 200 ft. deep and 
32 ft. 6 in. in internal diameter is shown in Fig. 7. 
It was constructed by driving a 12-ft. by 6-ft. 
rectangular stope upwards from the tunnel for 
a distance of 154 ft. 6 in. A section of this 
Stope, measuring 4 ft. by 4 ft., was then timbered 
out and provided with ladders; pipes for the 
water and compressed-air services were also laid. 
This vertical heading was excavated until it met 
a short shaft from the surface of the hill and 
was used for raising the tungsten-carbide drills, 
which were brought up by ponies, and the explo- 
Sives from the tunnel floor. The remainder of the 
stope shaft was used as a muck hopper, the excav- 
ated material being released through a door at 
the bottom and taken away by tunnel skips. Subse- 








. 20. 
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quently, the stope itself was broken out and used 
to enlarge the surge shaft to its full diameter, 
the tunnellers retiring down the access compart- 
ment and closing a protective door before blasting 
took place. During this enlarging operation the 
rock excavated was also deposited down the stope 
shaft and conveyed through the adjacent adit to 
the spoil dump. 

When the excavation had been finished the floor 
and throat of the surge chamber, a section through 
which is shown in Fig. 4, were completed and the 
shaft itself was lined with mass concrete to an aver- 
age thickness of 2 ft. 6 in. up to 154 ft. above floor 
level, reinforcement only being used in places where 
loose rock was encountered. This work was carried 
out by erecting a climbing shutter, 6 ft. deep, 
which is illustrated in Fig. 19, on the step at the 
bottom of the shaft and supporting it by 14 
1}-in. diameter rods placed at intervals of 5 ft. 
round the circumference of the shaft. Two dowels 
with fish-tailed ends were then driven into the rock 
and the fish-tail expanded to give a good grip. 
The rods were attached to the dowels by a collar 
and a strut inserted. As the concreting proceeded 
at a rate of about 8 ft. in 24 hours the collar was 
raised by 6 ft. long screw-jacks. A view of this 
shutter is given in Fig. 20, while the appearance of 
the jacking rods will be clear from Fig. 21. The 
concrete for lining the shaft was brought into the 
tunnel through the adit and hoisted through the 
throat at the bottom of the shaft by a small crane, 
which was erected on the step in the floor. From 
this point it was elevated in skips with a capacity 
of } cub. yard. These skips were fitted with gates 
and chutes, so that the soft concrete could easily 
be delivered behind the shutter. This process was 
carried out continuously for 20 days, until the shaft 
widened out at 156 ft. above floor level and the 
shutters could be used no longer. 

The lining above this level took the form of 


27 rings of eight pre-cast concrete sections, each | 








Surce-SHart SHUTTER JACKING Robs. 


18 in. deep, which were reinforced with rods in both 
directions and placed together to make a full circle, 
as indicated in Fig. 7. The voids were then filled 
in with concrete. This construction continued 
above the rock line into the open and was made up 
with rock on a batter of 1 in 14. The top of the 
shaft is open to the atmosphere and is sufficiently 
raised above the ground to act as a protective 
parapet. 

The work of excavating the tunnel from the gate- 
shaft to the loch was continued until it had been 
completed with the exception of a rock plug 
15 ft. thick which had been left between the roof 
of the tunnel and the loch. A detailed section 
of this portion of the work is given in Fig. 8, 
in which this plug is shown at a and a sump at 
b, which had been excavated to receive the 400 
tons of debris which it was estimated would be 
loosened by the breaking-through explosion. At 
this place the tunnel (including the sump) is 
45 ft. deep and 17 ft. wide and the sump capacity 
alone was sufficient for about twice the amount of 
material expected. The risk of any blockage was, 
therefore, small. While excavation was in progress 
loose material was scraped from the overlying bed 
of the loch, so as to expose the rock; and pilot 
holes were drilled which confirmed the survey that 
had previously been made. Over 100 holes, ter- 
minating 2 ft. from the bed, were drilled in the 
15-ft. diameter plug and were loaded with a total 
of almost a ton of explosive. This work was carried 
out under the supervision of Imperial Chemical 
Industries, Limited, Buckingham Gate, London, 
S.W.1, special precautions being taken to ensure 
complete and instantaneous detonations of the 
charges. 

In order to minimise the effect of the explosion 
on the tunnel structure and to prevent a dangerous 
in-rush of water, the length from the gate shaft 
to a position below the loch was filled with water. 
A negative head of 12 ft. was decided upon, based 
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partly on previous model experiments and partly 
on judgment; and this assisted the fall of debris 
into the sump. The surge which followed the 
explosion confirmed that the 12-ft. negative head 
was about correct. Temporary concrete bulkheads, 
which are shown at c and d in Fig. 8, were also 
constructed to ensure that the water would not 
enter the main tunnel after the explosion. The 
first of these bulkheads was 13 ft. thick and con- 
tained 85 tons of concrete, while the second, which 
lay 36 ft. downstream, was 6} ft. thick and was 
made of 40 tons of concrete. This arrangement was 
adopted to ensure that if the first bulkhead, which 
had to withstand an estimated pressure of 10,000 
tons, was fractured, the second would prevent any 
flow of water into the main tunnel. As a further 
precaution, a third bulkhead, e, consisting of a 
gate of steel joists, was placed at the bottom of the 
screen shaft. After the explosion the control gate f 
and a temporary bulkhead were lowered to isolate 
the water of the loch from the tunnel and the 
water was pumped out of the downstream portion 
of the latter. Work was then begun on the de- 
molition of the concrete bulkheads. Later, the 
main control gate f and the emergency gate g 
were installed, and the tunnel thus made ready 
for supplying water to the power station. 

This method of connecting a tunnel to a reservoir 
has been little used, owing to the obvious risks 
involved, and it is a considerable engineering 
feat which is worthy of record. It may be recalled 
that a similar procedure was adopted at Loch Treig* 
in 1930, when the tunnel for supplying water to the 
power station of the British Aluminium Company 
at Fort William was being constructed. It is also 
a matter of interest that Messrs. Balfour, Beatty 
and Company were the contractors in both cases. 

Returning to the main tunnel, it will be seen 
from Fig. 14, that the bottom of the surge shaft is 
connected to the downstream portal by a 9-ft. 
circular tunnel. This tunnel is of the same general 
construction as those of horse-shoe portion, except 





* See ENGINEERING, vol. 130, page 736 (1930). 





Anti- Vaauum 





21" Dia 

Fig. 23. 
Valves Pilot 
Valve 


opoce 


that the last 400 ft. are lined with §-in. mild- 
steel plates. These plates are formed into 25 
lengths, each of which is 16 ft. long, by bend- 
ing two strakes to circular form and butt weld- 
ing the circumferential and longitudinal joints. 
Each length was fitted with mild-steel rollers 
and this, together with welding the butt straps 
in the semi-circular halves to the adjacent pipe, 
facilitated the placing of the lining in position 
and the welding on site. During erection this steel 
lining was also fitted with internal “spiders” of 
mild steel placed 4 ft. apart, in order to keep it 
circular and to resist the forces exerted by the 
concrete which was packed between, it and the rock. 
At the tunnel portal the 9-ft. diameter lining is 
connected to the main pipe-line. This pipe is 
made of mild steel and extends for a distance of 
674 ft. in the course of which length a short taper 
reduces it to 8ft.in diameter. Itis then connected 
to a hydraulically-operated portal valve of the 
same diameter which, with its control and operat- 
ing equipment, was supplied by Messrs. Glenfield 
and Kennedy, Limited, Kilmarnock. The valve 
assembly consists of a main valve of the butterfly 
type with which are associated a 10-in. hand- 
operated by-pass valve for filling the pipe-line pre- 
paratory to opening the main valve, and two 21-in. 
in diameter anti-vacuum valves, which allow air 
to enter or leave the pipe and thus provide for such 
contingencies as might necessitate an emergency 
closure of the portal valve. There is also a 12-in. 
drain sluice valve. 
* The arrangement of these valves will be clear 
from Figs. 22 and 23. The main valve is of welded 
steel construction and is designed with deep ribs 
to withstand a test pressure equivalent to a 470-ft. 
head. A gunmetal face is recessed into the valve 
body at the valve-door centre-line, and a reinforced 
rubber sealing hose is fitted to the periphery of the 
disc and makes contact with the gunmetal face 
when the valve is shut. The main shaft bearings are 
fitted with gunmetal bushes, the area of which is 
sufficient to give a low bearing pressure when, the 
valve is operating against the maximum head. 
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The bearings themselves are provided with Tecalemit 
pressure lubrication. The valve door is of high- 
tensile cast steel and is of double-convex streamline 
shape to minimise obstruction, to the water flow and 
thus to reduce friction losses. The main shaft is 
of high-tensile nickel-chromium-molybdenum steel 
and is keyed to the door by taper pins. The control 
valve is of the balanced-piston type and is made 
of gunmetal. It is operated by a push-button in 
the turbine house which closes the circuit of a 
solenoid when it is desired to use it to close the 
main valve ; local hand control is provided to open 
the main valve. A retarding valve, which is mech- 
anically operated, slows down the rate at which 
the main valve closes and thus prevents dangerous 
surges in the pipe-line. There is also an over- 
velocity trip on top of the anti-vacuum valve pipe. 
This is operated by a spherical paddle in the main 
stream and in turn actuates a pilot valve which 
governs the main control valve. This mechanism 
is, therefore, independent of the electricity supply. 
(To be continued.) 





NEw POWER STATIONS FOR THE B.E.A.: XV.— 
BiackwaLt. Point: ERRATUM.—We regret that, on 
Page 692 of our issue of June 8, the address of Messrs. 
R. Dempster and Sons, Limited, who are supplying coal 
conveyors to the above power station, was incorrectly 
given ; it should have been Rose Mount Iron Works, 
Elland, Yorkshire. 





FORMATION OF COLEMAN WALLWORK Co., LTD.— 
Messrs. J, Stone and Company, Limited, Deptford, have 
purchased the Coleman Foundry Equipment Company, 
Limited, and have combined this business with their 
previously-owned subsidiary company, Stone-Wallwork, 
Limited, to form one organisation dealing with foundry 
equipment, namely, the Coleman Wallwork Company, 
Limited. The new company has the same management 
as was in charge of Stone-Wallwork, Limited, and the 
personnel and outside staffs will remain unchanged. 
The firm’s offices, workshops, technical and research 
departments are centred at Windsor Works, Stotfold. 
Bedfordshire, and area offices will be opened at 157, 
Victoria-street, London, S8.W.1, and 12, Bulldale-street, 
Glasgow, W.4. 
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THE JOINT ENGINEERING 


CONFERENCE, LONDON. 
(Continued from page 40.) 

THREE sessions of the Joint Engineering Con- 
ference, organised by the Institutions of Civil, 
Mechanical and Electrical Engineers, were held on 
Monday, June 11. The first of these was at the 
Institution of Civil Engineers, when a paper on 
“ British Mechanical Road Transport Vehicles, 
1851-1951 ” was read by Mr. J. Shearman. At the 
second, which was held at the Institution of 
Mechanical Engineers, Sir Arthur Whitaker presen- 
ted a paper on “ Aviation,” while at the third, which 
took place at the Institution of Electrical Engineers, 
a paper on “'Telecommunications ” was presented 
by Colonel Sir Stanley Angwin. 


Roap Transport VEHICLES, 1851-1951. 


On Monday, June 11, Mr. John Shearman and 
Mr. B. B. Winter presented their paper on “ British 
Mechanical Road Transport Vehicles, 1851-1951,” 
Mr. E. A. Evans, M.I.Mech.E., occupying the chair. 
The first section of this paper was historical, and 
after having made brief reference to the exhibits 
at the 1851 Exhibition, traced the development of 
road vehicles up to 1925. In concluding this section, 
it was pointed out that in 1925 the British motor 
industry employed 200,000 persons, while there 
were 1} million vehicles on our roads, whereas 
30 years previously there were no British manu- 
facturing facilities and only two or three cars on 
the road. The second part of the paper covered 
the period from 1925 to the present day, and, in 
reviewing the great progress made, the point was 
made that the industry has now become one of 
the principal factors in the nation’s economy and 
has contributed more than any other single industry 
to our post-war recovery. It was considered that 
certain important factors had exerted a significant 
influence on the industry during the period under 
review ; from 1925 to 1939, for example, efforts 
were directed towards the home market, whereas 
from 1945 onwards the national economy demanded 
a concentrated effort to meet world requirements, 
the incentive thus provided having resulted in 
a pronounced progressive move. Furthermore, 
the groupings of companies which took place 
during this period, with the resultant reduction of 
types and ensuing standardisation, unquestionably 
played an important part in the success achieved. 

On the technical side, great advances had been 
made, the proper application of scientific methods 
having largely superseded the old doctrine of trial 
and error. An important step was the setting up 
in 1923 of a co-operative research station, subse- 
quently expanded into the Motor Industries Re- 
search Association. After reference had been made 
to the valuable part played by the motor industry 
in the second world war, the paper reviewed in 
detail the progress made with the production of 
materials, and mentioned, among others, the intro- 
duction of powder metallurgy, low-expansion 
light alloys and zinc-base die castings. The following 
part of the paper was divided into sections dealing 
with private cars, commercial vehicles and motor 
cycles, respectively. In the section dealing with 
private cars, the many important developments 
that had taken place regarding engines, trans- 
missions and chassis were dealt with in detail, due 
credit being paid to British inventiveness. Com- 
mercial vehicles, both for the transport of goods 
and passengers, were dealt with in a similar manner, 
but here it was considered that more virility had 
been shown in their development than with private 
cers. So far as motor cycles were concerned, it was 
thought that, in this field, Britain had for many 
years led the world, and would continue to do so. 
The developments that stood out from the many 
others were the introduction of the vertical-twin 
enzine, the adoption of rear-wheel suspension, and 
wl of long-travel soft-action telescopic front 
Orks, 

‘he paper was concluded with an attempt to 
forecast future developments. Motor-car engines, 
it was thought, would be lighter and far more 
economical than at present. Probably this would 
be achieved with a short stroke and light recipro- 





cating parts, and although the poppet valve had 
so far more than held its position, some other form 
of valve mill might be introduced. Transmission 
systems on medium and large cars would probably 
incorporate a hydraulic torque converter, but it 
was not thought that this would be applied to 
smaller cars. So far as commercial vehicles were 
concerned, it was felt that greater use of compression- 
ignition engines, particularly in the medium sizes, 
would be made. The synchromesh gearbox would 
probably become more popular, but for passenger 
vehicles an easy gear change would almost certainly 
be demanded, while for really heavy types of vehicle, 
power-assisted steering would be likely. The future 
trend in motor-cycle design was fairly clear, and 
efforts would probably be directed towards refined 
touring machines and lighter sporting machines. 
Perhaps the biggest question so far as the future 
was concerned was the multi-cylinder engine ; the 
merit of four or more cylinders was still contro- 
versial, but it would appear that the bias was in 
favour of their development. 
Discussion. 

In opening the discussion, Mr. E. 8. Shrapnell- 
Smith, C.B.E., said that he desired to speak as a 
user with a background of some 56 years. He 
felt that a lot of benefit could be derived by compar- 
ing what could be done on a certain journey in the 
old days with that which could be done now. 
In 1901, for example, he took 15 hours to do 32 miles 
in a French car. Similarly, with heavy steam 
vehicles, they considered it lucky to complete a 
double journey between Liverpool and Blackburn 
in a week, whereas to-day this journey with a 
five-ton or 4 ten-ton lorry took only two hours. 

Dr. E. A. Watson said he would like to supplement 
the paper by some references to the electrical 
system. Modern motor cars, in addition to ignition, 
demanded electric starting, reliable and adequate 
lighting, including fog lights, satisfactory windscreen 
wiping, interior lighting, heating and even wireless. 
As a consequence, the electrical installation had 
become a somewhat complicated and _ highly 
developed piece of equipment. Originally, little 
attention was paid to balancing dynamo outputs 
and system loads. The unsatisfactory service 
given by that system led to the introduction of 
voltage-control systems which aimed at automatic 
balancing of load and dynamo output. Now, both 
voltage and current regulators were employed, a 
system, it was claimed, that enabled better use 
of the dynamo characteristics to be made. Loads 
also had increased substantially; in the 1920's, 
for example, a dynamo load of some 150 watts was 
normal, whereas to-day loadings of the order of 
300 to 400 watts on the same size machine were 
commonplace. Such increases had only been made 
possible by the adoption of ventilation and detailed 
improvements in design. 

Dr. Watson then referred to the question of 
ignition. The magneto, although it had given 
excellent service, had its weaknesses, and was 
eventually replaced by the coil, a light, relatively 
inexpensive piece of equipment which could be driven 
at camshaft speed and be fitted easily with auto- 
matic control of the ignition point. Although the 
coil and associated distributor looked simple, a 
great deal of dévelopment had gone into them. 
Latterly, the trend towards increased compression 
ratios and a consequent requirement for higher 
sparking voltages had brought new problems and 
it almost looked as if they were in sight of the 
limiting voltage which could be dealt with by a 
high-tension ignition circuit of normal design. 
As a result, a certain amount of work was in progress 
which might involve fundamental changes in 
spark plugs and associated electrical systems. It 
was, however, too early yet to speak of that develop- 
ment with any certainty. 

Mr. Maurice Platt said that, although he fully 
agreed with the statement that economic conditions 
justified a much smaller car, there seemed to remain 
in many countries a strong requirement for the 
middle size. In looking to the future, the authors 
had mentioned the big cost and complexity of 
modern productive equipment. He believed that 
that was setting a special stamp on the next period 
of development and they were, perhaps, coming to 
the time when the production engineers, the metal- 


lurgists and the chemists would constantly be pro 
viding the automobile engineer and designer with 
fresh possibilities. The initiative was passing to 
them and the development of vehicles was beginning 
to take its pattern from the development of the 
techniques by which it was made and the materials 
used to make it. 

Mr. A. C. Kidner felt that sufficient credit had 
never been given to Dr. Lanchester for his work on 
the motor car. Credit was given rather to Daimler 
and Benz, and the British public did not realise 
sufficiently that in Dr. Lanchester they had had 
the pioneer of the real motor car. Mr. Kidner then 
referred to McCollums sléeve-valve engine ; he still 
believed there was a great deal in the single-sleeve 
engine which, except for aeroplane engines, had 
never been properly developed. Much credit should 
also be given to Lord Austin for the design of the 
first truly light car; Lord Austin’s idea was that 
the market for the cheapest possible car was the 
biggest in the world and he (Mr. Kidner) thought 
Lord Austin was right. So far as research was 
concerned, he thought that there still was not 
enough done in long-term research. As for racing, 
this country had fallen out of that, in the true sense, 
for many years, and as an old racing enthusiast he 
still held that even to-day more could be learned 
from a racing car than from any other method of 
testing. 

Dr. C. G. Williams gave what he termed a five- 
minute history of the contribution made by fuels 
and lubricants in the period under review. The 
first important event came in 1859, with the drilling 
of the first oil-well, but at that time petrol was 
discarded as useless ; in the 1890's, however, they 
had the Daimler car with its surface carburettor 
using volatile fuel. In 1910, the first thermal 
cracking plant was introduced, while ten years 
later there was the classic work of Ricardo on 
detonation, which showed the great importance of 
anti-knocking qualities of fuels. That was followed 
three years later by the discdvery by Midgley in 
America of the anti-knock qualities of lead, while 
in 1930 a method was developed, again in*America, 
of measuring the anti-knock rating of fuels. The 
middle 1930’s saw the introduction of catalytic 
cracking, a notable advance that led to great 
improvements both in quantity and quality of 
petrol produced. 

After showing slides dealing with various aspects 
of fuel, Dr. Williams turned to the subject of lubri- 
cants. During the era of the steam vehicle, vegetable 
oils were used, but mineral oils were introduced 
with the advent of the internal-combustion engine. 
About the middle 1920's, a good solvent-extraction 
process, in which certain undesirable constituents 
were removed from the oil, became widely adopted 
and much improved viscosity characteristics were 
obtained. Later, additives were introduced for 
various purposes, such as for overcoming bearing 
corrosion, ring sticking, etc., but he felt that the 
real value of additives was in regard to problems of 
wear and deposits. There was no doubt that they 
would be more widely adopted in this country. 

Mr. D. Bastow was glad that the authors had 
stressed the important part played by the makers 
of quality cars; as Dr. Llewellyn Smith had once 
said, for equal quantities of steel given to the manu- 
facturers of quantity and quality cars, as many 
dollars could be earned by the quality manufacturer 
exporting 15 per cent. of his output as by the 
quantity manufacturer exporting 75 per cent. of 
his output. The small producer and the quality 
producer, who were not the same, had important 
functions to perform in the British motor industry, 
and we were lucky in possessing not only the “ Big 
Six ” to make large numbers of motor cars, but also 
a sufficient number of small good-quality producers. 

Mr. S. B. Bailey referred to that part of the 
paper concerned with the development of British 
motor-cycles since 1930. There were two main 
classes of rider, namely, those interested in sport 
and those concerned with comfortable economical 
transport. The sportsmen were, and always had 
been, adequately catered for, but the touring class 
seemed to get scant attention. A well-balanced 
multi-cylinder engine was essential, to give smooth 
performance, but although the popular vertical 





twin had improved silence and torque characteris- 
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tics, it had much the same evil balance as the 
single cylinder which it had replaced, and it was 
time it was replaced, in turn, by the transverse 
horizontally-opposed flat twin. 

The remarks in the paper to the effect that future 
efforts of the designers would be mainly concentrated 
on increased refinement for touring types and 
reduced weight for sporting machines were signifi- 
cant. He earnestly hoped that more stress would 
be placed on reducing the weight of touring machines 
which already were too heavy. Mr. Bailey then 
turned to the question of the number of cylinders 
and said that he did not agree with the authors 
that the bias was in favour of an increase in the 
number of cylinders to four or more. A 500-c.c. 
engine was large enough to meet most solo require- 
ments and a large number of smaller cylinders 
could not compete in thermal efficiency with a small 
number of larger cylinders. Adequate balance, 
torque and silence characteristics could be obtained 
from the flat twin, and the increased capital cost, 
complication and fuel consumption of the four- 
cylinder engine would be undesirable for the 
transport machine. 

The difficulties of operating transport overseas 
were mentioned by Mr. M. D. L. Rome, who said 
he was concerned with the maintenance of a large 
fleet of vehicles in South Africa. In his opinion, 
the chassis design of many smaller British vehicles 
was too light for the bad roads encountered. There 
was also the factor of altitude as in most parts of 
South Africa they were operating at heights of 
5,000 ft. to 6,000 ft., which led to a large loss in 
power. American manufacturers provided services 
for coping with these conditions, but he had not 
noticed similar facilities being provided by British 
manufacturers. 

Remarking that he spoke as a public-service 
vehicle operator, Mr. R. Le Fevre said that tribute 
ought to be paid to the tyre manufacturers, who had 
made remarkable improvements in their products. 
Although there had been great developments in 
public-service vehicles generally, he thought there 
was a case for simplification ; at present there were 
too many frills. He would like to see more atten- 
tion paid to standardisation of chassis so that one 
type of body could be fitted to different makes of 
chassis without having to carry out modifications. 
With regard to the introduction of under-floor 
engines, he did not think that this meant the end of 
the double-deck vehicle, particularly for heavy city 
work, as it would take three single-deck vehicles 
to replace two double-deck vehicles. Mr. Le Fevre 
then referred to drivers’ comfort and remarked that 
there was room for improvement in this field. 

Mr. C. V. Davies said that there were one or 
two points in which there had been a regression 
and quoted the provision of spares and accessibility 
as examples. Spare parts were not as easily 
obtained as they might be, while accessibility on 
some cars was bad indeed. As a motorist, he 
regretted the elimination of the sliding roof and 
the introduction of the fixed windscreen ; he had 
yet to find better draught-proof ventilation than 
that provided by the sliding roof and one had only 
to drive in fog to appreciate the value of an opening 
windscreen, 

The authors replied separately. Mr. Shearman 
said that he and his fellow author had been honoured 
by the presence of so many distinguished pioneers. 
He was glad that Mr. Kidner saw, as did the authors, 
the importance of the work of the early pioneers. 
Mr. Winter, in his reply, mentioned that from the 
point of view of automobile engineers and designers, 
British roads presented very little difficulty ; it 
was the roads in other parts of the world that 
caused difficulties. The contributions of Dr. 
Williams and Dr. Watson had been excellent and 
he hoped that the time might arise when a more 
general paper would be read supported by other 
papers dealing with fuel, electrical matters, etc. 
With regard to the remarks by Mr. Rome and Mr. 
Davies, he believed that the industry was sensible 
enough to see what could be done about the points 
raised. 

AEROPLANE STRUCTURES. 


At the meeting in the Institution of Mechanical 
Engineers, the chair was taken by Sir Arthur 
Whitaker, K.B.E., M.Eng. The first part of the 


paper on “The Development and Design of Aero- 
plane Structures,” by Professor A. G. Pugsley, 
O.B.E., D.Sc., reviewed the history of the structural 
design of aircraft up to 1945. Surveying current 
developments, he said that the aircraft design 
changes most affecting the structure were the 
increased speeds and the adoption of pressure cabins. 
Many spar booms and extruded stringers were 
now made in zinc-aluminium alloy, with an 
ultimate tensile strength of 30 to 35 tons per 
square inch, in place of copper-aluminium alloys 
at 25 to 30 tons per square inch; sheeting had 
undergone comparable changes. In recent aircraft, 
skin buckling was commonly prevented by using 
thicker sheeting and more closely-spaced stringers, 
allowing the use of countersunk riveting and 
producing smoother surfaces. Spot-welding was 
frequently used in subsidiary structures, but not in 
the primary structure. Adhesive cements had been 
used by several firms for subsidiary components, but 
only by the de Havilland Aircraft Company, 
Limited, in a general way. 

The main loads governing wing design arose from 
gusts, particularly on large wings, and during 
landing, primarily in bending rather than in torsion. 
Adequate bending strength was provided mainly by 
a heavy-gauge metal skin, reinforced with light 
closely-spaced stringers. The thicker skins also 
provided the higher torsional stiffness required at 
modern high speeds. Between the two wars, the 
structure-weight percentage of the all-up weight of 
most aeroplanes ranged from 25 to 35 per cent. 
Modern structure weights varied little from a value 
of about 30 per cent., achieved mainly by the 
development of stronger materials and by the use of 
higher wing loadings, and partly by improved 
techniques for determining the optimum design of 
structure. 

Turning to research and future prospects, Dr. 
Pugsley said that much experimental work had been 
done recently on the fatigue properties of the newer 
materials in the presence of stress concentrations, 
and on testing the life of complete tailplanes and 
wings under a cycle of loading approximating to that 
experienced in service. Too little was known about 
the loading cycles that actually occurred ; current 
British practice was to produce materials and 
structures able to withstand at least 2 x 10° cycles 
of loading fluctuating by + 10 per cent. above the 
loads corresponding to level flight. 

Laboratory experiments had been carried out on 
fillers for ‘‘ sandwich ’’ construction between sheets 
of plywood, including Formvar and paper honey- 
combs filled with resin. These sandwich structures 
had suitable strength-weight properties, but little 
was known about the practical aspects of their 
production and service qualities. Synthetic resins 
reinforced by asbestos fibres, which gave the required 
strength and weight characteristics, offered improved 
surface smoothness, and could be adapted for large- 
scale construction; it was hoped that pilot pro- 
duction of plastic wings and fuselages might start in 
the near future. Experiments were also being 
carried out on the structural use of magnesium 
plating of the order of }-in. thick; the problem of 
jointing might be solved by argon-are welding, 
already developed for aluminium plating. 

Swept-back and delta-wing shapes, which would 
be largely confined to military aircraft, introduced 
new structural problems; their modes of aero- 
elastic vibration would resemble those of a delta- 
shaped ‘‘jelly’’ rather than the bending and 
torsional modes of a conventional wing. The 
structural design of civil aircraft, which would 
probably develop along conventional lines, would be 
influenced by the need for economy as well as for 
minimum weight. 

AIRFIELDS. 


Mr. J. A. Dawson, C.B.E., B.Sc., M.LC.E., read 
a paper on “ Planning and Construction of Air- 
fields.” After reviewing the development of grass 
aerodromes, hard runways, and airfield lighting 
up to the present day, he outlined some of the 
considerations in selecting an airfield site, in layout, 
and in choosing the type of runway pavement. 
In this country it was normal practice to provide 
expansion joints in rigid pavements at distances 





not greater than 120 ft. apart. The correct 
spacing of contraction joints, which depended 
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on the thickness of the slab, was essential to 
prevent cracking and to allow the full strength 
of the pavement to be developed when warped 
under temperature variations; a spacing of 20 ft. 
had been found suitable for 12-in. thick concrete. 

The edges and corners of a uniform slab were its 
weakest points; to strengthen them, it was custo- 
mary in the United States and some other countries 
to reinforce all joints with steel dowels. In Great 
Britain this practice had not been adopted ; double- 
slab construction was used in airfields intended 
for heavy aircraft, the top slab of high-grade 
concrete being separated from the low-strength 
base slab by a bituminous film, with the joints of 
the upper slab arranged to lie some distance 
away from those of the lower slab. The size 
of the slab had to be limited to that at which 
the warping under temperature differences on the 
top and bottom surfaces was less than the safe 
deflection under load. The strength of the concrete 
must be combined with workability, so that the 
concrete could be fully compacted and the surface 
finish could be adequately smooth to ensure that 
the aircraft tyres were not cut by the contact with 
the hard pavement. Final smoothing by means of 
a belt was necessary to remove sharp edges in the 
slightly corrugated surface left by the screed. 

Few flexible pavements had been built in this 
country. The preparation of the sub-grade was even 
more important than in rigid runways, and rollers 
up to 100 tons weight had been used in constructing 
the Changi airfield, Singapore; this technique 
reduced the depth of excavation and the thickness 
of the sub-base, and, thus, the costs. 

It appeared to be probable that existing airfields 
of the highest class would be capable of carrying 
the largest aircraft which might be built in future. 
Present airfields in Great Britain had three run- 
ways forming a triangle. Large modern aircraft, 
capable of landing in a cross-wind component of 
25 m.p.h., required only two runways. If under- 
carriages of the swivelling type became practicable 
on large aircraft, the number of runways could be 
still further reduced. The longest runways in this 
country were about 3,000 yards ; improved landing 
and take-off characteristics might enable shor‘er 
runways than this to fulfil all requirements. A 
smaller number of shorter runways would greatly 
reduce the cost of airfield construction. 


Discussion. 

In opening the discussion on the two papers, the 
chairman, Sir Arthur Whitaker, suggested that the 
congestion which was arising in the air might 
lead to the use of very large aircraft. He also 
mentioned the possibility of bringing the airport 
into the centre of town with the development 
of hovering aircraft. The first speaker in the 
discussion, Mr. Cozens, said that flexibility in 
operation was the most important factor in airfield 
layout; and he thought that a large city requiring 
a rate of aircraft movements higher than 60 per 
hour should be provided with two smaller airports, 
with differing meteorological conditions, rather than 
one large one. If heavy earthwork plant were 
available, there were great advantages in building 
flexible pavements ; less rigid control was required 
during construction, and they were easier to main- 
tain and to alter in the case of modifications to the 
airfield lighting systems, ducts, etc. Mr. G. 8. 
Cooper said that load-bearing tests on rigid pave- 
ments had revealed that under extreme temperature 
conditions, there might be a deflection of 0-06 in. 
before the top slab was in contact with the base ; 
since slabs generally cracked at a deflection of 
0-1 in. to 0-15 in., that meant the loss of almost 
half the available deflection range before a reason- 
able bearing value was obtained from the base. If 
it were possible to combine a high flexural strength 
with a low modulus of elasticity, the concrete could 
deflect further before breaking; but generally 4 
low elastic modulus meant low-strength concrete. 
Moreover, other factors which had a marked effect 
only became noticeable after two or three years 
service, as, for example, a clay sub-grade which 
would eventually sink under load, reducing still 
further the support to the corners of the slab. 

Mr. G. H. Fretwell said that the natural load- 





bearing capacity of the site should be utilised, 4 
waterproof pavement surface being provided for 
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the constructed paving to maintain the best working 
conditions. The weather conditions in this country 
were not, however, entirely suitable for constructing 
mechanically stable flexible pavements. He thought 
that shorter runways would probably only be 
achieved with the development of assisted take- 
off and arrested landings; the essential paved 
area should be confined to the net take-off and 
landing runs, with safety margins provided by 
over-runs at the end of the paved runways. Airfield 
lighting and radio aids should not form obstructions 
at the end of the runway. 

Mr. 8S. W. F. Morun, who was concerned with 
smaller private airfields, disagreed with Mr. Cozens 
that less supervision was required for flexible pave- 
ments. He regretted that little information was 
available on the moisture content of soils beneath 
runway pavements. In tests on silty soils, he had 
found bearing pressures ranging from } ton to 
4 tons per square foot. It was unfortunate that 
various types of test all appeared to give varying 
results for the different soil samples tested. The 
soils capable of carrying 4 tons per square foot 
had been stabilised very satisfactorily ; the }-ton 
soil, with 4 in. of sand asphalt only, had also given 
successful results. From American road tests, it 
appeared that the intensity of traffic was a more 
powerful factor in the failure of pavements than 
the maximum load; he wondered if any similar 
researches had been carried out in this country. 

Mr. C. S. Goode said that strengthening the earth 
underneath the runway was as important as the 
design of the pavement above it. It was essential 
to leave the compacted formation undisturbed for 
as long as possible, and he could not see the neces- 
sity for running longitudinal airfield lighting ducts 
beneath the paving. The advantages of both rigid 
and flexible pavements could be combined by 
constructing a concrete pavement at the bottom, 
and above it the flexible pavement. The slab 
would need no joints, with consequent reduction 
in costs, and there would be no temperature stresses ; 
moreover, the airfield lighting ducts could be placed 
on it or in it without much trouble. Special provi- 
sions could be made at those spots where damage 
from jet exhausts might be expected. : 

Mr. K. C. Mann said that it was not yet certain 
that the equivalent single-wheel load value of 
multiple-wheel undercarriages could be determined 
with sufficient accuracy; further research was to 
be done on this aspect. The introduction of aircraft 
requiring stronger pavements increased the cost of 
construction and made it necessary to lengthen and 
strengthen pavements on existing airfields through- 
out the route over which the aircraft was to operate ; 
in war, it added to the difficulties of choosing sites 
to give the required length of runway and of con- 
structing temporary airfields rapidly to withstand 
the traffic. In attempts to improve take-off and 
landing characteristics, catapults and arrester gears 
were used for special purposes, but were not suit- 
able for passenger-carrying aircraft. He looked 
forward to seeing aircraft without undercarriages, 
able to alight on a relatively small, possibly bogie- 
mounted platform, which could be towed away on 
tracks, and aircraft which could take-off without 
having to develop forward speed before becoming 
airborne. 

Dr. P. B. Walker said that stressed-skin con- 
struction had been adopted, firstly, to ensure a 
reasonably robust material at the surface, and 
secondly, in order to have the main structural 
material as near the perimeter of the thin wing 
structure as possible, for torsional strength and 
stiffness. The risk of fatigue had increased as 
aircraft flew for longer periods; moreover, the 
metallurgists were now producing materials which 
were statically stronger, but no better in fatigue. 
There was a lack of data on the cumulative effect 
of loading cycles of varying intensity and varying 
speed. Nevertheless, nine-tenths of all fatigue 
troubles could be avoided by care in detail design. 

_ Mr. J. A. Skinner thought that the selection of a 
rigid or flexible pavement would be largely affected 
by the availability of materials. Plate-bearing 
tests on a number of existing concrete pavements 
had shown that the economically-produced single 
slab would not stand up to the high loads of modern 
alrcraft. The design of double slabs was difficult ; 





the lower slab must be as strong as the top slab, 
which acted in effect as a protecting slab, to ensure 
that temperature and weather effects did not 
affect its strength. Plate-bearing tests on flexible 
pavements based on a good sub-grade had showed 
surprisingly high results; the available evidence 
showed that flexible pavements were desirable on 
good sites, whereas concrete was probably more 
economical on poor sites. He liked Mr. Goode’s 
idea for buried concrete with an asphalt top, which 
made for better sealing, riding and maintenance. 

Dr. O’Sullivan said that the forms adopted by 
aircraft constructors for the cross-sections of sheet- 
steel biplane spars (shown on slides by Professor 
Pugsley in the historical section of his paper) 
might have applications in the design of static 
suspended structures of long span. Referring to 
runway pavements, he said that prestressed con- 
crete construction, which was flexible and highly 
elastic, offered possibilities intermediate between 
the rigid concrete pavement and the flexible bitu- 
minous or asphaltic construction. Much larger 
deflections could be tolerated by prestressed con- 
concrete. In general, the choice of pavement was 
affected by cost, availability of materials, and 
speed of construction. 

Replying to the discussion, Professor Pugsley 
said that if aircraft designers succeeded in eliminat- 
ing the undercarriage, the conventional type of 
aerodrome would also be eliminated. He thought 
that tyre pressures were likely to increase in order 
to reduce the weight of the undercarriage and to 
save space. An alternative approach would be to 
adopt many wheels spread along the frame, which 
would reduce considerably the stresses in aeroplane 
wings resulting from landing impact; certain 
experiments along these lines had been made but 
had not been followed up. The sheet-steel spars 
referred to by Dr. O’Sullivan were developed largely 
by test; remarkable results were achieved in 
postponing elastic buckling by curving their cross- 
section. Using flat steel strip with a proof strength 
of 60 to 70 tons per square inch, it was formed 
into spars which were again capable of withstanding 
60 to 70 tons per square inch. The present aim in 
aircraft structures was towards increased stiffness ; 
under laboratory conditions, certain light alloys 
had been produced with stiffness increases of 30 to 
40 per cent. 

Mr. Dawson, in reply, said that the composite 
pavement, with a rigid slab below, spreading the 
load, and a flexible pavement above, might be 
especially suitable for heavily-loaded military air- 
craft with very high tyre pressures. On flexible 
pavements, no great benefit was derived from the 
multiple-wheel assembly. Referring to prestressed 
concrete runways, he said that a section of track 
had been tested satisfactorily at London Airport, 
but it was very costly. Moreover, repairs could 
not always be carried out locally, which was a grave 
disadvantage from the military point of view. 

TELECOMMUNICATIONS. 

In a paper on “ Telecommunications,” which was 
presented at a meeting at the Institution of Electri- 
eal Engineers on Monday, June 11, with Sir 
Archibald Gill in the chair, Sir Stanley Angwin 
reviewed the progress that had been made in this 
branch of engineering during the last 100 years. In 
1851, visual signalling and line telegraphy were, he 
said, the only applications covered, the Cooke and 
Wheatstone electrical telegraph having come into 
use in 1837. In 1851, some 48,600 messages were 
handled on the inland telegraph system, but by 
1948, the number had grown, to 47,440,000, to which 
must be added some 10,000,000 telegrams carried 
over 1,000 private wires. The first telephone 
exchange in London was opened.in Coleman Street 
in 1879 with eight subscribers ; and now there were 
nearly 5,200,000. Mechanisation of local services 
had steadily proceeded since the first automatic 
exchange was opened at Epsom in 1912, and at 
present, 70 per cent. of all telephone stations in the 
country were connected to such exchanges. The 
principles of automatic switching were fundamen- 
tally simple, but the complexity of the circuits, 
relays, contacts and switches was very great. 
Within a large multi-exchange area, such as London, 
the application of automatic switching was par- 
ticularly complex and involved the use of registers 
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or the director. During the first quarter of a 
century, developments in the switching techniques 
for the rapid setting up of long-distance communi- 
cations had lagged behind new and economic 
methods of transmitting speech over long distances. 
Considerable advances were, however, now taking 
place, especially the use of voice-frequency pulses 
giving full signalling and dialling facilities. 

The present trend was towards wholly electronic 
methods of switching, but the new system could only 
be justified if it offered outstanding advantages in 
efficiency and annual costs. Capital cost could not, 
however, be assessed until a workable system had 
been produced; and this also applied, to some 
extent, to maintenance. The components of an 
electronic system should require less maintenance 
than switches with mechanisms and metallic con- 
tacts subject to wear. In fact, electronic exchanges 
involved no fundamentally new conceptions of 
switching and transmission, and it could therefore 
be expected that workable systems would be 
produced before long. 

Submarine cables hold a unique place in world 
telecommunication. The first transatlantic tele- 
graph cable was laid in 1866, and by 1921 there were 
21 such cables under the North Atlantic. Sub- 
marine cables for telephony were a logical develop- 
ment, the first being laid across the English 
Channel in 1891. Improved transmission followed 
the introduction of loading coils in 1910 and the 
employment of continuous loading in 1924, while 
submerged amplifiers had first been used in 1943. 
The Lowestoft-Borkum cable, which was laid in 
1946, and was nearly 200 nautical miles long, 
embodied a single amplifier and consisted of five 
telephone circuits, any of which could be used for 
18-channel voice-frequency telegraphy. Asa result,a 
standardised system providing 60 circuits per cable 
had been developed. The possibilities of laying a 
cable with amplifiers capable of withstanding the 
pressure at depths of 2,000 fathoms was now in 
sight, and it was intended, in 1952, to equip a new 
cable about 650 nautical miles long with five 
amplifiers operating at this depth. The system 
would provide one telephone circuit to C.C.I.F. 
standards (which could be used alternatively for 
24 voice-frequency telegraph circuits operating at 
50 bauds) and two 100-baud telegraph circuits. The 
amplifier housing would consist of high-tensile steel 
forgings, 9in. in diameter, and some 7ft. long, the 
cable entering at the two ends through glands of 
ceramic and nylon and moulded polythene. 

Discussion. 

Dr. W. G. Radley said that it would be appreci- 
ated that the capital cost of providing a communica- 
tion circuit by a coaxial cable was only a small 
fraction of what it used to be with an open wire 
line. In spite of the complicated terminal equip- 
ment the maintenance effort, too, was less, being 
320 man-hours per year for a 100-mile open wire 
circuit, 65 man-hours for an audio-cable circuit of 
the same length with two intermediate repeater 
stations and only 33-4 man-hours for a similar 
circuit in a coaxial cable. For a 200-mile circuit 
the coaxial cable required 39 man-hours, while 
the open-wire figure was about 640 man-hours and 
the audio-cable figure 130 man-hours. A possible 
weakness of the present coaxial system was the 
concentration of equipment at the terminals with 
the result that 70 per cent. of the capital cost was 
due to the latter, a figure which could be further 
broken down into 42 per cent. for transmission 
equipment and 28 per cent. for signalling equipment. 
This result was due to the belief that frequency 
bandwidth on the line was expensive and must be 
conserved at all costs. While this was true for 
lines 1,000 miles and longer, it was becoming less 
true now higher frequencies were used. In this 
country, where the bulk of circuits were 200 miles or 
less, it was satisfactory therefore to know that a 
simpler system was being developed. He did not 
think enough had been said about the lead we had 
in this country in our methods of dialling and sig- 
nalling over long-distance circuits. To-day, over 
4,000 of our circuits were being operated by voice- 
frequency circuits, so that a London operator could 
dial a subscriber in, say, the Manchester area 





directly. This was only the first step towards the 
complete mechanisation of the British trunk service. 
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Professor Willis Jackson pointed out that the 
progress of telecommunication afforded an out- 
standing example of the intimate relationship 
between, science and engineering, and of the essential 
dependence of one upon the other. This progress 
had been assisted by the intensive studies which 
had been, carried out all over the world into such 
questions as the characteristics of the ionosphere 
and the interactions of electrons and electro- 
magretic waves. Similarly, science had gained 
very considerably from telecommunications. Means 
for assessing quantitatively the information, content 
of the message had been obtained recently by the 
foundation of what was called “information 
theory.” This theory had been found to have a 
wide scientific significance in making quantitative 
comparisons between the information-handling 
mechanisms of the brain, and of electronic comput- 
ing machines. A further step had led to a considera- 
tion, of the reaction, of the receiver on the source of 
information, so that it seemed that the work of the 
telecommunication engineer had initiated a new 
branch of science, which revealed and promised 
to clarify the different processes by which living 
organisms received, analysed, used and _ trans- 
mitted information. 

Mr. A. H. Mumford thought that a great need at 
the present time was to utilise all means of reducing 
interference between transmissions. Mr. A. W. 
Montgomery deprecated the use where mechanical 
methods could be employed. 

Dr. A. Smith was fascinated by the author’s 
statement that the Atlantic telephone cable was in 
sight. This result was primarily due to the advent 
of submerged repeaters, although the new insulator, 
polythene, had played a not inconsiderable part. 
He would like to say a word for the rigid form of 
repeater housing containing a two-way amplifier, 
as he thought that the Post Office practice (which 
had been well established in European waters) of 
having one self-contained cable would be the best 
for the Atlantic cable. He wondered whether the 
conclusion reached by Dr. Buckley some years ago 
that the scheme was economic, and that even if it 
were not it had strategic advantages, still held good. 
He thought that the cable must provide the highest 
quality results, but that all the circuits need not be 
of the highest quality. 

Mr. T. H. Flowers pointed out that the issue 
between manual and automatic exchanges had been 
decided not by the relative complications of the 
two systems, but by the fact that it had been 
impossible to find sufficient skilled operators to 
work the former. He thought that the issue 
between electronic and mechanical exchanges might 
be settled by a similar consideration, for it was 
doubtful whether enough men could be found to 
service the present exchanges, so that with the 
growth of telephony it would be necessary to 
employ a system which required less maintenance. 

Sir Stanley Angwin, in reply, said that he had 
not much doubt that the Post Office had been right 
in using the rigid type of repeater, but whether it 
was the best for very deep water cable was an open 
question. As regards the use of thermionic switch- 
ing, the increase in the number of valves had to be 
faced. He thought that Dr. Buckley’s remarks 
about the Atlantic cable were still true, although 
it was necessary that cable and radio should be 
co-ordinated for long-distance transmission. One 
of the factors in the success of the cable would 
undoubtedly be the use of polythene, while another 
would be the feed-back repeater. 


(To be continued.) 





COMMITTEE ON USES OF FUELS.—The Minister of 
Fuel and Power, Mr. P. J. Noel-Baker, stated at the 
conference of the National Union of Mineworkers at 
Blackpool on July 3, that a special committee is to be 
appointed to investigate the wider aspects of national 
fuel policy. Such a committee has been urged by the 
Federation of British Industries and the Trades Union 
Congress. It will inquire into the questions whether 
the various forms of fuel and power are being used to 
the best advantage ; whether electricity should be used 
for domestic, office and factory heating; whether gar 
should be used for public lighting; and what are the 
true costs, including capital costs, of the fuels in use for 
various purposes. 


AERONAUTICAL RESEARCH 
IN AUSTRALIA. 


THROUGH the courtesy of the Chief Superintendent 
of the Aeronautical Research Laboratories of the 
Department of Supply, Australia, we have received 
a copy of the departmental report of the Labora- 
tories for the year 1949-50. As in the 1948-49 
report, which was reviewed on page 468 of our 
169th volume (1950), it is divided into six main 
sections covering structures, engineering materials, 
aerodynamics, power plants, electronics and instru- 
mentation, and applied research. 

The work on structures falls into two main sub- 
divisions—the life-testing of aircraft structures, 
and investigations on structural analysis and effici- 
ency. Work on repeated-load tests has been 
mainly concerned with modifying the test rig, by 
adding a “‘ reaction neutraliser,” i.e., a sympathetic 
vibrating system, to overcome large fluctuating 
reactions set up in the supporting structure during 
resonant-vibration tests on wings, in which it was 
found to be necessary to support the wings at the 
fuselage-attachment points, which were not nodal 
points, in order to simulate the air-load shear and 
bending-moment distribution over the critical part 
of the wing. Several mathematical investigations 
have been carried out on the dynamic behaviour of 
aircraft structures, and on static stressing analyses 
including studies undertaken, at Sydney University 
on, thin stiffened shell structures, with and without 
cut-outs, and on, the behaviour of swept-back tubes 
under bending and torsion. 

Studies of fatigue, slow deformation, high-temper- 
ature metals, the properties of alloys, corrosion, 
and the furnace-brazing of steel formed the main 
activities of the engineering-materials section. In 
tests on the effect of surface-finish on the fatigue 
resistance of aluminium-ailoy 24S-T  rotating- 
cantilever specimens, it was found that longitudinal 
hand-polishing gave the highest strength for a 
life of 100 x 10® cycles; specimens with an 
ordinary turned finish had a strength of only 80 per 
cent. of that of the hand-polished test pieces. At 
high stresses, however (corresponding to a life of 
about 105 cycles), the highest fatigue strength was 
shown by the rough-turned specimens. The effect 
of various normal heat-treatments for steel on the 
profile and the chemical composition, of the surface 
layers has been studied by the taper-sectioning 
method ; it is concluded that the neutral salt-bath 
method is satisfactory for normal use, and that the 
method of surface coating adopted by the Labora- 
tories for fatigue specimens (described in the last 
report) is considerably superior, from the point of 
view of decarburisation, to normal heat treatment, 
although cracks developed in the coating when used 
on fatigue specimens. In a long-term fatigue 
investigation on aluminium-alloy specimens under 
repeated direct stress, it has been observed that, 
for a constant life, when the mean stress is com- 
pressive or only slightly tensile, the stress range 
is approximately proportional to the compressive 
mean, stress. Slow-speed repeated direct-stress 
tests on annealed commercially-pure copper have 
shown that structure breakdown was accelerated 
by high stresses and low frequencies, and that 
there was a marked change in the degree of break- 
down, at a given stress when the stress cycles were 
changed from 300 to 400 a minute ; under alternat- 
ing direct-stress tests at + 7 tons per square inch, 
similar specimens run at 300 cycles a minute failed 
at about 50,000 cycles, whereas a life of more than 
100,000 cycles was obtained at a stressing rate of 
400 cycles per minute. 





The slow deformation of fine-grain aluminium 
has been studied at various temperatures between 
20 deg. and 350 deg. C., at astraining rate of about 
0-02-per cent. elongation per hour; the crystal 
grains showed no internal derangement, even for 
large strains, and it was concluded that, under such 
conditions, plastic flow could, be attributed entirely 
to the viscous nature of the grain boundary region. 
The work on chromium-base alloys with beryllium, 
with manganese, with titanium, and with tungsten, 
for high-temperature applications, has continued. 








An argon-are furnace has been used for melting 





the alloys and a high-frequency induction heater 


for thermal analyses. Alumina and beryllia refrac- 
tories have been produced to withstand the extreme 
temperatures, but attempte to produce magnesia 
crucibles and sheaths to replace the toxic beryllia 
refractories have so far been unsuccessful. The 
chromium-beryllium and chromium-tungsten equili- 
brium diagrams have been almost completed; a 
preliminary survey of the chromium-manganese 
system below 1,050 deg. C. has been made, and the 
liquidus and solidus curves up to 60-per cent. 
manganese have been established. The general 
nature of the whole chromium-titanium system has 
been determined; there are promising high-tem- 
perature alloys in both the chromium-rich and 
titanium-rich regions. 

The mechanism of the hardening action in the 
precipitation process is being studied by work on 
zine single crystals, high-purity aluminium-copper 
alloys, and relatively pure iron. It has been 
found that when zinc is deformed at high tempera- 
tures, some grains show a sub-structure which 
becomes increasingly perfect as the temperature of 
deformation is raised ; it is considered that this is 
related to the “cell” structure formed during the 
creep of aluminium alloys. For investigating the 
effects of stress on the corrosion of aluminium and 
its alloys, two more tensile-testing machines are 
being built. Tests on Duralumin have shown, 
so far, that, as in aluminium, the electrode potential 
is affected, not by the actual stress, but by plastic 
strain in the metal causing the oxide film to break. 

The corrosion of buried iron and steel pipes and 
piles has been shown to be influenced chiefly by the 
differential aeration, of the water in the soil, and not 
by bacteria ; in, certain soils, it has been found that 
dissolved oxygen does not penetrate below a depth 
of about 5 ft.; corrosion of a buried steel pile in 
such soil can, therefore, be largely suppressed by 
a protective coating to this depth. The danger of 
potassium-dichromate corrosion inhibitors, in 
setting up intensified corrosion at surface defects 
where the dichromate could not form its passivating 
film, has been demonstrated. Corrosion pustules 
thus produced on, steel and stainless steel were in 
an unusual form of long thin tubes originating from 
the small unprotected anodic areas. A fundamental 
investigation on the growth of films on metals, in 
electrolytic polishing, has been initiated. Studies 
on, the copper-brazing of steel have shown, that the 
shear strength varies inversely with the size of the 
gap; the high shear strength associated with small 
gaps is due to the dissolution of iron in the molten 
copper and to the inter-crystalline loosening of 
ferritic grains which subsequently bridge the gap. 

Aerodynamic investigations have covered high- 
speed aerodynamics, research on boundary layers, 
turbulence, and stability and control. For the high- 
speed work, new wind tunnels are urgently needed. 
The power of the variable-pressure tunnel is being 
increased by replacing the existing electrically- 
driven contra-rotating fan with a two-stage fan 
driven by a Merlin engine ; at the time of compiling 
the report, the new drive was not in operation. 
A new type of interferometer has been designed 
for visualising flow in the high-speed tunnel, and 
three portable small-source high-intensity flash 
units have been made for use with the interfero- 
meter, when it is completed. The preliminary 
experiments on phase-contrast method show promise 
of producing quantitative results on air flow. 
Ground-launched rocket tests for exploring flight 
characteristics in the trans-sonic range were initiated 
in September, 1949; the drag is determined by 
measuring, from the ground, the deceleration of the 
model after burning is complete. For more detailed 
tests, telemetering or airborne instruments recovered 
by parachute are used ; this work is carried out at the 
Rocket Range, Woomera. In collaboration with 
the Aircraft Research and Development Unit of the 
Royal Australian Air Force, a high-speed aircraft 
is being fitted with instruments for investigating 
compressibility effects on performance ; an irrever- 
sible elevator control is also being fitted in this 
aircraft. 

Further tests have been carried out on the glider 
fitted with a suction wing; although the perfor- 
mance of the suction system has not attained the 
values predicted in the wind tunnel, it has been 
established that the overall drag of the suction 
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EXHIBITS AT THE ROYAL 


AGRICULTURAL SHOW. 





Fic. 16. 


“ Noprir’’ Spray Boom; Psst Conrron, Limirep. 


wing is about the same as that of a moderately| turbine blades by brown-coal ash, a furnace is being 


thick wing section. If the losses in the suction 
system could be reduced to the wind-tunnel values, 
the overall drag would approach that of a thin 
laminar-flow aerofoil. It is proposed to build a 
glider with swept-back suction wings, to provide 
data for a possible transport aircraft; auxiliary 
slots would be fitted to maintain laminar flow over 
most of the top surface, in the event of leading edge 
“ contamination ’’—as for instance, with insects— 
which in the present wing causes appreciable 
disturbance of the flow. At Sydney University, 
experimental work has been carried out on turbulent 
boundary-layer separation, using special equipment 
and techniques; a large-amplitude square-wave 
generator has been developed for setting the com- 
pensating circuit of a hot-wire anemometer ; and a 
single slanting wire has been calibrated for the 
measurement of turbulent shearing stresses. Meas- 
urements of the intensity of turbulence close to 
square-mesh wire grids have been made in connec- 
tion with an investigation on the propagation of 
the flame front in the combustion of gaseous or 
vaporised liquid fuels. The twin jet engines of the 
radio-controlled Stork model aircraft have been 
replaced by piston engines ; yaw measurements in 
the wind tunnel have been made on a.tailless model 
aircraft. New equipment has been designed and 
tried out on the Stork for determining the moment 
of inertia ; the design of a pneumatic launcher has 
been completed, but construction is still in an early 
Stage. 

Studies of combustion in turbine engines have 
been continued ; it has been found that large-scale 
mixing effects have a much greater influence on 
combustion than small-scale turbulence. Early 
results on the survey of air flow, pressure and tem- 
perature, over a range of fuel-air ratios in a Lucas 
combustion chamber, have suggested that there is a 
fairly wide range of burning-zone fuel-air ratios 
which give a constant high combustion efficiency. 
The effects of nitrogen-oxygen additives, carbon 
monoxide and methyl-ethyl ketone on flame speed 
have been studied. 

Further work has been done on the combustion 
of pulverised brown coal for gas turbines. The 
effect of airflow on combustion intensity and 
stability is being studied in a refractory-lined 
Straight-through chamber; the pulverised coal is 
metered from a hopper, by a screw feeder, into an 
airstream which feeds into the combustion chamber. 
Pneumatic pulverising equipment is under test, and 
the possibility of “flash” pulverising wet coal is 
under consideration. For studying the erosion of 





built. 

Low-speed cascade tests have been carried out on 
several blade sections ; laminar sections, it is con- 
cluded, should not be used for high deflections where 
the pressure gradient must be kept low. A high- 
speed cascade tunnel supplied by a 3,500-h.p. com- 
pressor was under construction at the time the 
report was compiled, and was expected to be operat- 
ing this year. A vortex tunnel was also being 
designed. The turbine-engine test plant, for jet 
engines up to 10,000 Ib. thrust, is in operation ; 
the engine is mounted in a large steel box fed with 
air, at atmospheric pressure in the test cell, by a 
550-h.p. fan. The thrust, speed and fuel consump- 
tion can be measured to within an accuracy of + } 
per cent. Experiments are being carried out on 
the behaviour of resonant pulse jets. 

In the work on piston engines, the final part of 
the investigation on piston-ring lubrication has 
been completed ; it was found that the taper on 
the running face, chamfered corners, and ‘‘ torsion 
rings” had marked effects on the stability of the 
oil film. Development work on a _ two-cylinder 
rotary-valve engine is still in hand. Two types of 
engine have been constructed for the radio-con- 
trolled model aircraft ; one is a two-cylinder two- 
stroke aircooled V-engine, designed for an output 
of 3-5 h.p. at sea level; the other, developing 
24 h.p. at 20,000 ft., is an unorthodox supercharged 
two-stroke engine with a single horizontal cylinder 
and opposed pistons driving contra-rotating crank- 
shafts and propellers. A third engine, similar to 
the 3-5-h.p. engine, has been designed to develop 
5-5 h.p. 

The section on electronics and instrumentation 
has been concerned with developing control equip- 
ment for flying models and instruments for flight 
research. For use as servo-motors in the automatic 
aileron-control instruments which have been con- 
structed, small direct-current motors are being 
developed. Many parts of the multi-channel optical 
recorder for flight research, mentioned in the pre- 
vious report, have been assembled ; a feed-back type 
transmitting accelerometer has undergone promis- 
ing preliminary tests ; and the development of an 
eight-channel pressure recorder for use in rocket 
models, for investigating the flow past aerofoils at 
high speed, has been initiated. Other developments 
include a recording electrometer with improved 
stability and high input impedance, and a recording 
dilatometer with a resolution of the order of 10-5 cm. 

The applied research section has completed an 
orchard sprayer, which breaks up the liquid spray 


into a fine mist and conveys it to the trees by an 
air stream produced by a double-sided centrifugal 
fan driven by a 70-h.p. engine ; the spray mist is 
injected into the airstream from nozzles fed by an 
engine-driven pump. A vertical fan for protecting 
fruit crops against frost has been built for the 
Commonwealth Scientific and Industrial Research 
Organisation, consisting of a 30-ft. steel tower 
carrying a turntable on which are mounted two 
50-h.p. electric motors driving 12-ft. diameter 
propellers, the shafts of which are slightly offset to 
give a turning moment which rotates the turntable 
and, with it, the jets of air. 





THE ROYAL AGRICULTURAL 
SHOW AT CAMBRIDGE. 
(Continued from page 54.) 

A DIFFICULTY in spraying fields, and one which 
has caused most vexation between farmers and their 
neighbours, is the damage caused by the drift of 
weed killers on to neighbouring susceptible crops. 
Sugar-beet fields have suffered most in this country 
but various brassica crops have also been extensively 
damaged ; hops, too, are particularly susceptible 
to very small quantities of the hormone type of 
weed-killer. Overseas, considerable damage to 
grape crops has been caused by the wind-drift of 
plant hormones and in California legislation has been 
introduced to prevent the spraying of hormones in 
certain areas. Pest Control, Limited, Harston, 
Cambridge, have carried out much research to 
overcome this problem and at this year’s Show they 
were exhibiting a spraying boom which is fitted with 
cowling to prevent the drift of spray. Known as 
the Nodrif spray boom, it comprises a cover which 
encloses the area of ground to be sprayed in such a 
way that interference from wind is largely pre- 
vented. It is illustrated in Fig. 16, on this page, 
and Fig. 17, on page 74, the former showing the 
machine arranged for working and the latter folded 
for transport. The spray bar is in three sections, 
each with its individual cowl. Both side booms 
are supported by caster wheels which maintain the 
spray bar at a constant height above the ground and 
thereby prevent the wind shields from digging 
into the ground. Each wind shield forms an obtuse 
angle with the ground so that the wind is easily 
deflected. To guard against side winds, folding 
triangular-shaped deflectors are provided ; and, to 
prevent wind from getting underneath the shield, 
there are serrated rubber curtains along the lower 
edges of the deflectors. 

Apart from safeguarding adjacent crops, the use 
of the Nodrif boom ensures that the operators 
are not covered by toxic chemicals when working 
in windy conditions. To give added safety for 
the operator, however, Pest Control, Limited, have 
also introduced a gas-proof air-conditioned tractor 
cab. This consists of an almost airtight cabin 
into which air is fed by a compressor driven from 
the tractor power take-off. A pressure somewhat 
higher than atmospheric is maintained inside the 
cab and the air escapes through the apertures for 
the various controls. A large charcoal filter is 
fitted to the intake side of the compressor for the 
absorption of gases and, in addition, there is a 
special filter to prevent the passing of fine smokes 
and dusts. The cab also incorporates means of 
keeping the temperature below 75 deg. F., as it is 
dangerous to work in temperatures above this 
value. Temperature control is achieved by trickling 
water over the cab, a method often adopted for 
greenhouses in tropical climates. Further protec- 
tion against a rise of temperature inside the cabin 
is given by a large screen arranged over the roof. 

Some of the exhibits on the stand of Messrs. Harry 
Ferguson, Limited, Coventry, were described in the 
first part of our report on the Show, which appeared 
on page 20, ante. Other exhibits on their stand 
included the disc harrow and the three-furrow 
plough illustrated, respectively, in Figs. 19 and 20, 
on page 75. The disc harrow is a mounted imple- 
ment and has been developed for use in orchards, 
vineyards and other places where manceuvrability 
is of prime importance. It consists of 14 discs, 
20 in. in diameter, arranged in two separate gangs, 





and is believed to be the first mounted offset disc 
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harrow to be made in the United Kingdom. The 
disc angle is fixed, depth being controlled solely by 
means of the tractor’s hydraulic-lift assembly. 
Offset is obtained by slackening simple clamps and 
sliding either one or both gangs to the right or left, 
the total offset available being 6 ft. from the centre 
of the tractor; this gives a maximum width of 
working of 7 ft. 3 in., whereas the minimum width 
is 5 ft. 3in. Adjustable scrapers are provided so 
that the discs can be kept clean, whether clogging 
occurs at the peripheries or at the centres. Without 
offset, the discs form an efficient heavy-duty culti- 
vator, and with offset they can be used to throw 
the soil either towards or away from the trees. 
The harrow can be fitted behind any standard 
Ferguson tractor. 

The three-furrow plough has been developed for 
use in shallow soils and other conditions where a 
well set-up furrow slice is needed. It is of strong 
construction and, like most Ferguson implements, 
is designed so that it is used in conjunction with 
the rear implement linkage of the tractor. Lea-type 
bodies are fitted and these, with the undercut 
coulters and narrower furrow width, make it possible 
to turn crested furrows even at shallow depths. 

A novel form of manure spreader was being 
shown by Messrs. Atkinsons Agricultural Appli- 
ances, Limited, Enterprise Works, Clitheroe, Lanca- 
shire. The outstanding feature of this machine is 
the method by which the manure is ejected, a 
simple hydraulic-ram mechanism being employed 
for this purpose. A photograph of the spreader is 
reproduced in Fig. 18, on this page, from which it 
will be seen that the general design follows standard 
practice, comprising a two-wheel trailer which is 
hitched to the rear of a tractor in the normal 
manner. The distributor mechanism is located at 
the rear and consists of two tine shafts arranged to 
rotate in opposite directions to ensure proper dis- 
integration of the manure, and an impeller shaft 
to give even distribution and width of spread. 
Unlike most machines of this class, the spreader- 
beater mechanism is driven from the tractor rear 
power take-off, the drive being transmitted first to 
a bevel gearbox, the moving parts of which are 
immersed in oil, and then by Renold chains to the 
distributor. 

As previously mentioned, the manure is ejected 
hydraulically, the mechanism consisting of a double- 
extension hydraulic ram fitted at the forward end 
of the chassis. This is connected to the front board 
of the body, which is free to move within guides 
towards the beater-spreader unit situated at the 
rear of the body. To commence spreading, a 
hydraulic pump, also driven from the tractor rear 
power take-off, is put into operation and the ram 
moves the front board, or barrier plate, as it is 
termed by the manufacturers, towards the dis- 
integrating tines. The pump is driven constantly 
and control of the ram is effected by opening and 
closing a relief valve incorporated in the hydraulic 
circuit. A variable-stroke pump is used and the 
rate of delivery of the manure is adjusted by 
setting the actuating arm at different centres. 
After the barrier plate has travelled its full distance 
of 7 ft. 6 in., and all manure has been ejected, it is 
returned to the forward position by means of a 
simple winch mechanism, driven through a clutch 
from the main drive shaft. 

It will be appreciated that the use of a travelling 
head board for ejection of the manure entirely 
eliminates the slatted conveyor usually employed 
on this class of machine. As a consequence, it is 
only necessary to remove the disintegrating and 
spreading mechanism from the rear to convert the 
machine into a two-wlieel trailer, in which role the 
ejecting gear can be employed for such jobs as dis- 
charging root crops into clamps, etc. The complete 
unit is of strong construction, the chassis frame 
being constructed from heavy channel-section 
structural members and the body from steel sheet, 
reinforced by angle sections. The depth of the 
body is 1 ft. 6 in. and its length 8 ft., the stroke 
of the ram, as previously indicated, being 7 ft. 6 in. 
Including the tow bar, the overall length of the 
machine is 14 ft. 6 in. and the width over the tyres, 
6ft.6in. The capacity is 2 tons and the weight of 
the complete equipment is about 15 cwt. 

(T'o be continued.) 
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EUROPEAN NEEDS FOR SCRAP. 


To a large extent, Europe can satisfy, its present 
demands for scrap for maximum iron and steel produc- 
tion if all countries concerned will increase their 
scrap collection and apply the available scrap for its 
most effective immediate use, according to the United 
Nations Economic Commission for Europe. A panel 
of experts who have been investigating the subject 
recommend that countries should adopt price policies 
which would encourage the maximum collection and 
marketing of all available supplies of both high-quality 
and low-quality scrap, and should seek to draw out 
more scrap by means of intensive organised collection. 
The panel met in Geneva on June 27 and 28, after having 
visited the Benelux countries, France, the United 
Kingdom and Western Gerumany. 

Although scrap by itself cannot continue to provide 
a solution to the raw-material problem of the steel 
industry, at the present time steelmakers in some 
countries cannot work to maximum capacity unless they 
can obtain increased supplies of scrap without delay. 
For this reason, the E.C.E. experts maintain, it is 
essential to intensify scrap collection and to ensure 
the rapid flow of the collected and processed supplies 
to the consuming works now. In the not too distant 
future, the demand for steel might decrease and 
pig-iron supplies improve considerably. There would 
then be a reduction in scrap requirements. 

If Europe is to improve its scrap position, the price 
policy adopted in each country must be such as to 
encourage the collection of all available supplies, 
including those marginal tonnages which are difficult 
and expensive to collect and which might not normally 
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Fic. 18. Manure SPREADER; ATKINSON’s AGRICULTURAL APPLIANCES, LIMITED. 


be recovered. This policy may, in certain cases 
include special subsidy arrangements. All countries, 
it is urged, should also take appropriate measures to 
recover light scrap for pressing, despite its inferior 
quality and high cost of transport. Interested countries 
should study jointly the possibility of providing support 
for schemes to recover scrap from other than normal 
sources, such as the deserts of North Africa, abandoned 
wrecks, and sunken ships. Substantial quantities of 
scrap might be recovered from such sources during 
the next few years if adequate financial help and 
equipment could be provided. 

Even where high prices constitute an incentive for 
maximum collection, some scrap does not reach the 
market because owners of even small quantities of 
scrap are not aware of the immediate benefits which 
they can derive from selling their scrap, or because 
those who are in immediate control of the scrap are 
not personally interested in the price factor. This 
can arise in the case of Governments, military establish- 
ments, public authorities, and even private enterprises 
where, in the absence of proper direction from the 
highest level, it is unlikely that steps will be taken to 
dispose of obsolete equipment. Similarly, many small 
farms or households can only be reached by intensive and 
well-organised collection. In spite of the results already 
achieved in scrap drives, further efforts to promote 
collection are needed. The panel emphasises that no 
country should suspend or abandon its efforts for inten- 
sifying scrap collection as soon as its own industrial 
requirements are satisfied, because the need to obtain 
extra tonnages for export continues; and no measures 
should be taken to prevent the export of such surplus 
tonnages to countries suffering from scrap shortage. 
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RESEARCH AND DEVELOPMENT 
CENTRE OF THE SIMON 
- ENGINEERING GROUP 


On page 19, ante, we referred to the opening by Sir 
Henry Tizard of new buildings for research and develop- 
ment, erected at Cheadle Heath, Stockport, for the 
Simon Engineering Group. The principal members 
of this group are the firm of Henry Simon, Limited— 
founded in 1879 by the late Henry Simon, father of the 
present Lord Simon of Wythenshawe—which specialises 
in the design and erection of flour and provender mills 
and milling plants for cereals ; Messrs. Simon-Carves, 
Limited, specialists in coal, coke and gas plant, water- 
tube boilers, steam power-plants, and sulphuric-acid 
and other chemical plants; Simon Handling Engi- 
neers, Limited, concerned mainly with pneumatic and 
mechanical handling, granaries and their equipment, 
and storage, weighing, screening and blending plants ; 
and Turbine Gears, Limited, manufacturers of industrial 
gears and gear units. In addition to these main mem- 
bers there are numerous subsidiary companies. It will 
be evident, therefore, that the Simon group has many 
ramifications and covers a wide field in engineering. 
Although the constituent companies have engaged in 
research and development related to their activities for 
many years, their experimental work at Cheadle Heath, 
although it would be incorrect to say that it was not 
co-ordinated, has been organised departmentally and 
carried on in a number of separate laboratories and 
experimental plants scattered over the 80 acres of the 
site. The various research groups therefore, have not 
enjoyed the advantages of working intimately together 
under one roof. The new research centre, which has 
cost some 250,0001. to build and equip, remedies the 
situation and provides the research staffs with more 
and better accommodation than hitherto. 

The new buildings, illustrated in Fig. 1, on page 76, 
include the laboratory block, seen on the left, for 
Messrs. Simon-Carves, Limited, and the experimental 
flour mill of Henry Simon, Limited, which is housed 
in the tower on the right. Behind the laboratory 
building, but not visible in the illustration, there is a fur- 
ther building for development work, which is shared by 
Messrs. Simon-Carves and Simon Handling Engineers, 
Limited. The executive and drawing offices are 
housed in a wing of the building which lies to the 
right of the tower, as illustrated, and which forms a 
continuation of the laboratory block. 

The new research department will act as a central 
organisation serving all the Simon-Carves contracting 
departments and its work will fall into three main cate- 
gories, namely, mechanical and chemicals testing, pure 
and applied research, and the provision of a technical 
information service. The first of these wili be a 
continuation and expansion of investigations that 
have been in progress for the past 50 years. The 
design of coal preparation and utilisation plant, in 
which the company specialises, demands extensive 
preliminary investigations of the coals to be used, in 
order that the plant shall function as efficiently as 
possible. No fewer than nine laboratories, therefore, 
have been provided for the preparation and analysis of 
samples, for assessing the ‘* washability ” and coking 
qualities of coals, and for determining their calorific 
values, ash-fusion characteristics and grindability. 
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The laboratory illustrated in Fig. 2, on page 76, is for 
the chemical analysis of coal, by-products, ores, 
metallic residues, water, acid-resisting materials, etc. 
A float-and-sink laboratory contains equipment for 
separating shale and dirt from samples of graded coal in 
prepared solutions of known specific gravity. Another 
laboratory, illustrated in Fig. 5, on Plate V, is equipped 
for coal carbonisation and coke reactivity tests, and a 
third contains a series of muffle furnaces, employed 
to determine the ash and volatile contents and the 
agglutination characteristics of coals. 

Facilities have been provided also for testing the 
refractory materials used in coke ovens and in boiler 
combustion chambers, and for metallurgical work, which 
includes the heat-treatment and microscopic examina- 
tion of metals used in the construction of plant. 
Building materials, also, will be tested. A furnace 
room contains equipment for heating refractory 
materials to temperatures up to 1,750 deg. C., the fur- 
naces using gas, compressed air and oxygen. A 
room has been provided with equipment for crushing 
refractories, for preparing samples suitable for specific- 
gravity determinations and for examining test pieces 
under load after they have been subjected to expansion 
and refractoriness tests. A metals-testing laboratory 
contains equipment for the mechanical and physical 
testing of metals and for heat-treatment. The appa- 
ratus includes a 300-ton compression tester, a 50-ton 
Denison Universal testing machine and a Vickers 
projection microscope. 

A large and varied programme of research will 
engage the attention of the research groups. A subject 
of considerable interest and importanve is the behaviour 
of aggregates of small particles such as are encountered 
in sedimentation, in the collection, extraction and 
disposal of industrial mists and dusts, in the pulverisa- 
tion of coal, and in the combustion of pulverised fuel 
and sulphur-bearing ores. The fact that the particles 
forming these aggregates are seldom of uniform 
density adds to the difficulty of precipitating them by 
electrostatic means and complicates such problems 
as the assessment of boiler flue-dusts and the determi- 
nation of the stability of dense media in coal-washing 
baths. Research on dense-medium coal-washing re- 
quires a study of the magnetic properties of such 
particles, and methods of identifying and analysing 
magnetic constituents of ores require development. 

A major problem, at present, is the supply of sulphur 
for the production of sulphuric acid. The sources of 
sulphur under examination by the company include 
waste gases and flue gases. Sulphur is also present 
as hydrogen sulphide in town’s gas and can be obtained 
by flash-roasting iron pyrites. Recently, interest 
has been aroused in the possibility of obtaining 
sulphur from micro-biological processes. The com- 
pany is also es problems relating to effluents 
from gasworks and coke ovens and is investigating the 
corrosion-resistance of metals used in plant construc- 
tion. Fundamental or long-range research is in 
progress to determine heat- and mass-transfer coeffi- 
cients which will provide data on absorption required 
in the commercial production of sulphuric acid. 
Electrostatic precipitation is also being studied, 
with special reference to migration velocities, the wave- 
form of applied potentials, and corona discharge. 

The work of the development department falls into 





Fic. 20. Tures-Furrow Proven; Messrs. Harry Fereuson, Lirrep. 


two categories. The first involves the study of new 
principles and processes developed in the laboratories 
with a view to their commercial application. This 
generally involves the construction of a number of 
pilot plants of increasing scale. In the early stages, 
individual units of such plants are tested and, later, 
the units are integrated to form a complete plant. 
The other main branch of the ee 8 work does 
not involve new principles but calls for a study of the 
operating characteristics of existing commercial plants. 
The results of these investigations are taken account 
of in the design of subsequent installations or in the 
modification of existing ones. The erection of pilot 
plants is delegated to the development building section, 
and the plants are designed so that they can be modified 
or replaced readily, although some of them become 
permanent installations and serve as large-size test 
equipment once their performance and operating 
characteristics have been established. 

The development building at present houses three 
pilot plants in various = of development. The 
largest is a coal-washing plant illustrated in Fig. 3, 
on Plate V, which is capable of treating 20 tons of 
rawcoalanhour. It incorporates several novel features 
which improve the efficiency of the washing process, 
simplify the design, and result in lower capital and 
operating costs. A dense medium, prepared from 
blast-furnace flue dust and containing a high percentage 
of magnetic material, is employed for separating the 
coal from the dirt by what is known as the “‘ float and 
sink” method, in a bath of controlled specific gravity. 
The magnetic properties of the medium are used 
subsequently to effect its recovery and cleansing. 
Similar methods have been used for many years in ore 
dressing, but they have been applied to coal washing 
only recently on any large scale, largely as a result 
of the growing use of coal-cutting machinery and the 
opening up of inferior seams, which have made coal 
washing increasingly difficult and necessary. 

The washing process, when a dense medium is em- 
ployed, is comparatively simple. If a bath of liquid 
of suitable specific gravity is employed, the coal floats 
to the surface and the dirt sinks to the bottom. In 
the scheme developed by Messrs. Simon-Carves, 
Limited, and incorporated in the pilot plant men- 
tioned above, the bath is comparatively small and is 
located beneath two rotating conveyor wheels which 
dip into it. These wheels are mounted vertically in 
planes at right angles and are so arranged that they 
interlace like the links of a chain. The higher wheel 
of the two, which through the upper half of 
the liquid, conveys the uncleaned coal to the bath 
and the cleaned coal away from it. The lower wheel, 
passing through the lower half of the liquid, collects 
the — and removes it from the bath. 

The cleansing of the contaminated medium is more 
complicated, but is essential if running costs are to be 
kept low and if troublesome increases in viscosity 
which would affect the efficiency of separation are to 
be avoided. Magnetic cleaning offers what is possibly 
the simplest solution to the problem, and Messrs. 
Simon-Carves, Limited, have devoted considerable 
attention to it. The mixture of the solid material of 
the medium with the coal and clay slimes is collected . 
and pumped to a magnetic desliming cone. In this, 
the medium is magnetised and, in consequence, floc- 
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culates. In this condition, it settles rapidly to the 
base of the cone, while the coal and clay slimes, which 
are unaffected by the magnets, overflow from the rim. 
The process is highly efficient and normally suffices 
to clean the medium to the required degree. If this 
is so, the specific gravity of the outflow at the base of 
the cone is maintained at a value between 1-8 and 
2-0 and the effluent gravitates to a de-magnetiser in 
which the medium is deflocculated and pumped to a 
storage tank. When additional cleaning is necessary, 
the underflow from the magnetic cone is fed to a 
separator employing a magnetic belt, from which an 
almost completely clean product is obtained. The 
latter is then de-magnetised and pumped to storage. 

The development building also contains a coke-oven 
plant completed some years ago and now used for 
test purposes. This equipment is illustrated in Fig. 4, 
on Plate V. The oven of this plant can carbonise 
10 ewt. of coal at a time. There are also coal- 
crushing and blending plants and means for examining 
the coke which is produced. An integrating radio- 
meter is employed to investigate the combustion 
qualities of samples of domestic coke. The third of 
the pilot plants which were mentioned above is for 
distillation and is being used to try out a new process. 
The design of the fractionating column represents & 
departure from earlier practice and promises well. 
Work, which includes guarantee and performance tests 
of coke ovens and coal-washing plants, investigations 
of pressures within coke ovens, determinations of the 
shrinkage characteristics of coking coals and the 
establishment of heat and material balances in by- 
product plant, is also done on full-size installations. 

Short-term investigations are frequently required at 
the site of some particular plant. When bench experi- 
ments suffice, these are carried out by the chemical 
plant department in collaboration with the research 
department. The mobile laboratory, illustrated in 
Fig. 6, on Plate V, is frequently employed for this 
purpose. Long term work, which includes the 
development of equipment for producing sulphuric 
acid, for sulphur recovery, and for electrostatic pre- 
cipitation, is also undertaken by the chemical-plant 
department. The power-plant department’s investiga- 
tions include studies of the behaviour and characteris- 
tics of fuels, the treatment of feed water, and heat 
transmission and water-circulation in boilers. A com- 
bustion pot is to be installed in the development 
building to determine the behaviour of solid fuels on 
travelling-grate and spreader stokers, and a new type 
of pulveriser will be used for an investigation of the 
pulverisation characteristics of coals. Another test 
rig will be used to determine the best type of expanded 
joint for high-pressure pipelines. 

Messrs. Simon Handling Engineers, Limited, who also 
make use of the development building, have installed 
there a pneumatic and mechanical handling plant 
which is being used to determine whether certain 
materials which, hitherto, have been considered 
unsuitable for pneumatic handling, can, in fact, be 
transported by this means. The main problems are 
first, to move the material and, secondly, to separate 
it from the air stream. It is important, also, to 
examine its behaviour in storage bins. The test plant 
comprises a full-size pneumatic intake and handling 
system fitted with various types of air filter. It operates 
in conjunction with mechanical handling equipment, 
and includes automatic weighers, small storage bins 
and a spout for sack-filling. The plant is also used to 
test newly-developed equipment. 

As was mentioned previously, the tower which is a 
conspicuous feature of the new buildings, contains full- 
size plant for grain cleaning and flour-milling. The 
equipment is arranged on six floors, as in a commercial 
mill, and includes a low-pressure pneumatic conveying 
system. New processes and the performance of new 
equipment can be studied in the mill on a practical 
scale. Messrs. Henry Simon, Limited, who operate the 
plant, also have laboratories equipped for research on 
flour milling and for studying the fundamentals of 
grinding, separating and conveying mill stocks. A flour- 
treatment laboratory contains apparatus for deter- 
mining the ash and moisture contents, the particle size 
and the colour of flour, and for assessing the special 
properties of self-raising flour and the strength and 
gluten content of dough. The laboratory’s main 
function is to assess the performance of new machines. 

Although much of the work of research and develop- 
ment has, of necessity, been passed over, it will be 
evident that a wide field is covered. The firm founded 
by Henry Simon is now a large undertaking with 
important connections overseas and a large share in 
the export market. In the fierce competition which 
characterises modern commerce, established positions 
can be maintained only by continually improving the 
design and quality of commercial products. The new 
research and development buildings of the Simon 
Engineering Group testify to a recognition of this fact 
by the constituent companies and to their determination 
to maintain their world-wide prestige. 
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WEST HAM “B’’ POWER STATION. 


THE West Ham “ B” power station of the British 
Electricity Authority, which was formally opened by 
the Mayor of West Ham (Councillor W. W. Paton) on 
Wednesday, July 18, is the fourth of its line. The first, 
which was started up in 1895, was situated in Canning 
Town and contained two 15-kW sets driven by hori- 
zontal gas engines. Shortly afterwards, a second station 
was opened at Abbey Mills, in which four Ferranti sets 
with a total capacity of 675 kW and operating with 
steam at 120 lb. per square inch, were installed. In 
1899, two further Ferranti sets, each with a capacity 
of 1,200 kW, were brought into use at this station, 
while in 1904 a station on Bow Creek was inaugurated 
with a capacity of 5,700 kW, some of which was 
rovided by machines transferred from Abbey Mills. 
his station was extended at various times until, before 
the war, its capacity had been increased to 76-5 MW, 
of which 66-5 MW is still in commission. 

This station, which is now known as the “A” 
station, however, is being gradually replaced by the 
“B” station on a site which has good cooling-water 
facilities. Coal can be brought in by barge and rail- 
way, and the station is well placed with regard to 
the load, the surrounding district having been scheduled 
for industrial development under the Town and 
Country Planning Act. The new station is designed 
for an ultimate capacity of 180 MW, made up of 
six 30-MW sets, and will be completed in three stages. 





The first of these is now in operation and is described 
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Fic. 2. ANALYTICAL LABORATORY. 


the third will follow later. Its design is due to Mr. 
J. W. J. Townley, who, when the plans were made, 
was engineer and manager of the West Ham Elec- 
tricity Department. Associated with him were Messrs. 
Merz and McLellan and Mr. G. D. Bendix. 

In the paper which he read before the recent Joint 
Engineering Conference, Mr. V. F. Bartlett pointed out 
that the extension of a station while the plant was 
kept in operation gave the civil engineer some difficult 
and interesting problems. This is well illustrated at 
West Ham, where the site has been extended from 
9 acres to 21 acres. The site was covered by a layer of 
ballast from 6 ft. to 10 ft. thick, about 15 ft. below 
ground level, and the standing-water level was only a 
few feet below ground. It was therefore necessary to 
enclose the area in a steel sheet-pile cofferdam. 

In the boiler house, owing to the limited area avail- 
able, special arrangements had to be made for the 
chimneys, fans and dust-extraction plant at suitable 
levels. The 280-ft. chimneys, of which there will be 
one to every four boilers, have been built above the 
coal bunker bay on a group of four.main columns 
on the portal system. The framework of the boiler 
house consists of box-type plated columns, resting on 
grillages. The walls are of dull red facing brick. The 
boiler-house roof and the forced-draught fan floor are 
of concrete. The turbine-house operating floor is of 
concrete with a tiled finish and is laid upon curved 
corrugated sheet centring with large well openings 
between the sets. The switchhouse is a separate rein- 
forced-concrete building 80 ft. square with an adjacent 





below. The second is in course of construction, while 
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DENSE-MEDIUM COAL-WASHING PLANT. 


3. 


Fic. 





























Srmon-CarRves Mospite LABORATORY. 


Fic. 6. 


LABORATORY FOR TESTING FUELS. 
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Fie. 1. 


main office block and control-room building, which 
measures 180 ft. by 80 ft., is also of reinforced concrete. 
The consulting engineers for the civil engineering work 
at the station were Sir Alexander Gibb and Partners, 
Queen Anne’s Lodge, London, S.W.1, and the main 
contractors were Taylor Woodrow Construction, Limi- 
ted, Southall, Middlesex. The station is illustrated in 
Fig. 1, on this page. 

The coal-handling plant, for which W. J. Jenkins 
and Company, Limited, Retford, were the main con- 
tractors, is designed to receive rough small coal deli- 
vered either by barges or by rail. Arrangements are 
also being made to supply the station with coke breeze 
from the neighbouring gasworks. The water-borne 
coal is brought into Bow Creek, where the original 
jetty has been extended from 300 ft. to 650 ft. to 
accommodate ten 200-ton barges at a time, as well 
as two further barges for ashes. It is discharged by 
two Stothert and Pitt luffing cranes into a mixing 
bunker and is taken thence by conveyors, of which a 
view is given in Fig. 2, Plate VI, either to the boiler- 
house bunkers or to the coal store. This store, which 
has a capacity of 21,000 tons, when stocked to a depth 
of 5 ft., is spanned by a transporter bridge constructed 
by Fraser and Chalmers Engineering Works, Erith, 
a carries a distributing belt conveyor on its lower 
chord. 

The two coal bunkers, each of which has a capacity 
of about 1,100 tons, are lined with reinforced high- 
density concrete and serve two boiler units. The 
steam-raising plant will ultimately consist of 12 

Radiant ” boilers, by John Thompson Water Tube 
Boilers, Limited, Wolverhampton, of which four are at 
present installed. These boilers, which have an 
economical rating of 144,000 Ib. of steam per hour 
and a maximum capacity of 180,000 Ib. per hour at a 
pressure of 640 lb. per square inch and a temperature 
of 875 deg. F., are designed to burn Northumberland 
and Midland small coal, as well as a mixture of 80 per 
cent. coal and 20 per cent. coke breeze. Each boiler 
has a convection superheater, an interstage de-super- 
heater of the contact type with automatic control, a 
Green’s gilled-tube economiser, and an air heater. 

Firing is effected by Underfeed chain-grate stokers 
of the L-type, which were constructed by International 
Combustion, Limited, Woburn-place, London, W.C.1. 
These are supplied with coal from the bunkers men- 
tioned above by two traversing chutes. Draught is 
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provided by two induced-draught, two forced-draught 
and two secondary Howden fans. The boilers are 
equipped with the Hagan system of pneumatic control, 
supplied by James Gordon and Company, Limited, 
Stanmore, Middlesex. This is arranged: so that each 
of a set of four boilers can be controlled individually 
trom a single master regulator or from the combustion 
engineers’ office. These panels are illustrated in Fig. 3. 

The ash-handling plant, which was constructed by 
B.V.C. Industrial Constructions, Limited, Kingsway, 
London, W.C.2, is of the high-pressure sluicing type. 
In this, the ash is removed from the hopper by water 
jets and forced along sluice-ways, through clinker 
grinders, into two sumps in the boiler-house basement. 
It is pumped thence into a 750-ton reinforced-concrete 
hopper, which is visible in Fig. 2, and is discharged 
through three hand-operated water-collecting gates 
into rail wagons or lorries. The dust in the flue gases 
is removed before the inlets to the induced-draught fans 
by Howden multi-cell centrifugal separators, and is 
collected in separate hoppers. 

The generating plant will eventually consist of six 
turbo-alternators constructed by the English Electric 
Company, Limited, Queens House, Kingsway, London, 
W.C.2, of which two are at present in operation, as 
shown in Fig. 4, Plate VI. The turbines are single-line 
two-cylinder machines, and exhaust into twin-shell 
condensers which are three-pass on the water side. 
At maximum continuous rating, 21,000 gallons of water 
per minute are required, and this is at present supplied 
by three vertical-spindle circulating pumps, supplied 
by W. H. Allen, Sons and Company, Limited, driven 
by 550-h.p. squirrel-cage motors and operating against 
a head of 61 ft. Make-up water is drawn from the 
River Lea by three Allen pumps with a capacity of 
2,700 gallons per minute, driven by 32-h.p. motors. 

A reinforced-concrete cooling tower will eventually be 
erected for each pair of sets by J. L. Kier and Com- 
pany, Limited, 7, Lygon-place, London, 8.W.1. These 
towers, of which two have been constructed at present, 
are designed to cool 2,800,000 gallons of water per 
hour from a temperature of 82-5 deg. to 70 deg. F. 
at a dry-bulb temperature of 57 deg. F. and a rela- 
tive humidity of 70 per cent. They are 280 ft. high 
with a maximum diameter of 192 ft., and are built 
over a rectangular pond in which the depth of water 
is 9 ft. The water is delivered through cast-iron 
culverts 42 in. in diameter. 








BRIDGE. 


The feed-heating system of each set comprises two 
main ejectors, one quick-start ejector and two extrac- 
tion pumps, as well as two evaporators, three high- 
pressure heaters, and one low-pressure heater, all 
supplied by the English Electric Company. The final 
temperature of the feed water is 340 deg. F. 

The alternators, which generate three-phase current 
at 11 kV and 50 cycles, and directly-coupled to main and 
pilot exciters and an automatic voltage regulator. 
They are ventilated by two separate fans, which are 
connected between the air-cooler outlet and the alter- 
natorinlet. Circulating water from the main condenser 
is used for cooling the air. One of the machines is 
connected to a 11-kV switchboard, which is, in turn, 
coupled through a 20-MVA Scott-connected transformer 
to the two-phase ’busbars in the “A” station. It is 
also connected through a 30-MVA transformer to the 
adjacent 66-kV grid substation. The second machine 
is only connected through a 33-MVA transformer and 
reactor to the grid substation. The alternators will be 
coupled either to the grid or to the 11-kV "bus-bars. 

The 11-kV main switchgear is of the oil and 
compound-filled metal-clad type and was manufactured 
by A. Reyrolle and Company, Limited, Hebburn, 
Co. Durham. It has a rupturing capacity of 750 MVA. 
Unit transformers are solidly “« Tee’d ’’-off the connection 
between each alternator and its switchgear, and from 
them supplies are furnished at 3 kV and 415 volts to 
auxiliary circuits. The 3-kV “ unit” boards, which 
were manufactured by the English Electric Company 
and carry indoor air-insulated air-break switchgear, 
are also connected to the 11-kV "bus-bars through 
“ station ” transformers and boards, and give supplies 
for starting up and other purposes. The non-essential 
auxiliaries are usually supplied in groups from the 
“ station ” boards through auxiliary transformers, and 
the essential auxiliaries through the unit transformers. 
These auxiliaries, which consist of those associated 
directly with the boilers and turbo-alternators, and 
without which the station could not function, are 
remotely controlled from the boiler-control panel, 
from positions near the turbo-alternators and from 
the pump house. The other auxiliaries are controlled 
locally. The 66-kV switchgear, 11-kV main and distri- 
bution switchgear and their auxiliary supply circuits 
are controlled from the operating room illustrated in 
Fig. 5, Plate VI. The control of the generators is 
centralised on a desk in the same room. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE LATE Mr. RicHaRD C. M’PHEE.—The death 
occurred on July 12, at his home in Uddington, of Mr. 
Richard C. M’Phee, formerly general manager to William 
Baird & Co., Ltd., Glasgow. Mr. M’Phee was a pioneer 
in coal-face conveying, and, while engaged at Bothwell, 
he invented a new type of conveyor, which he named the 
Bothwell conveyor. Mr. M’Phee had been President of 
the Scottish Colliery Managers’ Association and vice- 
president of the Mining Institute of Scotland. 

STEELWORKS EXTENSIONS.—Plans for the erection at 
Dalzell Steelworks, Motherwell, of a bar mill cooling bay 
and effluent ponds and filters were approved on July 12 
by the Motherwell and Wishaw Dean of Guild Court. 
Permission was also given for the erection of buildings at 
the works of the Lanarkshire Steel Company as an Ilgner 
and contact house. These extensions will cost 52,5002. 





DECLINE IN IRON AND STEEL OutTPpuUTS.—The produc- 
tion of steel ingots and castings declined to an annual 
equivalent of 2,140,500 tons during June as against 
2,276,400 tons in May, and 2,526,100 tons in June last 
year. On the basis of the latter figure, the drop in output 
amounted to 18 per cent. The production of pig iron 
was at an annual rate of 765,400 tons in June, compared 
with 807,600 tons during May, but, as a result of reduced 
furnace availability in June last year, production was 
then equivalent to 678,100 tons per annum only. 

NEw Runway AT PREsTWICK.—On July 9, the 
Scottish Aerodromes Board agreed to an alteration of the 
specification in connection with the contract for the new 
runway under construction at Prestwick. This provides 
for the use of a concrete sandwich in a section in which 
peaty clay subsoil had been found, Air Commodore J. G. 
Murray, Scottish divisional controller, Ministry of Civil 
Aviation, hopes, however, that the work will be com- 
pleted to time table. 

THE QvuaLiry oF CoKE—Since the setting up of a 
metallurgical coke advisory panel in February last, the 
quality of coke bas considerably improved and there is 
cause for believing that the improvement will be main- 
tained, according to an announcement by the Scottish 
Board for Industry. In view of this, the panel will not 
meet again, unless requested to do so by the National 
Coal Board or by the representative organisations of the 
foundry industry. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


SCARCITY OF TEES-SIDE PRODUCTS.—Home and over- 
seas customers for iron and steel are pressing persistently 
for larger supplies than producers can provide, and, to 
give increased attention to export demands, some cur- 
tailment of supply for pressing home needs cannot be 
avoided. The order of priority delivery is for defence 
purposes; then follow export and urgent needs for 
ordinary home commercial purposes. The position in 
regard to distributable home material is a little more 
hopeful, and deliveries of iron and steel scrap are more 
than maintained at recent improved levels, but these 
commodities are still wanted in vastly greater quantities 
than are available. There is continued complaint of a 
shortage of pig iron and the various classes of steel. 

HEAVY-TRACTOR MANUFACTURE ON TYNESIDE.— 
Vickers-Armstrongs Ltd. are to undertake the manu- 
facture of a heavy tractor at their Scotswood Works, 
Newcastle-upon-Tyne, It is stated that orders for 
the tractors have already been received from several 
parts of the world, and that, to manufacture these, 
approximately 1,000 more men are needed by the firm. 
Skilled and unskilled personnel are needed, including 
fitters, turners, gear-cutters and drillers. Additional 
draughtsmen will also be required. 

SuMMER Houipays avp CoaL OvutTputs.—Largely 
owing to the incidence of summer holidays, the coal 
produced at collieries in the North-Eastern Yorkshire 
Division of the National Coal Board during the first 
week of July, namely, 906,761 tons, was upwards of 
20,000 tons less than the output for the previous week. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


STEEL PROpvUCTION.—Official figures for steel pro- 
duction during June show an improvement on those 
for May, but some Sheffield steel users are unable to 
obtain sufficient supplies to justify full-time working, 
and business has had to be refused, in some instances, 





It is expected that the production figures for Sheffield 
when available will reflect the consequences of the 
closing of five large open-hearth melting furnaces, owing 
to the shortage of scrap metal and imported ores. In 
some cases, wire-rod rollers, and strip and bar mills, 
have had to reduce the number of shifts worked, owing 
to lack of steel supplies. 

POSSIBLE CLOSURE OF COAL SEAM.—The Shafton seam 
at Frickley Colliery, South Yorkshire, which was opened 
during the war period, has not reached its weekly target 
of 3,592 tons for some months, and, unless there is an 
improvement in production, the seam may have to be 
closed. A warning to that effect bas been given to the 
430 miners employed at the seam. An official at the 
colliery stated that the men were not implementing the 
conditions of an agreement signed in January last after 
two years’ negotiations. 

Civi, DEFENCE AT YORKSHIRE STEELWORKS.—The 
nucleus of an industrial civil-defence organisation has 
been set up in Sheffield, and most of the firms belonging 
to the local Chamber of Commerce are sending repre- 
sentatives to the meetings of the Chamber’s re-formed 
A.R.P. committee. Sheffield civil defence corps has 
trained a number of volunteers from the city’s industrial 
establishments as instructors for civil defence units. 





WATER FOR INDUSTRY.—<According to the annual 
report of the Sheffield water undertaking for 1950, 
increased trade supplies accounted for an increase of 
20,2601. in its income. The undertaking made a gross 
profit of 31,9997. during the year, an increase of 15,7821. 
on the figures for the previous twelve months. Miscel- 
laneous income showed a decrease, partly because no 
compensation had been received for the military occupa- 
tion of land owned by the waterworks. 

INCREASE IN SHORT TIME.—The rolling mills of the 

Whitehead-Thomas Bar and Strip Co., at Redbourn 
Works, Scunthorpe, have been on short time recently, 
owing to continued shortages in the supplies of steel. 
Much larger quantities of scrap metal are required by 
the steel furnaces. Local brands of pig iron are in 
adequate supply, however, as the blast-furnaces can cbtain 
ore from the North Lincelnshire ironfields. 
STEEL PRODUCTION RECORD.—During the first six 
months of this year, the Normanby Park Steelworks, 
Scunthorpe, established a new record in its production 
of open-bearth steel, with an output of 179,781 tons. 
This represented an increase of 2,428 tons over the 
corresponding period of 1950. 


THE MIDLANDS. 


Raw MATERIALS.—In the Midlands, the shortage of 
iron and steel continues to be a major problem. Foundry 
pig is difficult enough to obtain, but the steel position is 
worse. Local re-roliers of bars, sections and sheets, 
who might otherwise do much to ease the position, are 
unable to obtain sufficient supplies of semi-finished steel, 
and the same applies to makers of bright-drawn products. 
Few of the works in either of these categories are operat- 
ing to full capacity; some are working four days a 
week, and others are closing down for a week or two ata 
time. Some firms who require large quantities have 
depleted their normal stocks and are working from day 
to day. The holiday period is approaching, when steel 
works will be closed, and at least one firm, the Raleigh 
Cycle Co., have notified their employees that they may 
have to cease work until the steelworks resume. 





BRIGHT FINISHES AND THE EXPORT TRADE.—In the 
case of non-ferrous metals most users have managed to 
find substitutes, but attention has been drawn to one 
possible effect of the shortage where alternatives may 
not be the solution to the problem. In Birmingham 
and parts of the Black Country, many products are made 
for export markets where a bright finish is essential ; but 
the shortage of nickel may make it impossible to produce 
an acceptable article, and fears have been expressed that, 
if and when suitable non-ferrous metals are again avail- 
able, these markets may have been lost. 





THE INSTITUTE OF WELDING.—The new chairman of 
the Institute of Welding is Mr. Howard Thompson, chair- 
man and managing director of Thompson Brothers 
(Bilston), Ltd., Bilston, Staffordshire. 





THE INSTITUTE OF INDUSTRIAL SUPERVISORS.—A one- 
day conference of foremen was held at Darlaston, Staf- 
fordshire, on July 7. Over 200 foremen from various 
parts of the Midlands attended the conference, which was 
held under the auspices of the Institute of Industrial 
Supervisors. The purpose of the meeting was to discuss 
the possibility of offsetting the rise in the cost of materials 
by improved methods of handling. Mr. A. G. B. Owen, 
chairman and joint managing director of Rubery Owen 





because firms could not secure all the steel they required 


then toured the Rubery Owen works to see mechanical 
handling equipment. Papers were delivered by Professor 
J. R. Immer, lately of the University of Minnesota, and 
by Mr. E. G. Taylor, of the General Electric Co. 





THE RECEPTION OF Factory Visirors.—Tube Invest- 
ments, Ltd., have issued, for the use of appropriate 
members of their staff, a booklet entitled “‘ A Guide to 
the Proper Treatment of Factory Visitors.” This aspect 
of public relations work, which has become of increasing 
importance in recent years, is discussed humorously, but 
very sensibly. Attention is drawn to such details as the 
importance of memorising visitors’ names, the dispensing 
of hospitality, how to fill up evenings when a visit lasts 
two or three days, subjects to be discussed, and how to 
conduct a visitor round the factory. The pamphlet has 
attracted so much attention, especially among Overseas 
visitors, that the firm have authorised the British 
Association for Commercial and Industrial Education to 
prepare a special edition for general sale. . 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


CHLORINE Gas ImporTs.—Cargoes of chlorine gas 
were discharged at Newport, Monmouthshire, last week, 
by means of a pipeline direct from M.S. Klor to road 
and rail tankears for dispatch to the works of the Mon- 
santo Chemical Co. in the town. This is believed to be 
the first time that such a cargo has been handled in 
Great Britain. The vessel, which is specially fitted for 
handling cargoes of this nature, brought 125 tons of the 
gas from Norway. 

NEED FOR GREATER USE OF SOUTH WALES PORTS.— 
Reference is made in the July Bulletin of the cargo 
clearing house of the Industrial Association of Wales and 
Monmouthshire to the disappointingly small amounts 
of local manufacturers’ products that are shipped 
through South Wales ports. That so many goods manu- 
factured within a few miles of well-equipped and well- 
served ports should be sent-by road and rail for dis- 
tances of 200 miles or more before shipment, involves, in 
the opinion of the clearing house, a wastage which could 
and should be eliminated. 

IRON AND STEEL OvutTput.—The production of pig 
iron and steel ingots and castings in South Wales during 
June was higher than the monthly average for more than 
ayear. Returns of the British Iron and Steel Federation 
show that the average weekly production of pig iron in 
the area during June was 25,910 tons, compared with 
25,150 tons a week during the second quarter of this 
year, 25,360 tons a week during the first six months of 
this year, and 23,820 tons a week during June, 1950. 
The weekly average production of steel ingots and 
castings during June last was 68,730 tons, against an 
average of 68,040 tons a week for the second quarter of 
this year and 67,760 tons a week during June, 1950. 





CoAL ORDERS FOR THE ARGENTINE.—It was reported 
in Cardiff, towards the end of last week, that the Argen- 
tine Railways had placed new business for half a million 
tons of Welsh coal. Shipments were resumed recently, 
after being held up for some months while negotiations 
on the new general trade agreement were in progress. 
Orders for about 250,000 tons of coal, under old contracts, 
were in arrear, so that, with the new sales, the total 
quantity in hand for these buyers was 750,000 tons. 
Delivery will be spread over the twelve months between 
June, 1950, and June, 1952. Smaller orders for coal 
are in hand for the Argentine public utility services. 





CoaL Exports TO PoRTUGAL.—Britain’s coal trade 
with Portugal, which has been largely in abeyance since 
the end of June, is likely to be restarted soon. Alloca- 
tions for the third quarter of the present year had been 
delayed but have now been made, and it is stated these 
will amount to between 25,000 and 30,000 tons during 
the three months ended in September next. 





Usk RESERVOIR SCHEME.—Good weather conditions 
and an increased labour force enabled considerably 
improved progress to be made on the Usk Reservoir 
scheme during June, according to a report made to 
the Usk Reservoir committee. Mr. T. B. Bowen, the 
Town Clerk of Usk, stated that the lowest tender for 
the laying of pipe lines for a reservoir, amounting to 
597,0001., had been accepted. 

COAL-MINE FLOODING AT East Hoox.—The new col- 
liery at East Hook, Haverfordwest, which has already 
been sunk to a depth of 150 ft., has now been threatened 
with closure, owing to the possibility of extensive flood- 
ing from old workings. Mr. G. E. Aeron-Thomas, the 
chairman of the South Western Division of the National 
Coal Board, has discussed the position with representa- 
tives of the miners and the Haverfordwest Rural Council 





& Co., Ltd., opened the conference, and the delegates 


and a further meeting is to be arranged at an early date. 
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NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF PuHysics.—Industrial Radiology Group : 
Monday to Wednesday, July 23 to 25, at 47, Belgrave- 
square, S.W.1. Annual Summer Meeting. Monday, 
July 23, 2.15 p.m.: (i) “ An Analysis of the Quality of 
Radiographs,”” by Mr. D. Bromley; and (ii) ‘“‘ Gamma- 
Ray Stereography,”’ by Mr. J. Rhodes. Tuesday, July 24, 
10 a.m., Discussion on “‘ Penetrameters,” to be opened by 
Mr. J. C. Rockley. 2 p.m., (i) “‘ Growth of Radio- 
graphy,” by Mr. W. E. Schall; and (ii) “‘ Correlation of 
Radiographic Results with Weld Strength,” by Dr. 
H. Vinter. Wednesday, July 25, 9.45 a.m., (i) “‘ Xero- 
radiography,”” by Dr. L. van Ouwerkerk; and (ii) 
“ Short-Range Radiography,” by Mr. E. van Someren. 
2 p.m., “* Site Radiography of Pipe Welds,” by Mr. R. 
Piercey, Mr. S. H. Gottfeld and Mr. R. V. Walker. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, August 14, 
8.15 p.m., St. George’s Hall, St. George’s-road, Wimble- 
don. ‘‘ Carbon Brushes for Electrical Machines,” by 
Mr. C. T. Lawrence. 





CONTRACTS. 


J. J. JouHnsToN & Co., LTp., 271, Uxbridge-road, 
London, W.12, have been awarded a contract by the 
Ministry of Supply for a number of large rotary snow 
ploughs for the Air Ministry. The aggregate power of 
the ploughing and propelling engines of each plough is 
in excess of 400 h.p. Two Meadows six-cylinder petrol 
engines, each developing 135. b.h.p., and driving through 
Vulcan-Sinclair hydraulic couplings of the traction type 
will supply the power for the ploughing motions. The 
four-wheel drive carrier, to be built by STEELS ENGINEER- 
ING Propucts, Lrp., Sunderland, will be driven by 
another 135-b.h.p. Meadows petrol engine identical and 
interchangeable with the ploughing engines. 

BRITISH INSULATED CALLENDER’S CABLES, LTD., have 
received an order from the British Electricity Authority 
for high-voltage shunt capacitors totalling 22,500 kVA. 
These, when connected, will improve power-transmission 
conditions into South Wales and will help to meet future 
power-supply difficulties. Of the total, 12,000 kVA will 
operate on the 33-kV system and the balance of 
10,500 kVA at 11 kV. 


VICKERS-ARMSTRONGS LTp., Barrow-in-Furness, have 
received an order from the North American Shipping and 
Trading Co. (London), Ltd. (Stavros S. Niarchos), for 
the construction of two more tank steamers of 32,000 
tons deadweight capacity. These new orders bring tbe 
total number of tankers ordered from  Vickers- 
Armstrongs by these owners to ten, having an aggregate 
deadweight tonnage of 272,000. The new vessels will 
be propelled by steam-turbine machinery. 


MARCONI’Ss WIRELESS TELEGRAPH Co., LTD., Chelms- 
ford, Essex, have been given an order by the Norwegian 
broadcasting authorities for a 200-kW long-wave instal- 
lation for Oslo. The installation, comprising two 
100-kW transmitters in parallel, is in a new range of 
air-cooled equipments recently designed by the Marconi 
Company. A novel feature is the use to which the 
eXhausted air is put. After it has been heated in its 
passage through the transmitter, the air is employed to 
warm the transmitter building. 


LEYLAND Motors, Ltp., Leyland, Lancashire, have 
obtained a contract from the Argentine Government for 
750 underfloor-engined *buses, each having a 125-h.p. 
six-cylinder Leyland Diesel engine mounted between the 
front and rear axles under the floor of the passengers’ 
saloon. Of the 750 vehicles, 300 will be Olympic chassis- 
less "buses, which incorporate Leyland engine units in 
bodies constructed by the METROPOLITAN-CAMMELL- 
WEYMANN Motor Boptgs, Lrp., and 450 will - have 
Royal Tiger underfloor-engined chassis. Metropolitan- 
Cammell-Weymann will produce 200 bodies for the 
Royal Tiger chassis, SAUNDERS-ROE (ANGLESEY), LTD., 
will build 100 bodies, and the remaining 150 chassis will 





BRITISH STANDARD 
SPECIFICATIONS. 


TE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Flanged Cast-Iron Gate Valves for Petroleum Industry. 
—A further specification in the series now being pre- 
pared for the petroleum industry has been issued. It is 
designated B.S. No. 1735 and covers fianged cast-iron 
gate valves of classes 125 and 250. For saturated 
steam, the maximum permissible working pressure for 
class 125 valves, ranging from 1} in. to 12 in. in size, is 
125 Ib. per square inch, and for class 250 valves, in 
the same size range, it is 250 lb. per square inch. The 
specification concerns flanged cast-iron gate valves 
fitted with either wedge gates or double disc gates 
and having either outside screw-and-yoke rising stems 
or inside screw non-rising stems, the seat rings being 
either separate or an integral part of the body wedge or 
discs. For liquid and gas at about atmospheric 
temperature the permissible pressure is a maximum 
of 400 lb. per square inch for class 250 valves of sizes 
1} in. to 12 in., and 300 lb. per square inch for class 250 
valves of sizes 14 in. to 24 in. Corresponding maxima 
for class 125 valves are 175 lb. and 150 lb. per square 
inch. Clauses relating to design and manufacture, 
materials, workmanship, testing, inspection, dispatch 
and guarantee are given and four detailed drawings of 
valves are included. [Price 5s., postage included.] 


Cast-Iron Smooth-Tube Economisers with Pressed 
Socket Joints.—This British Standard, No. 1713, is 
a new one, and covers economisers, of the type indicated 
by the title, having a maximum designed water pressure 
up to and including 325 lb. per square inch gauge, 
where the socket joints are not reinforced; and 
475 lb. gauge, where the socket joints are reinforced 
in accordance with the requirements of the Standard. 
Formule are given for computing the design pressure 
for economiser sections with pressed socket joints; 
for the minimum thicknesses of headers, tubes and 
manifold pipes ; and for determining flange dimensions. 
The appropriate numbers of flange bolts and studs 
are given, together with the minimum sizes of studs 
for certain pressures, and the minimum depth for the 
tapped holes. Installation requirements, and details 
of the mountings, are specified. Inspection during 
construction is stipulated, and particulars are given 
of the hydraulic tests required. [Price 2s., including 
postage. ] 

Filling Ratios for Liquefiable Gases.—The fourth 
report of the Gas Cylinders Research Committee of the 
Department of Scientific and Industrial Research 
contained certain recommendations which were 
adopted in B.S. No. 401, “ Steel Cylinders for the 
Storage and Transport of Liquefiable Gases,’’ together 
with a table giving recommended filling ratios for ten 
such gases; but, hitherto, there has been no British 
Standard for filling ratios. This lack has now been 
remedied by the issue of B.S. No. 1736, “ Filling 
Ratios for Liquefiable Gases,” covering 33 gases, two 
ethylene-oxide mixtures, and hydrocarbon gas mixtures. 
Different filling ratios are specified for temperate 
climates and tropical climates; and definitions are 
given of the relevant technical terms, together with a 
cautionary note on other factors, such as purity and 
dryness, which, though not included in the specification, 
may have some bearing on the safety of the filling 
operation. [Price 2s. net, postage included.] 





NEw WORKS AND IMPROVEMENTS ON BRITISH RAIL- 
WAYS.—It is announced by the Railway Executive that 
more than 150 “large works schemes ” are in progress 
or have been authorised for the improvement of freight 
traffic on British Railways. They include the construc- 
tion of a railway, seven miles long, to serve colliery de- 
velopments in Nottinghamshire ; other new construction 
to serve the Fifeshire coalfield, where production is 
likely to expand considerably in the near future; and 
the modernisation and enlargement of seven goods 
stations and warehouses. The new railway in Notting- 
hamshire will connect the National Coal Board’s colliery 





be shipped direct to the Argentine, where bodies for them 
will be constructed locally. 

; THE BURNTISLAND SHIPBUILDING Co., LTp., Burnt- 
island, Fife, have secured a contract to build a bauxite- 
ore carrier of 7,850 tons deadweight for the Saguenay 
Terminals, Ltd., Montreal, associates of the Aluminium 
Co, of Canada. The main dimensions of the vessel will 
- bag ft. between perpendiculars by 60 ft. 6 in. by 
+ t. 6 in., and her propelling machinery will consist of 
triple-expansion steam engines of 2,000 s.h.p., con- 
structed by Rankin and Blackmore, Ltd., Greenock. 
The vessel is designed for trading between the company’s 
aluminium works at Port Alfred, Quebec, and bauxite 
mines in British Guiana and Trinidad. 





at Calverton, recently brought into production, with the 
existing railway at Hucknall; it will have double 
tracks, and is designed to carry the colliery’s whole 
output, over a million tons a year. The Fifeshire 
coalfield programme, when completed, will enable more 
of the coal to be shipped from East Coast ports. At 
Port Talbot, 15 miles of additional sidings and five 
new signalboxes, and the diversion of running lines, will 
be needed to carry the extra traffic resulting from the 
new plants of the Steel Company of Wales ; the cost will 
be about 1,100,0007. At Newport (Mon.), additional 
tracks, loops and sidings must be provided to supply to 
the new Uskmouth power station its eventual require- 
ment of 2,000,000 tons of coal annually. 


PERSONAL. 


VICE-ADMIRAL W. Y. LA R. BEVERLEY is relinquishing 
the position of Admiral Superintendent, H.M. Dockyard, 
Portsmouth, in October and his successor is to be REAR- 
ADMIRAL A. G. V. HUBBACK. 


Mr. A. E. RvussELL, B.Sc., F.R.Ae.S., chief designer, 
aircraft division, Bristol Aeroplane Co., Ltd., has been 
elected to the board. BRISTOL AEROPLANE CO. OF 
CANADA, LTD., have acquired the aero-engine repair 
business of the CANADIAN-WRIGHT, LTD., Montreal. As 
from July 1, this business will be carried on by a new 
company, BRISTOL AEROPLANE ENGINES (EASTERN), 
Lrp., of which Mr. W. R. VERDON SMITH will be Presi- 
dent, Mr. R. J. REYNOLDS deputy president, Mr. H. V. 
WRIGHT managing director, and Mr. J. A. LIMOGES 
vice-president and secretary-treasurer. 

Mr, J. P. A. MELDRUM, O.B.E., B.Sc., M.I.E.E., has 
been appointed special assistant, sales management, 
Metropolitan-Vickers Electrical Co., Ltd., Trafford Park, 
Manchester, 17, and Mr. J. E. STussBs, sales manager in 
the switchgear department of the firm. 

THE Hon. L. W. Doveias, who was American 
Ambassador to the Court of St. James from March, 
1947, until November, 1950, and Mr. I. OC. R. ATKIN, 
M.C., vice-president of J. P. Morgan & Co., have been 
elected to the board of the International: Nickel Co. of 
Canada, Ltd. 

Mr. W. E. W. PEtTTerR, who was appointed deputy 
managing director of Folland Aircraft, Ltd., in Septem- 
ber, 1950, has now succeeded Mr. H. P. FOLLAND, 
M.B.E., F.R.Ae.8., as managing director of the firm. 
Mr. Folland relinquished this position on June 30 but 
has retained his seat on the board. 

CAPTAIN R. W. RAVENHILL, C.B.E., D.S.C., R.N.(ret.), 
has been appointed naval representative of the Sperry 
Gyroscope Co., Ltd., Great West-road, Brentford, 
Middlesex. 

Dr. LILLIAN M. GILBRETH has been elected the first 
honorary Fellow of the British Institute of Management, 
Management, House, 8, Hill-street, London, W.1. 

THE BRUSH ABOE GROUP OF COMPANIES state that 
Mr. H. G. Ivatr, M.I.Mech.E., has accepted a director- 
ship with Brush Bagnall Traction, Ltd., and will act as 
their technical consultant on Diesel-electric locomotives. 
As announced on page 15, ante, Mr. Ivatt retired on 
June 30 from the position of chief mechanical engineer, 
London Midland Region, British Railways. 

Mr. L. A. ©. BarTLETT, A.M.I.Mech.E., and MR. 
W. A. H. May, M.C., have been appointed to,the board 
of George Kent, Ltd., London and Luton. Mr. Bartlett 
became commercial manager some months ago and Mr. 
May is now the firm’s administration manager. 

Mr. W. PIENE retired on June 30, under the age limit, 
from his position as managing directer of Norske Veritas, 
Oslo. Mr. Piene’s successor, as from July 1, is Pro- 
FESSOR GEORG VEDELER, Dr.Techn, 

Mr. M. A. CAMERON, principal traffic officer of the 
British Transport Commission, has been nominated by 
the Commission to be a member of the Central Transport 
Consultative Committee, in place of Mr. MILES BEEVOR, 
who has resigned. 

Mr. F. J. STEPHENS has been appointed a managing 
director of the Anglo-Saxon Petroleum Co., Ltd., and the 
Shell Petroleum Co., Ltd., and a delegate member of 
the board of N. V. de Bataafsche Petroleum Maat- 
schappij, The Hague, in succession to Sm GEORGE 
LEGH-JONES, who has retired. The organisations 
referred to are the three principal operating companies 
of the Royal Dutch-Shell group. The appointments 
became effective on July 11. 

Mr. Davip Ewan, O.B.E., senior chief engineer of the 
tanker fleet of the Shell Petroleum Co., Ltd., retired on 
June 30, after 35 years’ service with the company’s 
tankers. 

Mr. A. CoMAR WILSON has been elected a director of 
Associated Electrical Industries, Ltd., Crown House, 
Aldwych, London, W.C.2. 

Mr. H. K. MmxerR has been made sales secretary of 
the Dunlop Rubber Co. (Scotland), Ltd., 48, North 
Wallace-street, Glasgow, C.4. 

Tue SKEFKO BALL BEARING Co., LTD., Luton, have 
opened a new branch office at 141, Dale-street, Kingsway, 
Liverpool, 2. (Telephone: Central 7226.) The branch 
will be in the charge of Mr. E. BUCKLEY, under the con- 
trol of the district manager, Mr. N. A. WHYTE. 

The PARSONS ENGINEERING Co., LTp., Town Quay, 
Southampton, have appointed Jenners of Thorpe, Ltd., 
Broadland Yachtihg Station, Norwich, as their agents in 
Norfolk and Suffolk. 

InNoxA (ENGLAND), Ltp., and their associated 
companies, will return to their pre-war premises at 
1, Eden-street, Hampstead-road, London, N.W.1, on 
Monday next. (Telephone: EUSton 8575-9.) The 
purchasing department and works offices of the firm will 
remain at 233, Balls Pond-road, London, N.1. 
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LITTLEBROOK “C” POWER STATION. 
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NEW POWER STATIONS FOR THE 
B.E.A. : XXI.—LITTLEBROOK ‘C’”’. 


Tue Littlebrook “C” station of the British Elec- 
tricity Authority is situated on the south bank of the 
Thames, near Dartford, Kent, on a site of 150 acres. 
It lies adjacent to the “A” station, which has a 
capacity of 120 MW, and to the “ B” station, of the 
same capacity, which is nearing completion; some 
particulars of the latter were given in No. VIII of this 
series, on page 468 of our 171st volume (1951). An 
illustration showing the framework of the boiler and 
turbine houses is given in Fig. 1, and Fig. 2 shows the 
excavations for the circulating-water system. The 
main civil engineering contractors are Holloway 
Brothers (London), Limited, the steelwork being sup- 
plied by Dorman, Long and Company, Limited. 

Coal will be brought in mainly by water, and for this 

the existing jetty will be extended and the 

ity of the store increased by 80,000 tons. There 

1 be eight water-tube boilers, designed for an output 

of 360,000 Ib. of steam per hour at a pressure of 975 lb. 
per square inch and a temperature of 915 deg. F.; 
each boiler will be fitted with 12 tilting corner-fired 
burners supplied with pulverised fuel from three 
Lopulco mills. De-superheaters will not be fitted, 
the control of the steam temperature being effected 
solely by tilting the burners. The contractors for this 
oa of the plant are International Combustion, Limited, 
oburn-place, London, W.C.1. The flue gases will 
be dienaa by Sturtevant electrostatic precipitators. 

The generating plant will consist of four 60-MW 
single-line three-cylinder reaction turbines, which are 
being constructed by Messrs. C. A. Parsons and Com- 
pany, Limited, Newcastle-on-Tyne, and will be coupled 
to hydrogen-cooled alternators generating at 11 kV. 
Each turbine will exhaust into twin shell condensers 
with a total surface of 57,000 sq. ft., which will be 
cooled by river water circulated by Drysdale pumps 
with a capacity of 42,000 gallons per minute. The 
condensate will be heated in five stages to 385 deg. F., 
and returned to the boilers by feed pumps made by 
Mather and Platt, Limited, Manchester. 

The output of two of the alternators will be stepped 
up to 66 kV and of the other two to 132-kV in 73-MVA 
transformers, constructed by the Fuller Electrical 
and Manufacturing Company, Limited, Walthamstow, 
London, E.17._ The 66-kV circuits will be controlled 
by Reyrolle pneumatically-operated switchgear, and 
the 132-kV circuits by Metropolitan-Vickers fixed 
impulse type oil circuit-breakers, which will also be 
pneumatically operated. Each alternator will be con- 
nected to a 5-MVA transformer from which the 6-kV 
house-service boards will be supplied. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
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All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 
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larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 
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PRODUCTIVITY IN VALVE 
MANUFACTURE. 


So varied and extensive are the ramifications of 
engineering in these days, and so numerous and 
intimate its contacts with scientific development, 
that the terminologies of both engineering and 
physical science are tending to overlap ; as in some 
foreign languages, notably German and Chinese, 
one word has to do duty in several capacities, not 
always even casually related, and the particular 
usage intended in a given instance may only be 
ascertainable from a study of the context. It seems 
desirable, therefore, before discussing the subject 
indicated by the above title, to define the word 
‘‘ valve ” as used in the present connection, which is 
the publication, by the Anglo-American Council on 
Productivity of the report on Valves, Steel, Iron and 
Non-ferrous* presented by a team from the British 
(engineering) valve-making industry which visited 
the United States in November and December, 1950. 
For the purposes of this investigation and report, 
the inquiry was limited to “‘ valves for the control 
of liquids and gases (in particular, oil, steam and 
water), of steel, iron or non-ferrous metals, including 
such valves as gate, check, reducing, reflux, safety, 
etc., but excluding plumbers’ brass fittings.” 

There have been many of these Productivity 





* Published by the Angio-American Council on Pro- 
ductivity, 21, Tothill-street, London, 8.W.1. [Price 
3s. 6d., including postage.] 





Team reports and most of them have certain 
features in common. In every case, the reports 
have been unanimous, and the members of the 
teams appear to have been greatly impressed by the 
increased productivity per man in the United States, 
compared with what they have been accustomed to 
regard as normal at home. There have been differ- 
ences between the reports, however, in the degree of 
emphasis that they have laid on the importance of 
adopting in this country the American attitude 
towards work and output. In this respect, the 
present report is the most emphatic that we can 
recall without making anew a detailed comparison 
of those previously issued; and it is the more 
unusual in that the section headed ‘‘ Recommenda- 
tions ” is followed immediately by another, entitled 
**Recommendations for the man in the works.” 

There is the further feature that (to quote 
the preface) the valve-industry team was “one of 
the first Teams to devote a large proportion of its 
visit to the study of engineering machine shops.” 
The fruits of that study include no fewer than 80 
illustrations of American shop methods and 
“wrinkles ” ; though it is pointed out that “a large 
number of their machines, methods, tooling, and 
cutting feeds and speeds are similar to those in 
common use in our own country, and in some cases 
we have seen better methods being used in the 
U.K.” But, the Team add, “this does not alter 
the fact that their overall productivity is higher 
than ours,” though the diversity of the products 
manufactured made it impossible to arrive at any 
firm quantitative assessment of the difference. The 
nearest they could come to a decision on this point, 
after comparing the production of similar valves and 
components, was the conclusion that “‘ the average 
productivity in the United States, while greater 
than, is not double that in the United Kingdom.” 

The Team consisted of 15 members, including the 
secretary, and was headed by Mr. K. M. Leach, 
B.Sc.(Eng.), managing director of the Audley 
Engineering Company. As in the case of other 
Teams sent out, the personnel were selected jointly 
by the Confederation of Shipbuilding and Engineer- 
ing Unions, the Engineering and Allied Employers’ 
National Federation, and the trade association 
directly concerned ; in this case, the British Valve 
Manufacturers’ Association. They came from a 
diversity of works, and represented a wide range of 
the products of an industry which, in this country, 
comprises some 60 firms, employing about 14,000 
men and women on the manufacture of valves. It 
is mentioned that, in 1950, the output of industrial 
valves by these companies was valued at some 
18,000,000/., and that half of the production came 
from firms employing 600 or more persons on 
valve manufacture. The corresponding output of 
the American industry was estimated to have a 
value of about 175 million dols.; and four com- 
panies produced half of the total. The Team toured 
a representative selection of 13 British valve fac- 
tories before leaving for New York. In the United 
States, they visited 17 factories. 

Having satisfied themselves that the level of 
productivity in the United States was higher than 
in the United Kingdom, the Team proceeded to 
evaluate the possible causes contributing to this 
result. First and foremost, they placed the mecha- 
nical handling of materials, in which direction they 
considered that ‘‘The U.S. valve industry is far 
ahead of us”; as an example, they cite the case 
of “a plant, including a forge shop but no foundry, 
producing an estimated 105 tons per month of steel 
valves from } in. to 12 in. diameter (but mainly 
$ in. to 6 in.) in which all internal transport was 
being carried out by only four men, using fork 
trucks and a small amount of gravity roller.” It 
is understandable that, coming from a country in 
which the use of fork-lift trucks is permitted by 
some unions only under severe restrictions, the 
Team found this example impressive. 
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Second in their list of recommendations, the 
Team place the need to improve the utilisation of 
existing machines, pointing out that, though the 
British valve industry possesses much modern 
machinery, the manufacturers, for the most part, 
do not use those machines as effectively as machines 
are used in the United States. To increase efficiency 
in this respect, it is suggested that more use could 
be made of “effective jigs and fixtures,’ even for 
small batches, that there should be a ‘‘ widespread 
introduction of air and electric chucks,” better 
tooling and tool selection, and a closer study of 
tool-grinding techniques and of optimum speeds and 
feeds. It may be remarked that the compilers of 
the report display rather a fondness for the word 
** effective,” as in the above reference to “‘ effective 
jigs and fixtures” ; even to the extent of implying 
that much of the equipment and practice to which 
they have been accustomed is not effective, though 
intended to be, and possibly regarded as such by 
those who have not seen the American equivalents. 
It may be that this impression was unintentional. 

Other recommendations bearing on the question of 
tooling are that there should be more “special 
purpose and,or multi-operation machines wherever 
quantities justify them ’—a suggestion which it is 
difficult to criticise or even to approve without a 
knowledge of the circumstances of a particular 
case; and that more attention should be given 
to the use of power devices such as air or electric 
impact wrenches, air vices, air-operated jigs, etc. 
This is a development, however, which has been 
progressing in this coyntry for a considerable time, 
though the rate of progress differs greatly between 
one branch of engineering and another; as a broad 
generalisation, we should say that the recommenda- 
tion would be justified in most of the lighter 
machining branches of engineering, concerned with 
production of a batch or jobbing character, but less 
so in the heavier kinds of machining and in repetition 
work involving large quantities. 

On the administrative, technical and executive 
levels, several recommendations are made. One 
which merely echoes the findings of other reports 
is that to “‘study the advantages of specialisation, 
standardisation and simplification,’’ on which there 
is little new to be said; but it is rather surprising 
to find that, while recognising that the size of the 
American market “gives their manufacturers a 
production advantage in that their batch sizes are 
usually larger” than in British practice, the Team 
adjudge that ‘‘ the U.S. is not as far forward in this 
respect as we had expected.” What is particularly 
encouraging is their opinion that ‘‘ active work on 
it by ourselves can help to get us the bigger batches 
that are desirable.” Like other Teams, the valve 
specialists found a contrast, to the disadvantage 
of Britain, between the use made of technically- 
educated staff, and the proportions of staff thus 
qualified, mentioning one United States firm who 
had 25 such trained engineers in a total per- 
sonnel of 115; but that is a question too vast to be 
dismissed in a paragraph. The recommendation 
to “study the use of welding techniques for fabri- 
cation as well as for repairs and the deposition of 
hard seats’ merely anticipates the inevitable 
trend, but here again there may be extraneous cir- 
cumstances to be taken into account, which may 
totally transform the economics of an outwardly 
attractive suggestion. On one other point—the 
suggested need to organise the duties of senior 
management to enable it to maintain closer personal 
contact with its men and with the workshops ”— 
the example given may arouse mixed feelings. If 
“the president of one U.S. company, employing 
450,” who has time to “tour his whole factory 
three times a day and make a point of speaking to 
a number of different operatives on each visit,” is 
typical of American industry, it may be that a 
Productivity Team on the Activities of Top Man- 
agements could offer some useful suggestions. 


‘NOTES. 


THE ABBEY WORKS OF THE STEEL CoMPANY 
oF WALEs. 


Tue Abbey Works of the Steel Company of Wales 
at Port Talbot, which were formally opened by the 
Chancellor of the Exchequer (the Rt. Hon. H. T. N. 
Gaitskell) on Tuesday, July 17, form a principal 
part of a project, the object of which is the recon- 
struction of the South Wales sheet steel and tinplate 
industry. This project comprised the enlargement 
of the existing blast furnaces, coke-oven and coal 
and ore handling plant at Margam and the erection 
on the adjacent site of an 80-in. continuous strip 
mill with a melting shop and ancillary plant, making 
one factory, extending over 44 miles, with an annual 
output of about 1} million tons of ingots. Besides 
the continuous mill, a cold reduction mill is also 
nearing completion at Margam, while a second 
cold mill and tinplate plant is being installed at 
Trostre, near Llanelly. The construction of the 
works containing the new 80-in. mill required the 
solution of a number of engineering problems. 
Work was begun four years ago on ground consisting 
of sand dunes with water very near the surface, 
although a good ballast stratum, capable of taking a 
load, of about 5 tons per square foot, was found at a 
depth of 20 ft. Precast in situ and bored piles of 
various types were driven to carry the foundations, 
during the preparation of which it was necessary 
to divert a culvert carrying the Ffrwdwyllt river 
and to make extensive alterations to the works 
and main-line railways. The level was also raised 
from 10 ft. to 12 ft. by depositing 44 million cubic 
yards of sand and slag. Considerable pumping was 
necessary and the lake formed is now used as a 
works reservoir. The inroad of the sea was pre- 
vented by planting marram grass, brushwood hedges 
and pine trees. The buildings consist of structural 
steel frames, in the erection of which the greatest 
possible use was made of welding. The equipment 
of the new works, of which we propose to give a 
detailed description later, consists at present of a 
melting shop in which the hot metal from the 
adjacent blast furnaces is poured into 800-ton 
mixers and then into four 200-ton oil-fired furnaces, 
the output of which is cast into 20-ton ingots. 
After passing through a stripper bay, these ingots 
are charged into gas-fired soaking pits and are next 
passed through a 45-in. slabbing mill and vertical 
edges and shears to one of three re-heating furnaces. 
The slabs from these furnaces are carried on rollers 
through a scale breaker to the first stand of the 
80-in. continuous strip mill. They are next passed 
in turn through an edge squeezer and three more 
roughing stands over a delay table, 186 ft. long, and 
through a crop shearer to the six finishing stands. 
On emerging from the last of these stands, the 5-ft. 
strip, which is travelling at a maximum speed of 
2,000 ft. per minute, is carried to one of two down 
coilers. All parts of the mill are electrically driven, 
the combined capacity of the motors being 46,000 
h.p. The coils are finally taken on conveyors to a 
stock area and are thence transported at present to 
other works for cold reduction. About three 
quarters of the power required is being obtained 
from the grid over four 66-k V lines and the remainder 
from the works power station, in which nearly 
20 MW of new plant is being installed. 


Tue British Inpia Liner “ Kenya.” 


The latest addition to the fleet of the British 
India Steam Navigation Company, the twin-screw 
passenger and cargo liner Kenya, arrived on Sunday, 
July 15, at Tilbury, where she is now being prepared 
for her maiden voyage to the East Coast of Africa. 
The Kenya, which was built by Barclay, Curle and 
Company, Whiteinch, with boilers by the builders, 
and turbines and gearing supplied by the Wallsend 
Slipway and Engineering Company, is the largest 
vessel yet constructed for the British India Company. 
In due course, we hope to describe and illustrate the 
vessel in some detail, so it will suffice at present to 
record that she measures 540 ft. overall, by 71 ft. 
beam and 38 ft. 6 in. depth, with a gross tonnage 
of 14,443, and that her designed service speed is 
16 knots loaded; this figure was exceeded by 





over 3 knots on her trials, when, of course, the 


vessel was light. There is accommodation for 
150 first-class passengers in single-berth and two- 
berth rooms, and for 123 tourist-class passengers in 
cabins containing, two, three or four berths. All the 
cabins are “ outside,” with natural lighting, as also 
are the crew’s quarters. The propelling machinery 
consists of three Babcock and Wilcox water-tube 
boilers, oil-fired and delivering steam at 430 lb. per 
square inch and 750 deg. F. to two sets of Parsons 
three-cylinder single-reduction geared turbines. 
Speaking at a luncheon on board the ship before she 
left the Clyde for Tilbury, Sir William Currie, chair- 
man of the British India Steam Navigation Company, 
said that the Kenya was the 63rd ship built for them 
by Barclay, Curle and Company. The service to 
East Africa began in 1872, but their fleet had con- 
tained only one previous Kenya. The new Kenya 
and her sister ship, the Uganda, now completing, 
would replace the one-class ““M” ships. The Com- 
pany began in 1856as the Calcutta and Burma Steam 
Navigation Company, and was renamed the British 
India Steam Navigation Company in 1862. During 
the recent war, 51 of their ships were lost, and 35 
more had been since disposed of; but during and 
since the war 58 ships had been built or purchased, 
and five more were under construction. Subse- 
quently, Sir William disclosed that orders were 
being placed for four more cargo ships. 


DaMaGE TO UNDERGROUND CABLES. 
It is seldom, in these days, that a case is reported 
in the daily papers which is of interest both to the 
lawyer and to the engineer. Paper shortage has 
rendered it impossible to report much of what 
takes place in the law courts, and the space available 
is generally devoted to cases which will attract the 
attention of the general public. In The Times of 
June 14, however, there appeared a report of a 
decision of the Court of Appeal relating to respon- 
sibility for damage to an underground electric cable. 
The facts were simple enough. The National Coal 
Board were the owners of a high-tension cable, 
carrying current at 30,000 volts, which had been 
installed by their predecessors in title. It ran at a 
depth of 3 ft. underground through certain land in 
Glamorganshire. In 1948, the County Council 
employed a contractor to make certain excavations. 
He employed another contractor to do the actual 
work, in the course of which a mechanical excavator 
broke a concrete slab protecting the cable, and 
damaged the cable. As the damage appeared at 
the time to be trivial, the matter was not reported, 
but eventually seepage took place, the cable fused, 
and the supply of electricity to certain collieries 
was cut off. In these circumstances, the Coal 
Board sued the two contractors for damages for 
trespass. It appeared that the County Council 
were unaware of the existence of the cable and so 
were the contractors, as the plan supplied for the 
purposes of the work did not show the cable. It 
may here be interposed that any interference with 
the land of another may constitute a trespass, and 
the “land” of a property owner includes anything 
below the surface. “Trespass ” is a technical term. 
To amount to a trespass an act must be voluntary ; 
but an act may be trespass although it is committed 
by mistake or without malice. In the case under 
notice, however, counsel for the defendant argued 
that, though a negligent act of commission may 
amount to a trespass, a person who has not been 
negligent cannot be a trespasser in respect of a 
voluntary and inevitable accident. Mr. Justice 
Donovan, before whom the case was tried in the 
first instance, while holding that neither of the two 
contractors had been negligent, felt constrained by 
certain old authorities to hold the defendants liable, 
and he awarded damages assessed at 500/. On 
appeal, this decision was reversed. Lord Justice 
Cohen said that the judge was right in holding that 
there was no evidence of negligence, and in rejecting 
a contention that the existence of pylons in the 
neighbourhood should have put the contractors on 
their guard. Nevertheless, he pointed out that the 
predecessors in title of the Coal Board had placed 
the cable on the land without the knowledge or 
permission of the County Council, and a clearer 
case could not be imagined of an accident happening 
entirely without any fault of the defendants. The 
report does not mention the authorities upon which 





Mr. Justice Donovan based his decision. Possibly 
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he had in mind an old case in which a trespass was 
declared to be actionable though committed unin- 
tentionally or by mistake, as where the defendant 
mowed the grass on his neighbour’s land in mistake 
for his own; but the Court of Appeal followed a 
decision of Mr. Justice Branson, given some 25 years 
ago (Ilford Urban District Council v. Beal (1925) 
41 Times L.R.317). The facts were these. In 
1900, a sewer authority laid a sewer under certain 
land which was conveyed to a Mrs. Judd in 1918. 
In the following year, damage was done to the 
sewer by a movement of a wall on the land. The 
sewer authority brought an action for damages 
against Mrs. Judd. It was held that, as she did 
not discover, and could not by any reasonable 
diligence discover, the existence of the sewer under 
the land, and, consequently, the existence and extent 
of her duty towards the plaintiffs in respect of the 
sewer, She was not liable for the damage done to 
the sewer. In his judgment, his Lordship quoted 
from Comyn’s Digest—a hoary old volume well 
known to the “ black-letter lawyer ’—where it is 
stated that “an action upon the case for misfeasance 
does not lie where a man has not sufficient notice of 
his duty.” That appears to be good law and good 
sense. If a man who buys land without any know- 
ledge of what lies beneath the surface, and no 
warning that there may be a live cable or some- 
thing liable to be injured if he goes below the 
surface, to buy land would be to incur grave risk. 
It is well known that, during the recent war, many 
miles of pipeline for oil was laid across country. 
Land owners generally were only too glad, for 
patriotic reasons, to grant a way leave. Some of 
the land so treated must inevitably change hands 
in the course of time. The decision of the Court of 
Appeal in the case under review serves to show that 
a purchaser who does not know, and has no reason 
to suspect, that he has oil flowing in a pipe beneath 
his garden or field, cannot be held responsible if 
damage occurs. 


THE INTERNATIONAL CONFERENCE’S SPECIAL 
TRAIN. 

Elsewhere on this page we print a letter from Mr. 
George Dow, public relations and publicity officer 
for the London Midland Region of British Railways, 
apologising for the “ most regrettable inconvenience 
and discomfort’ occasioned to the passengers in 
the special train which took the International Con- 
ference of Naval Architects and Marine Engineers 
from Euston to Glasgow on July 1. It would seem 
that the letter was drafted in reply to strictures 
that appeared in the Daily Telegraph, as reference 
was made there to the lack of soap and towels, which 
we did not mention in our comment on page 18, 
ante. Our criticism was written in Glasgow two 
days before the party left (in the same train) for 
Newcastle-on-Tyne, so there is a further chapter 
to add. As a result of representations made in 
Glasgow, some attempt was made to clean the 
train for the next stage of the journey, and to open 
some of the jammed, ventilators; there was soap 
and water in each lavatory compartment, and a few 
paper towels ; and the train ran well to time. For 
the return to London, the representations proved 
still more potent, for another train was provided ; 
much more modern, and clean, though again minus 
towels and soap. The catering staff, moreover, were 
attired in neat white jackets; and the departure 
from Newcastle was supervised by the station- 
master in person. Possibly the ancient pageantry 
of his gleaming top-hat may have been some com- 
pensation to the overseas members and ladies for 
their previous tribulations ; it is doubtful whether 
any other country’s railways could show the like, 
and, for our own part, we should be sorry to see it 
superseded. Generally speaking, therefore, the 
return journey was much more tolerable ; but it is 
to be hoped, nevertheless, that the special investi- 
gation which is being made will be rigorous and 
exhaustive. If individual home-country passengers 
would report on their personal experiences, either to 
British Railways or to their respective institutions, 
there is no doubt that the investigators would learn 
a great deal. The institutions are making official 
protests, and, no doubt, further apologies will be 
forthcoming: but we should like to see some 
guarantee that such a thing shall not be permitted 
to happen again. The passengers on that train 





had paid about 875l. for their tickets ; including 
meals, their outlay was at least 1,000/.—and it is 
improbable that British Railways demanded and 
received from the organisers no more than that. 
If a contractor to British Railways, knowingly or 
inadvertently, delivered to them goods that were 
as far below standard as that train was below the 
average of main-line travel, he would be unwise to 
rely on squaring the account with an apology and a 
plea of the hardness of “ present conditions.” 





LETTERS TO THE EDITOR. 


FESTINIOG RAILWAY ; PROPOSED 
PRESERVATION. 


To THE EpIror OF ENGINEERING. 


Smr,—Many former users of the Festiniog Railway 
were sorry to hear, in 1946, of the closure of this 
famous narrow-gauge line (1 ft. 114 in.) in North 
Wales ; and an attempt is now being organised to 
save the railway from the fate which, we feel, it 
does not deserve. It has been learned that a 
“warrant of abandonment,” applied for by the 
Festiniog Railway Company in November, 1950, 
has been refused by the Minister of Transport. 
This is in accordance with a resolution passed at a 
meeting, convened by the Portmadoc Urban District 
Council, of various local authorities, inhabitants of 
the district, and railway enthusiasts, protesting 
against any attempt to abandon the railway. 

Once the effects of war-time damage and post-war 
neglect have been overcome, I am convinced that 
the line could be worked without a deficit, on a 
non-profitmaking basis. Railcars have been sug- 
gested for winter services and for early-morning 
quarrymen’s trains, the steam locomotives being 
used for the heavy summer traffic. The Festiniog 
Railway was probably the world’s first public 
narrow-gauge line and the first to use locomotives 
(which were still in use in 1946); and it was the 
first railway in Britain to introduce bogie coaches. 

It is proposed to hold a preliminary inspection of 
the locomotives and rolling stock this month, and 
a meeting to discuss the restoration of the railway 
is to be held in Birmingham during August, on a 
date still to be fixed. I shall be pleased to hear 
from anyone who is interested in the scheme— 
especially those who can contribute financial or 
professional support. 

Yours faithfully, 
LzonarD A. HeatH HumpPurys. 
31, Ashton-hill, 
Corston, Bath, Somerset. 
July 1, 1951. 

[We regret that pressure on our space has prevented 
the earlier _ of Mr. Heath Humphrys’ 
letter.—Ep., E.] 





POST-GRADUATE SCHOOLS IN 
MECHANICAL ENGINEERING. 


To THE EpiTor OF ENGINEERING. 


Sm,—Professor Small’s letter, on page 53, ante, 
is timely, but there is one point that perhaps 
justifies special raention. 

Following precedent, the term “ post-graduate ” 
has been applied to a number of recently-established 
schools of similar character, but the name should 
not be taken to imply that entrants must neces- 
sarily be graduates. Those who wish work in that 
type of school to qualify them for such degrees as 
M.Sc., M.Eng., or Ph.D., must have graduated pre- 
viously, but the primary purpose of the school is to 
impart advanced instruction to those who already 
have appropriate technical knowledge and, prefer- 
ably, industrial experience ; a university degree is 
not a pre-requisite. This, at least, is the policy of 
the School of Applied Mechanics at Sheffield Univer- 
sity. The main course is composed of three two- 
month terms with two intermediate vacations, each 
of one month. It provides opportunity for students 
with jobs in industry to return to them for useful 
vacation periods and thus to avoid any prolonged 
loss of contact. 

Design methods in mechanical engineering have 
not, in general, kept pace with advance in basic 





knowledge and it is clearly the duty of a School of 
Applied Mechanics to offer help to industry in this 
respect. Itwas with thisin mind thatthe course was 
planned to include advanced instruction in metro- 
logy, design of mechanisms and instruments, reduc- 
tion of vibration and noise, and the use of elec- 
tronics, photography and photoelasticity in engi- 
neering development work. A generous allocation 
of time to laboratory work offers the practical 
experience necessary for anyone who is to find 
much value in the highly-developed instruments of 
to-day. 

Instruction by staff experienced in engineering 
design, research and development ensures emphasis 
on the need for special study of experimental tech- 
nique, interpretation of observations and effective 
reporting. Opportunity is offered for students to 
take part in research work proceeding in the School 
and to carry out investigations of their own. 

Yours faithfully, 
W. A. TUPLIN, 
Professor of Applied Mechanics. 
School of Applied Mechanics, 
Department of Applied Science, 
St. George’s-square, Sheffield, 1. 
July 16, 1951. 





THE INTERNATIONAL CONFERENCE 
OF NAVAL ARCHITECTS AND 
MARINE ENGINEERS. 


To THE Eprror oF ENGINEERING. 


Sm,—I was very distressed indeed to read in 
your issue of July 6, on page 18, ante, of the most 
unsatisfactory condition of the coaches used for 
the special train conveying home and overseas 
naval architects and marine engineers from Euston 
to their international conference in Glasgow. May 
I, on behalf of British Railways, convey to them 
through your columns my sincere apologies for the 
most regrettable inconvenience and discomfort they 
sustained ? 

Unfortunately, under present conditions it is 
not possible to provide soap and towels in all our 
main-line trains, but the other aspects of the matter 
are being specially investigated and every possible 
step will be taken to prevent any future breakdown 
of this kind in our arrangements for travellers. 
Meantime, I should like to assure passengers on this 
train that British Railways will gladly recompense 
them for any losses they may have sustained through 
the condition of our coaches. 

Yours faithfully, 
GrorcE Dow, 
Public Relations and Publicity Officer. 
The Railway Executive, 
London Midland Region, 
Euston House, London, N.W.1. 
July 14, 1951. 





SOME UNSOLVED PROBLEMS IN 
CIVIL ENGINEERING. 


To THE EpIToR OF ENGINEERING. 


Sir,—In reply to Mr. B. M. Thornton’s letter on 
page 19, ante, re the Parsons radial steam engine : 
there is a fully-illustrated description of this engine, 
as made by Kitson and Company, of Leeds, in 
ENGINEERING of March 14, 1884 (vol. 37, page 227). 
It is shown coupled to a Brush dynamo, and the 
results of a number of trials for steam consumption 
are given. A number of these engines were stated 
to have been made, one having been supplied to 
Portsmouth Dockyard. 

Yours faithfully, 
W. H. Newman, M.1L.Mech.E. 
North-road, 
Ditchling, Sussex. 
July 12, 1951. 

[We are obliged to Mr. Newman for this reminder. 
The article which he cites refers to this “ very ingenious 
engine ” as having been “‘ invented by the Honourable 
C. A. Parsons,” adding that several “ have been made 
by his brother, the Honourable R. C. Parsons, a member 
of the firm of Kitson and Co., Leeds.” The drawing 
of the engine is also reproduced as a folding plate in 
the late Lieut.-Colonel E. Kitson Clark’s book, Kitsons 
of Leeds, published in 1938.—Eb., E.] 








84 


ENGINEERING. 


JULY 20, I95I. 








OBITUARY. 


SIR HARRY BRAND. 


WE regret to record the death on July 5, at his 
home in Crowborough, Sussex, of Sir Harry Brand, 
governing director of the firm of Messrs. Charles 
Brand and Son, and probably one of the best-known 
civil-engineering contractors in this country. Sir 
Harry, who was in his 78th year, had been seriously 
ill for a considerable time. 

Harry Francis Brand was born on October 2, 
1873, and was the fourth son of the late James 
Brand, of Glasgow. He was educated at Stony- 
hurst and at Glasgow University, and on leaving 
the university, trained as an engineer with Messrs. 
J. and A. Leslie and Reed, consulting engineers, 
Edinburgh. Later, he spent some time in London 
as an assistant engineer under Sir John Wolfe 
Barry. In 1899, he returned to Glasgow and joined 
his father in the family firm of Messrs. Charles 
Brand and Son, civil engineering contractors, which 
had been founded by his grandfather in 1828. The 
firm was engaged at this time in the construction 
of Grangemouth Docks for the Caledonian Railway 
Company, Sir John Wolfe Barry being the consulting 
engineer. Before long, his father entrusted him 
with sole responsibility for the contract, and, on 
its successful conclusion, assumed him into partner- 
ship in 1901. On James Brand’s death in 1909, 
Harry became the senior partner, and when the 
firm became a private limited company in 1934, he 
was elected chairman, so that he spent practically 
the whole of his active life in the family business. 
Under his direction, the firm carried out many 
important and difficult contracts, including Rosslare 
harbour, Kirkcaldy harbour, parts of the Glasgow 
main drainage system, Loch Arklet waterworks in 
Stirlingshire, Leith graving dock, and Buckie 
harbour. Shortly after the 1914-18 war, he moved 
the headquarters of the firm to London, where he 
took an active part in the London Underground 
Railway extensions and improvements. Among 
other contracts undertaken in the period between 
the wars were the Golders Green and Morden 
extensions ; enlarging the tunnels from Euston to 
the Angel station; improvements at Old Street, 
Kennington, Trafalgar Square, and St. Paul’s ex- 
tensions from Finsbury Park to Cockfosters and 
Baker-street to Finchley-road, and at Highgate, 
Liverpool-street to Bow-road, and Wanstead to 
Gants Hili. The firm also carried out, during this 
period, work for the Port of London Authority on 
the East India and Millwall Docks improvements ; 
for the Southern Railway at Southampton, and on 
the Isle of Wight; sea defences at Sidmouth; 
circulating-water tunnels for Portishead power sta- 
tion ; the Royal Edward Docks extension at Avon- 
mouth, and the Dartford-Purfleet pilot tunnel. 
During the war, among other major works, they 
constructed the Royal Ordnance Factory at Bridg- 
water, the deep shelters at Clapham Common, the 
new Gloucester power station, and deep-water 
wharves at Belfast. Since the war, their contracts 
have included new power stations at Kingston-on- 
Thames and at Bromborough, and the pedestrian 
and cyclist tunnels, with escalator approaches, 
under the River Tyne at Jarrow. 

Sir Harry, who received his knighthood in 1942, 
was an original and prominent member of the 
Federation of Civil Engineering Contractors, being 
one of those originally approached by the late Lord 
Cowdray when it was being formed in 1919. As a 
result of the working-rule agreement then made 
with the trade unions, and the operation of the 
Conciliation Board that was set up, there has been 
no major strike since, except the general strike of 
1926. This is a record in which Sir Harry justifiably 
took some personal pride. He was also an original 
member of the Federation’s Council, on which 
he served until his death. He was chairman of the 
Council in 1927-28 and President of the Federation 
from 1936 to 1940. He represented the Federation 
on the British Employers Confederation, of which 
he was President from 1940 to 1944. During this 
period, he was constantly in touch with various 
Ministers and Government departments, in particu- 
lar, the Minister of Labour, in all matters affecting 


the full mobilisation of the national resources, for 
he had a great understanding of men, and his judg- 
ment was highly regarded by both employers and 
trade unionists. During the war, he also served 
as Regional Works Adviser for the South Eastern 
Region under the Ministry of Home Security. 





MR. NEVILE G. GWYNNE, C.B.E. 


A LINK with the early days of an engineering 
business of world-wide repute was broken by the 
death on July 9, as the result of an accident, of 
Mr. Nevile Gwyn Gwynne, for nearly 40 years 
managing director of the engineering firm of 
Gwynnes Pumps, Limited, of Hammersmith and 
Lincoln. Mr. Gwynne had almost completed his 
83rd year, having been born, in London, on August 2, 
1868. He was the son of James Eglington Anderson 
Gwynne, eldest of the three sons of John Gwynne, 
founder of the business in 1849, and patentee, in 
1851, of the multi-stage turbine pump. Originally, 
the works were at the foot of Essex-street, Strand, 
but, after John Gwynne’s death, they were trans- 
ferred to a site off Holborn. Meanwhile, John and 
Henry Gwynne (Mr. Nevile Gwynne’s uncles) had 
started in Hammersmith a separate business which 
became, in 1898, J. and H. Gwynne, Limited; 
and, in 1904, James E. A. Gwynne sold to his 
brother, John Gwynne, the whole of his business 
at Brooke-street, Holborn, which was transferred to 
Hammersmith. The two firms combined to form 
Gwynnes, Limited, and Mr. Nevile Gwynne joined 
his uncle, John, at Hammersmith, succeeding 
him as managing director in 1912, when John 
Gwynne died. 

Mr. Nevile Gwynne was educated at Lancing 
College and at Pembroke College, Cambridge, where 
he graduated B.A. in 1890, being one of the first 
engineering graduates. He received the M.A. degree 
in due course, and by then had completed a period 
of shop training in his father’s business, partly in 
the Essex-street works, before going up to Cam- 
bridge, and partly at Brooke-street, after receiving 
his B.A. He was appointed manager of the Brook- 
street works in 1892 and continued to hold that 
post until the fusion of interests with Hammersmith ; 
but he was also a director of the Hammersmith 
works for a number of years before the amalgama- 
tion, so that he was well prepared to succeed his 
uncle and to direct the affairs of the firm through 
the difficulties of the first World War. During 
that war, he took a leading part in the introduction 
and production, to the total of more than 4,000, 
of the Clerget rotary aero-engine and its successor, 
the Bentley rotary engine ; for which service he 
was awarded the C.B.E. This development, 
undertaken at the instigation of the Admiralty, 
left the firm at the end of the war with a large 
factory at Chiswick, equipped with fairly modern 
repetition tools, which were used to make the 
Albert 11-h.p. motor car, and a smaller car, the 
Gwynne Eight. This venture, however, did not 
survive the depression between the wars. Mr. 
Gwynne was a member (for 40 years in each case) 
of the Institution of Mechanical Engineers and the 
Institution of Naval Architects. He served for 
many years on the Council of the British Engineers’ 
Association, of which he was President in 1921 and 
1922 ; and on the Grand Council of the Federation 
of British Industries. 





BRITISH INDUSTRIES Fair, 1952.—Next year’s British 
Industries Fair will be held in London at Earl’s Court 
and Olympia, and in Birmingham at Castle Bromwich 
The dates will be from Monday, May 5, to Friday, May 16. 
Further information may be obtained from the director 
of the Fair, Board of Trade, Lacon House, Theobald’s- 
road, London, W.C.1. } 





N.E. Coas8T ENGINEERING DIRECTORY FOR 1951.— 
The North-East Engineering Bureau have issued a 
revised edition of their directory, ‘The Home of Engi- 
neering” in a small size, suitable for carrying in the 
pocket. This contains a list of the names and addresses 
of the firms belonging to the Bureau, and particulars of 
the services and products which they supply. There is 
also a comprehensive subject-matter index. The direc- 
tory is bound in stiff covers and copies may be obtained, 
free of charge, from the general manager of the Bureau, 
Guildhall Chambers, 13, Sandhill, Newcastle-upon- 





Tyne, 1. 





ENGINEERING IN THE 
FESTIVAL OF BRITAIN.* 


VIII.—Exursition or INpDusTRIAL PowEr, 
GLascow. 
(Continued from page 35.) 

From the Coal Hall, the exhibits in which were 
described in last week’s article, the visitor’s route 
leads to the Steel Hall, and then to Power for 
Industry. The historical sketch in the Steel Hall 
includes references to the early ironmasters and 
steelmasters, and to the development of techniques 
for forming metals, starting with the village black- 
smith, proceeding to the origins of mass production, 
and culminating in a small machine shop, and a 
display to show the significance of standardisation. 

Many of the exhibits are of products which have 
been selected to illustrate fine craftsmanship in 
metals. These include tools, gauges, instruments, 
knives, scissors, and parts such as gearwheels, a 
turbine disc, rolled-steel sections, castings, etc. 
The centre lathe in the machine shop was made by 
the Crowthorn Engineering Company, Limited, 
Reddish, near Stockport, and is illustrated in 
Fig. 124, opposite. It is their 12-in. heavy-duty 
centre lathe, with an all-geared head, giving a 24-in. 
swing over the bed and a 38-in. swing in the gap. The 
bed is 12 ft. 9 in. long, with inverted-V slides, and 
is 8 ft. between centres. The hollow spindle admits 
a 3%-in. diameter workpiece, and is mounted on 
Timken taper-roller bearings at the front and 
parallel-roller bearings at the rear. There is a 
centralised gear-change control on the headstock, 
incorporating speed-indicating dials. The lathe is 
driven by a 10-h.p. motor, mounted at the rear, 
through V belts and a multi-dise friction clutch. It 
is a precision machine tool, built to Schlesinger 
limits, and, during the Exhibition, is being operated 
by a member of the firm’s staff. 

An all-steel welded press brake, lent by the Bronx 
Engineering Company, Limited, Lye, near Stour- 
bridge, is illustrated in Fig. 125. This machine is 
designed to exert a pressure of 60 tons and to deal 
with 8 ft. by }in. mild steel. To simplify the work 
of the operator, the bottom dead centre is indicated 
on a large dial in the top of the crown of the press. 
Counter indicators are also provided for each con- 
necting rod, to facilitate tool changing. The shut 
height has been increased so that standard punch 
sets can be employed and deep box trays formed. 
The frame is of welded annealed steel. The drive is 
by a 5-h.p. motor through V belts to a pulley 
integral with the flywheel clutch and brake, all of 
which are mounted on the first motion shaft. From 
this shaft, which is carried in anti-friction bearings, 
the drive is through helical gearing to the second- 
motion shaft. The final drive is through double- 
reduction pinions, at each end of the frame, to twin 
eccentric shafts. These shafts, which are machined 
from solid-steel forgings, are carried in phosphor- 
bronze bearings, mounted in the steel crown. 
Power is transmitted to the steel-plate top beam by 
cast-iron pitmans, fitted with phosphor-bronze 
worm wheels and _ high-tensile spherical-ended 
screws. A ram stop mechanism brings the press to 
rest automatically at the top dead centre after a 
single stroke. This mechanism can be disconnected 
by moving a lever, and the machine will then work 
as a normal press brake. Inching can be effected at 
any position in the cycle by operating a multi-plate 
dry clutch. The position of the top beam can be 
adjusted by means of a 2-h.p. motor, the drive being 
fitted with safety limit switches to prevent the top 
beam over-running when tool adjustments are being 
made. Should the top-beam tool stick below 
the bottom centre, owing to incorrect setting, 
the beam itself can be released by barring-up 
lugs, cast on the outside of the overhung brake 
casting for this purpose. 

The hydraulically-operated shaping machine pro- 





* Previous articles in this series, on the Dome of 
Discovery, the Royal Festival Hall, the temporary 
bridges, the ‘“ Skylon,” civil-engineering work, and 
exhibits at the South Bank Exhibition, appeared in the 
previous volume of ENGINEERING (vol. 171), in the 
issues of April 13 and 20, May 4, 11 and 18, and June 1, 
8, 15, 22 and 29, 1951. 
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EXHIBITS AT THE EXHIBITION OF INDUSTRIAL 


POWER, GLASGOW. 
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Fie. 125. Att-WELDED Press Brake: 
vided by the Engineers’ Tool and Supply Company, 
Limited, 40, Monkton-street, London, S.E.11, is 
illustrated in Fig. 126, on page 86. The maximum 
Stroke of the ram is 24 in.; the down feed of the 
tool head is 6 in.; the longitudinal feed of the 
table is 22 in.; and the vertical feed of the table 


Bronx ENGINEERING ComMPANy, LIMITED. 


is 8}in. The speed of the ram is adjustable up to 
110 ft. per minute, and the quick return can be at 
either 1} times or 2} times the cutting speed. 
The top of the table is 24 in. by 14} in., and the 
side is 14 in. by 144 in. The machine, known as 
the Hydetsco Model 4H, is driven by a 5-h.p. 





12-In. CENTRE LaTHE: CROWTHORN ENGINEERING Company, LimITED. 


motor, flange-mounted at the back, which is coupled 
to a variable-delivery pump, to provide the varia- 
tion of cutting speed. A manually-operated valve 
is used to stop and start the shaper. The ram is 
reversed by a main reversing valve which is actuated 
by a pilot valve ; the latter can be operated either 
by trip dogs or by hand. The feed mechanism of 
the table is also controlled by the pilot-valve 
hydraulic circuit. The shaper is fitted with a 
swivelling table. 

Messrs. Taylor, Taylor and Hobson, Limited, 
Stoughton-street, Leicester, have provided the 
exhibition with a toolmaker’s microscope and the 
Model 3 Talysurf surface-measuring instrument 
shown in Fig. 127, on page 86. It provides both a 
graph and an average reading. The equipment 
consists of an average meter, a stand for supporting 
the workpiece, a gearbox, a pick-up and stylus, pen 
recorder and amplifier. A unique feature is the 
inkless-pen recorder, giving a graph in which the 
ordinates are straight and, at the same time, the 
scale is linear. The texture of grinding, turning, 
lapping, etc., on flat, cylindrical surfaces, ball races, 
gear teeth, etc., can be investigated, and vibrational 
defects like chatter can be measured. A useful 
accessory, known as the datum attachment, has 
been introduced recently. It is for obtaining a 
curved datum, convex or concave, over a con- 
tinuous range from }-in. to 2-in. radius, also for 
chatter and waves, as distinct from roughness. 
In addition, it provides a straight-line datum for 
very small components, otherwise unobtainable on 
the standard Talysurf model. 

The vertical mechanical comparator shown in 
Fig. 128, on page 86, is made by the Sigma Instru- 
ment Company, of Letchworth, for whom Alfred 
Herbert, Limited, Coventry, act as agents for the 
instrument. It is intended for repetition checking 
at a machine or in the inspection department, and is 
made with vertical capacities of 6, 9, 12 and 24 in., 
and with magnifications of 500, 1,000 and 3,000. 
Adjustment is provided on the head and the table, 
but the final setting is made on the scale. All mov- 
ing parts are mounted on ball bearings, to ensure 
repeated accuracy of readings, and a magnetic 
clamping device prevents oscillations of the spindle 
and the transmission of shock to the mechanism. 
The instrument is particularly suitable for percen- 
tage checking at the machine, in connection with 
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quality control; and one comparator can be used 
for checking several different dimensions by means 
of appropriate tixtures. These are designed so 
that the height of the fixture, plus the mean size of 
the dimension to be measured, is the same for all 
fixtures; and that the tolerance boundaries are 
symmetrically disposed about the zero reading on 
the scale. 

Among the other tools and equipment displayed 
in the Steel Hall, mention may be made of an 
electric drill in the blacksmith’s shop and the 
electric overhead travelling crane in the machine 
shop. The overhead crane, of 5 tons capacity, was 
built by Messrs. Herbert Morris, Limited, Lough- 
borough. It has a span of 36 ft. 6 in. and is driven 
by three motors, one for the main winch, one for 
traversing the crane, and the third for the longi- 
tudinal travelling motion. The crane structure is 
of riveted steel sections. The crab has been 
designed to give reasonable compactness combined 
with accessibility. An electro-mechanical brake 
holds the load whenever the hoisting circuit is broken. 
The gearbox is totally enclosed and contains the 
first-reduction gears, which are of the double-helical 
type, and the other gears, which are straight spur 
wheels and pinions. The hoisting-gear spur-wheels 





are of normalised high-carbon steel, mounted on 
shafts of nickel-chrome or high-carbon steel; and 
all the pinions are cut from solid blanks of nickel- 
chrome steel. A feature of the crab is the grease- 
gun lubrication of the crab wheels and the outer 
drum-shaft bearing; all the grease nipples are 
brought together on a plate which can be reached 
by the crane operator without leaving his platform. 

The }-in. heavy-duty electric drill was provided 
by Messrs. Black and Decker, Limited, Harmonds- 
worth, Middlesex. It is one of their range of 
electric tools. The no-load speed is 900 r.p.m., and 
it weighs 103 lb. The motor drives through triple- 
reduction gears, and ball and needle-roller bearings 
are nsed on the various spindles. 


(To be continued.) 





IMPORTS OF TUNGSTEN.—The Ministry of Materials, 
Horse Guards-avenue, London, S.W.1, announce that, 
as from July 30, they will become the only importers and 
distributors, in this country, of tungsten ores and con- 
centrates. The Ministry hope shortly to appoint certain 
firms in the trade to act as joint agents. Shipments 
already licensed and sold to consumers will not be 
affected by these arrangements, 
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THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS. 


(Continued from page 42.) 


THE technical sessions in London of the Inter- 
national Conference of Naval Architects and Marine 
Engineers were resumed on the morning of Wed- 
nesday, June 27, when the chair was taken by 
Mr. James Turnbull, O.B.E., chairman of Council 
of the Institute of Marine Engineers. The first 
paper before the meeting (the third paper in the 
Conference programme) was on the subject of 
“Higher Steam Conditions for Ships’ Machinery.” 
It was contributed by Mr. Mark L. Ireland, jun., 
Mr. H. W. Semar and Mr. H. L. Mochel, members 
of the Society of Naval Architects and Marine 
Engineers, New York; and was presented by Mr. 
Treland. 


HiaHER Steam ConpDITIONs. 


The paper had a sub-title, “Problems in the 
Selection and Application of Cycle Components and 
High Temperature Materials,” and, for the purposes 
of the authors’ argument, “higher steam condi- 
tions”’ were defined as those which required a 
consideration of the effects of temperature upon the 
long-term properties of the materials used in the 
construction of ships’ machinery. Attention was 
directed particularly to the geared-turbine drive, 
as applied to merchant ships and to the warships 
engaged in World War II; as was explained in the 
introduction, security considerations prevented the 
authors from extending their survey beyond those 
limits. After reviewing the combinations of pres- 
sure and temperature available, the various steam 
cycles, the selection of the principal machinery com- 
ponents and auxiliaries, the limitations and physical 
properties of known materials, the problems of con- 
struction and fabrication, and the design of control 
equipment, the authors came to the conclusion that 
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further advances in power-station steam conditions, 
beyond the present maxima of 2,500 Ib. per square 
inch boiler pressure, and beyond a steam tempera- 
ture of 1,050 deg. F. associated with a somewhat 
lower pressure, appeared to be likely in the near 
future. Such developments, presumably, would in- 
fluence marine practice. Three “super-tankers,” 
one using steam at 1,020 deg. F., were referred to in 
the paper, but most post-war installations were at 
about 600 Ib. per square inch and 850 deg. F.; 
though a prototype C-3 cargo ship was under 
construction, which would work at 850 Ib. per 
square inch and 900 deg. F. It appeared probable, 
in the authors’ view, that new construction in the 
near future would be restricted to about 850 deg. F. 
steam temperature by the shortage of chromium, 
which was in demand for more vital defence equip- 
ment. If and when that restriction could be 
removed, increases in steam pressure and tempera- 
ture were to be expected. 

The discussion was opened by the Engineer-in- 
Chief of the Fleet, Vice-Admiral (E) the Hon. D. C. 
Maxwell, C.B., C.B.E., who welcomed the paper as 
“one of very great merit,” in which the authors had 
collected a wide range of knowledge from many 
sources, to which they had added their own great 
experience. It was written, however, from the 
aspect of merchant-ship machinery, and Vice- 
Admiral Maxwell thought that some remarks from 
the naval viewpoint might be of value. Naval 
machinery designs differed basically from mer- 
cantile requirements, one essential difference being 
that naval machinery ran at full or high power for 
only a very small proportion of its life ; therefore, 
the Navy was prepared to sacrifice some full-load 
efficiency to obtain optimum part-load performance. 
The authors stated that a steam-temperature 
characteristic rising with boiler output was desir- 
able. Some naval designs called for higher steam 
temperature at the lower powers, to obtain the 
best efficiency at cruising speed ; thus full use could 
be made of the fact that centrifugal stresses were 
much reduced below full power. A boiler charac- 
teristic of this type required control of steam tem- 
perature, which allowed the temperature to be 
greatly reduced during manoeuvring and whenever 
there were rapid changes in power. Naval designs 
were largely governed by considerations of space, 
and, in turbines, this had led to the use of high 
blade speeds, with by-passed stages in the high- 
pressure turbine and high leaving losses from the 
low-pressure turbine. The authors pointed out 
that, with high temperatures, by-passing of the 
initial stages of the high-pressure turbine introduced 
difficulties in design ; but the alternatives involved 
additional space and weight, and, for naval purposes, 
this must be carefully balanced against the im- 
proved efficiency of the cycle. 

Almost as important as the bulk of the machinery 
was the requirement for minimum weight of machin- 
ery plus fuel; in some cases, it paid to design for 
25 in. or 26 in. vacuum at full power instead of the 
28} in. which was normal in the merchant service. 
The saving in weight of condenser and turbine 
allowed more fuel to be carried and increased the 
radius of action, while, at the lower powers at 
which naval ships normally operated, a high vacuum 
was readily obtained. Should higher steam tem- 
peratures be adopted without a great increase of 
steam pressure, the L.P. turbine exhaust was likely 
to be considerably superheated ; so far, there was 
no positive evidence of the effect of this upon con- 
denser design, and he would welcome any experience 
the authors might have in that respect. 

Little had been done in naval engineering in the 
way of multi-stage bled-steam feed heating, because 
of the weight of the heaters and pipes, and the com- 
plications which might arise when frequently 
changing power. Naval practice was to use non- 
condensing steam-driven auxiliaries, the exhaust 
from which was used for feed-heating ; this gave the 
equivalent of single-stage bleed feed-heating, while 
preserving the lightness of the installation. Higher 
steam temperatures posed a considerable problem 
in the lay-out of auxiliaries, due to the complication 
of the steam and exhaust pipes. The common 
solution in the merchant service was to use electric 
drive, but this, as a complete solution, was not so 
attractive for naval ships because of the danger of 





interruption to electric supplies during battle. 
One more difference between mercantile and naval 
practice in design was that of cost. In merchant- 
ship work, first costs, operating costs and mainten- 
ance costs were the three guiding principles in 
deciding steam conditions. In the naval design, 
it was necessary to be certain that the taxpayer 
got value for money, value in that case being the 
military qualities of the ship. Not only must the 
Navy reject a design which involved unduly com- 
plicated techniques, provided a less complicated 
design would serve the purpose, but it must ensure 
that designs in peace did not call for materials 
which were not to be had in time of war. Stock- 
piling could not be relied upon as a full solution of 
the supply problem, and it might be necessary to 
limit steam conditions because of the danger of 
material shortages. 

Mr. A. R. Gatewood said that the paper made 
numerous references to the American Bureau of 
Shipping’s “Interim Guide ” for high-temperature 
steam installations, so that it seemed appropriate 
to point out two cases in which subsequent investiga- 
tions had shown it desirable to modify the recom- 
mendations. Both these investigations were com- 
mented on in detail in the paper. The recommenda- 
tion that circularity of the pipes in the way of 
bends be maintained within 2 per cent. was found 
to be somewhat restrictive from the practical point 
of view; out-of-roundness resulted in purely 
localised stress, which relieved itself rapidly when th 
pipe was put into service. In some cases, combin 
stresses might result in out-of-roundness of as 
much as 9 per cent. ; and since it was not desirable 
to encourage poor workmanship, the Bureau now 
recommended that the circularity of piping be main- 
tained within 5 per cent., a figure which could easily 
be met. Secondly, the authors explained why it 
was preferable to normalise the low chromium- 
molybdenum steels after bending. It was thought 
originally that pipes could be bent, and then welded 
and normalised. ‘This procedure indicated that 
the normalising lowered the rupture strength. 

Dr. T. W. F. Brown said that, as the paper dealt 
specifically with geared steam turbines, some men- 
tion of gearing might be made. It could be objected 
that gearing was not greatly affected by advanced 
steam conditions ; but that was not so, because, with 
advanced steam conditions, there was a greater 
heat drop to be dealt with in the turbines. If the 
turbines were kept small, they must revolve even 
faster than before, and the gearing had to carry a 
greater reduction ratio. As against this, vast 
improvements had been made in gear-cutting, both 
in the United States and in Britain. He asked 
how those two factors were reconciled in advanced 
designs, i.e., the ability to effect greater reduc- 
tion ratios in the gearcases, and, at the same 
time, to reduce gearcase weight in relation to the 
higher loadings that could be carried. The paper 
seemed to suggest that the average steam conditions 
in the British merchant ships were rather lower 
than in American ships; but the figures given by 
the authors, of about 600 lb. per square inch and 
850 deg. F. as the average levels of temperature 
and pressure in America, were about the same as 
in this country for new construction. The authors 
referred to certain steam conditions as having been 
chosen to meet increasing Diesel competition, but 
in Britain, the position was exactly the opposite. 
Particularly in tanker work, the steam turbine was 
slowly ousting the direct-coupled Diesel engine, 
even in powers which are easily within the capa- 
bilities of the Diesel engine. Of course, in the big 
tankers now coming into service, single-screw 
steam-turbine machinery was being used at powers 
for which direct-coupled single-screw Diesel engines 
could not be used. 

With regard to materials, particularly for super- 
heaters, he noted that the authors did not refer 
to vanadium attack. It was still not certain 
whether the vanadium came as vanadium pentoxide, 
sodium vanadate or some other compound, but it 
was certain that, even in austenitic materials, if the 
surface of the tubes was at a temperature of the 
order of 1,200 deg. F., it would be destroyed. 
There were no high-temperature alloys in common 
use which would resist that form of attack, and 
until the question was solved, it set a practical 





upper limit to the steam temperatures which could 
be used in turbines. Having seen machinery for 
Philadelphia Tankers Incorporated being con- 
structed for a total steam temperature of 1,020 deg. 
F., Dr. Brown felt a little mystified by the authors’ 
over-cautious approval of temperature rises at the 
end of the paper, especially as, in many cases, 
designers were urged to look at the optimum con- 
dition and then to take as their aim a point slightly 
higher. 

Commander L. Baker thought that British turbine 
practice had been somewhat handicapped by the 
relatively great success achieved with Diesel pro- 
pulsion. The majority of ships had been built in 
the power range in which the Diesel competed very 
successfully with steam; only since the war had 
powers increased to a point at which steam could, 
if it would, become attractive. He did not under- 
stand the American preference for header-type 
boilers. British experience of them was that the 
ease with which tubes could be plugged was matched 
by the frequency with which they needed to be 
plugged. The normal two-drum type was not so 
prone to troubles. The header-type boiler was 
undoubtedly heavier for a given output and undue 
costly to maintain ; factors which operated over the 
whole life of the ship. British engineers had had 
little experience of the risk of thermal shock with 
advanced steam conditions, but fluctuations of 
temperature must arise in service, and there was 
always the risk of either water or salt carry-over 
into the steam lines. Available data suggested that 
1,200 Ib. per square inch was the point at which the 
solution of the solids directly in the steam became 
important. He had, however, experienced one case 
of the deposition of “ gooseberries ” of pure sodium 
phosphate in the manceuvring valve of a Victory 
ship at 450 lb. per square inch and 750 deg. F., 
and therefore he had fitted, in new steamers, special 
detection devices to avoid the risk of damage by 
water or solids. 

Captain R. A. Smyth, U.S.C.G., remarked that 
the successful operation of marine boilers at higher 
temperatures and with maximum efficiency would 
mean the maintenance of heat exchangers in the 
system; and he hoped that the experience of 
past failures in this respect would lead to improved 
design and arrangements for their proper routine 
maintenance. 

Mr. H. N. Pemberton commented on the authors’ 
statement that the major incentive for advances in 
steam conditions of commercial vessels was the 
prospect of reduced fuel consumption. Several 
ships had been built in the United Kingdom in 
recent years with turbines operating at about 
600 lb. per square inch and 800 deg. to 850 deg. F. 
With provision for steam reheat, a fuel consumption 
for propulsion of about } lb. per shaft horse-power 
per hour could be obtained. Those installations 
were not particularly complicated, and, in general, 
the steam piping was of plain carbon steel, a few 
pipe lengths of 4 per cent. molybdenum steel being 
used in certain cases. These ships were regarded as 
modern and they were proving reliable. He won- 
dered, therefore, when studying the paper, how 
much farther they might expect to go. The ship- 
owner had little interest in pioneering advances in 
steam conditions beyond those which had proved 
to be thoroughly reliable, and which permitted 
him to burn the cheapest form of fuel oil at a 
reasonable rate of consumption. Mr. Pemberton’s 
own view was that there would be a period of 
consolidation at figures approximating to those he 
had mentioned. No doubt, however, there would 
be further advances in marine plant, if only because, 
in the long run, marine practice was bound to follow 
land practice, and it would become increasingly 
necessary to compete with the gas turbine for high 
powers. British marine engineers used mild steel 
for steam pipes in a somewhat extravagant way. 
Permissible working stresses were lower than they 
need be, but this weight of material was probably 
partly responsible for the rarity of steam-pipe 
failures in ships. With the higher stress conditions 
contemplated, such extravagance in materials could 
not be afforded ; partly because of the higher cost 
of the steel alloys required, and because thermal 
conditions demanded that the piping should be as 
thin as possible. Allowable stress figures, as recom- 
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mended in the “ Interim Guide,” were based on 
values for rupture strength extrapolated from the 
results of 1,000-hour creep tests. The authors 
referred to the dangers of extrapolated values which 
took no account of deterioration in material exposed 
to temperature and stress over periods much longer 
than 1,000 hours. With this in mind, Mr. Pemberton 
asked on what type of creep tests those recom- 
mended stresses were based. Dr. R. W. Bailey, one 
of the foremost British authorities on creep testing, 
had pointed out on more than one occasion, that 
1,000-hour creep tests at the working temperature, 
using stress to accelerate creep strain, brought into 
account only to an insignificant extent the influ- 
ence of thermal action on the material; whereas 
his method of testing at the working stress and 
using temperature as the creep-accelerating factor 
did bring the thermal action into account. 

Mr. A. W. Davis said that, so far as marine pro- 
pulsion was concerned, the gas turbine has acted 
very much as a catalyst in the approach to the steam 
turbine ; but, with the steam turbine, there were 
the added difficulties of high pressure associated 
with high temperature. These circumstances could 
be mitigated to some extent, and other advantages 
gained, by the adoption of reheating. It would be 
interesting to have Mr. Ireland’s remarks on the 
adoption of reheat, and of using relatively low- 
temperature steam for reheating. With regard to 
piping, engineers were somewhat handicapped in 
the United Kingdom by the heavier scantlings re- 
quired, which made it more difficult to provide for 
expansion. The authors commented on the wisdom 
of allowing no more than one-third cold pull-up 
in assessing the stresses, and Mr. Davis invited 
their views on whether the adoption of much higher 
temperatures might lead to the allowance becoming 
(say) two-thirds, by reason of the fact that any 
effective creep would mitigate undue stresses that 
might exist at the start. 

Mr. Ireland, replying to the discussion, said that 
practically all of Vice-Admiral Maxwell’s points 
were being considered seriously for United States 
naval work also. He could not answer specifically 
the question on the influence of superheated exhaust 
on condenser performance, because there were two 
sets of results available, neither complete and both 
contradictory. Apparently, however, if the tubes 
became completely dry, the heat-transfer rate would 
suffer. In reply to Dr. Brown: recent advances 
made in the United States in the art of gear-cutting 
had standardised commercial work to the point 
where all the leading manufacturers were willing to 
offer designs based on K factors of 100 for the high- 
speed reduction and 75 for the low-speed reduction. 
It was interesting that steam conditions in both 
countries were at the same level. The limitation 
of 850 deg. F. in the United States was due to the 
chromium shortage; when that need had been 
surmounted, it would be possible to advance to 
950 deg. F. in routine commercial designs, and higher 
still for special cases. He was interested to note 
that Commander Baker favoured the two-drum 
boiler; as shipbuilders, his own firm maintained a 
completely open mind on that matter, and worked 
entirely to owners’ preferences. 

Mr. Pemberton questioned the extrapolation of 
creep and rupture-test values. The paper contained 
a few references to rather long-time tests. Gener- 
ally, the position was that, within the temperature 
and stress range where materials maintain metal- 
lurgical stability, it appeared to be perfectly safe 
to extrapolate. That had been confirmed by tests 
lasting 10,000, 15,000 and 20,000 hours on a number 
of materials, and, in a few tests, as long as 100,000 
hours. Mr. Davis asked about reheat. Reheat 
was introduced into the United States when a 
temperature level was established ; and Mr. Ireland 
thought that the position should again be the same 
—that, so long as increases of temperature appeared 
possible, it was as well to adhere to that line of 
endeavour. When a temperature level was reached 
which appeared to be established for some years, it 
would be time to reconsider reheat. With regard 
to cold pull-up, 100 per cent. physical cold pull-up 
was the authors’ recommendation. The limitation 
of one-third was the amount of credit to be taken 
for such cold pull-up in making the extrapolations. 

(To be continued.) 





LABOUR NOTES. 


INDUSTRIAL pensions for employees in the engineering 
industry are suggested by Mr. W. B. Beard, O.B.E., the 
general secretary of the United Patternmakers Associa- 
tion, in the Association’s Monthly Report for July. 
He states that he cannot understand why operatives 
engaged in productive employment, such as engineers, 
should not endeavour to obtain some such provision 
for themselves, especially as these workpeople provide 
part of the cost of the pensions of employees in less 
competitive and more sheltered occupations. When 
the national insurance scheme was introduced, giving 
higher State pensions, many trade-union leaders and 
others hoped that the problem had been solved, but, 
as industries have become nationalised or have been 
transferred to some other kind of public ownership, 
workpeople in these industries have established, with 
some success, their right to receive contributory 
industrial pensions, additional to those granted under 
the State scheme. 





Such supplementary pension schemes have resulted 
Mr. Beard states, in some inequalities of treatment to 
members of the same unions. Indeed, some men, 
although possessing the same degree of skill and 
performing similar services, are being less favourably 
treated than ethers, solely owing to the chance of 
their having different employers. Part of the provision 
for pensions and sickness payments are provided by 
an increase in the price of the commodity produced, 
or the services rendered, and this is paid by the con- 
suming person or industry. The ability of Britain to 
continue these benefits, and, in fact, to maintain the 
ordinary standard of living, depends upon the country’s 
exports, of which the engineering industry provides 
no less than 36 per cent. It does not appear equitable, 
therefore, that workpeople in this and other productive 
industries should be less favourably rewarded than 
operatives in more secure occupations. Mr. Beard 
refers to their being a few firms which make provision 
for their employees to supplement their trade-union 
and State allowances, but emphasises that this is not 
the general practice. He concludes by quoting details 
of the private scheme in operation at the works of the 
Ford Motor Co., Ltd. 





Increases in profits are referred to by Mr. Beard, 
elsewhere in his editorial article. Profits have been 
reaching very high figures, he states, and, for industries 
engaged in export trade, this is not, perhaps, a bad 
thing for the country. It means, in effect, that the 
nation is receiving high prices for its products, to 
counter the “ rake-off”’ some countries are getting 
for their raw materials. It is difficult to devise the 
means of controlling profits in the national interest and, 
indeed, it would not be wise to introduce machinery 
which would have the effect of putting a premium on 
efficiency. What can be done and, in fact, has been 
accomplished by the Chancellor of the Exchequer, is 
to increase the tax on distributed profits and on the 
higher range of incomes. The tax on dividends has 
been increased from 30 per cent. to 50 per cent. and 
income tax has been increased for the higher-scale 
of incomes. We are only at the commencement of the 
rearmament programme, however, and the sources of 
extra revenue are decidedly limited regarding the 
higher-income groups. A capital levy, for example, 
he informs the members of his trade union, could be 
used effectively no more than once. 





Four training courses, each of two weeks’ duration, 
have been arranged by the Railway Executive for their 
railway employees and will be held at Dillington House, 
near Ilminster, Somerset, an adult residential centre 
for higher education, established by the Somerset 
education committee. These courses, the first of which 
commenced last week, are designed to provide a better 
understanding of the problems with which British 
Railways are faced and to secure the co-operation of 
the railwaymen in dealing with them. Subjects 
covered by the courses will include the organisation 
and integration of British transport, fundamental 
problems confronting the railways, railway staff prob- 
lems, and the relationships between the railways and 
their customers. Report writing, costs, charges, and 
the interpretation of plans and diagrams will also 
be discussed. Each course will accommodate about 
thirty men, and will be open to employees from all 
Regions and of all grades. 





Returns issued by the Ministry of Labour on July 11 
show that the number of unemployed persons in 
Great Britain registered for work on June 18 had 
declined to 190,776, compared with 215,700 on May 21. 
The June figure represented about 0-9 per cent. of the 
estimated total number of persons in employment and 
the figure for May about 1 per cent. The corresponding 





percentage for June, 1950, was 1-4. Of the total of 
190,776 persons unemployed on June 18 last, 122,070 
were men aged 18 and over, 3,393 boys of less than 
18 years old, 62,201 women aged 18 and over, and 3,112 
girls of less than 18 years old. The Ministry estimated 
that there were then 7,459 persons temporarily dis- 
engaged and 183,317 wholly unemployed. Of the 
latter figure, some 85,818 persons (62,878 men and 
boys, and 22,940 women and girls) had been unem- 
ployed for more than eight weeks, and the remaining 
97,499 persons for periods varying from one day to 
eight weeks. The total for June 18 is understood to 
be the lowest level of unemployment recorded in 
Great Britain for many years, and is attributed in 
part to the growing momentum of the rearmament 
drive. 





There was an increase of 20,000 persons, all women, 
in the total working population of Great Britain 
during May last, although an increase is not usual in 
that month, when there are few young people leaving 
school to enter employment. At the end of the 
month, the number of persons, aged 15 and over, who 
were working for pay or gain in Great Britain, or who 
had registered themselves as available for such work, 
numbered 23,287,000, of whom 15,937,000 were 
men and boys, and 7,350,000 women and girls. Of that 
total, 22,256,000 persons were engaged in civil employ- 
ment. (industry, commerce and services of all kinds), 
an increase of 46,000 on the total for the end of April. 
The size of the armed Forces rose by 4,000 during May, 
to an end-of-the-month total of 822,000, and there 
were 6,000 ex-Service men and women on release 
leave seeking employment, at the end of the month. 
The remainder of the working population, 203,000 
persons, were registered as unemployed. 





There was an increase of 25,000 during May in the 
number of persons employed in the basic industries, 
which comprise mining, quarrying, agriculture, fishing, 
gas, electricity, water, transport and communications. 
The total number employed in these industries at the 
end of that month was 4,153,000. There were, 
however, some 5,000 fewer men and women engaged 
in the engineering, metal, and vehicle industries, 
thereby bringing the number of workpeople employed 
in this group to 4,114,000. In the textile industry, 
there was a decline of 2,000 in the number of employees, 
bringing the end-of-month total to 1,037,000. A 
decline of 1,000 took place in the clothing industry, 
which, at the close of May, employed 725,000 persons. 
Employees in the chemical and allied industries in- 
creased in number by 1,000, to 492,000, and, in the 
food, drink and tobacco industries, by 2,000, to 805,000. 
Other manufacturing industries employed a total of 
1,514,000 workpeople, the same number as at the end 
of April. In all, some 8,687,000 men and women were 
at work in the manufacturing group of industries at 
the close of May. 





Serious shortages of railway staff in several indus- 
trial areas have led the Railway Executive to suggest 
to the three railway unions that some concessions in 
their working conditions should be made by the 
railwaymen. The proposals put forward by the 
Executive include an extension of the working week 
from 44 to 46 or 48 hours for certain traffic grades in 
under-staffed areas, the extra hours worked to be paid 
for as overtime. It was suggested also that, in some 
cases, key employees should be asked to work during 
the second of their two weeks’ annual paid holiday. 
Volunteers for this work would be paid a normal 
week’s wage, together with any ordinary overtime 
money due to them, and a special bonus equivalent to 
a further week’s pay at time-and-a-quarter rates. 
Another proposal of the Executive to ease the labour 
shortage was that the age for retirement should be 
raised from 65 to 70 in some instances. 





British Railways estimate that the labour equivalent 
of some 20, railwaymen must be provided, if a 
serious curtailment of freight and passenger transport 
is to be avoided. It has been suggested that the 
approval of the Ministry of Labour should be sought, 
to enable Italians to be recruited for employment on 
certain types of less-skilled work, including permanent- 
way and signalling duties. The proposals of the Execu- 
tive are at present under consideration by the National 
Union of Railwaymen and the Associated Society of 
Locomotive Engineers and Firemen, as the two unions 
chiefly concerned with the operative grades. On the 
whole, the former union is understood to be favourably 
inclined towards the suggestions, as likely to forward 
its own plans for an all-round increase in railwaymen’s 
wages. The Locomotive Engineers, however, appear 
to be opposed to any concessions on working condi- 
tions. This union considers that much would be done 
to ease the labour situation if railwaymen were excused 
military service. 
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PRECISION MEASUREMENT OF 
ROCKWELL HARDNESS DIAMOND 
PENETRATORS.* 


By F. R. Totmon and Juz G. Woon, B.Sc. (Eng.). 


[Nn their paper analysing the Rockwell hardness test,t 
C. E. Phillips and A. J. Fenner describe the experi- 
ments they made to determine the influence on the 
resulting hardness number of departures from the 
nominal form of the conical diamond penetrators used. 
The penetrators were measured in the Metrology 
Division of the Laboratory and the present paper 
gives an account of the methods employed. The 
7-8 form for the penetrator is laid down in 

‘S. 891 : 1940 and is repeated below for ease of refer- 
ence: “The conical penetrator shall be a diamond 
with an angle of 120 deg. to an accuracy of + 0-1 deg. 
im any axial plane. The point of the penetrator shall 

rounded to a radius of 0-20 mm. and the profile 
shall conform to the radius of 0-20 mm. within an 





* Communication from the National Physical Labora- 
tory. Abridged. 
t See ENGINEERING, July 13, 1951, page 57. 
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accuracy of + 0-005 mm. The round and conical 
surfaces shall join in a truly tangential manner. The 
penetrator shall be clean, have a good polish and be 
free from cracks and surface blemishes, and shall be 
solidly mounted in a suitable holder.” The only 
measurements required, therefore, are of the angle of 
the cone and of the radius of the point, the other 
features mentioned being appraised by visual inspec- 
tion. 

An investigation was first made of the accuracy with 
which the angle of the cone could be measured by the 
standard method developed at the Laboratory for 
determining the flank angles of screw-gauges, namely 
by measurement on an optically projected image by 
means of a shadow protractor.* The magnification of 
the optical projector was increased from the usual 
x 50 to x 85 in order to produce an image of the 
penetrator flank of a ny equal to that of the 
protractor arm, but it was found impossible to achieve 
an accuracy of measurement better than + 6 minutes 
of arc, although a large number of readings was made. 
It became necessary, therefore, to seek a new method 





* Notes on Screw Gauges, Fifth Edition. H.M.S.O., 
1944. 























** LINNIK”’ INTERFERENCE MIcRO- 
SCOPE. 
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of measurement which would give an improved 
accuracy. The following technique was devised, the 
apparatus used being illustrated in its final form in 
Fig. 1. 

The penetrator was mounted on an accurately 
divided rotary table with the axis of the cone horizontal 
and its point close to the axis of rotation of the table. 
The penetrator could be moved axially by means of 
an accurate slide controlled by a micrometer screw. 
In effect the supplement of the cone angle was measured 
in a horizontal plane by setting each flank in turn 
parallel with a datum plane formed by the semi-reflect- 
ing proof plane of an interference microscope. The 
arrangement is shown diagrammatically in Fig. 2. 
By bringing the penetrator flank close to the proof 
plane in the manner indicated in Fig. 2, and illuminating 
it with white light, a coloured interference pattern was 
obtained ; this pattern is illustrated in Fig. 3 (a), in 
which the lines represent successive spectra. 

The form of the pattern was found to be extremely 
sensitive to any out-of-parallelism between the flank 
and proof plane, an angular movement of 1 minute of 
arc, equivalent to 0-00001 in. over the length of the 
flank, being readily observable providing the flank was 
sufficiently straight. The interference pattern with 
the flank set parallel to the plane is shown in Fig. 3 (5). 
It is characterised by a central straight band which, in 
this condition, has reached a maximum length. Over 
the greater part of its length, this central band appears 
as one colour, graduating to the next spectral colour 
at each end in such a way as to provide a symmetrical 
appearance. This symmetry of colour was of con- 
siderable assistance in obtaining the correct setting, 
and was responsible for the choice of white light in 
preference to the more commonly used monochromatic 
light for work of this type. The method described 
enables the angle of the cone to be measured to an 
accuracy of +1 minute of arc. By turning the 
penetrator about its axis, the measurement may be 
repeated in different axial planes. 

As mentioned by Phillips and Fenner (loc. cit.), 
there is some doubt as to the proper interpretation of 
the tolerance given in B.S. 891 for the contour of the 
radiused point of the penetrator. The more liberal 
interpretation allows the contour to fall anywhere 
within concentric bands lying 0-005 mm. (0-0002 in.) 
on each side of the nominal profile. (See Fig. 4 of 
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Phillips and Fenner’s paper, page 58, ante). Even 
with this tolerance, it was not found practicable to 
determine satisfactorily whether the point conformed 
to requirements when projected at magnifications up 
to 100 diameters on a standard gauge projector, though 
it was possible when the magnification was raised to 
200 diameters. For the purposes of the investigation 
an even higher accuracy of measurement was desired, 
and the magnification was therefore increased to 
1000 diameters by the use of a projection lens system 
in which a 1-in. Zeiss objective was used in combina- 
tion with a x 12 Leitz eyepiece. Slightly convergent 
light, using a 500-watt mercury-vapour lamp as source, 
was found to improve the contrast on the shadowgraph 
without distortion. Although both contrast and 
definition were inferior to that obtainable at lower 
magnifications, these disadvantages were more than 
offset by the large tolerance band, 10 mm. wide, made 
available, and it was possible, by reference to a 1,000- 
diameter projection drawing, to estimate the departure 
of the profile from nominal to an accuracy of 1 mm. at 
the image on the screen, namely to 0-001 mm. on the 
penetrator point itself. At this magnification the 
radiused point and flank could be readily checked for 
smooth blending. By rotating the penetrator both 
contour and blending could be examined in various 
axial planes. 

It was considered desirable to augment this inspec- 
tion by a more critical examination of the accuracy 
of form of the penetrator at its extreme tip. The 
Zeiss “ Linnik”’ interference microscope, adapted for 
use with mercury green illumination, Fig. 4, page 89, 
enabled the quality of finish of the surface to be ob- 
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|served by direct viewing and the general contour to be 
determined by examining the Newton’s rings formed 
between the radiused point and an optical flat. This 
instrument gives a visual magnification of 600 diameters 
and is fitted with a photographic attachment which 
enables a permanent record to be made at half this 
magnification. Used as a direct microscope, the Linnik 
readily enables surface blemishes to be detected and 
Fig. 5 is an example of a tip showing excessive pitting. 
A micro-interferogram of the same surface is shown 
in Fig. 6, and it will be seen that the fringe pattern is 
distorted by the irregularities in the surface. 


nik interference microscope gave a very clear general 
impression of the shape and surface of the tip of the 
penetrator over a restricted distance corresponding 
to an axial depth of about 0-0002 in. from the apex of 
the penetrator. Beyond this, the interference fringes 
were too close together to be of practical value. These 
micro-interferograms, which are, in effect, contour 
maps of the point of the penetrator in planes at succes- 
sive axial distances from the apex of half wavelengths 
of mercury-green light, i.e., at intervals of 0-00001 in., 
reveal clearly the presence of flats and pitting. The 
particular examples illustrated in Figs. 7, 8 and 9 are 
of points which are out of round and display a certain 
amount of lobing. Additionally one of the points 
(Fig. 8) is flattened and offset from the penetrator 
axis. It is of interest to record that, although observa- 
tions of the point illustrated in Fig. 9 were made on 
the 1,000-diameter projector in three equaily spaced 
axial sections, the lobing which is so apparent in the 
interferogram was not revealed. Furthermore, two 





It was found that photographs taken on the Lin- | 
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|surface blemishes, undetected by any other technique, 
|may also be seen. When interpreting the micro- 
|interferograms it was found helpful to compare them 
| with an interferogram of a stee] ball, diameter 0-4 mm., 
|as shown in Fig. 10. 

| In passing, it may be noted that an approximate 
| value of the radius at the extreme tip of the penetrator 
|may be deduced from a knowledge of the distribution 
|of the fringes and the magnification of the micro-inter- 
|ferogram, providing the tip has a good surface finish 
| and is free from lobing. 

| 








“ SHips’ STRUCTURES: A CENTURY OF PROGRESS”: 
ERRATUM.—On page 25, ante, in the third column, it 
|was stated that ‘“‘ Henry Bessemer took out his early 
patents in 1885.” This date is incorrect and should 
read “1855.” We are indebted to the author of 
the paper, Mr. R. B. Shepheard, C.B.E., for drawing 
our attention to the error, which appeared in the pre- 
printed text. 





SEASON TICKETS FOR FESTIVAL OF BRITAIN.—Weekly 
and monthly season tickets can now be obtained for the 
Festival of Britain exhibitions. Weekly tickets cost 
1l. 5s. and admit the holder to the South Bank Ex- 
| hibition the Exhibition of Science at South Kensing- 
lton and the Exhibition of Architecture at Poplar. 
Monthly tickets cost 41. and admit to the same exhibi- 
| tions for one calendar month, July, August or September. 
| They are obtainable from the Festival of Britain advance 
| ticket office, Whiteball-place, London, 8.W.1. 
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SOME MEMORIALS OF EARLY 
CHEMICAL ENGINEERS.* 
By Proressor D. M. Newitt, M.C., D.Sc., F.R.S. 


“ Experienc’d Antiquity hath afforded faith- 
full (though not frequent) Discoveries. Past 
Ages have like Rivers conveied downe to us 
(upon the floate) the more light, and Sophis- 
tical pieces of Learning; but what were 
Profound and Misterious, the weight and 
solidity thereof, sinks to the Bottome; 
whence everyone who attempts to dive, 
cannot easily fetch them up.” 

Elias Ashmole, 
Theatrum Chemicum Britannicum, 1651. 


“The history of mechanic arts is a neces- 
sary part of that knowledge, upon which 
alone, as on a firm basis, can be built that 
true science of nature, which is not taken up 
in vain and fruitless specialities, but effec- 
tually labours to relieve the necessities of 
human life.” 

Francis Bacon, 
De Augmentis Scientiarum, 1623. 


THE Transactions of our Institution are rightly 
concerned with the practice of to-day and with 
pioneering work which may be expected to contribute 
to the developments of to-morrow ; nevertheless, it is 
not inappropriate that we should, once in a while, 
glance backwards at some of the difficulties and 
perplexities of our predecessors and the way in which 
they overcame them. Chemical engineering, as a 
distinct branch of engineering, cannot claim to be 
more than a century and a half old; most of us would 
be willing to regard Edward Charles Howard (1774- 
1816) as being the first chemical engineer of any 
eminence. During the preceding century, however, 
we can trace clearly the origins of the heavy chemical 
industry and other associated industries which even- 
tually gave rise to the need for this special type of 
technology. 

In the middle years of the Seventeenth Century, 
stimulated by the philosophical teachings of Francis 
Bacon, the great scientific academies of Europe were 
founded in quick succession: the Accademia del 
Cimento in Florence in 1657, the Royal Society in 
London in 1662, the Académie des Sciences in Paris 
in 1666, and the Collegium Curiosum sive Experi- 
mental, the forerunner of the Berlin Academy, in 1672. 
The fame of those associated with the origins and early 
years of these renowned bodies are to-day a part of 
the heritage of this race. Galileo Galilei did not live 
to see the formation of the Accademia, but two of his 
distinguished pupils, Viviani and Torricelli, were 
associated with its early history; Boyle, Hooke, 
Newton and Wren were among the early Fellows of 
the Royal Society; Descartes, Pascal, Gassendi and 
Huygens were associated with the Académie ; Leibnitz 
was the moving spirit of the Berlin Academy. 

These foundations were under the patronage of 
reigning princes, who took a close and personal interest 
in their proceedings and were, indeed, adepts in their 
own right. The two Medicis, Ferdinand II and Leo- 
pold, had their own laboratories in Florence ; Charles II 
had a laboratory in Whitehall; the Paris Academi- 
cians met in a room of the Royal Library. An active 
correspondence took place between their members, and 
travellers of distinction had the honour of being invited 
to their deliberations. 

It must not be supposed that their interests were 
confined to the pure sciences. The early volumes of 
the Philosophical Transactions contain many references 
to technological matters, and the Académie des Sciences 
published some 20 volumes, giving fully illustrated 
accounts of the useful arts. It was largely through the 
influence of the Académie that the Conservatoire des 
Arts et Métiers, the first museum of science and tech- 
nology, was founded in Paris towards the end of the 
Eighteenth Century. 

This period of history is not without interest to the 
chemical engineer. It is true that not even a rudi- 
mentary chemical industry could be said then to exist, 
nor had chemistry itself been freed from the entangle- 
ments of alchemy. Some of the basic operations of 
chemical engineering, however, and some of its indis- 
pensable tools and equipment, formed the subject of 
earnest inquiry and experiment. 

By the end of the Sixteenth Century, such industries 
as there were had reached that stage of growth at 
which further progress was handicapped by the want 
ot sources of power to replace the horse and the primi- 
tive waterwheel ; and of materials of construction to 
enable the newly discovered principles of mechanics 
and hydraulics to be applied in more refined forms 
than had been possible up till then. For the time 
being, theory had far outstripped practice. 





* Presidential address to the Institution of Chemical 
Engineers, delivered in London on May 18, 1951. 
Abridged. 


Contemporary writings (among which must be 
included patent grants and specifications) contain 
abundant evidence of inventions which, owing to the 
lack of materials and tools, could not be incorporated 
in the industrial practice of those days. One remark- 
able éxample is that of the rotary pump, described and 
illustrated in a work published in Paris in 1588 and 
entitled Le Diverse et Artificiese Machine del Capitano 
Agostino Ramelli. Ramelli waz one of the distinguished 
band of military engineers which gathered about 
Leonardo da Vinci in his later days. 





One of the best illustrations of the difficulties 
engineers were meeting is afforded by the mining 
industry, which was becoming involved in deep mining 
operations on an ever-increasing scale. Improved 
methods of haulage, pumping and ventilating were 
badly needed, and many new devices were suggested 
and tried out. A number of these were described and 
illustrated in the first modern classic on technology, the 
De Re Metallica, compiled by Georgius Agricola (Bauer) 
in 1556. 

Somewhat similar problems faced the civil engineers, 
who had the task of providing increased and better 
water supplies for the rapidly growing capital cities of 
Europe. A variety of methods, in which great mech- 
anical ingenuity was employed,.were introduced for 
raising water. The water-works in Augsburg, which 
made use of the Archimedian screw, were famous in the 
late Sixteenth Century; in 1582, power-driven 
pumping machinery was installed under the arches of 
London Bridge; and, in 1608, a somewhat similar 
system was installed below the Pont Neuf in Paris, to 
supply the Louvre and the Tuileries. 

It is sometimes a matter of surprise that the applica- 
tions of the steam engine and the force pump for raising 
water were so long delayed. The early volumes of the 
Philosophical Transactions contain numerous references 
to successful demonstrations of models of these engines, 
but attempts to construct and operate large units were, 
for a long time, unsuccessful. The reasons for this are 
two-fold : machine tools were not available for accur- 
ately boring cylinders, and the skill in casting metals 
was not sufficient to enable pipelines to be constructed 
of adequate strength. 

The early history of cylinder construction is bound up 
with gunmaking and with the efforts of civil engineers 
to build force pumps and pipelines for the raising and 
distribution of water supplies. The first gunmakers 
borrowed their technique from the coopers and built 
guns like casks—a series of longitudinal bars, held 
together by iron hoops. When brass guns were intro- 
duced, they were bored by a hand-operated boring bit. 
There are surviving some interesting records of an 
ordnance factory established by Charles I at Vauxhall, 
and at one time in occupation by that picturesque 
character, the second Marquis of Worcester (1601-1667) 
and his associate, Caspar Calthoff, a Dutch mechanic of 
great skill. An inventory of the workshops, made in 
1645, contains the entry :* 

‘*]. In the great boring rooms, one mill for the boring 
of guns, two iron Spindles, one Truck, six Engines 
belonging to the Mill, one wooden engine, more not 
finished, two little Engines to hould barrells, one little 
engine to trie barrels whether they be right bored, 
one other little engine to turne wheeles for firelocks, 
one deale Chest, one modell for a water works and a 
woodden grate to the same, two iron holdfasts, one 
other little engine for boring uses, and wooden stools 
with three leggs, one Viceboard, one box full of iron 
shavings, one iron hooke to stringe crossbowes, with 
divers small poles belonging to the said roome.”’ 

In a small room next to the boring room there are 
found “‘ divers pieces of brasse for spindles to run in ”— 
an early reference to bearings—and “In the Cellar, 
three woodden frames to set beere upon, and one 
brazen cock to lett out Ye water into the river of 
Thames when the Cellar is overflowen.”’ 

The Marquis of Worcester is now best remembered, 
perhaps, as the author of a curious book entitled 
A Century of the Names and Scantlings of Inventions 
by me already Practiced (1663). He seems to have been 
a typical inventive genius, fertile of ideas, but without 
the practical faculty for working them out. There is, 
however, in his book a significant entry :— 

- “No. 68. An admirable and most forcible way to 
drive up water by fire, not by drawing or sucking it 
upwards, for that must be as the Philosopher calleth it, 
Intra spharram activitates, which is but at such a 
distance. But this way hath no Boundes, if the 
Vessels be strong enough ; For I have taken a piece of 
a whole Cannon, whereof the end was burst, and filled it 
three-quarters full of water, stopping and scruing up 
the broken end ; as also the Touch-hole ; and making 
a constant fire under it, within 24 hours it burst and 
made a great crack ; So that having a way to make my 
Vessels, so that they are strengthened by the force 





* Public Records Office, Land Revenue Enrolments, 
vol. 113, page 41; and The Engineer, vol. 128, page 
506 (1919). 








within them, and the one to fill after the other, I have 
seen the water run like a constant Fountaine-stream 
forty foot high: one Vessel of water rarified by fire 
driveth up to forty of cold water.” As in so many 
other instances, the author gives no details of the 
principles upon which this important claim is founded. 

Another interesting personality, known to all lovers 
of Pepys’ Diary, is Sir Samuel Morland (1625-1695), 
Master of Mechanicks to the King. We are, among 
other things, indebted to him for the first quantitative 
measurement of the relative volume of steam evapor- 
ated from a given volume of water, for data on the 
capacity of pipes, and for being the author of the first 
engineers’ pocket-book. 

A far more practical character than the Marquis of 
Worcester was his contemporary, Thomas Savery 
(1650-1716), a military engineer of inventive turn and 
considerable commercial acumen. Though his claims 
have been challenged, it must be conceded that he 
made considerable technical advances in pumping 
practice. A steam engine for pumping water out of 
mines was patented by him in 1698 and a working 
model was demonstrated to the Royal Society in the 
following year.* The practical application of his 
invention was retarded, however, by the difficulty of 
constructing a safe boiler and cylinder. 

“Captain Savery,” said a contemporary, “‘ made a 
great many experiments to bring this machine to 
perfection, and did erect several, which raised water 
very well for gentlemen’s seats ; but could not succeed 
for mines, or supplying town, where the water was to 
be raised very high and in great quantities ; for then 
the steam required being boiled up to such a strength, 
as to be ready~ to tear all the vessels to pieces . . . 
I have known Captain Savery at York-buildings make 
steam eight or ten times stronger than common air ; 
and then its heat was so great, that it would melt 
common soft solder; and its strength so great as to 
blow open several joints of his machine so that he 
was forced to be at the pains and charge to have all his 
joints soldered with spelter or hard solder.” Even so, 
the operation of a boiler constructed on this principle 
must have been extremely hazardous. 

Savery later employed Newcomen, who made sub- 
stantial improvements not only in the design of his 
engine but also in the methods of construction. In 
particular, he replaced the brass cylinders and lead 
pipes of the early engines by cast-iron cylinders and 
pipes, which he obtained from the famous ironworks 
at Coalbrookdale, in Shropshire. 

There is little doubt that it was at these works, then 
recently taken over by Abraham Darby, the first of a 
great dynasty of ironmasters, that the process of smelt- 
ing iron with mineral fuel was first successfully prac- 
tised.t By 1724, his works were largely engaged in 
the production of cast-iron cylinders, barrels and pipes 
for pumps. 

The next important advance in cylinder technique 
was due to John Wilkinson of the Bersham Iron Works, 
who, about 1775, introduced a method of boring by 
means of a long stiff cylindrical bar, mounted on bear- 
ings at each end and fitted with a cutter head which 
could be traversed along the barf. For many years, 
Wilkinson supplied all the cylinders used by Boulton 
and Watt. Improvements in the design of boring 
machines and other machine tools were rapid, and the 
availability of well cast and accurately bored cylinders 
lead to an immediate expansion in the use of steam 
power in industry. ; 

From the standpoint of the chemical engineer, the 
most important phase of this new application is to be 
found in salt and sugar-refining processes. Progress in 
the technology of these industries forms an interesting 
comparison, since both are largely concerned with the 
unit operation of evaporation. : 

During the period about which I am speaking, salt 
occupied an important position in the economy of this 
country ; not only was it an essential element in food 
preservation, but it was also an exportable product, 
in great demand in Europe and Asia. From the time 
of the Commonwealth until 1824, the salt tax was con- 
sidered by a succession of Chancellors as affording one 
of the most certain and easily collected sources of 
revenue ; it was steadily increased until, at the time 
of its abolition, it amounted to 15s. on a bushel of salt 
worth about sixpence. 

The best account of the technology of salt manu- 
facture in the early Eighteenth Century is contained 
in a remarkable work by William Brownrigg entitled 
The Art of Making Common Salt as now Practiced in 
Most Parts of the World; with Several Improvements 
Proposed in the Art, for the Use of the British Dominions 





* Phil. Trans., vol. 21, pages 189 and 228 (1699). 

+ “ Notes on Coalbrookdale and the Darbys,” by 
J. W. Hall. Trans. Newcomen Soc., vol. 5, page 1 
(1924-25). 

t “‘ The Early History of the Cylinder Boring Machine,”’ 
by E. A. Forwarp. Trans. Neuws»men Soc., voi. 5, 
page 24 (1924-25). 
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(London, 1748.) This book might serve in many 
respects as a model technological treatise in dealing, 
as it does, with the history of the industry, the chemical 
and physical processes involved in the manufacture, 
the design and lay-out of the plant, the method of 
operation, and suggested improvements. The author, 
William Brownrigg (1711-1800), was a medical practi- 
tioner, trained in London and Leyden, and practising 
in his native city of Whitehaven. He appears to have 
been an original and talented experimentalist and to 
have taken a t interest in local industries. The 
records of the Royal Society contain a number of his 
papers on the subject of the gaseous exhalations from 
coal mines; he was elected a Fellow in 1741 and 
received the Copley Medal in 1766. It is interesting to 
note that he had a supply of firedamp piped to his 
laboratory and used it for heating furnaces. 

Salt manufacture, as then practised in this country, 
consisted in evaporating brine in shallow flat-bottomed 
rectangular pans, sometimes as much as 20 ft. in length 
and 12 ft. in breadth. ‘“‘ The pan is placed over the 
furnace, being supported at the four corners by brick- 
work; but along the middle, and at the sides and 
ends, by round pillars of cast iron called taplins, which 
are placed at three feet distance from each other. . . 
By means of these pillars the heat of the fire penetrates 
equally to all parts of the bottom of the pan, its four 
corners only excepted. They are commonly made of 
plates of iron, joined together with nails, and the 
joints are filled with a strong cement. Within the pan 
five or six strong beams of iron are fixed to its opposite 
sides, at equal distances, parallel to each other and 
to the bottom of the pan, from which they are distant 
about eight inches. From these beams hang down 
strong iron hooks, which are linked to other hooks or 
clasps of iron firmly nailed to the bottom of the pan ; 
and thus the bottom of the pan is supported and 
prevented from — down or changing its figure.” 

The plates used to form the pans were of malleable 
iron, about 4 ft. 6 in. long, 1 ft. broad and one-third 
of an inch thick. To avoid corrosion, the sides of the 
pan were sometimes made of lead. The pans were 
contained in enclosed buildings, known as “ salterns,” 
provision being made for the escape of steam through 
openings in the roof. 

Brownrigg gives full details of the method of evapor- 
ation, including means for precipitating colloidal 
material, for removing insoluble carbonates and sul- 
phates, and for regulating the size and purity of the 
product. He also ape one interesting footnote, 
which indicates that fuel economy was beginning, even 
in those days, to roa A the attention of the salt 
manufacturers: ‘‘ At Blyth in Northumberland,” he 
wrote, “ besides the common salt pans, they have a 
preparing pan placed between two salt pans. 
The sea water being received into the preparing pan 
is there heated and in evaporated by the flame 
and heat conveyed under it through flues from the 
two furnaces of the salt pans. . various other 
contrivances have been invented to lessen the expense 
of fuel.” 

Heat conservation and fuel economy, though much 
in the minds of Eighteenth-Century technologists, made 
slow progress. Various tentative suggestions are to be 
found among the patent specifications of those days 
for utilising the sensible heat of the flue gases and the 
latent heat of the steam from the boiling pans. John 
Baker, for example, proposed, in 1764, to enclose salt 
pans completely and to pass the flue gases over the 
surface of the evaporating brine; and Daniel Scott 
and John Mackay patented (1772) an arrangement for 
constructing the pans in tiers, the upper ones being 
jacketed and heated by the steam from the lower ones. 
The application of the principle of multiple-effect 
evaporation, whereby the steam from the liquid 
evaporating in one pan could be used to boil the liquid 
in the succeeding pan, had to await the development of 
vacuum technique, owed primarily to the technologists 
of the sugar industry. 

Up to a point, the sugar industry followed much the 
same pattern as the salt industry in respect of evapora- 
tion technique. The “ equipage,” “ copper wall” or 
“Jamaica train” of the sugar refinery corresponded 
with the “ saltern ” and consisted usually of a battery 
of five boiling pans, heated by means of a furnace. 
The pans were of relatively small capacity and a 
stricter control of the rate of boiling was necessary 
than with brine, in view ot the danger of boiling over, 
with consequent fire hazard. No special arrangements 
for heat conservation and recovery appear to have 
been introduced until as late as 1785, when Thomas 
Ward proposed the use of double-bottomed or jacketed 
pans, heated by steam. 

The early years of the Nineteenth Century, from 
which may be said to date the birth of chemical engi- 
neering as a distinct technology, saw two big advances 
in evaporation technique, which established the basis 
for design of much of the plant in use to-day. The 
first was the introduction of steam heating by means 
of fixed coils immersed in the liquid; and an extension 
of this method by William Cleland (British Patent No. 


-| steam engine.” 





5520 of 1827) and Wetzel, whereby partly immersed 
coils were rotated and a crude form of film evaporation 
took place. The second was the invention of the 
vacuum pan with its ancillary equipment by Edward 
Charles Howard. 

Howard was a brother of the 12th Duke of Norfolk 
and was a chemist of some distinction. Through the 
influence of his father-in-law, a well-known London 

ar refiner, he was given the appointment of con- 
sultant to the West Indian Association of Merchants 
and Planters, and, during his short career, made contri- 
butions to the technology of refining of the utmost 
importance. His patent on vacuum evaporation 
(No. 3754, 1813) well deserves to be studied for its 
clear and comprehensive exposition of the principles 
of the process. In it he states: ‘‘ I do evaporate the 
same [cane juice] in closed vessels, heated by any 
means, but in preference by steam, and do make and 
keep up a vacuum more or less perfect in the said 
vessel, but by preference so perfect at the commence- 
ment of working as not to support more than one inch 
of mercury ; and of the various means by which this 
may be effected I do prefer and employ a pump with 
@ condenser for steam by injection, as is used in the 
He also gives details of the relation 
between pressure and boiling point, and of various 
devices for operating vacuum vessels. 

Vacuum evaporation was immediately adopted by 
the industry, and the records of Boulton and Watt* 
contain details of a number of refineries equipped by 
them with this type of plant; the royalties paid to 
Howard between 1813 and the year of his death, 1816, 
bear witness to the rapid exploitation of his invention. 

One of the most important aspects of Howard’s 
work is the stimulus it gave to the development of 
multiple-effect evaporation. Between 1825 and 1840, 
numerous crude forms of multiple effect were tried out, 
both in the sugar and salt industries. William Cleland, 
the inventor of the Cleland pan, is usually given the 
credit of having originated the idea ; but an examina- 
tion of his patent (No. 5394, 1826) indicates that he 
had only a very imperfect understanding of the relation 
between the various stages. Degrand,t Peoqueurt and 
Derosne§ produced rather more refined designs, but 
there is little doubt that the first efficient double-effect 
and triple-effect evaporators were the work of Norber 
Rillieux.|| Born in New Orleans in 1806, Rillieux was 
educated in Paris and, for some time, was a lecturer 
in mechanical engineering at the Ecole Centrale. 
During this period he began his studies of evaporation. 

He later returned to New Orleans, where, after 
several failures, he constructed and operated a large 
triple-effect evaporator. By the middle of the century, 
the process had been extensively adopted by the sugar 


‘| industry in the West Indies and in the Americas, and 


by the sugar-beet and salt industries in Europe. 
Rillieux returned to Europe, where he continued his 
work on evaporation; he died in Paris in his 89th 
year.]] 

The pestle and mortar, the flat stone, and the edge- 
runner mills date back to a remote antiquity. The 
three-roll mill is a comparatively modern product and 
its development is closely associated with the sugar 
industry ; it is said to have been invented by Pietro 
Speciale, Prefect of Sicily, in 1449. In its earlier 
forms, the rolls were constructed of wood and were 
mounted with their axes vertical, the centre roll being 
geared to the two outer ones. Iron-plated rolls were 
introduced in the beginning of the Seventeenth Century 
and later (1652) George Sitwell of Renishaw constructed 
rolls consisting of iron shells covering wooden cores. 

The horizontal three-roll mill first appears among a 
collection of drawings by John Smeaton, the inventor 
of the blowing cylinder, in possession of the Royal 
Society,** and one is known to have been constructed 
by John Collinge in 1794. Improvements, particularly 
in the design of the headstock, were made by Buchanan 
(1858) and Rousselot (1871).ft¢ The three-roll mill 
revolutionised the operations of grinding and crushing 
in many industries, and can be regarded as another 
development of the first importance to chemical 
engineers. 

I cannot close my brief survey of Eighteenth-Century 
technology without a reference to two individuals, 
John Stewart and John Roebuck, who, in different 
spheres, made important contributions to industrial 
practice. Stewart was an American who, for some 
obscure reason, was also known as Robert Rainey. 
He was associated for many years with the sugar 





* Boulton and Watt Collection, Birmingham Refer- | 


ence Library. 

t French Patent of April 15, 1833. 

t French Patent No. 6886, of 1834. 

§ English Patent No. 7082 of 1836. 

|| United States Patent No. 3237 (1843). 

9 Trans. Newcomen Society, vol. 22, page 12 (1941- 
42). 

** Trans. Roy. Soc., vol. 19, page 120 (1754). 

tt Trans. Newcomen Soc., vol. 21, page 7 (1940-41). 


industry, and, about the middle of the century, con- 
ceived the idea that the “‘ fire engine ” could be adapted 
to the driving of crushing rolls, steam from the evapor- 
ating train being used to operate the engine. He 
envisaged evaporating under pressures above atmo- 
spheric and generating power in condensing engines 
at about 5 lb. gauge.* He wrote feelingly of the 
intractability of mules, of which, he says, 30 were 
required for a factory making two tons of sugar a day. 

In 1777, he was in England and presented a paper 
(not printed) to the Royal Society on the application 
of the steam engine to machinery in general. Some 
record of his activities survive in the Minutes of the 
Jamaica Assembly, which, for December 23, 1770, 
contain the entry: ‘‘ An act to enable Robert Rainey, 
otherwise known as John Stewart, to carry into execu- 
tion his newly invented mill for grinding sugar canes 
with the power of a fire engine.” 

John Roebuck (1718-1794) is known to those . 
interested in the history of the iron and steel industry 
as one of the founders of the Carron Ironworks, but 
he also has claims to be considered as one of the first 
practising chemical engineers. Born in Sheffield in 
1718, he studied medicine at Edinburgh, where he 
came under the influence of J. Black and imbibed that 
love of experimental research which influenced his 
whole subsequent career. 

Roebuck practised medicine for a time in Birming- 
ham, but gradually became more and more associated 
with industrial problems and, in particular, with the 
applications of chemistry to industry. Working in 
his own laboratory, he was responsible for numerous 
improvements in the methods of refining gold and 
silver, and, as a consequence, was led to interest himself 
in the manufacture of vitriol. In 1746, he and his 
partner, Samuel Garbett, constructed the first lead 
house or chamber, and later (1749) built the first 
chamber acid factory at Prestonpans. The intro- 
duction of the lead house did for the heavy chemical 
industry what the vacuum pan did for the sugar and 
salt industries, and must rank with it as one of the 
major contributions to chemical technology of the 
Eighteenth Century. 

A manuscript by W. E. Sheffield of Birmingham 
(1771-1790), quoted by Guttman,} contains a full 
description of one of the earliest lead houses. He 
writes “‘ The lead house is 6 ft. wide in front at bottom, 
4 ft. broad from front to back, and raised or cast in 
the solid, without any soldering, 6 in. deep. The 
bottom is made of 9 lb. lead. Two sheets of milled 
lead, 34 lb. to the foot, are riveted together and 
joined one upon the other, each 4 ft. broad and 20 ft. 
long, and also joined with lead rivets to the bottom. 
Thus the ‘ house’ is 84 ft. long, 6 ft. high and 4 ft. 
wide. The top of the house is slightly convex, and 
fastened by ‘ breaking over the sides.’ In front and 
8 in. from the bottom is a round hole of 10 in. diameter 
closed by a lead stopper. The house stands in sand and 
is supported in a wooden frame.” 

In operating the lead house, successive charges of 
1 Ib. of a well-ground sulphur and nitre mixture, in the 
proportion of eight of the former to one of the latter, 
were ignited and burned for some two hours. The 
house contained initially 5 cwt. of water, which, after 
one month’s operation, became converted to an acid 
of specific gravity 1-25 (33-43 per cent. H,SO,). The 
dilute acid was subsequently evaporated in lead pans, 
6 ft. long by 2 ft. wide and 1 ft. deep, to a specific 
gravity of 1-5, when it was known as “ weak spirit of 
salt” or “ pickle,” or further to a specific gravity of 
2-0, which was the adopted standard of oil of vitriol. 

The adoption of the chamber process led to an 
immediate reduction in the price of acid and gave a 
tremendous impetus to the heavy chemical industry. 
By 1790, lead houses 20 ft. long by 11 ft. high were in 





use and, in 1820, there were 23 sulphuric-acid factories 
operating in England, seven of them in London. 

I have by no means exhausted the list of lesser 
worthies who, during the period immediately antecedent 
to the Industrial Revolution, made significant contribu- 
tions to science and technology; but, by making a 
selection from among those engaged in a wide variety 
of industries, I hope to have sufficiently emphasised 
the great, and sometimes quite unexpected, influence 
which discoveries of a minor character may exert on 
the direction and progress of industry in general. 





EXPERIMENTAL SHALE-OIL PLANT IN COLORADO.—The 
United States Bureau of Mines announce that they have 
placed a contract with the Blaw-Knox Construction 
Company, Pittsburgh, Pennsylvania, for a ‘‘ demon- 
stration-scale ” retort plant for the continuous extraction 
of oil from shale. The plant will be erected at Rifle, 
Colorado, and will have a capacity of 150 to 400 tons of 
shale daily. It is intended to extend the experience 
gained with a pilot plant, handling six tons a day, which 
was built to test the new “ gas combustion ” process, 
which utilises gas obtained from the shale itself. 





* English Patent No. 859 of 1766. 





+ Jl. Soc. Chem. Ind., vol. 20, page 5 (1901). 
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PACKAGING MACHINE FOR 
STOCKINGS. 


In recent years the practice of packing stockings in 
individual transparent envelopes has been widely 
adopted by the hosiery industry. Until this year it 
has been necessary to carry out the operation by hand ; 
but an automatic stocking-packing machine, known 
as the ‘“‘ Whitehall,” was demonstrated in public 
for the first time at the Second National Packaging 
Exhibition, held at Olympia in January this year. The 
machine, which is now in production, is being adopted 
by a number of British and Continental hosiery manu- 
facturers. The prototype machine has already been 
in service for more than a year in the factory of a hosiery 
firm who are co-operating with the constructors, Messrs. 
Strachan and Henshaw, Limited, Whitehall, Bristol, 
in the development of the machine ; it has been tested 
at speeds up to 35 packs a minute, although normally 
a running speed of 25 to 30 packs a minute is considered 
to be as high as the average operator can handle. It 
is estimated that the machine reduces packing costs 
to about one-third of hand packing. 

The actions of the machine, which are carried out 
by a combination of mechanical movements and 
suction, may be summarised briefly as follows: at 
one end of the machine a pair of stockings, already 
folded, is placed on a conveyor belt. As the stockings 
are detected by the machine, a Cellophane bag is 
extracted from a magazine, is opened by suction, and 
is conveyed to the filling station, where the stockings 
are inserted mechanically into the bag. The end of 
the bag is then folded and a sealing tab is applied. 
The sealed packages are delivered in piles of six at the 
other end of the machine. 

Photographs of the Whitehall stocking packer are 
reproduced in Figs. 1, 2 and 3, the latter two showing 
opposite sides of the machine with the aluminium side- 
guards and the Perspex cover removed to give access 
to the adjustable working parts, all of which are 
arranged on the outside of the framework. A 40-watt 
fluorescent lamp is housed in the bridge spanning 
the machine to facilitate setting and adjustment. The 
Perspex covers slide in grooves in the side panels and 
bridge. Most of the working parts are made of heat- 
treated magnesium castings. Cast-iron side frames 
supporting the mechanism are carried on a rigid cast- 
iron base, sufficiently deep in section to avoid flexing 
on an uneven floor. 

The machine operates on a three-phase electrical 
supply. A 3-h.p. B.T.H. commutator motor, at the 
delivery end of the machine, drives through a Y-belt 
and double spur reduction gear, thence through bevel 
gears to two longitudinal camshafts. The cams, of 
flame-hardened Meehanite, operate rocker levers on 
two rocker shafts below the cam shafts. The rocker 
levers actuate the various mechanical motions through 
extruded magnesium push-rods, fitted with hardened- 
steel ball joints at each end. The main drive shafts 
are carried in ball or roller bearings, the principal cam 
rollers being carried in ball bearings. The minor 
pivots are either self-lubricating bronze bushes or 
hardened-steel ball joints ; it will be appreciated that 
the extensive use of magnesium parts in the sliding 
motions tends to keep the bearing loads light. Below 
the feed table is a Northey suction pump driven by a 
l-h.p. Crompton Parkinson motor. Special measures 
have been taken to attain a low noise level: the pump 
and motor unit is carried on Silentbloc mountings and 
is enclosed by a Burgess acoustic cover. A double 
silencer is fitted to the exhaust, and rubber coupling 
pipes are used. 

Two machine operators are required, one to feed the 
stockings at’ the right-hand end of the machine as 
viewed in Fig. 1, and the other to receive the packaged 
stockings which emerge in piles of six from the delivery 
end. The stockings arrive at the machine folded in 
pairs, as is customary in hand-packing, to a length of 
just over 9 in.; the feed operator places them, during 
a stationary period, on an intermittently-moving twin- 
belt conveyor, which is driven through a Geneva motion 
and a spur-gear train from the main-drive bevel cross 
shaft. The stockings pass into the machine at ap- 
proximately 9-in. intervals, and are “ detected” by a 
cam-operated pad, the motion of which is obstructed 
by the stockings. If, however, the feed operator has 
“missed” and there are no stockings present, the 
detector is able to complete its full stroke and in so 
doing it operates a valve in the suction system and 
thereby alters the setting of a pin-wheel which controls 
the sequence of the actions. The detector has a range 
of adjustment which enables both the finest Nylon 
stockings and stockings } in. thick when folded to be 
detected. : 

The Cellophane bags are placed with their edges 
vertical in a magazine, with a capacity of 500. The 
magazine is mounted on arms which can be swung 
forward through the end aperture for loading. The bags 
are fed into the machine only when a pair of stockings 





is detected; two suction pads grip the bottom cornere 
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of the leading bag and draw it from the magazine, | 
the rest of the bags being retained by clamps. The | 


suction head is rotated through 90 deg. by a push-rod | |* 


operated quadrant, to the position shown on the right | 
of Fig. 2, and presents the bag to a second suction 
head, which is pivoted about a longitudinal horizontal 
axis. The second suction head carries two suction 
boxes which close on each side of the bag and are then 
moved apart: by a cam as the head swings to the loading 
position, opening the mouth of the bag; further 
rotation of the suction head causes curved parts to 
enter the mouth of the bag to form guides for the 
stocking during the filling operation. After turning 
through 180 deg., the second head finishes with the 
open bag held vertically downwards, its mouth over 
the gap between the twin feed belts on which a pair 
of stockings lies ready for insertion. 

A vertical stainless-steel plate is housed below the 
feed belts on a carriage travelling on vertical double 
rack-and-pinion tracks ; when the stockings arrive at 
the loading position, this carriage, which is shown in 
Fig. 6, is propelled upwards by the rocker mechanism 
and the vertical plate rises through the gap between 
the belts, lifting the stockings, which drape over the 
plate, into the bag. At the end of its stroke, the plate 
lifts the bag from the suction boxes, thereby ensuring 
that the stocking is right up to the end of the bag, 
into jaws which are tripped by the final movement 
of the plate. The jaws grip the stockings through 
a gap in the feed plate, which then withdraws. The 
jaws are attached to a carriage, which now rotates 
through 90 deg. and transfers the pack on to a hori- 
zontal traversing carriagy which moves about 10 in. 
towards the delivery end of the machine, passing 
between a pair of rocker-operated blades which fold the 
open end of the bag upwards. The bag, which is 
carried on a transfer plate mounted on rollers, is then 
traversed towards the centre-line of the machine 
through suitable guides which finally form the fold ; 
as the transfer plate withdraws, the sealing-tab appli- 
cator operates, as shown in Fig. 4, and retains the 
package until the transfer plate is clear. 

The sealing tab consists of a short strip of 1}-in. 
wide adhesive Cellophane tape which fixes a strip of 





non-adhesive tape to the fold of the bag. Each tape is | 
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PaRTLY-ASSEMBLED MACHINE, SHOWING 
INSERTION MECHANISM. 


lighting-up of an indicator lamp, the entire tab-feeding 
unit can be swung sideways for loading the reels of tape. 
The two tapes pass around a common guide roll and 
are held there by suction except during the actual tab- 
feeding movement when the two tapes are advanced by 
rotation of the reels; a knife then cuts the tab with a 
scissors action and it is picked up by a traversing suction 
arm and applied to the folded flap of the bag. The 
motions of the two reels and the guide roll, the suction 
valve, the knife and the traversing arm are all controlled 
by a linkage within the tab-feeding unit from a single 
push-rod and rocker movement. 

To deliver the package the right way up for “ box- 
ing,” the guide in which it is supported rotates through 
about 125 deg. and presents the pack to a delivery 
gripper which reciprocates up and down the inclined 
track which can be seen at the right of Figs. 1 and 3, 
and at the left of Fig. 2. The first part of the upward 
movement is fairly rapid, to withdraw the pack from 
its carrier as soon as possible, but after that the motion 
slows down to a uniform low speed. During the latter 
part of its travel the gripper is tripped and the packet 


carried on a reel on the tab-feeding unit, as may be | falls on to the delivery belt, which moves forward only 
seen in Fig. 4. When the machine is at rest with the | when a stocking has been detected. The position at 
mechanism at a certain position, indicated by the | which the gripper is tripped is progressively shifted 








PackaGE DELIVERY MECHANISM. 


| by a second travelling carriage which carries the trip- 
| ping cam, shown at the top of Fig. 5, in such a way 
that six packs are delivered in a pile; the second 
carriage then returns rapidly to its original position 
and the cycle is repeated. The traversing of the 
second carriage is carried out by a clutch-controlled 
cam and spring-loaded rocker mechanism. The cam, 
which is driven through a reduction gear, performs 
one-sixth of a revolution for each revolution of the 
driven member of the clutch, which is engaged only 
when a pair of stockings has been detected; the 
clutch also controls the movement of the delivery belt. 

The pinwheel which controls the sequence of opera- 
tions is driven at one-fifth camshaft speed. It can be 
seen on the left of Fig. 2. It carries five pins operating 
successively the levers actuating the valves which 
control the suction to the first and second suction 
heads, a catch which restrains the motion of the 
rocker operating the feed tab unit, and the clutch 
mechanism driving the delivery stacker. When, 
however, the absence of a pair of stockings is detected 
by the cam-operated pad, a pin is displaced sideways 
by the action of a suction cylinder so that it no longer 
actuates the various mechanisms. 

The main panel for the electrical equipment, below 
the delivery table, can be inspected by removing an 
aluminium cover retained by spring clips. It contains 
the reversing contactors for the main motor (which 
is fitted with an Igranic “ plugging ” relay for bringing 
it quickly to rest), and for the pilot motor which 
alters the setting of the brush gear of the main motor ; 
the pump-motor contactor ; the relay for the control 
circuits; and the transformer and choke for the 
40-watt fluorescent lamp. 

There are, in effect, two control circuits allowing 
“inching” or “running.” The main selector switch 
has four positions, “ off,’ “ r 





inch,” “run” and a 
position for testing. In the off position, everything 
in the panel is isolated and no “live ” metal is acces- 
sible when the panel isopened. In the “ run ” position, 
the machine is protécted against the effects of misfeeds 
of bags or stockings by six automatic trip circuits ; 
operation of the “‘ run” pushbutton actuates the pilot- 
motor speed-up gear, which sets the main brush gear 
so that the motor runs up to a pre-set speed controlled 
by an adjustable limit switch. Should one of the 
trip circuits stop the machine, the motor will be auto- 





matically restored to the bottom-speed setting. It is 
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then no longer possible to operate the machine by the 
“run” push-button, but by operating one of the 
“inch ”’ push-buttons, provided on each side of the 
machine, the operator can “‘inch” the machine to 
remove the cause of the trouble. When inching, the 
automatic trip circuits and the brush-gear pilot motor 
are isolated, and the machine can be inched only at 
the lowest speed of about 10 packs per minute. In the 
“inch” position of the selector switch the “run” 
button is isolated, and the machine can be inched 
only, giving greater safety for the operator when 
adjustment is necessary. In both the “run” and 
“inch” settings, a low-speed interlocking mechanism 
ensures that the main motor cannot be started unless 
the brush gear is in the low-speed setting. 

The automatic trip circuits each comprise a timing 
switch operated by a cam on the main drive shaft, 
which breaks the control circuit of the driving-motor 
contactor ; the timing switches can be seen at the left 
of Fig. 2. In parallel with the six timing switches are 
micro-switches which must be closed at the instant 
the timing switches are opened if the machine is to 
continue running normally. The first and second 
suction heads each operate two micro-switches in 
parallel with their timing switches, one operated by a 
suction diaphragm and one on the link operating the 
suction valve ; the second switch covers the legitimate 
inaction of the suction micro-switch when no stockings 
are in the machine. Two further trip circuits are con- 
trolled by mechanically-operated micro-switches on the 
bag-folding motions; one is operated by a suction 
diaphragm on the tab-feed unit. Finally, a master 
switch is operated by the delivery gripper in the 
absence of a package. 

With the selector switch set for testing, the pump- 
motor contactor is isolated so that the machine can 
be run without vacuum. Six testing switches are 
fitted in the back of the panel for isolating the trip 
circuits individually ; another switch isolates all the 
trip circuits from the three-phase supply, but connects 
them to the transformer so that they may be tested on 
: single-phase supply in conjunction with an indicating 
amp. 





TRADE PUBLICATIONS. 


Crucible Furnaces.—A leafiet illustrating and describing 
their lift-out oil or gas-fired crucible furnace, designated 
F.D. 5, has been issued by the Morgan Crucible Co., Ltd., 
Battersea Church-road, London, 8.W.11. The furnace 
is in four sizes, the crucible capacity for melting brass 
being 30 Ib. to 50 Ib., 60 Ib. to 120 Ib., 150 Ib. to 200 Ib., 
and 250 lb. to 350 Ib. . 

Welded Roof Trusses.—The Constructional Design 
Department of the Quasi-Arc Co., Ltd., Bilston, Stafford- 
shire, have produced a useful brochure entitled ‘‘ Welded 
Roof Trusses,” the first of a series of brochures on 
welded structures which the firm have in hand. The 
series is being produced to supply the demand for 
information on the subject received by the department 
in the past few years; in particular, as a result of the 
courses of lectures for designers given by the department 
in London and Bilston. 








200-H.P. DIESEL SHUNTING LOCO- 
MOTIVE WITH VOITH HYDRAULIC 
TRANSMISSION. 


In an article which appeared on page 720, in our 
issue of June 15, 1951, the application of the Voith 
hydraulic transmission to a Diesel mine locomotive 
was described, and it was indicated that the North 
British Locomotive Company, Limited, 110, Fleming- 
ton-street, Springburn, Glasgow, N., having been 
granted the manufacturing rights in this country, were 
arranging to build transmission units of this type 
up to 1,500 h.p. They have recently completed the 
first two of a range of Diesel-hydraulic locomotives 
for industrial and railway shunting duties, one of which 
is shown in Fig. 1, herewith. The North British Loco- 
motive Company are using one themselves and the 
other is in use at the Corby works of Messrs. Stewarts 
and Lloyds, Limited. The principle of the transmis- 
sion system is basically similar to that used on the 
mine locomotive, but there are two fluid couplings 
instead of one. 

The new design is rated at 200 h.p. and employs 
an 0-4-0 wheel arrangement with a short wheelbase. 
The locomotive weighs 32 tons and is intended for 
general yard and railway duties. The Voith trans- 
mission unit, including the final drive and reverse 
gearbox, enables the driver’s controls to be limited to a 
throttle, a reverse lever and a brake, changing from 
one hydraulic circuit to the next being automatic, 
both for acceleration and deceleration. The unit is 
the type L 33y, in which there are three hydraulic 
circuits: a torque converter for starting and low 
speeds, and two fluid couplings, one for the medium 
speed range and one for the high range. In each circuit 
the input shaft drives an impeller which acts as a 
pump, imparting energy to the oil in the circuit and 
driving a runner which is geared to the output shaft. 
As the locomotive gathers speed, the action of the 
governor is to fill the first coupling and empty the 
converter at a predetermined track speed. At a higher 
predetermined speed, the governor directs the oil 
into the second coupling and empties the first coupling. 
If greater resistance is encountered, as when ascending 
a gradient, the governor causes a change from the 
second coupling to the first. Smooth application of 
power is therefore wailable under any load, and shock 
cannot be transmitted to the Diesel engine. 

The power unit of the locomotive is a type-6RPH 
six-cylinder in-line four-stroke engine made by Messrs. 
Davey, Paxman and Company, Limited, Colchester. 
It has a continuous rating of 200 h.p. at 1,000 r.p.m. ; 
the cylinder bore is 7 in. and the stroke is 77 in. The 
combustion system is the Ricardo Comet Mark III. 
The crankcase is a one-piece casting which carries the 
crankshaft in underslung bearings. The cylinder 
liners are dry, and are chromium-plated for om» 
life, and the pistons are heat-treated “ Y ”-alloy 
castings. The C.A.V. fuel pump and injectors are 
controlled by a Paxman hydraulic governor throughout 
the engine speed range. The engine lubricating oil 
pressure is used to operate the fuel-pump control, 
so that, in the event of a pressure failure, the engine 
is automatically shut down. 
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The main frames are built up as a welded structure 
of heavy-section steel plates. Ample access to the 
engine compartment is provided by doors on each side 
of the superstructure, which is removable in parts or 
as a unit for repair work. The fuel tank is in the roof 
of this compartment and the fuel oil flows by gravity to 
a gear pump, which ensures a constant flow to the 
injection pumps. Driving controls, comprising throttle 
and brake, are duplicated on each side of the cab. An 
air compressor is belt-driven by the engine and supplies 
low-pressure air for the brakes, sanding and horn. 
A 24-volt battery is charged by an engine-driven 
dynamo through a regulator and cut-out, and the 
engine is started by a C.A.V. electric starter motor. 
The engine start and stop controls are combined in a 
single lever. The radiator cooling system includes 
a section in which heat from the transmission oil is 
dissipated. The overall length of the locomotive 
23 ft. 54 in. over buffers) has been kept as short as 
possible to reduce the overhang of the buffers, and the 
short wheelbase (6 ft.) allows it to traverse very sharp 
curves. Independent laminated springs are used. 
Other dimensions .and particulars of the locomotive 
are: wheel diameter, 3 ft. 6 in.; tractive effort, 
21,500 lb.; maximum speed, 12 m.p.h.; minimum 
radius of curve, 75 ft.; and fuel-oil capacity, 155 
gallons. 








RADAR FOR BRITISH RAILWAYS’ VESSELS.—AIl .sea- 
going vessels, passenger and cargo, belonging to the 
British Railways fleet, will shortiy be fitted with radar 
as an additional] aid to navigation. At present, 42 vessels, 
covering most of the principal passenger routes, are 
equipped, and a further 31, mainly cargo ships, are now 
to be fitted. 

INTERNATIONAL ACTION TO REDUCE ACCIDENTS AT 
LEVEL CROSSINGS.—A working party of the United 
Nations Economic Commission for Europe has urged 
the elimination of level crossings on railways where 
traffic is heavy or visibility is poor. In 1949, level- 
crossing accidents in 14 European countries totalled 
4,500, and resulted in the loss of over 500 lives and over 
600 cases of serious injury. 

REGULATIONS ON WoRKS TRUCKS.—Certain amend- 
ments to the Motor Vehicles (Construction and Use) 
Regulations, 1947, came into force on July 16, under 
Regulations made by the Minister of Transport. They 
permit the limited use of works trucks between, for 
example, neighbouring factory premises; introduce 
minor relaxations in respect of pedestrian-controlled 
vehicles (such as hand-operated electric milk floats) and 
road-sweeping vehicles; authorise the drawing of 
certain trailers of up to 45 ewt. total weight (instead of 
40 ewt. as at present) without an attendant; and 
revoke the requirement that the size of tyre must be 
marked on the wheels of heavy motor cars. Copies of the 
Regulations, which are entitled The Motor Vehicles 
(Construction and Use) (Amendment) (No. 2) Regulations, 
1951, can be obtained from H.M. Stationery Office, price 
3d. 
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CONFERENCE ON HEAT TRANSFER. 


MopERN developments in the mechanism of the 
transference of heat and in the design of apparatus con- 
structed for such purposes will be discussed at a 
conference to be held in London on Tuesday, Wednes- 
day and Thursday, September 11, 12 and 13, at the 
Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, 8.W.1, and at Caxton Hall, Caxton- 
street, Victoria-street, S.W.1. The arrangements for 
the conference are being made by the Institution 
of Mechanical Engineers and the American Society 
of Mechanical Engineers, with whom some 30 British, 
Commonwealth and European technical societies 
are co-operating. The programme contains approxi- 
mately 100 papers, which will be presented in abstract, 
to allow the maximum amount of time for discussions. 

The conference will open at 10 a.m. on Tuesday, 
September 11, at Caxton Hall. The opening ceremony 
will be followed immediately, between 10.15 a.m. and 
12.30 p.m., by Session I, on “ Heat Transfer with 
Change of State.” Session II, on “ Heat Transfer 
Between Fluids and Surfaces,” will take place on 
the afternoon of the same day, from 2 p.m. to 4.30 p.m. ; 
and in the evening, from 8 p.m. to 11.15 p.m., a recep- 
tion and conversazione will be held at the Science 
Museum, South Kensington, S.W.7, for members of the 
Conference and of participating societies. 

Session III, on ‘* Conduction in Solids and Fluids,” 
will be held on the morning of Wednesday, September 
12, from 10 a.m. to 12.30 p.m. The afternoon will be 
devoted to Session IV, on ‘“‘ Radiation, Instrumenta- 
tion, Measurement Techniques, and Analogies,” from 
2 p.m. to 4.30 p.m. 

A James Clayton Lecture will be delivered by 
Professor A. P. Colburn, head of the Chemical Engin- 
eering Division of the University of Delaware, Newark, 
New Jersey, U.S.A., on the Wednesday evening, com- 
mencing at 8.30 p.m. Session V will deal with special 
problems, such as heat transfer in turbine-blade cooling, 
liquid metals, gas turbines, piston engines, and the 
mercury boiler. It will be held, from 10 a.m. to 12.30 
p-m., on Thursday, September 13, and will be followed, 
in the afternoon of that day, at 2 p.m., by the final 
technical session. This, like the opening session, will 
be held at Caxton Hall. On the Thursday evening, at 
7 for 7.30 p.m., a dinner will be held at St. Ermin’s 
Hotel, Caxton-street, S.W.1, for members of the 
Conference and of participating societies. This function 
will be open to men only. 

Preprints of the papers will be available, some time 
before the commencement of the Conference, at 15s. a 
complete set. Bound volumes of the Conference pro- 
ceedings, including the discussions, will be obtainable 
in due course. If ordered in advance, together with 
a set of preprints, the combined price will be 2/. 12s. ; 
but bound volumes of the proceedings will be available 
after the Conference at a cost of 2. 5s. Applications 
for tickets to attend the Conference, or for preprints or 
volumes of the proceedings, should be made to the 
secretary, Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, London, 8.W.1. The address 
of the American Society of Mechanical Engineers is 
29, West 39th-street, New York 18, U.S.A. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ CALLISTO.”—Single-screw cargo vessel, built by 
Short Brothers, Ltd., Sunderland, for the N. V. Maat- 
schappij Zeevaart, Rotterdam. Main dimensions: 
435 ft. between perpendiculars by 58 ft. 9 in. beam, and 
38 ft. depth to shelter deck; deadweight, about 10,320 
tons on a draught of 25 ft. 11 in. N.E.M.-Doxford 
four-cylinder opposed-piston oil engine developing 
3,300 b.h.p. at 109 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Speed, about 12} knots. Trial trip, 
June 29. 

M.S. “* BLus Haze II.’’—Single-screw trawler, built by 
John Lewis & Sons, Ltd., Aberdeen, for Job Brothers & 
Co., Ltd., St. John’s, Newfoundland. Third vessel of a 
series of four. Main dimensions: 120 ft. between 
perpendiculars by 25 ft. by 12 ft. 6in. ; fishroom capacity, 
7,000 cub. ft.; gross tonnage, about 300. Mirrlees six- 
cylinder direct-drive and reversing oil engine, developing 
650 b.b.p. at 250 r.¢.m., constructed by Mirrlees, 
Bickerton and Day, Ltd. Steckport, Cheshire. Speed in 
service, 114 knots. Launch, July 5. 

M.S. ‘“ Kapoura.”—Twin-screw cargo vessel for 
transporting bananas, carrying twelve passengers, built 
by J. Samuel White & Co., Ltd., Cowes, Isle of Wight, for 
the Chargeurs Réunis, Cie. Frangaise de Navigation & 
Vapeur, Paris. Main dimensions: 328 ft. between 
perpendiculars, 50 ft. 6 in. beam, and by 32 ft. 9} in. 
depth to upper deck ; deadweight, 2,520 tonson a draught 
of 20 ft. 8 in. ; gross tonnage 3,650. Two eight-cylinder 
single-acting two-stroke Diesel engines, constructed by 
Burmeister & Wain, Copenhagen, developing a total of 
6,500 b.h.p. at 165 r.p.m. Speed, 17 knots. Launch, 
July 5. 





THE BRITISH ASSOCIATION 
MEETING AT EDINBURGH. 


As announced previously in our columns, the British 
Association for the Advancement of Science is holding 
its meeting this year in Edinburgh under the presidency 
of H.R.H. The Duke of Edinburgh, K.G., F.R.S. This 
is the sixth occasion on which the Scottish capital has 
been selected as the meeting place—the last was in 
1921—and the Duke is the third member of the Royal 
Family to have presided. At the first general assembly 
of the members, to be held in the McEwan Hall on the 
evening of Wednesday, August 8, His Royal Highness 
will receive the honorary degree of Doctor of Laws 
from the University of Edinburgh and, later, will 
deliver his presidential address on “The British 
Contribution to Science and Technology in the Past 
Hundred Years.” Owing to the limited accommoda- 
tion at the McEwan Hall, arrangements have been 
made to transmit the whole of the proceedings by 
television to the Usher Hall, Lothian-road, where the 
audience will be able to see the proceedings on a screen 
measuring 16 ft. by 12 ft. This will be the first occasion 
on which the Association has made use of television in 
this way and will be the first demonstration in the 
North of large-screen television employing a radio 
link between the transmitter and receiver. The Usher 
Hall accommodates over 2,000 persons, and the audience 
there is expected to be the largest ever to view tele- 
vision on a large screen. The arrangements are in the 
hands of Messrs. Cinema Television, Limited, Worsley 
Bridge-road, London, S.E.26. The whole of the 
President’s address will also be broadcast on the Home 
Service of the British Broadcasting Corporation. 

The meetings of the various sections begin on the 
morning of Thursday, August 9, and Section G 
(Engineering), with which we shall be mainly concerned, 
will meet in the Heriot-Watt College, Chambers-street. 
The President of the section this year is Sir Claude Gibb, 
C.B.E., F.R.S., whose address, on Friday, August 10, 
will be on the subject “‘Two Thousand Years of 
Engineering.”” In accordance with previous practice, 
the proceedings will be conducted in two sessions, 
running, for the most part, concurrently. On the 
Thursday morning, Session A will have a paper by 
Dr. A. Alan Taylor on “‘ The Use of High-Ash Coals in 
the Electricity Supply Industry,” followed by one by 
Mr. W. G. Marskell on “‘ The Design of Large Boiler 
Plant for Using High-Ash Coal.” In Session B, at the 
same time, Mr. T. A. L. Paton will be speaking on 
“* Hydro-Electric Schemes—Modern Trends in Civil 
Engineering.”’ and will be followed by Mr. R. W. Weekes 
and Mr. A. Feiner on ‘‘ Water Turbines for Hydro- 
Electric Projects.” After the President’s address on 
Friday morning, Mr. A. G. Curr will speak to the 
combined sessions on “ Printing,” an industry with 
which Edinburgh has many associations. There will 
be no formal sessions on Saturday, August 11 ; instead, 
excursions have been arranged to the North of Scotland 
hydro-electric scheme at Loch Sloy and to the 
Exhibition of Industrial Power in Glasgow. 

When the meetings resume on Monday, August 13, 
Session A will hear a paper by Mr. C. E. Iliffe on 
“ Recent Developments in the Methods of Proportioning 
Contra-Flow Heat Exchange Apparatus ” and one by 
Mr. A. Hampson on “‘ Heat Transfer During Condensa- 
tion of Steam” while Session B is addressed by Mr. 
T. G. N. Haldane on ‘ The Development of High- 
Voltage Power Transmission with Particular Reference 
to Hydro-Electric Projects” and by Mr. T. Lawrie on 
“Electrical Aspects of Modern Hydro-Electric 
Development in Scotland.” Following a programme of 
visits to industrial undertakings in the city and to the 
University’s engineering department in the afternoon of 
the same day, members of Section G will be the guests 
of the Governors of the Heriot-Watt College at a 
Conversazione there in the evening. 

Tuesday, August 14, is the last day on which meetings 
of the Engineering Section will be held. In the 
morning, there will be a joint discussion with Section B 
(Chemistry) on “‘ Metals and Alloys,” under the chair- 
manship of Sir Andrew McCance. Dr. F. D. Richardson 
will deliver a paper on ‘‘ The Chemistry of Metal 
Extraction,” Professor A. H. Cottrell will discuss ‘‘ The 
Strength of Metals,” Professor A. G. Quarrell will talk 
about ‘‘ Modern Alloys,” and Mr. T. S. Robertson will 
speak on “‘ Brittle Fracture of Mild Steel.” The other 
session will consist of a series of papers by young 
engineers. The speakers and their subjects will be: 
Dr. A. L. Cullen on “‘ The Measurement of Microwave 
Power by Radiation Pressure ” ; Dr. A. H. Chilver on 
“Some Features of the Behaviour of Thin-Walled 
Structural Members in Compression” ; “ A Theory of 
Imperfection for the Vibrations of Elastic Bodies of 
Revolution ” by Dr. S. A. Tobias ; ‘‘ Cantilever Sheet 
Piling of Cohesionless Soil” by Dr. P. W. Rowe; 
Mr. J. D. Lawson on ‘‘ A Note on the Construction of, 
and Preliminary Experiments on, a Model of Aberdeen 
Harbour”; and Mr. Peter Clarkson on ‘“ Heat- 
Treated Concrete.” The customary programme of 





daily afternoon visits to engineering works and places 
of technical interest has been arranged. The Recorder 
for Section G is Professor W. F. Cassie, King’s College, 
Newcastle-upon-Tyne, and the secretaries are Mr. 
E. C. Cherry and Mr. D. H. McPherson. The local 
secretaries are Mr. J. D. Rebson and Dr. G. B. 
Warburton. 





BOOKS RECEIVED. 


Ministry of Transport. Notes on the Public Utilities 
Street Works Act, 1950. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 1s. 6d. net.) 

Ministry of Transport. Railway Accidents. Report on 
the Derailment which Occurred on 20th December, 1950, 
at Greenford in the Western Region British Railways. 
[Price 6d. net.] Report on the Collision which Occurred 
on 10th January 1951 at Alloa Junction in the Scottish 
Region British Railways. [Price 6d. net.] H.M. 
Stationery Office, Kingsway, London, W.C.2. 

Fourth Empire Mining and Metallurgical Congress, 1949, 
Proceedings. Parts One and Two, in two volumes, 
Edited by F. HigHam. Offices of the Congress, 436, 
Salisbury House, Finsbury-circus, London, E.C.2, 
[Price, each volume, 20s.] 

United States National Bureau of Standards. Circular No. 
508. Reference Tables for Thermocouples. By HENRY 
SHENKER, JOHN I. LAURITZEN, JR., and ROBERT J. 
CorrvuccInI. The Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, 
D.C., U.S.A. [Price 35 cents.] 

Applied Mechanics for Engineers. By PROFESSOR SIR 
CHARLES INGLIS. Cambridge University Press, Bent- 
ley House, 200, Euston-road, London, N.W.1. [Price 
42s. net.) 

Advanced Strength of Materials. By D. A. R. CLARK. 
Blackie and Son, Limited, 16-18, William IV-street, 
London, W.C.2. [Price 35s. net.] 

Steam Turbine Theory and Practice. By PROFESSOR 
WituiamM J. KEARTON. Sixth edition. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 35s. net.] 

Foundry Practice. By WILLIAM H. SALMON and ERIC N. 
Srmmons. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 30s. net.] 

The Wonderful Story of British Industry. Ward, Lock 
and Company, Limited, 6, Chancery-lane, London, 
W.C.2. [Price 15s. net.] 

East Coast Route. By GEORGE Dow. The Locomotive 
Publishing Company, Limited, 88, Horseferry-road, 
London, 8.W.1. [Price 7s. 6d.] 

The First Hundred Road Motors. By R. W. KIDNER. 
The Oakwood Press, Tanglewood, South Godstone, 
Surrey. [Price 9s. net.] 

Grenzschicht-Theorie. By PROFESSOR HERMANN SCHLICH- 
TING. Verlag G. Braun, Karl-Friedrich-Strasse 14, 
Karlsruhe, Germany. [Price 42-80 D.M. in cardboard 
covers, 45 D.M. cloth bound.) 

Strassenbautechnik der Geyenwart. By PROFESSOR 
DANIEL BouTetT. Verlag Leemann, Stockerstrasse 64, 
Ziirich, Switzerland. [Price 66 Swifk francs.] 

Ministry of Civil Aviation. Civil Aircraft Accident. 
Report of the Court Investigation on the Accident to 
Dakota G-AGIW on 17th October, 1950. H.M. Station- 
ery Office, Kingsway, London, W.C.2. [Price 1s. 3d. 
net.] 

United States National Bureau of Standards. Applied 
Mathematics Series 7. Tables to Facilitate Sequential 
t-Tests. The Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C. 
U.S.A. [Price 45 cents.] 

The Colliery Year Book and Coal Trades Directory, 1951. 
The Louis Cassier Company, Limited, Dorset House, 
Stamford-street, London, S.E.1. [Price 30s. net.] 

Die-Casting Dies. Part Three. Examples of Safety 
Devices—Core Operating Mechanisms—The Use of 
Collapsible Cores. Machinery’s Yellow Back Series 
No. 4E. The Machinery Publishing Company, 
Limited, National House, West-street, Brighton, 1. 
[Price 3s. 6d.] 

Cofferdams. By LAZARUS WHITE and EDMUND ASTLEY 
PRENTIS. Second revised and enlarged edition. 
Columbia University Press, Morningside Heights, 
New York 27, U.S.A. [Price 10 dols.]; and Oxford 
University Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 63s. net.] 

Alkali, &c., Works Regulation Act, 1906, and Alkali éc., 
Works Orders, 1928-1950. Eighty-Seventh Annual 
Report on Alkali, &c., Works, by the Chief Inspectors. 
Proceedings During the Year 1950. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. 9d. net.) 

Engineering College Research Council of the American 
Society for Engineering Education. University Research 
Potential. A Survey of the Resources for Scientific and 
Engineering Research in American Colleges and 
Universities. The Secretary of the Engineering Col- 
lege Research Council, 77, Massachusetts-avenue, 
Cambridge 39, Massachusetts, U.S.A. 
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CEMENT WORKS AT 
SHOREHAM-BY-SEA. 


For over 80 years cement has been manufac- 
tured at Beeding, near Shoreham-by-Sea, on the 
South Downs of Sussex, on a site lying between the 
Shoreham-Steyning road and the river Adur. 
After the second World War, the British Portland 
Cement Manufacturers, Limited, who operate the 
Beeding works, decided to increase the scale of 
their activities in this area, and early this year the 
new Shoreham plant commenced work. Figs. 1 








Fia. 1. 





Fic. 2. Packtna PLant 


and 2 are aerial views of the new cement works. 
The layout and many of the constructional details 
of the plant have been designed by the Company's 
engineering department to ensure easy mainten- 
ance and reliability of the equipment so that the 
kilns can be kept running continuously for at least 
95 per cent. of the year, which is essential for the 
economic production of cement. The new works 
is highly mechanised, with an elaborate system of 
conveyors, the main contractors for the mechanical- 
handling plant being the Mitchell Engineering 
Company, Limited ; special precautions have been 
taken to suppress dust, and in this respect, as 
well as in the efficiency of the general layout, 


plant has been laid out largely in the quarry formed 


AERIAL Vimw oF WoRKs. 


the new works is far in advance of older installa- 
tions. 

The main civil-engineering work involved in the 
extension at Shoreham was carried out, to the 
design of the consulting engineers, Oscar Faber and 
Partners, Limited, by John Laing and Son, Limited, 
and Bierrum and Partners, Limited. The new 


by the chalk excavations of old cement works. 
Fig. 10, on Plate VII, shows the layout, from which 
it will be seen that the quarry extends on the 
opposite side of the road from the old works, over 
an area some 1,000 ft. long by 800 ft. wide, and of 











AND CONVEYOR GANTRIES. 


| roughly elliptical shape. The chalk cliffs surround” 
| ing the quarry are about 180 ft. high at the highest 
point. The packing plant, the railway sidings 
and unloading equipment, and a block of office build- 
ings are located on the old site. The foundations 
of these buildings rest upon piles varying in length 
between 14 ft. and 74 ft., as the level of solid chalk 
falls away steeply between the road and the river ; 
on the other side of the road, where the main plant 
is situated, the foundations are based on solid chalk. 

Briefly, the process of making cement consists of 
calcining, at approximately 2,650 deg. F., a mixture 
of finely divided chalk and clay, in the ratio of 





proportion of gypsum is added, which has the 

effect of reducing the setting speed of the cement, 

which would otherwise be too high. The clinker 

is then finely ground, usually to a greater fineness 

than that specified by British Standard 12 : 1947, 

which requires that, for ordinary cement 90 per 

cent., and for rapid-hardening cement 95 per cent., 

must pass through a 170-mesh sieve. In this 

country it is usual to use the wet process for mixing 

the raw materials, as it is considered that a more 

consistent mixture is obtained for a smaller power 

consumption, and the dust problem is less of a 

nuisance. Fig. 3, on page 98, shows a simplified 

flow diagram of the processes through which the 

raw materials pass. 

The clay is excavated in a field at Horton, some 

24 miles to the north-west of the quarry ; the con- 

tractors for the civil engineering work at Horton 

were J. L. Kier and Company. Fig. 13, on Plate 

VIII, shows the multi-bucket excavator, with 
a capacity of about 70 tons per hour, which is 

used for digging the clay and loading it on to a 
24-in. belt conveyor which carries it to a washmill, 
25 ft. in diameter, fed with water pumped from a 
lake beside the claypit. The lake is replenished 
from the main water supply at the Shoreham works. 
The clay slurry, containing about 70 per cent. of 
water, is discharged from the washmill to a storage 
tank, 52 ft. in diameter, in which it is continuously 
agitated by rotating paddles. Adjacent to the 
storage tank are three reciprocating high-pressure 
slurry pumps, operating at 300 lb. per square inch, 
which pump the slurry through one of two 8-in. 
mild-steel pipelines, more than 2} miles long and 
laid underground, to a tank at the Shoreham works ; 
a standby pipeline is essential, as periodic back- 
flushing by water at fairly frequent intervals is neces- 
sary to keep the pipes clean. The pipelines have 
welded joints and are heavily protected by a bitu- 
minous compound and asbestos sheaths, to resist 
electrolytic corrosion. The clay-slurry tank at 
Shoreham is 66 ft. in diameter and constructed of 
concrete. Itis 14 ft. 8 in. high, and surmounted by 
a rotating girder which carries pipes supplying air 
to the bottom of the tank, to keep the slurry in 
continuous agitation. Compressed air is a more 
efficient means of agitation than the paddles 
employed at Horton, but it was not economic to 
install a compressed-air plant there. From the 
tank the slurry flows to a breakhead tank which 
maintains a constant head of slurry above two 
centrifugal sand-pumps which pump the slurry to 
a spoon-feeder supplying the chalk washmills. 

The old chalk quarry, in which the new works are 
laid out, was worked as a single face. The new 
quarry will be benched; the first cut, about 40 ft 
high, is being made along the top, some distance back 
from the old face. The chalk is excavated by a 
3% cub. yard electric navvy and is deposited in. 
9 cub. yard dumpers, holding about 12 to 13 tons 
of chalk. The dumpers carry the chalk back to a 
chalk-crusher house, which can be seen in Fig. 8, 
Plate VII, built on to the solid chalk on the face 
of the old quarry; within the crusher house is a 
twin-roll claw crusher, with a capacity of 300 tons 
per hour of chalk, supported on reinforced-concrete 
foundations about 100 ft. above the floor level of the 
works. The crusher reduces the chalk to dimensions 
less than a 10 in. cube, and discharges it down a 
gravity chute to a stockpile holding sufficient 
for a day’s supply to the chalk-washing plant. 

At the side of the stockpile, and supported on a 
reinforced-concrete platform is an electric jib 
crane, with a 5}-ton grab, which transfers the chalk 
on to a feeder, whence it passes to the 30-in. belt 
conveyor which carries it to the roughing washmills. 
At the delivery end of the conveyor belt, an 
“* Adequate ’’ weigher records the feed rate and 
integrates it. At each 10 tons, the mechanism 
operates a relay which actuates the motor of the 
clay-slurry spoon-feeders, delivering the slurry to 
mix with the chalk in the roughing washmills. After 
a pre-set interval, which is adjusted as required by 
the works chemist, a timing mechanism switches 
the spoon-feeder out of action until the next 10-ton 
load of chalk has passed. By this means it is possible 
to control the proportions of chalk and clay entering 
the roughing washmills. 

In order to remove stones and to break up the 
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DIAGRAM SHOWING CEMENT PRODUCTION PROCESS 
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PACKING PLANT 


chalk, the mixture of chalk and clay slurry is 
washed and screened in three sets of washmills on 
different levels; as may be seen in Fig. 10, and 
Fig. 14, on Plate VIII, there are two rough mills, 
which work intermittently and perform the main 
work of breaking up the 10-in. chalk cubes into 
‘slurry. A single secondary mill, which undergoes 
-considerably less wear and tear than the rough mills 
‘and works continuously, is fed by gravity from the 
rough mills. The three screening-mills are also 
gravity-fed from the secondary mill; most of the 
lbreaking-down of the material has been completed 
in the roughing and secondary mills, and the screen- 
ing mills act, in effect, mainly as sieves. Each of 
the washmills consists of a tank of circular cross- 
section, 35 ft. in diameter, in which revolve, about a 
fixed king-post, a steel structure carrying harrows, 
or, in the case of the screening mills, splash plates. 
It is the action of these revolving harrows that 
breaks down the chalk and produces an intimately 
mixed chalk-clay slurry. Hand-operated overhead 
travelling cranes are provided above each level for 
maintenance work. The washmills have been 
designed in detail by the engineering department of 
the Associated Portland Cement Company; draw- 
ings of one of the rough mills are reproduced in 
Figs. 5, 6, and 7, opposite. The rough mills and the 
secondary mill are driven by 350-h.p. Metropolitan- 
Vickers slip-ring motors operating from a 3-kV 
supply; the 100-h.p. motors for the screening 
mills operate from a 415-volt alternating-current 
supply. 

In earlier mills, the practice was to install 
the driving motor at some distance from the mill 
and to transmit the drive through a long counter- 
shaft and machine-moulded bevel gearing, which 
caused vibrations and consequent wear and tear. 
In each of the present machines, the driving motor 
is mounted on an upper bridge spanning the mill, 
and is connected to a combined helical and bevel 
double-reduction gearbox. The vertical output 
shaft of the gearbox is coupled to the pinion shaft 
of the final reduction gears, which are machine-cut 
spur gears. The pinion-shaft bearing is mounted 
on the lower bridge across the mill, which also carries 

-the top location for the king post of the washmills. 
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The use of two bridges serves to insulate the motor 
and gearbox from any vibrations generated in the 
mill. The first reduction gears are totally enclosed 
and are lubricated by an oil spray. The spur wheel 
is mounted on the rotating-harrow frame, which 
consists of a braced cruciform structure of rolled- 
steel joists from which the harrows are suspended 
by chains ; it rotates at about 10 r.p.m. 

Round the circumference of the mill are arranged 
vertical gratings through which the slurry is 
forced into an annular trough. The openings in 
the gratings are slots ranging from } in. to | in. 
wide, on the rough miils. In the secondary-mill 
gratings, the slots are 1-5 mm. wide and 4 mm. 
long ; and in the screening mills, the slurry is forced 
through fine woven-wire screens. In the secondary 
and screening mills, the full circumference is used 
for screening the slurry, but in the rough mills 
only 85 per cent. is used, solid plating being pro- 
vided below the entry chute to prevent the slurry 
from being washed out immediately. Below the 
level of the screens, the concrete walls of the mill 
tanks are protected from wear by the flints and 
large lumps of chalk by means of short pieces of 








Fic. 4. Cray Sturry Strorace Tank. 


bull-headed rail, keyed together. The floor is pro- 
tected by granite sets. 

From the screening mills, the slurry is pumped 
by two centrifugal pumps to one of four preliminary 
mixers. These are cylindrical tanks of reinforced 
concrete, 54 ft. 6 in. high and 23 ft. 7 in. in diameter, 
with conical bottoms, and are supported on cylin- 
drical walls. In them the slurry is thoroughly 
mixed by blowing air into each tank in turn from 
a central air pipe; electrically-operated sequence 
valves control the distribution of air to each tank. 
It is the practice to fill one mixer completely with 
slurry and, when it is full, to alter slightly the 
proportions of chalk and clay entering the wash- 
mills so that a slurry of high-carbonate content 
alternates with one of low-carbonate content. 
Samples are taken from the mixers and are analysed 
in the chemical laboratory on the site. The slurry 
is then pumped from two of the preliminary mixers 
to the final mixers by two 8-in. centrifugal pumps, 
the relative amounts of high-carbonate and low- 
carbonate slurry being adjusted to give the desired 
proportion. The two final mixers are of similar 
design, but are larger than the preliminary mixers, 
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Fig. 11. GENERAL ARRANGEMENT OF MACHINERY IN KILN HOUSE 
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GENERAL ARRANGEMENT OF 35:0°DIA. HEAVY WASHMILL 


Fig. 5. SECTION A-A 
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being 76 ft. high and 27 ft. lin. indiameter. Further 
sampling is carried out from the final mixers, and 
any necessary corrections are then made. From the 
final mixers the slurry is discharged by gravity to 
three reinforced-concrete slurry storage tanks, of 
the same dimensions and fitted with stirring and 
air-agitation equipment similar to that at the 
Shoreham clay-slurry tank. 

The disposal of the flints rejected by the screens 
in the washing mills is as follows. In the rough 
mills, flint-extraction doors are provided at the 
bottom of the mill floors, through which the collected 
flints are discharged periodically—about once in 
each shift—into concrete hoppers, from which they 
are delivered by jigger-feeders on to sloping belt 
conveyors which carry them up to a chute feeding a 
rotary washer. The hopper below one of the rough- 
mills is illustrated in Fig. 9, on Plate VII, in which 
may also be seen one of the reinforced-concrete 
columns supporting the washmills, which form a 
vaulted chamber of impressive appearance. The 
flint washer, which is 24 ft. long and 4 ft. 6 in. in 
diameter, slopes upward at 5 deg.; water enters 
at the top. The flints are carried up through the 
water by helical lifters, and any chalk adhering to 
the stones is removed. At the end of the washer 
the flints are passed over a 2-in. screen; stones 
greater than 2 in., which are used in the pottery 
industry, are delivered by a belt conveyor to a 
rail wagon or to a stockpile. The flints which have 
passed the screen are delivered by another belt 
conveyor to a storage area for rubble. 

From the secondary mill, the small flints which 
have escaped from the rough mills are discharged 
continuously from a duct in the bottom of the mill 
to a small elevator which carries them to a }-in. 
mesh rotary screen. The smaller stones are deli- 
vered to a washing screw, where any chalk is 
removed, and thence to a storage dump. The 
larger stones may be returned to the secondary 
mill to assist in grinding the slurry. From the 
Screening mills, grit and slurry flows continuously 
from a duct in the mill floor to a sump from whence 
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discharges it to a dump. 
The slurry is passed to a 
thickening tank, adjacent 
to the preliminary mixers, 
together with the washing 
water from the flint and 
beach washers ; the solids 
settle to the bottom and 
are in this tank pumped 
| back to the roughing mills 
to mix with the chalk 
and clay slurry. About 
6 tons of thickening slurry 
are returned to the tank 
for every 100 tons of chalk 
passing the wash-mills. 
The slurry is calcined in two Vickers-Armstrongs 
rotary kilns, housed in a steel-framed building 
500 ft. long, 67 ft. wide, and 65 ft. high. Fig. 15, 
Plate VIII, is a view from the top gallery of the 
kiln house, from the end at which the slurry is 
introduced, looking down the kiln towards the four 
coal hoppers at the firing end of the kilns. The 
illustration shows the comprehensive control and 
indicator panel for the kilns. Figs. 11 and 12, on 
Plate VIII, shows the general arrangement of the 
machines in the kiln house. The kilns, 350 ft. long 
and 10 ft. in diameter, are set at a slope of 1 in 24; 
as viewed in Fig. 15, they rotate in a clockwise 
direction. Each is capable of producing 23 tons 
per hour of clinker. Slurry from the storage tanks 
is pumped by three reciprocating pumps to a distri- 
bution box at the top of the kiln house, whence it 
divides to two spoon feeders which deliver it into the 
upper end of the kilns. The slurry flows down the 
kilns and the hot gases, produced by burning 
pulverised coal at the lower end, flow upwards. 
The kilns are constructed of 1-in. steel plates 
over a length of 110 ft. at the lower end, the rest 
of the kiln plates being j in. thick. The diameter at 
the burning zone is increased to 11 ft. 6 in.; the 
nose-ring castings are of heat-resisting steel. The 
kilns were constructed in sections at Messrs. Vickers- 
Armstrongs works, with plate joints welded by the 
Union-melt process, the kiln sections being con- 
nected at the site by riveted butt straps. They are 
lined with high-alumina bricks. At the upper end 
of the kiln, curtain chains act as heat exchangers 
between the hot gases and the slurry, and catch 
much of the dust that would otherwise escape from 
the kiln; the flow of slurry down the kilns is 
assisted by festoon chains. The kilns are sup- 
ported on six tyres of 45-ton alloy steel, each 
running on two large rollers, the spindles of which 
run in water-cooled self-aligning bearings fitted with 
integral oil lifters for distributing oil on to the 
bearing surfaces. The bearings are supported on 
cast-iron bedplates and the side thrust of the rollers 
is resisted by steel castings, retained by long steel 
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tie-bolts passing through the bedplate. The 
reinforced-concrete kiln piers supporting the bed- 
plates each carry a vertical load of 200 tons, and 
are of H-section to resist heavy longitudinal and 
transverse forces from the kiln. 

Each kiln is driven by a Metropolitan-Vickers 
150 h.p. motor, with a speed range of 592 to 230 
r.p.m., Operating on a 3-kV supply. They are driven 
through a V-rope and a reduction gearbox, and 
thence through further reduction gearing to the 
girth gear which surrounds the kiln and is attached 
to it by tangent plates. The speed at which the 
kilns rotate ranges between 0-67 and 1-33 r.p.m. 

An improved arrangement for resisting the down- 
ward thrust of the kilns (as the result of the slope) 
has been introduced at Shoreham. Hitherto it has 
been customary to take the thrust partly on a 
roller mounted on a vertical spindle and engaging 
with the side of one of the tyres, and partly by 
“ cutting ’’ the rollers which support the tyres, i.e., 
by inclining the axis of the rollers to the axis of 
the kiln, so that the rollers tend to force the kiln 
uphill. This practice resulted in undue wear on the 
rings and rollers, as their faces were not in contact 
over their full width and, further, it was difficult 
to ensure the same amount of cutting on every 
roller. To overcome this difficulty, a further thrust 
roller has been introduced on an adjacent bedplate, 
but to compensate for the expansion of the kiln 
shell—which amounts to about 10} in. for the 
whole kiln—this second thrust roller is mounted 
on a counterbalanced slide, so that the roller follows 
the movement of the kiln and takes its fair share of 
the thrust at all times. Under certain conditions, 
there is a tendency for the kiln to creep uphill, and 
to limit this movement another fixed thrust roller 
is provided and arranged to operate on the uphill 
side of a tyre—in the case of Shoreham, No. 5 tyre. 
From the lower end of the kilns, the clinker is 
discharged to two rotating coolers, 90 ft. long and 
9 ft. in diameter and sloping at 1 in 20, below the 
kilns ; each cooler is driven by a fixed-speed 50-h.p. 
motor operating from a 415-volt supply through a 
drive arrangement similar to that of the kilns. 
The clinker is cooled to a temperature of 230 deg. F. 
by drawing through it the air required for com- 
bustion in the kiln; thus the heat in the clinker is 
largely reclaimed to improve the efficiency of the 
kiln. The coolers aré supported on two tyres, 
the down thrust being resisted by a fixed roller. 
The upper half, i.e., the hot part of the cooler 
shell, is lined with firebrick and, except for the 
first quarter of the length, lifters are arranged 
around the inside periphery so that the clinker 
may be lifted up and cascaded down through the 
cooling air. The first two rows of lifters are of 
heat-resisting cast steel, the next five of heat-resist- 
ing cast iron, and the remainder of mild steel. 
These last may be seen in Fig. 16, Plate VIII, 
which shows also the 6-in. mesh grids which direct 
the over-size material to a hopper-bottom chute 
from which it is transferred periodically by barrow 
to a clinker-crusher pit in the store building. 





The clinker passed by the cooler screens falls on 
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to two shaker conveyors, towards the end of which 
s a screen which separates the larger material 
and passes to to a pit in the store building; as 
may be seen by reference to Fig. 10, the latter is 
adjacent to the kiln-house building and is separated 
from it by a covered annexe 10 ft. wide, which 
houses the coal, gypsum, clinker and cement con- 
veyor systems. The smaller clinker passed by the 
shaker screen falls on to a belt conveyor in the 
annexe; this conveyor delivers on to a travelling 
shuttle belt conveyor, running on rails, which can 
deliver clinker to the store bunkers through cylin- 
drical chutes arranged at intervals along the floor 
of the conveyor annexe. Dust extractors are pro- 
vided over each chute. In its most forward position, 
the belt conveyor can deliver clinker on to another 
conveyor going off at 90 deg. and discharging 
through a small chute and a Redler conveyor 
directly to the store hoppers feeding the grinding 
mills, which are in a building at right angles to the 
store building (Fig. 17, Plate IX). By using the 
Redler conveyors to discharge the clinker into the 
feed hoppers, it is possible to enclose that part of 
the hoppers which is inside the mill house and thus 
prevent a dust nuisance. Clinker from the store 
can be fed to the hoppers by an overhead grab 
crane. Over-size material from the pit is trans- 
ferred by the store grab crane to a jaw-type crusher, 
which delivers the crushed material into another 
pit, from which it is collected by the store crane 
and deposited in the main clinker store. The 
carriage of large lumps of clinker which occasionally 
occur, and which remain hot for a long time, on 
rubber-belt conveyors has thus been avoided, and 
all the clinker in the store, and going directly to 
the mill house, is of a suitable size for feeding to 
the grinding mills, 

A general view of the store building, which houses 
the coal, gypsum, and clinker bunkers, and two 
travelling grab cranes of 5-ton capacity, is shown 
in Fig. 17. The coal store, which is shown in the 
background of the illustration, has a capacity of 
5,500 tons ; in the centre is a small area for storing 
1,500 tons of gypsum. The reinforced-concrete 
retaining walls over this part of the building are 
16 ft. high, but forward of this, in the clinker 
store, which has a capacity of 15,000 tons, the 
retaining walls are carried up to 40 ft. and consist 
of cantilever buttresses with the walls spanning 
between them. The photograph shows clearly 
the dust-preventing cylindrical chutes, with adjust- 
able ports at various height intervals, through 
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which the clinker is delivered. There is a clear 
space between the cantilever buttresses of the 
retaining walls and the steel stanchions of the main 
frame of the store building; these stanchions 
carry the crane girders, and it is therefore desirable 
that they should be independent of deflections of 
the retaining walls, in order to avoid distortion 
of the crane tracks. At the forward end of the store 
building there are four elevated reinforced-concrete 
hoppers, each pair comprising a clinker hopper of 
260 tons capacity and a gypsum hopper of 100 tons 
capacity, from which clinker and gypsum discharge 
on to the same belt conveyors feeding the four 
grinding mills. The speed of the conveyors is 
controlled by weighing and constant-feed control 
gear supplied by Messrs. Adequate Weighers 
Limited, and the British Thomson-Houston Com- 
pany, Limited; the weighing mechanism weighs 
the amount of material passing over a given length 
of belt and records it in tons per hour. A separate 
weighbeam, which is provided with a poise weight 
to balance at the desired feed rate, operates electrical 
switches which control a ratchet mechanism altering 
the speed regulation of the feeding-conveyor motor. 
so that a constant flow of material is fed to the mills 
(Fig. 18, Plate IX). 

Fig. 19, Plate [X, shows the grinding mills, consist- 
ing of two Vickers-Armstrong 1,200-h.p. mills, one 
Newell 800-h.p. mill, and a Newell 400-h.p. mill 
taken from the old works. The clinker is fed 
into the mills, which are of the tube type, through 
scroll-drum feeders, and the grinding is effected by 
steel balls of different sizes. To segregate the 
different ranges of ball sizes, the mill is divided into 
compartments by slotted didphragms. To remove 
water vapour that may arise from the gypsum and 
to keep the plant dust-free, air is drawn continuously 
through the mill and filtered in a dust plant. Each 
mill is driven directly through a double-reduction 
gearbox. The motors and reduction gearing are 
housed in a separate compartment of the mill 
house to ensure cleanliness. Considerable heat 
being generated in grinding, the mill shells are 
eooled by water sprays to keep the temperature of 
the finished cement within reasonable figures. The 
1,200-h.p. Vickers-Armstrong mills have shells 
45 ft. long and 8 ft. 44 in. in diameter, divided 
into four compartments, the liners of the first 
two compartments being of hard alloy iron and 
of the last two of hard white cast iron. The charge 
of steel balls weighs about 76 tons, and the 
mills rotate at 20-5 r.p.m. The Newell 800-h.p. 
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and 400-h.p. mills each have three compartments, 
similarly lined. The shells are 40 ft. and 29 ft. 4 in. 
long, and rotate at 21 r.p.m. and 25 r.p.m. Auto- 
synchronous induction motors, shown in Fig. 20, 
Plate IX, rated at 1,200 h.p. and 800 h.p., drive 
the three larger mills through reduction gearing. 
The gearboxes of the 1,200-h.p. motors are fitted with 
motor-operated barring gears to facilitate mainten- 
ance work. The main driving motors are provided 
with automatic cut-out switches which operate if 
the pressure of the oil supply to the gearboxes falls 
below a safe value. 

From the grinding mills, the cement is delivered 
by Redler conveyors to a system of sloping belt 
conveyors, whence it is carried up and distributed 
between 12 reinforced-concrete silos. Each silo, 
of circular cross-section, has an internal diameter 
of 26 ft. 6 in., and is 60 ft. high, giving a capacity 
of 1,250 tons of cement. The silo bottoms are some 
10 ft. above ground level and below them runs a 
system of Redler conveyors which carry the cement 
under the coal bunkers in the store building, on 
to an inclined belt conveyor in the conveyor annexe. 
Thence it is carried up the conveyor gantry, across 
the road and discharged it into the top of one of two 
900-ton packing silos, one of whichis used for ordinary 
cement, and the other for rapid-hardening cement. 

The cement is drawn from the packing silos as 
required to the packing plant, which is housed in a 
five-storey building, approximately square in 
plan. Into the duct, from the bottom of each 
silo, air is blown through fabric-wrapped perforated 
tubes to aerate the cement, which causes it to flow 
like water. The ducts from the silos discharge into 
two 24-in. screw conveyors, each feeding an elevator 
of 125 tons per hour capacity. Each elevator 
discharges through a revolving screen, in which any 
air-hardened cement or other foreign matter is 
removed, into a surge hopper which feeds a 12-spout 
Fluxo packer, supplied by F. L. Smidth and Com- 
pany, Limited. They are each capable of loading 
120 tons per hour of cement into l-cwt. paper bags. 
One of the Fluxo machines is shown in Fig. 22. 
Each machine comprises a central rotating hopper, 
into which the cement flows from the pneumatic 
feeder, in which it has been aerated by compressed 
air and stirred by a mechanical stirrer. ‘Twelve 
symmetrically-arranged spouts are connected 
through short lengths of flexible tubing to the 
hopper; by means of clamps the flexible tubes 
are used to control the inlet of cement to the 
spouts. The spouts are supported on cradles 
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suspended on weighbeams, the fulcrums of which 
are carried on arms projecting from the rotating 
hopper. The other ends of the weighbeams carry 
adjustable balance weights, which are pre-set to 
the weight to which the bags are to be filled. The 
paper bags are stored on a floor above the loading 
conveyors and close to the packing machines. 
They are delivered by lorry and conveyed to the 
store by a slat-type elevator. 

The machine is controlled by a single operator, 
who feeds a bag on to a spout as it passes, where it 
is retained by a clip. As the bag passes away from 
the operator, a roller on the cradle engages with a 
fixed cam and releases the clamp on the flexible 
tube, whereupon cement flows into the bag until the 
pre-selected charge has been filled. At this point, 
the weighbeam drops and trips the clamp on the 
flexible tube, cutting off the cement flow. When 
the bag reaches the discharge point, another cam 
and roller cause the clip retaining the bag on the 
spout to be released, and the spout, which is hinged, 
drops the bag on to a discharge turntable and thence 
to a laminated conveyor, returning immediately to 
its normal position. If, however, the bag has not 
at this stage filled sufficiently to drop the weighbeam, 
the discharge roller does not engage with the cam 
and the bag is carried round for another cycle. A 
beating mechanism below the feed hopper ensures 
even filling. 

In order to provide the correct weight of cement, 
it is essential for the head of cement above the spout 
to be maintained constant. The level of cement in 
the feed hopper is, therefore, controlled by float- 
operated solenoids which operate valves shutting off 
the supply from the feeder. Similar float-operated 
controls in the surge hoppers shut off the air supply 
to the packing silos and thus stop the flow of 
cement when the level in the surge hopper exceeds a 
certain value. There is inevitably a certain amount 
of spillage with machines of this type; this is 
collected in a hopper below the Fluxo machine and 
conveyed back to the elevator. A fan and air- 
filtering system on a floor above is also provided for 
each machine and connected to all points where 
dust may be produced. 

From the laminated conveyor of the Fluxo 
machines, the filled bags of cement are delivered, 
either for road or rail transport, by an adaptable 
system of belt conveyors; three lorry-loading 
bays are served by retractable-boom conveyors, on 
to which the cement is delivered through the per- 
manent conveyors. For a rail-wagon loading, the 
bags are delivered to a turntable on a platform 
between the two rail-loading lines, whence they are 
removed and stacked in the wagons by a team of 
loaders using hand barrows. The packing and 
loading machinery is interlocked. An average load- 
ing rate of 100 tons per hour is regularly maintained. 

It remains to describe the way in which the coal 
and gypsum supplies are carried to the store building, 
and to trace the combustion of the coal in the kilns. 
It can be seen in Figs. 2 and 10 that, adjacent to 
the old works site, there is a system of railway 
sidings, to which the coal and gypsum supplies are 
brought. Coal and gypsum are unloaded by a 
combined wagon tippler and weighbridge into a 
hopper, on to a reciprocating-tray feeder which 
discharges on to belt conveyors, passing over the 
road on the conveyor gantry. A magnetic’separa- 
tor removes any “tramp” iron. The capacity of 
the coal conveyor system is 120 tons per hour. 
The wagon tippler is enclosed in a building in which 
a dust-extraction plant is provided to suppress the 
spread of coal dust. At the top of the gantry, in 
an annexe above the coal bunkers at the road end 
of the kiln building, the coal is delivered either 
directly to the coal store or through a #-in. screen 
to a Redler conveyor which discharges into the 
four coal bunkers in the kiln house; the total 
capacity of these bunkers is 700 tons. The over- 
size material from the screen in the kiln house is 
discharged into the coal crusher, and thence to the 
same Redler conveyor. A return conveyor, fed 
by the store crane, is provided to carry coal, when 
necessary, from the store back to the gantry con- 
veyor for feeding to the coal bunkers in the kiln 
house. The gypsum supply is carried on the same 
conveyors as the coal up to the point at which the 
coal is fed down the chute to the coal store. From 


this chute, the gypsum is diverted on to a band con- 
veyor discharging to the store building. 

Each coal bunker in the kiln house feeds a No. 18 
Atritor coal pulveriser, supplied by Alfred Herbert, 
Limited, each being driven by a 150-h.p. English 
Electric Company motor operating on a 3-kV sup- 
ply. Two of the Atritors supplying one of the kilns 
are fed through 5-cwt. batch weighers, to keep a 
check on the coal consumption. Hot air for drying 
the coal in the Atritors is drawn from the kiln 
hoods, through cyclones which remove any clinker 
dust arising from the discharge of hot clinker down 
the chute to the coolers. To allow for mainten- 
ance work to be carried out on the Atritors, it is 
possible to operate each kiln on the output from one 
Atritor, at a reduced rate. Over-size coal rejected 
by the Atritors travels by an underground screw 
conveyor and an elevator to the coal store. 

Pulverised coal from each pair of Atritors is dis- 
charged through pipes into the kiln. The hot pri- 
mary air, used for drying the coal in the Atritors 
and transporting the pulverised coal into the kiln, 
is obtained from the kiln hood, a cyclone in the 
pipe removing any clinker dust that may be present. 
The secondary air, as previously mentioned, is pre- 
heated in the clinker cooler and mixes with the 
coal stream at the month of the kiln. The com- 
bustion gases, together with steam and carbon 
dioxide from the slurry, pass up the kilns and 
are exhausted through flues to two Sturtevant 
electrostatic precipitators, one for each kiln, in 
which the fine dust is removed. Each presipita- 
tor comprises three electrode chambers, enabling 
maintenance work to be carried out on any one 
while leaving the other two in operation; the 
flue gases are passed through vertical receiving 
electrode tubes, through the centre of which runs a 
wire discharge electrode. The potential difference 
between the discharge and receiving electrodes 
is about 50 kV, the high-tension supply to the 
discharge electrodes being provided by mechanical 
rectifiers. The dust collected on the receiving 
electrodes is removed by rapping rods, operated by 
heavy spring-loaded hammers driven by a camshaft ; 
it is discharged through a hopper and removed by a 
screw-conveyor. By this means, the dust content of 
the gases passing out of the chimney is restricted 
to less than 0-4 grains per cubic foot. To reduce the 
expansion of the reinforced-concrete structures in 
which the precipitators are housed, under the high 
temperature of the exhaust gases (400 deg. F.), 
the walls are lined with brickwork and a 1-in. air 
cavity is provided between this lining and the 
concrete. For the same reason, the roofs of the 
chambers and flues are lined with hollow tiles. In 
Figs. 11 and 12, Plate VIII, it may be observed 
that a steel platform, for giving access to the dust- 
testing points on the exit flues, spans between the 
precipitator housing and the steel framework of the 
kiln house. To allow free expansion of the pre- 
cipitators, the support points on the precipitator 
are provided with steel roller bearings in grease- 
filled boxes. From the precipitators, the gases are 
conveyed through trunking to a 300-ft. chimney, 
outside the kiln house, by two damper-controlled 
induced-draught fans, one for each kiln; they are 
driven by two-speed Metropolitan-Vickers 170/52 
h.p. motors operating from the 3-kV supply. For 
easy servicing and removal of the impellers, quickly- 
detachable fan doors and panels are provided in the 
fan casing. The chimney is of reinforced concrete, 
except for the top 15 ft., which is of brickwork, and 
tapers in outside diameter and thickness from 
23 ft. 1 in. and 9 in. at the base, to 13 ft. and 5 in. 
at the top. To reduce the temperature of the con- 
crete, it is provided with a protective lining of 
4}-in. brickwork and a 4-in. air space between the 
chimney shell and lining. 

The Shoreham works has its own water supply, 
drawn from two boreholes, each with a capacity of 
10,000 to 12,000 gallons per hour, the water being 
pumped to two 25,600-gallon header tanks, carried 
on a floor over the coal bunkers, The tanks feed 
into a ring main supplying the various works 
services and, when necessary, the lake at Horton. 
The works has also its own sewage plant. The 
electrical supply is furnished by duplicate 33-kV 
lines from a substation of the South Eastern 





Electricity Board. It is stepped down to 3 kV by 


The 3-kVA system to the main substation, and 
those serving the washmills, the grinding mills, 
the quarry, and the Horton clay plant, is dupli- 
cated to ensure continuous operation of the plant. 
Many of the principal machines, as has already 
been recorded, are operated directly from the 3-kV 
supply; the smaller machines are operated from 
a 415-volt supply provided by 600-kVA trans- 
formers at the various substations. The tariff for 
the electric power supply includes special terms for 
off-peak periods, so the cement-grinding mills are run 
only at night and during week-ends. 
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Winding Alternating-Current Machines : A Book for 
Winders, Repairmen and Designers of Electric 
Machines. 

By Dr. MICHAEL LiwscHITz-GaRIK assisted by CELSO 
GENTILINI. D. Van Nostrand Company, Incorpora- 
ted, 250, Fourth Avenue, New York 3, U.S.A. [Price 
8-50 dollars]; and Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 63s. net.] 

Tuts is a compilation which should be of much 

value to the class of reader for which it is intended. 

Its nature is strictly indicated by its title; it is 

about winding alternating-current machines and 

about nothing else. It is in no way a general 
treatise on alternator or electric-motor design. 

Many “ winders ” and “ repairmen ” may think that 

its price places it beyond their reach, but before 

reaching a decision on the matter it is desirable 
that possible purchasers should consider what they 
will get for their money. It is a book of 766 pages 
and contains more than 430 illustrations and more 
than 160 tables. There are a few reproductions of 
photographs showing formers for winding coils, or 
the arrangement of end connections, but by far the 

ter part of the figures are winding or connection 

- ag The ciniudienee with which the book 

deals with its subject is indicated by the fact that 

the chapter headed “ Integral-Slot Lap Windings 

(Lap Windings with Equal Coil Groupings)” con- 

tains 112 connection diagrams, the first showing a 

two-pole two-phase series connection and the last a 

14-pole three-phase 7- or 14-paralle] delta connection. 

The scheme of the book is, as the author states 

in his preface, to give at the outset of each chapter 
the ‘“‘know how” so that the reader may easily 
find the answer to his particular problem; the 
‘‘why”’ is explained in appendices at the end of 
the book. Information is given on coil insulation, 
and the series of tables give all possible series and 
parallel connections for all pole numbers between 
two and 30. The “ integral-slot, balanced fractional - 
slot, and unbalanced fractional-slot lap windings ”’ 
are treated in separate chapters, and it is claimed 
that ‘‘ wave windings are treated in detail for the 
first time.” Information is also given on multi- 
speed windings, single-phase windings and re-oon- 
nection windings for changed operation conditions. 
As an example of the detail into which the book 
enters, there is a section entitled “ Reconnecting 
or Rewinding a Split-phase Motor for a Different 
Voltage at the Same Performance.” Electrical 
faults and ‘‘ trouble shooting ’’ are also dealt with, 
but this part of the book has less novelty. The 
diagrams and tables are well presented and the whole 
forms an unusually extensive treatment of a special- 
ised subject. 





Fifty Years of British Standards, 1901-1951. 

British Standards Institution, 24-28, Victoria-street, 

Westminster, London, S.W.1. 
THE origins of standardisation are often confused, 
even by engineers, with the beginnings of quantity 
production and interchangeability, as typified by 
the introduction of printing by movable type and 
the classification of warships’ guns in the time of 
Elizabeth : but standardisation, as the term is now 
used industrially, implies something more than mere 
uniformity. There is no question that, as an organ- 
ised activity on a national scale, it had its source in 
this country, and that the credit for it is due 
primarily to an iron merchant of London, Mr. H. J. 
Skelton. The story of how, after he had advocated 
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The Times in 1895, and a paper read before the 
British Iron Trade Association in 1900, he won 
the support of Sir John Wolfe Barry and, through 
him, of the Institution of Civil Engineers, is well 
told in this jubilee history of the British Standards 
Institution. The Council of the Institution of 
Civil Engineers appointed a strong committee of 
its members, approaches were made to the Councils 
of the Institution of Mechanical Engineers, the 
Institution of Naval Architects, and the Iron and 
Steel Institute, and, as a result, the Engineering 
Standards Committee was formed, and met for the 
first time on April 26, 1901. On May 23, 1918, 
it was incorporated as the British Engineering 
Standards Association ; a Royal Charter was granted 
on April 22, 1929; and a Supplemental Charter on 
November 5, 1931, changed the name to the present 
title of the British Standards Institution. 

This is a very brief and bald summary of a half- 
century of progress, leaving the hard work to be 
inferred ; but the book adequately reviews that 
also, withowt going into any possibly tedious details. 
No list of current British Standard Specifications is 
included, but Appendix II comprises an alphabetical 
list of the Industry Standards Committees—61 of 
them—accompanied by the dates when work was 
begun in their respective fields. Biographical notes 
are given on the men who built up the organisation— 
at some length in the case of Sir John Wolfe Barry, 
and more briefly on other pioneers, including Dr. 
W. H. Maw, of EnGrIngeRING; and a special 
tribute is paid to the late Director, Mr. Percy Good, 
who had done much of the preliminary work for the 
book when he died on December 2, 1950. 





NOTES ON THE HISTORY 
OF HAYLE FOUNDRY. 
By T. R. Harris. 


THE Hayle Foundry of Harvey and Company was 
founded in the late 1770’s by John Harvey, a black- 
smith of Carnhell Green, near Camborne, to supply 
the neighbouring mines with iron castings. From 
very small beginnings, the foundry developed into 
one of the foremost engineering works in England 
during the middle decades of the Nineteenth 
Century. The story of this remarkable under- 
taking has never been fully told, though there have 
been a number of details published at various times.* 
The purpose of the present article is to record some 
further information collected over a period of years. 

At first, the products of the foundry were of a 
simple nature, the earliest reference to these known 
to the writer being in a manuscript book once 
belonging to the Tehidy estate of Lord de Dunstan- 
ville, in which is recorded a payment in August, 
1779, of 31. 188. 4d. to “‘ John Harvey for a cast iron 
kittle for the Kennels.” In December, 1783, also, 
John Harvey was paid Il. 9s. 2d. for “cast iron 
stoves for Tehidy Kitchen.” 

From the correspondence of Boulton and Wattf it 
appears that, quite early in their history, the 
Birmingham firm entrusted some of their work to 
the Hayle foundry. In March, 1781, Watt sent 
to Henderson, at Redruth, an engraving of the 
balance bob for the United mines, with a request 
to get a pattern made and cast. Instructions were 
given that the “ cradle should be very truly formed 
to the circle and the bed quite smooth and flat.” 
It is possible that this job may have been a little 
too difficult for the young firm, as, later in the year, 
Watt, writing from Cosgarne to Boulton at Soho, 
said ‘‘I Must draw this (Wh Virgin) balance bob 
and cradle gudgeon which we must get cast with 
you, as Harvey takes a most unreasonable time to 
his jobs and charges high.” 

Miscellaneous castings for the mines formed the 
major portion of the products of the foundry, as 
reference to mining cost books of the period show. 
For example, Dolcoath paid Harvey 54l. 5s. 1d. in 
August, 1786, and 33/. 18s. 8d. in May of the follow- 
ing year. In October, 1788, a Cook’s Kitchen entry 
reads, “John Harvey for a working piece 
18/. 10s. Od.,” and in March, 1789, ‘‘ John Harvey 
for 3 working pieces 76. 0s. 10d.,” while in Febru- 
ary, 1789, 9s. was paid for the carriage of two 

* Rept. of Royal Cornwall Polytechnic Soc., 1936 ; and 


Trans. Newcomen Soc., vol. xxiii, page 24 (1942-43). 
t Boulton and Watt MSS., Birmingham City Library. 








working barrels from “J. Harvey’s Foundry, 
Hayle.” By degrees, the skill of the workmen 
increased and, by the late 1790’s, nozzles, con- 
densers and air pumps were being made. The 
former were for Trevithick’s engine at Ding Dong, 
and the latter for an engine that Murdock was 
erecting at Wheal Jewel West.* 

The castings for Trevithick’s first road locomotive 
were made in 1801, and in 1803 William West was 
at Hayle “‘ about the new cylinder and boiler ” for 
another locomotive. Engines were being manu- 
factured by 1806; in this year, a 12-in. engine was 
in hand for Crenver and a 14-in. for Perran Sands. 
In 1812, Trevithick ordered castings for an engine 
of “12 mule-power” for St. Kitts, but, owing to 
a dispute among the partners, the order was can- 
celled. By the following year, cylinders were again 
being ordered from Hayle, as the founders of Bridg- 
north were not keeping their delivery promises.t 

An engine for rock boring was constructed in 
January, 1813, by Trevithick and was probably the 
first power-driven rock drill in the world. Arthur 
Woolf, who joined the firm about 1820, did much to 
develop the small concern into an engine works of 
the first magnitude, and gradually, under his super- 
intendence, larger work was undertaken. In 1824, 
one of Woolf’s compound engines was constructed 
with cylinders of 70 in. and 40 in., and in 1827 
Samuel Grove’s Wheal Towan engine, with an 80-in. 
cylinder, was built. 

During 1833, Woolf retired from the active direc- 
tion of the works at Hayle, where he was followed 
by N. O. Harvey, who, in 1834, exhibited at the 
Royal Cornwall Polytechnic Exhibition “‘ cast iron 
figures” which, in the opinion of Davies Gilbert, 
the President, ‘‘ equalled the productions of Berlin.” 
These figures, representing a Grecian and a Roman 
warrior, “elicited universal admiration.’’ In 1836, 
at another exhibition of the Society, it was reported 
that ‘‘ The beautiful and delicate specimens of sand 
castings from the foundry of Messrs. Harvey & 
Co., of Hayle, attracted, as it merited, general 
attention. Chains of a similar kind, it is well 
known, form a staple article of manufacture at 
Berlin, when they are usually constructed by 
casting the rosettes first and then uniting them by 
wrought iron links. The mode of formation of 
those exhibited at the Polytechnic Hall was pecu- 
liar. The rosettes were first cast, each separately 
and the small adjoining links were afterwards cast, 
each in its present position, probably the first 
specimen of a similar process eyer attempted.” 
These art castings were probably the work of a 
German workman, brought over by N. O. Harvey 
from the Continent. 

An engine of some historical interest was made 
in 1836§; this was the first of the Sims compound 
engines. After working on two mines in Cornwall, 
it was transferred to the Lincoln Water Works in 
1848, where it remained until scrapped in 1903. 
The engine consisted of a 25-in. cylinder fixed on 
top of a 50-in. cylinder, the two pistons being on 
one piston rod and the space between them being 
open to the condenser. The length of the stroke 
was 8 ft. and the 12-in. plunger pump, at the other 
end of the beam, had a stroke of 7ft. The Haarlem- 
mermeer engines of the 1840’s were based on Sims’ 
principle, the small cylinder being placed inside the 
large one, to save head room, and an annular piston 
used. The introduction of the Cornish engine into 
London, for waterworks pumping, occurred in 1837, 
and was largely due to the efforts of N. O. Harvey 
and William West. Harvey and Company supplied 
numerous engines to the various water companies, 

The 1840’s were a great period in the history of 
Hayle Foundry; during this decade, some of the 
heaviest work was produced, the most noteworthy 
being the Haarlem engines. These have been 
described elsewhere,|| but a few notes on the various 
stages of their manufacture may be of intercst. 
In March, 1843, it was reported that{ “‘an enormous 





* James Watt and the Steam Engine, by H. W. Dickin- 
son and Rhys Jenkins (1927). 

t Life of Richard Trevithick, by Francis Trevithick 
(1872). 

t Proc. Inst.C.E., vol. xxi, page 558 (1861-62). 

§ Proc. I.Mech.E., 1887, page 124. 

|| Trans. Newcomen Soc., vol. xv (1934). 

q Penzance Gazette, March 29, 1843, 





steam engine, by far the largest ever constructed, 
is now in process of manufacture at Harvey & Co,’s 
Hayle Foundry. The piston rod, which was 
forged last week, is 19 ft. long, 13 in. diameter in 
the middle and 16 in. in the cone, and weighs 
3 tons 16 cwt. It will work in an 84-in. cylinder 
which will stand in the middle of another cylinder 
144 in. in diameter. The 84-in. cylinder was cast 
last week and the large one will be cast soon.” 

The successful casting of the 144-in. cylinder wag 
duly noted as follows by the Mechanic’s Magazine, 
quoting from The West Briton: ‘“ An enormous 
cylinder of 144 in. diameter for the great engine, 
designed to drain the Haarlem Lake, has been cast 
at the Foundry of Harvey & Company, of Hayle, 
It is the largest cylinder ever cast entire for any 
purpose. A blast cylinder of 144 in. has, indeed, 
been constructed at the same works, but this was 
cast in parts. The largest cylinder ever made for 
mining purposes was of the diameter of 90 in. and a 
fraction. It was boasted a few days since that the 
eylinder for Her Majesty’s steam frigate ‘ Penelope’ 
was the largest ever cast, being 92 in. diameter. 
The cylinders of the ‘ Penelope,’ however, are only 
two-fifths the size of that cast at Hayle, the piston 
of one containing 6,647 sq. in. and that of the other 
16,286 sq. in. The operation was completely 
successful; more than 25 tons of iron were melted 
for the occasion, and the whole of that mass of 
liquid fire ran out into the mould in less than six 
minutes in a manner that afforded the highest 
satisfaction to a great number of intelligent visitors 
who were kindly allowed to be present, without a 
single casualty having occurred. The iron founders 
of Hayle may now justly boast that they have 
executed by far the greatest work in their line which 
has ever been attempted.” 

A note in the Mechanic’s Magazine,* two years 
later, refers to a letter from Haarlem announcing 
that the mammoth steam engine had been put to 
work to everyone’s satisfaction, and that an order 
was expected to be placed for two engines of the 
rame size and similar construction. The same note 
also recorded that ‘‘ Messrs. Harvey & Co. have 
nearly executed an order for six flywheels for the 
South Devon Railway measuring 20 ft. in diameter 
and each weighing nearly 14 tons. Two of them 
have been sent to their destinations and the other 
four are in a great state of forwardness.” [Presum- 
ably, these were for the air pumps which exhausted 
the atmospheric tube.—Eb., E.] 

An 80-in. engine at Par Consols, built in 1846, 
was described “as a most complete and perfect 
piece of mechanism” and was admitted to be 
unrivalled in the country, or even in the world. 
The whole weight of iron of which it was constructed 
was said to be’about 200 tons. Engines for other 
parts of the country were equally satisfactory. 
Gore’s General Advertiser, early in 1847, reported 
the starting of the engine at the Green Lane Water 
Works, Liverpool; “such is the excellence of the 
machine,” reads the report, “that not a single 
joint was found to be defective, nor was there the 
slightest appearance of leakage.” 

The second of the large engines for Haarlem was 
built in 1847, and early in the year a 144-in. cylinder 
was cast at Hayle. ‘“‘ There were 36 tons of iron 
melted for the occasion,” said a contemporary 
report in the Penzance Gazette (evidently written by 
the same reporter as on the former occasion), “ and 
near 30 tons of that mass of liquid fire ran into the 
mould in one minute and a half. The remainder of 
the metal was used in some other articles for the 
engine.” 

Another example of the large work undertaken 
at this period was noted} in November of the same 
year. ‘‘ Aset of monstrous blocks,” it was recorded, 
“consisting of 4 treble and 3 sheave and 3 single 
sheave blocks have lately been manufactured by 
Messrs. Harvey & Co., at Hayle Foundry for the 
purpose of lifting the stupendous suspension bridge 
over the River Danube, the longest in the world. 
The sheaves, which are of cast iron, are 3 ft. in 
diameter and 7} in. wide, but the shells are wrought 
iron. The main or cog pin that goes through the 








* August 23, 1845. 
t+ Quoted by The West Briton, February, 1847. 
t Penzance Gazette, November 3, 1847. 
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sheaves to connect them to the shells is 7 in. in 
diameter and the swivel work for one block weighed 
14 ewt. The weight of the blocks complete was 
21 ton 1 cwt. 1 qr. 11 Ib. and the chain to work in 
them or connect them is 2 in. in diameter and 
3,000 ft. long, weighing nearly 100 tons. The 
blocks are considered to be the largest in England 
and calculated to lift 450 tons. They have been 
sent from Hayle to London to be forwarded to their 
place of destination, the Persth in Russia.” 

No description of the premises occupied by the 
Foundry, or means of effecting work there, known 
to the writer, is earlier than 1812. In the particulars 
of a law suit* of that year, reference is made to 
“a Boring Mill . . and the newly erected Iron 
Foundry,” suggesting that the original moulding 
shop of the 1770’s had been rebuilt to cope with 
the increasing business and a boring mill added to 
enable the firm to produce engine cylinders. 

In October, 1825, Simon Goodricht visited Hayle, 
referring in his journal to ‘“‘The extensive Iron 
Foundry and Steam Engine Manufactory,” in which 
he was “‘surprised to see the extent of the work 
and the number of tools and means for doing work 
considering what is doing in other parts of the 
country.” John Brunton, in his biography, gave a 
vivid account of his apprenticeship at Hayle, a 
short while after the visit of Goodrich. 

Because of the varying demands of the local 
mines and the uncertainty of the foreign market, 
the number of workmen fluctuated considerably. 
In 1841, N. O. Harvey, in evidence before a Royal 
Commission,f said that the number was as great 
about 1824 as at any time. During the same 
examination, he gave the following information 
regarding working hours and the conditions of 
labour. The hours for the indoor workmen were 
from 6 a.m. to 6 p.m. from March 1 to November 1, 
and from 7 a.m. to 7 p.m. for the rest of the year, 
the outdoor labourer leaving with daylight. Break- 
fast was from 8 a.m. to 8.30 a.m. in summer, and 
from 8.30 a.m. to 9 a.m. in winter. In summer, 
the dinner hour was from 12 noon to 1 p.m., and in 
winter from 1 p.m. to 2 p.m. This arrangement 
illustrates an early form of “‘ daylight saving ” on a 
local scale. 

The greater part of the work was done as piece- 
work, being set to a party; but the management 
fixed the minimum wages of those under them. 
Apprentice boys of 14 years of age were paid 4d. 
a day and their wages were gradually raised to 2s. 
a day up to the age of 21 years. The labouring 
boys, however, received higher wages at first, 
commencing with 8d. or 10d. a day, according to 
their usefulness, and when big and strong they 
earned 1s. 9d. a day, being the full labourer’s wage. 
Indoor tradesmen earned, on the average, 15s. to 
18s. per week, though, when work was brisk, some 
of them received 2I. or 31. in the week by the piece. 
It was seldom that work was continued later than 
8 p.m. or 9 p.m.; that was two hours overtime, 
which was reckoned as a quarter of a day, though, 
when occasion demanded, as in the case of a breakage 
at a mine, men were required to work on through the 
night to complete the job. 

From the same report, it appears that, at this 
period (1841), the employees at the Foundry 
numbered 464, being composed of 344 men above 
18 years of age, 75 between 13 and 18 years, and 
45 under 13 years. No details were given of the 
men, but the youths were employed in a variety of 
ways and were classified. Sixteen were returned as 
being engaged in moulding and iron casting; of 
these, three were entered as “stove and grate 
makers” and 12 as “founders.” Moulding and 
brass casting employed two only. Out of 11 entered 
as carpenters and patternmakers, five were styled 
: house carpenters,” while the remaining six were 

engine patternmakers.”’ Nine were engaged in the 
chipping and cleaning shop, and, of the 23 returned 
as blacksmiths, 18 were designated ‘engine 
smiths.” Masonry—the building of furnaces— 
engaged 14 youths, while 11 were employed in 
boiler building and six in ropemaking. 


* Public Record Office, Chancery Proc., C.13, Bundle 
65, Blewett v. Harvey. 
t Goodrich Papers, Science Museum, South Kensington. 
. Pes Commission on Employment of Children, vol. 
Vv 3). 








Some 30 years after the visit of this Royal 
Commission, a description of Hayle Fo was 
written for the Western Morning News.* Unfortu- 
nately, the original is not in the present files of that 
newspaper, but a number of extracts were reprinted 
in the Cornish Telegraph. They are much too 
discursive and popular in style to be worth quoting 
in extenso, but they show what a mixture of ancient 
and modern equipment the works contained. “‘ There 
is a continual roar,”’ observed the visitor, “‘ from the 
steam-driven fan supplying air to the different fires. 
This forms a sort of droning undertone, above which 
rises the sharp clatter of countless small hammers, 
the measured beat of the sledge and the earth- 
shaking thuds of the steam hammers...” “In 
one corner, you may see men making bolts and nuts 
with a neatness and dexterity that at once suggest 
mechanism and bespeak long practice (in fact, they 
do nothing else), while in another part a gigantic 
forging of, perhaps, eight or nine tons weight or 
heavier is rapidly brought to the required shape by 
the aid of the steam hammer. These ponderous 
masses are moved with the greatest of care by the 
aid of huge cranes. . . . In this building, too, are 
some of the old-fashioned tilt hammers . . . used 
for welding scrap into wrought iron. This is the 
way which the best wrought iron is produced and 
Messrs. Harvey & Co. always make their own.” 

Later in the same year (1875) a report of some 
heavy forging was noticed in a local paper: “ One 
of the heaviest pieces of wrought iron work ever 
made at the factory of Messrs. Harvey & Co. was 
turned out of the Hammer Mill on Friday last. 
The work under notice is a flywheel shaft for a 
large winding engine and weighs nearly nine tons. 
It took seven horses to draw it from the Hammer 
Mill to the fitting shop...” 

Reverting to the description of the works in the 
Western Morning News, this continued : ““ Not many 
years ago, comparatively speaking, nearly the 
whole of the work in the fitting shop was done by 
hand. Now the shop is full of ponderous machines 
which relieve the workman of nearly all the manual 
labour, and leave him nothing to do but to super- 
intend the Working of those steady-going quick- 
working steam-actuated tools . . . little is left to 
be done in the vice after the planing machines and 
the steam lathes and the ‘shapers’ and their 
kindred have wrought their will. At the end of the 
fitting shop is a department devoted to the manu- 
facture of Mr. Husband’s patent pneumatic stamps, 
which are doing excellent work at several mines in 
the country and have been largely exported. . . .” 
... “At the time of our visit there was in hand a 
large pumping engine for the Metropolitan Water 
Works. . . . Newcastle-on-Tyne is looked upon 
as a kind of engineering metropolis; but Messrs. 
Harvey have sent several large pumping engines 
into that district for the collieries and have now 
in hand a couple of engines of very large size for 
the Newcastle and Gateshead Water Works. And 
so in London, the majority of the pumping engines 
of the London Water Companies were made at 
Hayle. There are others too at Liverpool, Man- 
chester, etc.” 

William Husband (1822-1887), who is mentioned 
above, had been an apprentice at Hayle. In 
1843, though only 21 years of age, he was sent by 
the firm to Holland to supervise the erection of the 
big engine for Haarlemmermeer and learned to 
speak Dutch with such fluency that the Dutch 
Government appointed him as mechanical engineer 
in charge of the whole of the drainage plant of the 
Meer. He returned to England after an absence of 
six years and, in 1852, became London manager for 
Harvey and Company, and eventually managing 
partner. He was one of the chief promoters of the 
memorial window to Richard Trevithick in West- 
minster Abbey, but died before it was unveiled.f 

In 1883, a short time before Husband’s retirement, 
the business of Harvey and Company was converted 
into a limited liability company. Twenty years 
later, in 1903, the Hayle Foundry closed down ; 
but the name of Harvey and Company is still to 
be found in Hayle, where they carry on business 
as coal and iron merchants. 





* March 25, 1875. 
+ See memoir, Proc. Inst.C.E., vol. 89, page 470 (1887) 


BRITISH INSTRUMENT 
INDUSTRIES EXHIBITION. 
(Concluded from page 43.) 


CONTINUING our description of the aanibies at 


the British Instrument Industries Exhibition at 

Olympia, which closed on Saturday, July 14, the 

British Internal Combustion Engine Research 

Association showed, on the stand of the Department. 

of Scientific and Industrial Research, an improved 

version of their test flowmeter for measuring quickly 

and accurately the mean rate of fuel flow in com- 

pression-ignition engines, for which orifice-type 
meters are unsuitable because the viscosity of the 

fuel varies appreciably with changes of temperature. 
The method adopted is to time the passage of a 

weighed quantity of fuel while maintaining a con- 

stant pressure head. Fig. 8, on page 104, illustrates. 
the meter. The vessel shown on the left is filled 
with fuel from the service tank through the flexible 
pipe at the top. This vessel is carried on two light 
arms attached to a block, supported in ball bearings, 
to which are also attached two counter-balancing 
weight arms, shown on the right. (The original 
Bicera flowmeter carried only one weight arm ; the 
addition of the horizontal arm facilitates adjust- 
ment.) As the vessel is filled, the increase in weight. 
causes the balanced system to rotate, the vessel 
descending and the lower weight moving outwards to- 
give an increased balancing torque. To measure the 
fuel flow, the service tank is shut off and the metering 
vessel is connected to the engine fuel system ; fuel 
flows out of the same pipe line by siphoning action,, 
and the vessel rises as fuel is consumed by the 
engine. The time interval between the passage of 
two reference points on the vessel past a fixed mark 
is observed with a stop-watch. An optical system 
is used which magnifies the movement of the vessel 
about 30 times; the fixed reference graticule is 
illuminated by a lamp and condenser system. (In 
the earlier meter, a hair wire was used in place of 
the graticule and there was no condenser.) The 
reference points on the fuel vessel comprise two. 
lenses of short focal length, mounted on a strip. 
attached to the side of the vessel. As each lens, 
in its upward journey, passes the illuminated 
graticule, an image of the graticule moves rapidly 
past a well-defined datum line on the ground-glass 
screen seen on the right of Fig. 8. This arrange- 
ment is free from parallax errors. It will be ob- 
served, that the fuel pipe carries a plate at its open 
end, which serves to damp any oscillations set up- 
in the vessel. When setting up a new meter, the 
horizontal balance weight, which is mounted on a 
screw on the weight arm, is adjusted to balance 
the vessel, including the over-run allowance of 
fuel, in its mid-position. The second weight arm 
is placed vertically when the metering arm is at the 
end of its travel, and its balance weight is adjusted 
to give the desired rotation when a given quantity 
of fuel enters the vessel. 

Messrs. Evershed and Vignoles, Limited, Acton- 
lane Works, Chiswick, W.4, showed a range of 
equipment for industrial-process control, including 
their new Centroller : a console in which are grouped 
all the controllers and recorders for operating an 
industrial processing plant. The instrument exhi- 
bited was designed for operating a chemical plant, 
and contains five flow controllers, six liquid-level 
controllers and two pressure controllers, three 
six-point multi-pen recorders, a multi-point tempera- 
ture indicator, and 25 miniature indicators; these 
show the level, pressure, flow and temperature in 
various parts of the plant. All measurements are 
transmitted to the Centroller as small direct-current 
signals; the various components are carried on 
easily-removable trays supported in racks. The 
firm also showed their electronic process controller 
which can provide proportional control or a com- 
bination of proportional, integral and derivative 
control, and is used in conjunction with a signal 
transmitter and a final element, usually an electro- 
pneumatic relay actuating an air-operated valve, 
an example of which was also on view ; both com- 
ponents are housed in aluminium-alloy casings and 
are suitable for installing in inflammable atmos- 
pheres. 





Messrs. Evershed and Vignoles also showed their 
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Rollflow transmitting flow-meter, a photograph of 
which is reproduced in Fig. 9. It consists of an 
ordinary stainless-steel glandless mercury mano- 
meter, suitable for use with volatile and corrosive 
liquids, designed to withstand a working pressure 
of 1,500 lb. per square inch, and available in a pres- 
sure range of 20 in., 50 in., 100 in. and 200 in. water 
gauge. One limb of the manometer houses a cage 
surrounding a cylindrical floating magnet which 
rolls up or down as the mercury level changes. 
The transmitter unit, which can be removed easily 
for servicing, is clamped over this limb. It consists 
of a pivoted strip magnet, which is repelled by the 
floating magnet, the latter being polarised along its 
horizontal axis while the strip magnet is polarised 
across its width. In the zero position, the cylindrical 
magnet is opposite the pivot of the strip magnet, 
and hence there is no turning moment on the strip 
magnet. As the mercury level changes, a torque 
proportional to the change of level will be generated ; 
any deflection of the strip magnet is, however, 
opposed by a torque generated by a coil, carried on 
an arm attached to the strip magnet and working 
in a pot magnet. The current in the coil then gives 
a measure of the differential head of the manometer. 
The coil is in the cathode circuit of a thermionic 
valve, the circuit being completed through the re- 
mote indicators, recorders or controllers, which are 
connected in series. The coil arm also carries a disc 
contact lying between two fixed contacts which 
carry, respectively, positive and negative biasing 
voltages, so that when the coil arm deflects, as the 
floating magnet rises or falls, the disc contact 
touches one of the biasing contacts until the torque 
exerted by the coil balances the deflecting torque. 
The current in the transmitting circuit is, therefore, 
always proportional to the differential head; that 
is, to the square of the flow, in the manometer. 
Variations in line resistance or in mains voltage or 
frequency are automatically compensated by the 
biasing contacts. Direct measurement of flow 
can be obtained by replacing the pot magnet by a 
fixed coil connected in series with the moving coil. 





Zero adjustments are carried out by lowering or 
raising the strip-magnet and moving-coil assembly ; | 


the manometer need not be altered. Also on view 
on the stand of Evershed and Vignoles was a dis- 
placement-level electronic transmitter for detecting 
the liquid level or the interface between the liquids 
in a pressure vessel. 

A variety of industrial electronic control equip- 
ment was shown by Messrs. Elcontrol Limited, 
10, Wyndham-place, London, W.1, including 
process timers, photo-electric units, a fluid-level 
controller, furnace-safety equipment, and an instru- 
ment for controlling butt welding by the colour 
temperature of the weld. The latter instrument 
consists of two units : a photo-electric cell housed in 
a cast-aluminium case fitted with a glass window and 
a tubular light shield, which is mounted close to 
the weld. There is also a photo-electric amplifier 
and relay unit, which includes a photo-electric pyro- 
meter circuit of adjustable sensitivity and an adjust- 
able timing circuit, which is set for a period slightly 
greater than the weld time. Normally, the correct 
temperature will be reached before the end of the 
pre-set timing period, and a signal from the photo- 
cell will cause the contactor of the welding circuit 
toopen. In the absence of such a signal, the timing 
circuit controls the welding time. 

The furnace-safety equipment consists of three 
units : a flame-sensing element, a relay control unit, 
and an electrically-actuated fuel-supply valve oper- 
ated by the relay contacts in the control unit. Two 
forms of sensing element are available: for oil 
burners, a flame viewer is used consisting of a photo- 
electric cell of adjustable sensitivity, which views the 
flame through a window in the front of its cast- 
aluminium casing; it is protected by a heat- 
absorbing glass filter. For detecting the flame 
failure of gas burners, the electrical conductivity of 
the flame is used. A heat-resisting steel probe is 
inserted in the flame close to the burner ; when the 
flame goes out, an electronic circuit is broken and 
the relay in the control unit closes the fuel valve. 

The exhibits of the British Scientific Instrument 
Research Association, illustrating aspects of various 
research activities, did not form part of the display 


Fic. 9. 





organised by the Department of Scientific and 
Industrial Research, but were shown on a separat: | 


AT THE BRITISH INSTRUMENT INDUSTRIES EXHIBITION. 
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TRANSMITTING FLtow MeETER ; EVERSHED 
AND VIGNOLES, LIMITED. 


stand. Among them may be mentioned a constant- 
current source of direct current, developed in the 
course of work on magnetic amplifiers ; a photo- 
graph of the unit is reproduced in Fig. 10, opposite. 
The stabiliser shown, which utilises the inherent 
properties of a transductor in producing a sensibly 
constant output current over a range of alternating- 
voltage input, has been designed to provide the 
heater supply to several thermionic valves at about 
6-3 volts. Output currents up to 0-9 ampere can be 
obtained with a stability of 0-1 per cent. for a 10 per 
cent. change in mains input. For such purposes as 
heating valve cathodes, a constant root-mean 
square value of the current is required. To obtain 
this, the output of the transductor is rectified and 
smoothed before being applied to the load. A con- 
stant direct reference current is supplied to the 
control winding of the transductor from a stabilised 
high-tension supply unit used for the anode supplies 
of the amplifier valves. Also on view was a mains- 
operated experimental thermionic direct-current 
amplifier which has achieved a long-term stability 
of the order of 40 microvolts per hour. ; 
The mechanical department of the British 
Scientific Instrument Research Association showed 
a pneumatic gauging system for detecting deviations 
in the radius of curvature of large spherical surfaces, 
presenting them as variations in the reading of a 
manometer. The gauge is operated at a pressure 
below atmospheric, to provide a suction which will 
hold the instrument firmly in contact with the surface 
ander test. The department also had exhibits 
relating to researches being carried out on the flow 
characteristics of sharp-edged metering orifices in 
small mains pipes of less than 2 in. diameter, which 
are affected considerably by the surface roughness 
of the pipe walls. The investigations are carried 
out on pipes in which the surface has been rough- 
ened to a known degree by an internal diamond 
knurling operation, and on commercially smooth 
pipes. The exhibits on view consisted of samples 
of roughened pipes leading to and from a pipe- 
orifice fitting, designed to ensure a concentric 
arrangement of the orifice and the bore of the main ; 
and a discharge metering nozzle, with a traversing 
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impact tube, used as a flow standard in air calibra- 
tions of the pipe-orifice being tested. 

The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, showed their 
new “physical eye’’ colorimeter and spectro- 
photometer, which is based on the standard 
observer as defined by the International Commis- 
sion of Illumination in 1931, and is suitable for 
measuring luminous intensity, luminous flux, 
chromaticity co-ordinates, colour-rendering proper- 
ties, spectral-reflection, transmission and distribu- 
tion, and colour temperature, in conjunction with the 
universal photo-electric photometer. To achieve 
the desired spectral response of the photo-electric 
cell to correspond with that of the standard 
observer, the light to be measured is dispersed 
into a spectrum; a series of specially-shaped 
masks, arranged around the periphery of a wheel, 
can be located in turn in the plane of the spectrum 
so that they attenuate the coloured light in the 
various parts of the spectrum in suitable proportions. 
A diagrammatic representation of the optical system 
is shown in Fig. 11. When a lamp is to be tested, 
it is arranged to illuminate a white magnesium- 
oxide surface which acts as a diffuser; the instru- 





standard lamp, and can then be used to measure 
light from sources of any colour. For measuring 
the luminance factor of a coloured surface, the 
latter can be set up in the position occupied by 
the magnesium-oxide surface and its luminance 
compared with that of the magnesium-oxide sur- 
face when illuminated by the same lamp. For 
measuring luminous flux, the lamp is set up in 
a photometric integrator arranged so that its 
window occupies the space normally occupied by 
the magnesium-oxide surface. To compensate for 
the ageing of the white integrator paint, which 
tends to go slightly yellow with age, an adjustable 
blue-filter compensating wedge is built into the 
instrument. 

Messrs. Hilger and Watts, Limited, Watts Divi- 
sion, 48, Addington-square, London, 8.E.5, showed 
a wide range of their precision surveying instruments 
and metrological equipment, among which may be 
mentioned a new gauging projector known as the 
T.600, in which the projection system has been 
arranged parallel to the front of the instrument 
allowing the controls to be grouped conveniently 
close to the observer’s hands and facilitating loading. 
The Hilger division of Messrs. Hilger and Watts, 





ment can be calibrated by a tungsten-filament 


Limited, 98, St. Pancras-way, Camden-road, London, 





N.W.1, showed a recording photo-electric micro- 
photometer for measuring continuously the relative 
intensity of separate lines on spectrum photographs 
over a wide range. The recording element is a 
high-speed potentiometric ratio recorder coupled 
through an amplifier system to a photomultiplier. 
To keep the record independent of fluctuations in 
the mains supply to the light source, impulses 
from a photo-electric cell, placed close to the light 
source, are fed to the ratio recorder in opposition 
to those of the photo-multiplier. The photographic 
plate is held in a slightly sloping carriage, in an 
accessible position, with a rack and pinion adjust- 
ment norma! to the direction of travel. The plate- 
holder is traversed by a long micrometer screw, and 
the speed and direction of traverse can be varied by 
a press-button operated gearbox between the micro- 
meter screw and the motor drive. In addition to 
recording the spectrum intensity, a visible projection 
of the spectrum and the image of the measuring 
lamp is thrown on to a circular grey screen at the 
foot of the instrument. To guard against light from 
this projection system filtering into the measuring 
system, a dichroic beam splitter is used and, in 
addition, the light from the projection source is 
plane polarised by a sheet polariser ; in the measur- 
ing system there is another sheet polariser, the plane 
of polarisation of which is crossed with that of the 
projection polariser and effectively shuts off light 
from the projection system. The electronic power 
supplies, amplifier and recorder are housed in a 
vertical rack which stands in a convenient position 
beside the instrument. 

The Electroflo Meters Company, Limited, Abbey- 
road, Park Royal, London, N.W.10, showed for the 
first time their pneumatic transmitter, developed 
originally by the parent company in the United 
States. The transmitter converts rates of fluid 
flow, liquid levels, pressures, or liquid densitics into 
equivalent air pressures varying proportionally with 
the quantity being measured, and the pressures 
may be transmitted to remote or local indicators or 
recorders. In the Electroflo pneumatic transmitter 
the force exerted by the variable being measured is 
transmitted by a pivoted weighbeam to a pneu- 
matically-loaded diaphragm; the compressed-air 
supply to the diaphragm, admitted through an 
orifice, bleeds through a nozzle, the flow through 
which is restricted by a throttle tip mounted on 
the weighbeam beyond the diaphragm. As the 
force produced by the variable tends to move 
the weighbeam, the throttle tip tends to close 
the nozzle, and the pressure is built up on the 
diaphragm, which moves the weighbeam to open 
the throttle until balance is restored. The total 
movement of the throttle tip is less than 0-004 in., 
and the movement of the diaphragm is less than 
this; the effective area of the diaphragm, there- 
fore, remains sensibly constant over the operating 
range. The pressure is conducted through copper 
tubing to the indicating instrument, which is 
graduated directly in terms of the measured variable. 
The standard transmitting pressure is 3 lb. to 
15 lb. per square inch, and the air consumption is 
0-20 cub. ft. per minute. 

Electroflo Meters also showed their new electronic 
recording and controlling potentiometer, in which 
the sensing and balancing actions are performed 
continuously and simultaneously with great pre- 
cision. A pivoted galvanometer movement, con- 
nected in the standard potentiometer circuit, carries 
a small aluminium wire loop, the path of which is 
parallel to two small fixed coils connected respec- 
tively in the anode and grid circuits of an oscillator- 
amplifier valve. When the instrument is balanced, 
the relative positions of the coils and the loop cor- 
responds to a pre-determined degree of magnetic 
coupling between the grid and anode circuits. A 
change in the position of the loop causes a simul- 
taneous increase or decrease of the anode current, 
which operates a relay energising an electro-magnetic 
clutch which causes a continuously-running motor 
to shift the sliding contact and thus re-establishes 
balance. The instrument has automatic cold- 
junction correction, automatic self-standardisation, 
and protective devices for the electronic circuit, the 
measuring circuit and the standard cell. The manu- 
facturers consider it to be particularly suited, in 
conjunction with their hydraulically-operated regu- 
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lator, for the automatic control of furnace tempera- 
ture, pressure and fuel-air ratio. 

Messrs. Elliott Brothers (London), Limited, Cen- 
tury Works, Lewisham, London, 8.E.1, showed a 
supervisory console for the central monitoring of a 
completely automatic control system for process 
plant, with facilities for manual adjustment in 
addition. Information on the primary control 
points is displayed upon a flow diagram on the 
front of the unit, and chart records of selected 
variables are provided by multi-point recorders. 
The automatic controllers are accessible from the 
rear of the cabinet. 

The Cambridge Instrument Company, Limited, 
13, Grosvenor-place, London, 8.W.1, showed, for 
the first time, a high-speed multi-point recorder 
which imprints dotted records in six different 
colours on a single recording chart, which is driven 
by a gearbox giving a range of six chart speeds 
from } in. to 6 in. per minute. The Foster Instru- 
ment Company, Limited, Letchworth, Hertford- 
shire, showed a foundry pyrometer for measuring 
the temperature of molten metals, such as cast iron, 
steel and the cupro-nickel alloys, up to a maximum 
of 1,650 deg. F., in which the measuring element is 
a platinum/platinum-rhodium thermocouple housed 
in a calorised sheath with a replaceable vitreosil 
tip. A large-scale illuminated Teloscale indicator 
enables the instrument to be read from a con- 
siderable distance. The firm also showed a low- 
range radiation pyrometer employing a magnetic 
amplifier in conjunction with a thermocouple, for 
the measurement of surface temperatures down to 
100 deg. C. Messrs. Unicam Instruments (Cam- 
bridge), Limited, Arbury Works, Cambridge, showed 
a new spectrocomparator which is suitable for the 
continuous analysis of liquid or gaseous products. 
It combines repeated scanning of a given spectral] 
region with a system by which the difference 
between the absorption spectra of two samples is 
displayed on a cathode-ray screen. The difference 
may be adjusted to zero by varying the proportions 
of the reference mixture. 





ENGINEERING IN THE 
FESTIVAL OF BRITAIN.* 


VIII.—Exurerrion oF InpustTRIAL PowEr, 
Giascow. 
(Continued from page 86.) 

Tue Hall of Power for Industry, which, following 
a logical sequence, the visitor is intended to inspect 
after the Hall of Steel, is arranged to show the part 
that steam has played, and is playing, in the 
national economy. Near the entrance there are 
models of Hero’s Aeolipile, the Florence flask and 
steam ball, Papin’s digester, and Savery’s and 
Newcomen’s engines, while Watt’s separate con- 
denser and Trevithick’s high-pressure engine also 
find a place. The principal methods of raising steam 
in modern boilers, with their associated equipment, 
are then illustrated, as are the reciprocating com- 
pound engine and the turbine, in which steam is 
converted into mechanical power. The internal- 
combustion engine is represented by one of the 
latest designs of oil engine, equipped with turbo- 
charger, and the picture is completed by a full-scale 
model of a gas turbine, 

The principal exhibit in the Hall has been arranged 
by the Combustion Engineering Association, 6, 
Duke-street, London, 8.W.1, to illustrate the tech- 
nique of steam raising. It consists of a full-scale 
section of a 9-ft. diameter Lancashire boiler with 
the shell plate cut away to show the internal 
arrangements. The flue tubes are also sectioned so 
that the mechanical stoker and ash extractor can 
be seen in operation ; and the brickwork has been 
left incomplete, so that the superheater and econo- 
miser can be examined. The economiser is of the 
vertical-tube cast-iron type and is fitted with 
scraper gear for cleaning the tubes. It contains 





* Previous articles in this series on the Dome of 
Discovery, the Royal Festival Hall, the temporary 
bridges, the “ Skylon,”’ the civil engineering works and 
the exhibits at the South Bank Exhibition appeared in 
the previous volume of ENGINEERING (yol. 171) in the 
issues of April 13 and 20, May 4, 11 and 18 and June 1, 8, 
15, 22 and 29, 1951. 
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48 9-ft. tubes arranged in one group six tubes wide, 
and has a mild-steel front casing, and vertical and 
horizontal gas baffles. It is capable of evaporating 
12,250 Ib. of water per hour with gas inlet and 
outlet temperatures of 850 deg. and 557 deg. F., 
respectively. 

A second economiser exhibited is the 475-sq. ft. 
cast-iron unit depicted in Fig. 129, herewith. 
This consists of 12 tubes 6 ft. 7 in. long, arranged 
four tubes in width and three rows in height. The 
two ends are fitted with swing doors to afford access 
to the return bends. A by-pass is fitted, so that 
the boiler can be operated without the economiser. 
The heating surface consists of straight gills on 
tangential plates, which are cast on opposite sides 
of the tubes. When the tubes are assembled, the 
adjacent gills almost touch and form rectangular 
gas passages of uniform cross-section. A minimum 
draught loss for a given rate of heat transfer is 
thus ensured and access for cleaning by rods or 
brushes is facilitated. The economiser has been 
designed for a working pressure of 650 lb. per 
square inch. 

Methods of steam raising are also illustrated by 

a vertical cross-tube boiler. This is 12 ft. 3 in. high 
over the crown and 5 ft. in diameter, and is capable 
of generating 1,250 lb. of steam per hour at a 
pressure of 100 Ib. per square inch. The heating 
surface is 120 sq. ft. and the grate area 15-4 sq. ft. 
The automatic stoker is fitted with a Perspex 
cover to show the mechanism. The boiler is 
equipped with both electrically-driven and steam- 
driven feed pumps, the former being of the plunger 
type and having a stroke of 3in. The steam-driven 
pump is of the horizontal duplex type. The opera- 
tion of the pumps is automatically controlled by a 
feed regulator. Draught is provided by a fan. 
An Economic boiler is also shown as an 
example of a design intended to combine high 
operational efficiency, maximum heating surface in 
minimum space, and an absence of external brick- 
work. The boiler is of the double-pass type, with 
an economiser between the boiler and the chimney. 
The coal is delivered by an elevator to the mech- 
anical stoker. A coal meter, an automatic feed- 
water regulator and soot blowers are fitted. 





The story of steam generation may be said to be 
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completed in the exhibit of the Water Tube Boiler 
Makers’ Association, 8, Waterloo-place, London, 
8.W.1. This consists of a model, about 40 ft. long, 
of a modern boiler designed to generate 200,000 Ib. 
of steam per hour at a pressure of 645 lb. per square 
inch and a temperature of 840 deg. F. with a feed- 
water temperature of 350 deg. This boiler is 
designed to use pulverised brown coal with a 
moisture content of 66-5 per cent., a high ash con- 
tent, and a calorific value as fired of 3,710 B.Th.U. 
per pound, The combustion chamber is of the water- 
lined radiant type with a bank of convection tubes 
before the superheater. Associated with it are 
three beater mills, each with a capacity of 15 tons 
per hour, a plain steel-tube economiser and a tubular 
air heater, the cold end of which is formed of cor- 
rosion-resisting cast-iron tubes. Draught is pro- 
vided by two electrically-driven forced-draught fans 
with an output of 60,300 cub. ft. of air per minute 
at a temperature of 70 deg. F. and a pressure of 
6-35 in. water gauge, and two electrically-driven 
induced-draught fans with a delivery of 123,600 
cub. ft. of flue gases per minute at a temperature 
of 380 deg. and a pressure of 12-9 in. water gauge. 
The gases pass to the chimney through an electro- 
static precipitator. 

The fuel, air and water-steam circuits on the 
model are distinguished by different colours. The 
passage of the coal from bunker to burner can 
thus be traced, as well as the flow of air from 
the forced-draught fans through the preheater to 
the primary and secondary ducting, and the path 
of the gas from the combustion chamber to the 
superheater, economiser, grit separator, air heater, 
dust precipitator and, finally, through the induced- 
draught fans to the stack. The same exhibit 
includes a number of photographs of parts of actual 
installations, arranged as colour transparencies 
which can be illuminated by pressing a button. 
At the same time, a pilot light on the main diagram 
shows the position of the component in the system. 

The stokers exhibited separately from the boilers 
include a coking stoker with a self-cleaning grate, 
which has been designed to facilitate even distri- 
bution of fuel. For this purpose, the height of the 
fire door can be adjusted within fine limits and the 
thickness of the bed adapted to the output required 
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and the characteristics of the fuel. When the door 
is in its lowest position, it acts as a seal between the 
grate and the hopper, an arrangement which is 
useful when the boiler has to be banked. The 
feeding ram extends across the whole width of the 
reciprocating grate, the speed of which is also 
adjustable. Ash and clinker are deposited in a 
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chamber formed between the end of the grate 
and the bridge wall. A spreader stoker is also exhi- 
bited, consisting of a reciprocating feed plate 
and a set of revolving distributor blades. The 
movement of the feed plate causes the fuel to work 
down on to a table, integral with the stoker, along 
which it is pushed on a curved throw-plate. At 
this point the distributor blades, which run at 300 
to 400 r.p.m., pick up the fuel and scatter it to 
right and left on to the fire, the distance it is thrown 
being determined by the position of the plate. 

An example of the control devices which, it is 
now being realised, are essential to the satisfactory 
operation of a boiler plant, is provided by the 
“ Stoker’s Mate ’’ equipment. This has been de- 
signed for use with small installations and con- 
sists of means for measuring the feed water and 
steam flow, the temperature at various points, 
the CO, and the draught pressure. The instru- 
ments for this purpose are grouped on the panel 
illustrated in Fig. 131, the draught gauges being 
shown at the top with the steam-flow recorder in 
the centre and the CO, and temperature meters 
below. Other examples of control equipment are 
provided by a number of coal meters for stoker- 
fired water-tube and Lancashire boilers, float- 
operated switches for regulating feed pumps, and 
a complete switching and indicating panel of the 
type now common in power-station boiler houses. 

The Lancashire boiler and Economic steam 





generator mentioned above are both supplied with 
feed water by direct-acting pumps, an example of 
which is illustrated in Fig. 132. The first of these 
pumps has a normal duty of 660 gallons per hour, 
and that of the second is from 1,450 to 1,725 gallons 
per hour. They have been designed to be economi- 
cal in steam consumption by reducing the clearance 
spaces ; and, as there is no dead centre, the pump 
will start at any point on the stroke. The steam 
stop-valve is of stainless steel, so that it is light and 
resistant to superheat. 

Another method of utilising fuel is illustrated by 
the quarter-scale model in longitudinal section of a 
refractory-testing kiln fired by a down-jet coke 
burner. This model, which is being exhibited by 
the British Coal Utilisation Research Association, 
Leatherhead, Surrey, is illustrated in Fig. 130, and 
serves to demonstrate the operation of the burner 
by which all the air for combustion is projected in 
a jet on to the surface of the fuel bed. The rate of 
burning and the composition of the productions of 
combustion are controlled by adjusting the quantity 
and velocity of the air supplied, the result being 
that working temperatures of over 1,650 deg. C. 
and a CO, content of 18-5 to 19-5 per cent. have 
been obtained without preheating the air. The 
ash fuses and runs down in droplets to form a 
solid layer in the lower part of the coke bed, whence 
it can be removed mechanically. This burner is 
now being manufactured by Joshua Bigwood 
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and Son, Limited, Wolverhampton, for the high-tem- 
perature firing of refractories and, with water- 
jacketed nozzle, for firing central-heating and other 
low-pressure boilers. 

An example of steam-operated plant is provided 
by the two-crank compound steam engine with 
inclined piston valves, exhibited by Belliss and 
Morcom, Limited, Birmingham. This engine is 
designed to operate on dry saturated steam at a 
pressure of 180 Ib. per square inch with a back 
pressure of 5 lb. per square in. and to run at a 
speed of 500 r.p.m. The cranks are set opposite 
to each other and steam is admitted simultane- 
ously to the top of one cylinder and the bottom 
of the other. The high-pressure and low-pressure 
slide valves are in separate chambers between the 
cylinders and are operated by separate eccentrics. 
The high-pressure valve cuts off on the inner edges 
and exhausts directly to the low-pressure valve, 
so that the ure of outside receiver pipes is avoided. 
The engine is directly connected to a 150-kW 
400-volt three-phase alternator constructed by 
Lancashire Dynamo and Crypto, Limited, Trafford 
Park, Manchester. 

A double-flow low-pressure turbine rotor is being 
exhibited by the Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester. 
This rotor, which weighs 19} tons, is for one of 
the two 52-5-MW three-cylinder sets for the 
Carmarthen Bay power station of the British 
Electricity Authority. The turbines are designed 
to run at 3,000 r.p.m. when supplied with steam at a 
pressure of 900 Ib. per square inch and a temperature 
of 900 deg. F. and to exhaust into a 52,000 sq. ft. 
surface condenser operating at a vacuum of 29 in. 
The low-pressure rotor has three stages and ten 
discs. Its maximum diameter is 6 ft. 9 in., so that 
the peripheral speed of the stainless-steel blading 
is 1,050 ft. per second. 

The production of power from oil is illustrated by 
the 2,270-h.p. turbo-charged compression-ignition 
engine exhibited by Mirrlees, Bickerton and Day, 
Limited, Stockport, the appearance of which will be 
seen from Fig. 133. This engine, which is the most 
recent product of the firm, has 16 cylinders arranged 
in V formation and runs at 900 r.p.m. The brake 
mean effective pressure is 160 lb. per square inch 
and the boost pressure is 7:5 lb. per square inch. 
The bedplate and the monobloc cylinder of this 
engine have been fabricated from mild-steel plate, 
the welds being stress-relieved. The cast-iron cylin- 
der heads have the injector spaced centrally between 
the two exhaust and two air-inlet valves. There 
is also a starting non-return valve. The cylinder 
liners are of chrome-hardened cast iron and are 
arranged to expand downwards. The valve gear 
is pressure-lubricated and totally enclosed. It is 
operated through push rods from high-tensile steel 
ground camshafts, which have chill-cast cam pro- 
files. The crankshaft is a forging of 45-50 ton 
steel, hardened and tempered, and the connecting 
rod is also a steel forging, of H-section. The pistons 
are of aluminium alloy with a dished crown. The 
bore and stroke are 9} in. and 10} in., respec- 
tively, and the piston speed is 1,578 ft. per second. 
Fuel is supplied to each cylinder by individual 
pumps and starting is effected by compressed air 
at a nominal pressure of 3,000 lb. per square inch. 
The brake thermal efficiency of the engine is 38 per 
cent. and the dry weight of the engine is 17-2 tons. 

As an indication of the power of the future, 
Ruston and Hornsby, Limited, Lincoln, are showing 
a full-scale model of their industrial gas turbine, 
the operation of which is explained by a diagram of 
the working cycle, on which temperatures and 
pressures are indicated. The set is made up of 
four major units: a gas generator, consisting of a 
two-stage high-pressure turbine driving a 13-stage 
axial-flow compressor; a heat exchanger, flexibly 
supported from the main turbine frame ; combus- 
tion chambers, arranged symmetrically on each side 
of the plant ; and the combined power turbine and 
reduction gear. These units are connected by 
flexible ducts and any section can be dismantled 
without interfering with the others. Among the 
special features of the turbine are the cooled stator 
with segmental shrouding in the turbine driving the 
compressor, and there are overhung disc rotors on 
both the compressor and output turbines. High- 
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Fig. 1. 


temperature ducting of thin section is employed | 
and is housed in an external pressure-carrying | 
casing. The reduction gearing is of the epicyclic 
type. The turbine, which is coupled to a 750-kW 
alternator, was first run under its own power in 
1946 and was subjected to endurance tests with the 
alternator in 1950. The fuel consumption of the 
complete unit on full load was found to be 0-59 lb. 
per b.h.p., and the thermal efficiency 23-4 per cent. 
(To be continued.) 





SEAWEED RESEARCH IN SCOTLAND. 


THE annual report for 1950 of the Scottish Seaweed 
Research Association shows that the five-year research 
and development programme published in the 1946 
report was nearing completion. It covered a survey 
of Scottish seaweed resources from the biological, 
chemical and economic points of view, the development 
of harvesting and processing techniques (a matter of 
considerable engineering interest) and the investigation 
of uses to which seaweed could be put. It has now 
been established that the mechanical harvesting of 
brown seaweed from beds fringing the coastline is 
technically feasible, and the survey of the weed beds 
has been extended to cover 85 per cent. of the Scottish 
coast. In addition, the Gulland Laboratory (named 
after the late Professor J. Masson Gulland, F.R.S.) 
was Officially opened in December by the Rt. Hon. 
Hector McNeil, M.P., Secretary of State for Scotland ; 
this is described as a “semi-technical” laboratory, 
equipped for experimental work on drying, filtration, 
separation, distillation and other chemical operations 
leading to the design and erection of pilot plants for 
seaweed processing. The layout of the laboratory is 
such as to permit the erection of complete pilot plants. 

Of the 4,500 miles of coastline surveyed to the end of 
1950, 1,652 miles were found to support sublittoral 
seaweed in concentrations and densities of growth 
likely to prove of potential industrial significance. The 
weight of weed found ranged from 10-5 to 18-3 tons 
per acre; but the interesting fact emerged that, 
round the southern half of the Isle of Arran, there was 
an abnormally high density of growth at all depths 
to 6 fathoms, amounting to 40-7 tons per acre. As a 
result of the survey, it has been estimated that the 
“total weed potential ” of Scotland is some ten million 
tons (wet), of which four million tons is sufficiently 
concentrated to be industrially significant when suitable 
means of harvesting have been developed. The 
engineering staff of the Association have achieved 
considerable success in developing suitable means and 
have established that the continuous grapnel method 
of harvesting, described in the 1949 report, is practic- 
able. Experiments were continued, also, with the 
method of cutting by reciprocatmg reaper-type blades 








and entertained in a stream of water. 
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OIL-REFINING CAPACITY IN 
ITALY. 


As in most other countries, the consumption of 
petroleum products in Italy has shown a steady 
increase since the war, and has now exceeded by a 
considerable margin the figures for the last pre-war 
year, 1938. In that year, the consumption of petrol 
was 455,000 metric tons, of gas oil 261,000 tons, of 
kerosine 100,000 tons, and of fuel oil 1,587,000 tons. 
Even in 1946, when conditions were still far from 
normal, the corresponding quantities were 202,000, 
275,000, 151,000 and 1,048,000 tons, in round figures ; 
but in 1949 they rose to 547,000, 586,000, 148,000 and 
1,910,000 tons, respectively, and 1950 greatly exceeded 
these totals, reaching 664,000 tons of petrol, 750,000 
tons of gas oil, 188,000 tons of kerosine, and 2,341,000 
tons of fuel oil. During the year, the Italian refineries 
processed over 4,000,000 tons of crude oil, an increase 
of more than a million tons on the 1938 total, in spite 
of war-time damage which included the total destruc- 
tion of the large refinery at Leghorn. Schemes for the 
expansion of the industry, with the backing of the 
Italian Government and considerable investment of 
American money, contemplate an increase of processing 
capacity to 9,000,000 tons a year in the course of 1952, 
to meet the requirements of public and private trans- 
port, and the rapid conversion of industrial power 
plants of all kinds from coal to oil. 

Of the existing refineries, the largest is that of the 
Socony-Vacuum Company at Naples, with a capacity 
of 1,600,000 tons of crude oil a year. Next come the 
rebuilt plant of the Stanic company (Esso Italiana e 
Anic) at Leghorn, which can process 1,080,000 tons a 
year, and the same company’s Bari refinery, with a 
capacity of 960,000 tons. At Venice there is the 
750,000-tons plant of “ Irom ”—Industria Raffinazione 
Olii Minerali ; and the Aquila Oil Company have one 
of 600,000 tons capacity at Aquilinia, Trieste. Only 
one other can process as much as 500,000 tons a year, 
this being the refinery of the Raffineria Siciliana Olii 
Minerali at Augusta, near Syracuse. 

An important new refinery, now in an advanced 
stage of construction, is that of the Condor Oil Refining 
Company at Milan ; it is expected to be completed by 
the end of 1952. It occupies a site of 1,000,000 sq. m. 
at Rho, on the highway between Milan and the Simplon, 
and will be connected with the port of Genoa by & 
pipeline 305 mm. in diameter and 135 km. in length, 
to be operated at a pressure of 60 atmospheres by a 
single pumping station. At Genoa, an oil dock is being 
built, with accommodation for four 30,000-ton tankers, 
and pumping plant capable of handling 4,000 tons an 
hour. Storage at the Rho refinery will be in steel 
tanks, the gate capacity of which will be 400,000 
cub. m. Half of the tanks will have floating roofs. 
Steel is scarce in Italy, however, and therefore many 
storage and distribution depots are being equipped with 
concrete tanks of the type introduced by Ing. Stefano 
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Castelli, of Milan; a tank of this type is illustrated, 
under construction, in Fig. 1, opposite. 

Another important new refinery is that of the 
Petrocaltex Company with which the Fiat Company 
are associated. It is situated at San Giorgio di Trecate, 
near Novara, on the road between Turin and Milan, 
and is practically identical in type with that of the 
Condor Company, though ultimately to be larger ; 
the eventual annual processing capacity is expected to 
be 1,800,000 tons. It will be connected with an oil 
port at Vado Ligure, to the east of Genoa, by a pipeline 
155 km. long, operating at a pressure of 80 atmospheres. 
A further refinery, with a designed capacity of 300,000 
tons of crude oil yearly, is under construction at 
Mantova under the auspices of a group formed by the 
Perdomini Company and the Omnium Frangais des 
Pétroles. 

_ Meanwhile, the Stanic Company have made con- 
siderable progress in reorganising and enlarging their 
refineries at Bari and Leghorn, which were built be- 
tween 1936 and 1938 to process Albanian oils. Their 
original capacity was about 400,000 tons a year each. 
In 1940, the Leghorn plant was extended to produce 
& greater output of lubricating oils and paraffins, in 





the proportion of 60,000 tons of lubricating oil to 
14,000 tons of paraffin. During the war, the Bari 
refinery was only slightly damaged, but the Leghorn 
refinery, as stated above, was completely destroyed. 
In 1946, production was resumed at Bari, and in the 
following year various extensions were completed. At 
present, the throughput there is up to 80,000 tons a 
month as a result of the installation of new equipment 
obtained in the United States by means of funds placed 
at the disposal of the Stanic Company by the Standard 
Oil Company of New Jersey. An oil dock is to be 
constructed at Bari to take tankers of 35,000 tons 
deadweight capacity. 

At Leghorn, which was brought into production 
again towards the end of 1947, the repair of the toppin 
unit restored the capacity to 50,000 tons of crude oi 
monthly, and this figure has now been raised to 90,000 
tons. With the aid of the dollar credits provided by 
the Standard Oil Company of New Jersey, the con- 
struction has begun of a new lubricating-oil equipment. 
Figs. 2, 3 and 4, herewith, show portions of the Leghorn 
refinery; it will be noticed that the tanks are of 
riveted construction. It is intended also to modernise 
the plant for the production of petrol, to supply high- 
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octane spirit and fuel for jet-propelled aircraft. Five 
new tanks with floating roofs, having a capacity of 
20,000 cub. m. each, are to be added for storage 
purposes, and a pipeline 5 km. long will connect the 
refinery with a new oil dock, designed to berth tankers 
up to 28,000 tons deadweight. 

Further plans for the expansion of Italian oil-refining 
capacity, on several of which work is now proceeding, 
include an extension to the Shell refinery at Spezia ; 
the addition of 50 per cent. to the capacity of the 
Falconara refinery of the Societa Anonima Petroli 
Italiana, to bring it up to 600,000 tons a year; a 
proposal of the same company to extend their refinery 
at Fiorenzuola d’Arda; and a similar project of the 
Societa Anonima Lombarda Petroli. The programme 
of the S.A. Petroli Italiana is designed with a view to 
developing the production of lubricating oils from 
crude obtained from the Piacenza fields. The Permolio 
Company, of Milan, have obtained permission to 
increase the processing capacity of their plants at 
Rome, Genoa and Milan to 500,000 tons yearly, with 
the aid of American capital; and negotiations are in 
progress between the Italian Government and the 
Socony-Vacuum Company with a view to increasing 
the capacity of that company’s refinery at Naples to 
2,200,000 tons a year, with particular emphasis on the 
production of lubricating oils. Discussions are pro- 
ceeding also between the Italian Government and 
Sardinian industrialists who wish to obtain American 
financial aid to establish a refinery at Cagliari, with a 
projected throughput of 500,000 tons of crude oil 
annually, to produce aviation spirit and fuel oils. A 
refinery at Cagliari is necessary, it is claimed, to 
serve the growing air traffic and the increasing demands 
of industry in Sardinia. 





PROPOSED SERVICE RESERVOIR FOR WOLVERHAMPTON, 
—The construction of a service reservoir of 5,000,000 
gallons capacity at Goldthorn Hill, together with the 
necessary additional water mains, at the cost of 107,4401. 
is recommended by the Water Committee of Wolver- 
hampton Town Council. The existing service reservoir 
at Goldthorn Hill was constructed a century ago to 
hold 1,500,000 gallons, but since 1936, when it was found 
not to be watertight, its maximum capacity has been 
iimited to 1,200,000 gallons. This reservoir and the 
one at Bushbury Hill, of 2,000,000 gallons capacity, 
have together to balance the hourly variations of demand 
against the supply from the various pumping stations ; 
the total daily demand is more than 9 million gallons. 
The capacity of the existing Goldthorn Hill reservoir is 
now inadequate and, because of its age, it cannot be 
relied upon to maintain its stability or watertightness. 
The site for the new reservoir was acquired in 1931, but 
the war interfered with the proposed project. The 
committee propose to build the reservoir of reinforced 
concrete, partly below and partly above the surface. 








IIo 


ENGINEERING. 


JULY 27, I95I. 








NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


BELT CONVEYOR FOR MINE USE.—A conveyor in which 
the belt is supported by two travelling steel ropes and 
carried along by friction through rubber shoes has been 
installed experimentally at the Frances Mine, East Fife. 
The removal of much of the strain from the belt by this 
arrangement is expected to increase its life considerably, 
while the longer single stretches of belt which it is 
possible to employ reduce the number of driving motors., 
The makers are Cable Belt, Ltd., Rose-street, Inverness. 





CHEMICAL INDUSTRY.—Trade in the Scottish chemical 
industry maintained its progress during 1950, according 
to a statement by Dr. E. A. Balfour Birse, Chief Inspector 
of Alkali, etc., Works for Scotland, in his annual report 
to the Secretary of State. The shortage of sulphur, how- 
ever, was a discouraging feature, as only two plants in 
Scotland were manufacturing sulphate of ammonia, and 
large quantities of ammonia produced by the country’s 
gasworks, as a by-product, went to waste. At the 
same time, the use of ammonia for the manufacture of 
nitrogen fertilisers had proved promising. 





NEw FERRY SERVICE.—The Ministry of Transport 
has made a grant of 18,2961. towards an expenditure 
of 30,4931. for the construction of slipways for the pro- 
posed vehicular ferry service between the island of Luing, 
near Oban, and the mainland. Luing is a centre of the 
West Highland slate industry. 





GASWORKS CONSTRUCTION.—The Scottish Gas Board 
has sanctioned the expenditure of more than 325,0001. 
during the past three months, according to a report made 
at a meeting of the Scottish Gas Consultative Council in 
Edinburgh on July 18. Of that sum, about 132,0001. 
has been allotted to the Glasgow and West Division, 
including 42,0001. to be spent on the Dawsholm Gasworks 
at Maryhill. The chairman of the Board, Mr. A. T. 
Morrison, announced that a sub-committee would con- 
sider the most appropriate standard of calorific value. 





ScoTTisH INDUSTRIAL ESTATES, LTD.—Reviewing the 
progress made by Scottish Industrial Estates, Ltd., 
Glasgow, since the organisation was established 14 years 
ago, Mr. W. C. Kirkwood, the general manager, stated 
on July 18 that 52,000 men and women were now 
employed by their tenants, and that the company’s 
income exceeded 1,000,0001. annually. Mr. Kirkwood 
said that the company’s work now was to help all essen- 
tial types of businesses which fitted into the Govern- 
ment’s policy for the distribution of industry. 


PAISLEY SPINNING MILL.—Plans for a new spinning 
mill to be constructed at Ferguslie, Paisley, which is 
estimated to cost over 500,0001., were passed at Paisley 
Dean of Guild Court on July 18. The application was 
made by United Thread Mills, Ltd., Bolton and Paisley, 
for the erection of a building of three storeys, with pro- 
vision for a fourth storey later. The new mill will form 
the largest unit so far undertaken in connection with the 
long-term reconstruction scheme being carried out at 
Ferguslie. 

EXHIBITION OF INDUSTRIAL POWER, GLASGOW.—The 
Cunard motorship Britannic arrived at the Tail of the 
Bank, on July 19, on the second of the three calls she is 
making in connection with the Festival of Britain, 
Nearly 500 American and Canadian passengers landed 
at Greenook, in response to an invitation by the Scottish 
committee of the Festival inviting the ship’s passengers 
to visit the Exhibition of Industrial Power in Glasgow. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE UPWARD MOVEMEDST IN STEEL PRICES.—For some 
time past, the interest of North-Kast Coast commercial 
circles has centred very largely on likely trends in the 
recognised market values of steel. Recent announce- 
ments indicate that the export price of small bars and 
sections has been advanced by 71. 11s., raising the quota- 
tion 401, 10s. Heavy steel export prices have risen by 
5l, a ton. The increases are, however, no greater than 
were generally expected and they leave the cost of 
Tees-side products well below the general level, at which 
the manufactures of their Continental competitors are 
quoted. The outputs of allsteel-producing areas between 
the Tees and the Tyne have been fully booked and great 
activity by the plants concerned for some time to come 
is assured. Offers of new business are not eagerly 
sought after at present. The general situation, in fact, 
still occasions considerable anxiety. 





DECLINE IN COAL CONSUMPTION.—The output of 
saleable coal in the North Eastern Division of the 
National Coal Board declined sharply during the first 
two weeks of this month, mainly owing to the incidence 
of the summer holiday period. Production, which 
amounted to 875,300 tons for the week ended June 30, 
and totalled 842,100 tons for the week ended July 7, 
declined to only 828,800 tons for the following week. 
The Board estimated that the amount of coal lost, owing 
to holidays, strikes and similar causes, was 8,120 tons 
during the week ended June 30. For the following two 
weeks, however, the quantities of coal lost in this way 
increased to 16,960 tons and 32,730 tons, respectively. 


SHORTAGE OF RaAILway WaGons.—Complaints are 
being made that the efficient handling of goods traffic at 
West Hartlepool docks is being jeopardised by the grow- 
ing shortage of railway wagons. Imports of timber 
through the port are increasing, as is usual at this season, 
and the docks are working at full pressure. The shortage 
is considered to be due, in some measure, to the lack of 
trained railway staff, and this, in turn, is aggravated by 
the calling up of railwaymen for national service duties. 
Railway officials claim to have the matter in hand and it 
is hoped that representations made to the Railway 
Executive will lead to more wagons being diverted to 
the port, 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


SHEFFIELD STEEL PRODUCTION.—In Sheffield, Febru- 
ary was the peak month this year for the production of 
steel ingots and castings, with an average of 49,900 tons 
a week. The average for June was only 40,300 tons, 
owing to the closing of five open-hearth furnaces, for 
which the necessary scrap metal was not obtainable. 
The average weekly output of steel ingots and castings 
during May and June was 11 per cent. lower than that 
for the first four months of the year. 

MINERS AND THE SATURDAY SHIFT.—The realisation 
that special steps will be necessary to avoid another 
coal crisis, during the coming winter, has led miners 
at ten Yorkshire collieries to indicate that they are 
willing to resume immediately the working of voluntary 
Saturday shifts. Saturday working was suspended at 
all collieries for the months of June, July and August to 
give the men a rest. At some Nottinghamshire pits, 
Saturday shifts have been worked recently, with en- 
couraging results. 





THE WORKING OF IRONSTONE IN RUTLAND.—During 
the course of an inquiry into ironstone mining at Rutland 
and Kestevan, the county planning officer for Rutland 
advised that the ironstone should be worked, but with- 
out damaging agriculture, which was the county’s 
principalindustry. The ironstone operators had applied 
to work an area of approximately 18,000 acres, or about 
one-fifth of the total acreage of the county. They had 
also deposited plans showing projects to extend their 
operations at a later date to about two-thirds of the 
county’s area. 

THE POSITION OF MEDICAL OFFICERS IN INDUSTRY.— 
Mr. Gerald Steel, joint managing director of the United 
Steel Companies, Ltd., has pleaded for works’ doctors 
to be given increased responsibility in management. 
He suggested that they might pay greater attention to 
accident prevention and to what was technically known 
as neurosis, but which he regarded as extreme unhappi- 
ness. The financial loss to industry caused by avoidable 
accidents was frightening, and, from the humanitarian 
point of view, Mr. Steel considered that there was too 
much unnecessary suffering and distress. 


THE MIDLANDS. 


THE AUSTIN MOTOR CoMPANY.—The new assembly 
plant of the Austin Motor Co., Ltd., at Longbridge, 
Birmingham, was officially opened by the Minister of 
Supply, Mr. George Strauss, M.P., on July 19. The 
plant has been designed to utilise modern methods of 
mechanical handling and mechanisation to the greatest 
possible extent, and has cost 2,000,0001. Mr. L. P. 
Lord, chairman and managing director of the Austin 
Company, said at the opening ceremony that, during the 
company’s present financial year, which would end in 
two weeks, the output of the works had again risen; 
it was about 3 per cent. higher than that of the previous 
year. In that period, they had despatched 157,000 
vehicles of all types, 75 per cent. being exported. 





WARNING OF POWER CuTS.—With the inevitability of 
power cuts for some years to come in mind, the Midlands 
Electricity Board are considering the possibility of using 
short-wave radio to give warning of impending cuts. 
Experiments are being carried out at present by the 
British Electricity Authority in Yorkshire, and if they 





are successful, it is likely that something similar will be 


done in the Midlands. The M.E.B. consider that the 
district most in need of such a warning system is the 
highly-industrialised area between Birmingham and 
Wolverhampton. 





SATURDAY WORKING IN MIDLAND COLLIERIES.— 
Miners in the West Midlands Division of the National 
Coal Board have expressed a wish to begin voluntary 
Saturday shift-working before September 1. It was 
agreed in April that Saturday working should be sus- 
pended between June 2 and September 1, but, because 
of this demand for an earlier start, a ballot is being held 
among Midland members of the National Union of Mine- 
workers with a view to setting aside the previous decision. 





PROPOSED NEW POWER PLANT.—A proposal by the 
British Electricity Authority to seek planning permission 
for the building of a new power station at Hams Hall, 
near Coleshill, Warwickshire, has been considered by the 
local authority. The authority, Meriden Rural Council, 
had before it a suggestion that a protest should be 
made, but decided to take no action until further details 
were available. There are already two large power 
stations at Hams Hall, and the objection to the erection 
of a third was based on the ground that atmospheric 
pollution would be increased. 





UNDERGROUND FirEs.—The old Black Country prob- 
lem of underground fires has cropped up again, this time 
at Willenhall, Staffordshire. A fire has been discovered 
in the garden of a Council house which is built on an old 
colliery site. Willenhall Urban District Council have 
taken test borings to discover the extent of the fire, and 
it will probably be necessary to excavate a trench to 
prevent the burning area from spreading. 

INDUSTRIAL DEVELOPMENT AND EMPLOYMENT IN THE 
MipLanps.—The Midland Regional Board for Industry 
state that applications for building licences during the 
first six months of 1951 increased by 24 per cent., com- 
pared with the same period of last year. Birmingham 
and Coventry are the centres of greatest demand. 
Unemployment figures for the Midlands, issued by 
Mr. J. W. Eldridge, Deputy Regional Controller, Ministry 
of Labour, are :—Birmingham 2,200, Coventry 890, North 
Staffordshire 1,150, Wolverhampton and the Black 
Country 1,380, and the rest of the Midland Region 1,195. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


ANTHRACITE MINE AT LLANELLY.—The National Coal 
Board have approved, during the past week, a scheme 
for sinking a new anthracite colliery at Cynheidre, 
five miles north of Llanelly, which will cost 7,500,000/. 
It is expected to come into production in 1956, and 
its maximum output, 1,000,000 tons of the highest 
grade anthracite per annum, should be reached in 
1962, when about 3,450 men will be employed. Reserves 
of workable coal in the vicinity have been calculated as 
sufficient to keep the colliery fully employed for more 
than a century. The Board confirmed last week that the 
estimated expenditure at the new colliery was ** ex: 
tremely high ” in relation to its output, but explained 
that, owing to geological faults, mining conditions were 
far from favourable. In spite of the heavy cost involved, 
however, the anthracite obtained would be gained at a 
lower cost than that from neighbouring pits. Horizontal 
mining will be employed and the new colliery will be an 
** all electric ”’ undertaking. 





NANTGARW COLLIERY.—The first battery of coke ovens 
to be erected at Nantgarw Colliery, near Cardiff, was 
lighted last week. The temperature will be increased 
gradually for eight weeks, prior to the insertion of the 
first charge of coal in September or October next. They 
have cost 3,000,0001. During periods of full production, 
the ovens will consume 1,500 tons of coal daily and will 
have a daily output of 1,100 tons of coke. 





PONTYPOOL TOWN-PLANNING SCHEME.—Pontypool has 
drawn up a plan for the development of the town which 
it is estimated to cost 1,300,0001., and to require twenty 
years to complete. The schedule includes the provision 
of a civic centre. The plan will form part of the Mon- 
mouthshire County Council’s development scheme, which 
has be :n divided into an immediate five-year programme 
and a long-term 15-year programme. 





RURAL ELECTRICITY SUPPLIES.—The estimated two- 
year programme for developing electricity supplies in 
rural Wales may have to be curtailed. A meeting of the 
South Wales Electricity Consultative Council in Cardiff 
on July 17, was informed that the South Wales Elec- 
tricity Board considered that projects, such as rural 
development, with a low rate of priority, would have to 
be deferred, owing to the commitments of the Board to 
industry and to the need for building up the electricity- 


industry. 
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NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, August 14, 
8.15 p.m., St. George’s Hall, St. George’s-road, Wimble- 
don. ‘‘ Carbon Brushes for Electrical Machines,” by 
Mr. C. T. Lawrence. 





TRADE PUBLICATIONS. 


V-Belt Drives.—J. H. Fenner & Co., Ltd., Hull, have 
issued a leaflet showing the uses to which their V-belt 
drives are being put in connection with the heating and 
air-conditioning plant in the new House of Commons. 


Aluminium Wire.—A file, containing four data sheets 
op the characteristics and properties of aluminium and 
aluminium-alloy wire, has been sent to us by the Alu- 
minium Wire and Cable Co., Ltd., 37, Thurloe-street, 
South Kensington, London, S.W.7. 


Industrial Safety Goggles, Helmets and Respirators.— 
A catalogue of their many types of safety goggles and 
other face and eye protectors, dust respirators and other 
safety equipment, has been received from J. and R. 
Fleming, Ltd., Safety Goggle Division, 146, Clerkenwell- 
road, London, E.C.1. 


Chemical and Iron and Steel Plant.—A selection from 
the gas and chemica] plant, blast-furnace and other 
installations erected and equipped by the Power-Gas 
Corporation, Ltd., and Ashmore, Benson, Pease and Co., 
Stockton-on-Tees, are contained in a folder recently 
issued by these associated firms. 


Reinforced Asbestos.—British Reinforced Asbestos 
Co., Ltd., 24, New-street, Worcester, have sent us a 
sample of their woven asbestos sheeting with a metallic 
insertion. The material, which is flexible and intended 
for exacting conditions, is made up in sheets y,-in. and 
}-in. thick, and is also obtainable in the form of tape. 


Refractory Cement.—A folder relating to Durax No. 3 
refractory cement has come to us from General Refrac- 
tories, Ltd., Genefax House, Sheffield, 10. This material, 
it is claimed, makes strong durable joints in firebrick 
walls, an advantage being that it shows little or no 
shrinkage on drying and firing. 


Metal-Faced Plywood.—A booklet dealing with Plymax 
metal-faced plywood has been issued by Venesta, 
Ltd., Vintry House, Queen Street-place, London, ©£.C.4. 
It is entitled “‘ Facts about Plymax,” and deals with 
such matters as design data, methods of working and of 
finishing the material, the construction of complete units, 
and lead Plymax for X-ray protection. 


Chains and Wire Ropes.—Information on the manu- 
facture of wrought-iron and mild-steel chains, together 
with their safe working, proof and test loads, is con- 
tained in a booklet prepared by Edge and Sons, Ltd., 
Shifnal, Shropshire, makers of chains for over 150 years, 
Some particulars of double-leg chain slings, hooks, 
shackles and steel-wire ropes are also included. 


Coal Washing.—Simon-Carves, Ltd., Cheadle Heath, 
Stockport, have produced a brochure describing their 
“Simear” froth-flotation and flocculation plants. 
Froth flotation is used to recover a comparatively low- 
ash fuel from washeries, which is saleable after mixing 
with washed slack. Flocculation plant is solely for 
cleaning washery circuits, but can be used in various 
ways. 


Lubricants.—Acheson Colloids, Ltd., 18, Pall Mall, 
London, S.W.1, have sent us the first three of a series of 
leaflets to be issued by them on industrial applications 
of their products, The subjects covered are : lubrication 
of glass moulds, prevention of screw-thread seizure, and 
conveyor and chain lubrication. These leaflets are 
numbered U.1, X.1 and P.1. 


Cold Rolling Mill.—The English Electric Co., Ltd., 
Queen’s House, Kingsway, London, W.C.2, have sent us 
a publication describing some of the cold rolling-mill 
equipment installed at the Falkirk works of the British 
Aluminium Co., Ltd. It has been written by Mr. G. R. 
Wilson, B.Sc., A.M.I.E.E., chief engineer of the firm’s 
metal-industries division, and is a reprint from the 
English Electric Journal. 


Air and Gas-Drying Apparatus.—Birlec, Ltd., Tyburn- 
Toad, Erdington, Birmingbam, 24, have sent us two 
leafiets in which are set out particulars of their Lectro- 
dryers containing a solid, granular adsorbent material. 
The first leaflet, No. 49, refers to laboratory drying 
apparatus and the second, No. 80, is concerned with the 
Temoval, on an industrial scale, of moisture from air, 
gases and organic liquids. ; 


Bronze Castings.—'The composition, manufacture and 
application of their Taurus bronze castings for engi- 


neering purposes are dealt with in an attractive manner 
in a publication issued by David Brown and Sons (Hud- 
dersfield), Ltd., Park Gear Works, Huddersfield. The 
effect of casting methods on the macro- and mioro- 
structure of phosphor bronze, and the microstructures of 
various bronzes, are shown in a series of 24 microphoto- 
graphs in colour. The control and testing of bronze 
castings are dealt with. 


Watchman’s Recording Clock.—As a result of sugges- 
tions made by Scotland Yard, the Blick watchman’s 
clock has been improved by the makers, Blick Time 
Recorders, Ltd., 188-190, Grays Inn-road, London, 
W.C.1. The watchman carries the clock with him on 
his rounds, visiting selected stations and recording the 
time at, and the code letter of, each station. The sealed 
record thus obtained is a means of ensuring that the 
watchman does not adhere to a routine which can be 
detected by a burglar. The makers have issued a 
leaflet on the new model of the clock. 


Steels, Tools and Tool-room Work.—Darwins, Ltd., 
Fitzwilliam Works, Tinsley, Sheffield, 9, have issued a 
comprehensive catalogue of their products. It is in 
five sections dealing, respectively, with tool, alloy and 
other special steels; castings; permanent magnets; 
hacksaw blades and tool-holder bits; and machining 
facilities. Each section is a separate publication and 
the binding makes possible the addition of further 
sheets, All the sections are well illustrated and contain 
data of scientific and technical interests, as well as 
details intended for purchasers. 





CONTRACTS. 


PHILIP AND Son, UtTp., Dartmouth, have received a 
contract from the Mersey Docks and Harbour Board, 
Liverpool, for the construction of a Diesel-electric pilot 
vessel, similar to the M.S. Sir Thomas Brocklebank, 
previously built by the firm for the same owners. As 
in the case of the former vessel, the GENERAL ELECTRIC 
Co., Ltp., Birmingham, are the main contractors for the 
propelling machinery, which will consist of two 640-b.h.p. 
Diesel engines (to be constructed by the NaTIONAL Gas 
AND OIL ENGINE Co., Ltp., Ashton-under-Lyne, Lanca- 
shire), each driving 375-kW and 80-kW generators in 
tandem. These will provide power for the single- 
armature propulsion motor. 


Among other contracts, BRITISH POLAR ENGINES, 
Lrtp., 139, Helen-street, Govan, Glasgow, S.W.1, obtained 
orders for twelve marine engines during June, including 
one of 1,500 b.h.p. for the Grangemouth Dockyard Co., 
Ltd., and another, of 450 b.h.p., for Cleland’s (Succes- 
sors), Ltd. The firm’s Australian agents and Alexander 
Stephen and Sons, Ltd., placed orders for auxiliary 
engines, and the Caledon Shipbuilding and Engineering 
Co., Ltd., for three 300-b.h.p. 600-r.p.m. engines. An 
order for two engines, of 800 b.h.p. at 330 r.p.m., was 
received from William Denny and Brothers, Ltd., for 
the Diesel-electric packet boat Loch Fyne. 


The BURNTISLAND SHIPBUILDING Co., LTD., Burnt- 
island, Fife, have secured contracts for the construction 
of two cargo vessels, each of 10,500 tons deadweight, for 
the Fomentador Compania Naviera S.A., Panama. The 
company have also obtained an order for the building of 
a cargo vessel of similar deadweight carrying capacity 
for the Tramp Chartering Corporation, Panama. The 
propelling machinery in each case will consist of Kincaid- 
B. and W. Diesel engines of 5,500 b.h.p., to be con- 
structed by Jonun G. Kincaip & Co., LTp., Greenock. 





NEw Roor FoR DERBY MIDLAND StTaTion.—The roof 
of Derby Midland station, which is of the overall type 
and remains much as it was erected to the designs of 
Robert Stephenson in 1839, was badly damaged by enemy 
action during the war. British Railways (London 
Midland Region) have now decided to replace the old 
roof by individual platform roofs of the awning type, 
constructed of prestressed precast concrete sections. 
On the two island platforms, the roof will be carried on 
two rows of columns, spaced at about 60-ft. centres 
longitudinally. The area between the columns and the 
edges of the platforms will be covered by a solid concrete 
slab about 10 ft. wide, and the space between the rows of 
columns will be spanned by another concrete slab at a 
higher level, connected to the lower slabs by glazing to 
form a clerestory. The main platform, No. 1, will have 
no columns, the cantilever roof extending from the line 
of the buildings to the edge of the platform, a width of 
about 30 ft. As the new roof would obstruct the view 
of the signalman in the box now situated in the centre 
of the station, a new signalbox will be provided. The 
present old type colour-light signals are to be replaced 
by modern equipment. It is expected that the work 
will be begun in the autumn. The estimated cost is 





about 200,0007. 


PERSONAL. 


Str FREDERICK LEITH-Ross, G.C.M.G., K.C.B., and 
Mr. JEAN Louis, President of the Société Frangaise des 
Constructions Babcock et Wilcox, Paris, have been 
elected directors of Babcock and Wilcox, Ltd., Farring- 
don-street, London, E.C.4. 


Mr. FRANK ARNOLD Hurst has been elected chair- 
man of SAMUEL OSBORN & Co., LTD., Clyde Steel Works, 
Sheffield, to fill the vacancy caused by the death of 
Mr. 8. Eric Osborn. An obituary notice of Mr. Osborn 
appears on page 116. 


Dr. P. F. Soper, B.Sc. (Eng.), M.I.E.E., has been 
appointed head of the electrical-engineering department 
of the Northampton Polytechnic, St. John-street, Lon- 
don, E.C.1, in place of Dr. J. S. Tait, whose appointment 
as Principal of the Woolwich Polytechnic was announced 
in our issue of May 18, page 595. Dr, Soper is at present 
head of the electrical-engineering department of the 
Nottingham and District Technical College. 


Mr. KENNETH J. Hume, B.Sc. (Eng.), at present 
metrology superintendent of the de Havilland Engine 
Co., Ltd., has been appointed head of the National 
College of Horology and Instrument Technology, which 
is situated at the Northampton Polytechnic, St. John- 
street, London, E.C.1. The present head of the College 
is Mr. R. A. Fell, who is taking up an industrial appoint- 
ment. 


Mr. G. C. R. Maruteson, B.So. (Glas.), D.R.T.C., has 
been appointed by Power Jets (Research and Develop- 
ment), Ltd., 25, Green-street, London, W.1, to be senior 
lecturer at the School of Gas Turbine Technology, Farn- 
borough, Hampshire. Mr. Mathieson was formerly a 
senior scientific officer in the Aerodynamics Department 
of the National Gas Turbine Establishment, Pyestock. 


Mr. R. J. B. WoopHams, B.Sc. (Lond.), A.F.R.Ae.8., 
M.I.A.S., has been appointed assistant chief designer to 
Air Service Training, Hamble, Hampshire, which is one 
of the Hawker Siddeley group of companies. He will be 
responsible to Mr. H. W. Sidwell, 0.B.E., A.F.R.Ae.S., 
the chief designer, for the design section of the firm’s 
aircraft division. j 

Mr. E. ARCHER has been elected a director of Brampton 
Fittings, Ltd., Brandwell-road, Oldbury, Worcestershire, 
which is associated with Walton and Brown, Ltd., 
Downing-street, Birmingham. Mr. Archer and Mr. T. 
Watson, the company’s works director, have been 
appointed joint general managers. 


The Consett Iron Co., Ltd., Consett, County Durham, 
have announced the appointment, as local directors of 
the company, of Mr. F. B. GEORGE, manager, works 
development, Mr. H. V. TOMLINSON, manager, works 
production, Mr. G. M. NavVE, manager, coke, by-product 
and brick works, and Mr. S. BATEs, secretary. 


Mr. A. J. C. MacLeop, A.M.I.E.E., Aseoc.M.0.T., 
has been appointed export manager of the Lancashire 
Dynamo and Crypto (Mfg.), Ltd., and will operate 
from the company’s London office, 94, Petty France, 
Westminster, S.W.1. He was previously tho sales 
manager for the products of the firm’s Willesden works. 
Mr. V. W. Press has been appointed the company’s 
sales manager for the London area, 


Mr. Barry KAvE, Midland regional controller for the 
Board of Trade, has been appointed to act in the Midlands 
for the newly-formed Ministry of Materials. Mr. Kaye’s 
office is at C.M.L. Building, Great Charles-street, Bir- 
mingham, 3. 

Mr. F. J. ERROLL, M.A., A.M.1I.Mech.E., A.M.LE.E., 
M.P., has removed his office to 21, Alexander-square, 
London, 8.W.3. (Telephone: KENsington 9543.) 


Appointments made recently by the London Transporl 
Executive in the department of the chief mechanicat 
engineer (road services) include that of Mr. J. W. WICKES, 
M.L.Mech.E., previously assistant engineer for the de- 
velopment of "buses and coaches, as works manager 
(buses and coaches). Mr. J. SCHOFIELD, M.C., formerly 
works engineer at Charlton, has been made works 
manager (tramways and trolleybuses). He will be 
responsible for the overhaul of trams and trolleybuses 
at the Executive’s Charlton and Fulwell works. Mr. 
N. H. CHARLES, B.Sc., M.I.Mech.E., A.M.I.E.E., for- 
merly planning and methods engineer (buses and 
coaches) has been appointed to the position of planning 
and methods engineer (road services-works). Mr. 
W. D. D. BREWER, M.Com., has been appointed an 
officer of the Executive with the title of progress and 
materials superintendent (’buses and coaches), MR. 
L. F. HoEniss, A.M.I.P.E., has been made chief inspector 
(road services) and will be responsible for all engineering 
inspections throughout the Executive’s workshops. In 
the department of the chief mechanical engineer (rail- 
ways), Mr. R. I. D. ARTHURTON, B.Sc. (Eng.), 
A.M.1.Mech.E., A.M.Inst.T., has been appointed a 
principal executive assistant in the development division 
and will control all work connected with contracts for 





rolling stock and associated equipment, 
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NORTH TEES “C” POWER STATION. 




















Fig. 1. GENERAL ViEw oF STATION. 





NEW POWER STATIONS FOR THE 
B.E.A.: XXII.—NORTH TEES ‘C.”’’ 


Tue North Tees ‘‘C” station of the British Elec- 
tricity Authority is situated on the north bank of 
the River Tees, near Billingham, County Durham, 
adjacent to the existing station, and is the first to be 
commissioned in the North Eastern Division since the 
war. It lies near the load centre of a large industrial 
area where there are good coal and water facilities. 
It is hoped that the first section will be in commission 
in the autumn ; completion of the station is scheduled 
for 1953. The appearance of the exterior of the station 
is shown in Fig. 1. 

Durham and Northumberland coal will be brought 
in by water, and provision has been made for discharging 
ships up to 5,000 tons burden. The coal will be con- 
veyed either to the boiler house or to a coal store, the 
capacity of which will be 85,000 tons. The steam- 
raising plant will consist of seven Babcock and Wilcox 
boilers, each supplied with pulverised coal from three 
mills and delivering 360,000 lb. of steam per hour to 
the turbines at a pressure of 900 lb. per square inch and 
a temperature of 925 deg. F. A view of the front wall 
of one of these boilers under construction appears in 
Fig. 2. In this connection it is interesting to recall 
that, when the North Tees “ A ” station was opened in 
1920, the pressure used—450 lb. per square inch—was 
considered high. An initial temperature of 700 deg. F. 
was adopted, as this appeared to = about the maximum 
with the materials then available ; and it was regarded - = 
as a striking departure from normal practice at the & 4", "hs re 2 =a — “_ MK | | (ie ak 
time that the steam was reheated to 650 deg. F. cee Se TS % a my Ses, ae ee 
between the high-pressure and low-pressure turbines, our \ ti a 1mm | we Pie bot phew | 
integral reheaters being incorporated in five of the ; <= =, See = 3 
boilers. A non-reheat cycle is, however, to be used in 
the “C” station. 

The boilers are fitted with Ljungstrom regenerative 
air heaters, and the gases are cleaned in electrostatic 
precipitators. The ashes will be loaded into barges at 
the jetty, shown in Fig. 1, and taken out to sea for 
dumping. The generating plant will consist of four 
turbo-alternators, constructed by C. A. Parsons and 
Company, Limited, Heaton, Newcastle-on-Tyne. Each 
of these sets, two of which are shown under construction 
in Fig. 3, will have a continuous maximum rating of 
60 MW and an economic rating of 48 MW, the heat rate 
being 9,236 B.Th.U. per kilowatt-hour. The turbines 
will exhaust into Vickers-Armstrongs three-pass con- 
densers with a surface area of 57,000 sq. ft., which will 
be cooled with water from the river and provide a 
normal vacuum of 29 in. 

As in the original station, generation will be at 
11kV. The three-phase alternators are to be hydrogen- 
cooled, and the main and auxiliary exciters will be 
driven through gearing. The alternators will be solidly 
connected to 11/66-kV Parsons transformers, and all 
the switching will be carried out at the latter voltage 
by air-blast switchgear, supplied by A. Reyrolle and 
Company, Limited, Hebburn, Co. Durham. Fic. 3. Nos. 1 anp 2 Tursrngs PartTLty ERECTED. 
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ATMOSPHERIC DUST AND 
FUMES. 


THE annual reports of the Chief Inspectors 
appointed to carry out the provsions of the Alkali, 
etc. Works Regulation Act, 1906, and the Alkali, 
etc., Works Orders, 1928-1950, are divided into 
sections dealing, respectively, with registered works 
and unregistered processes. The former section is 
necessarily largely concerned with matters of 
interest to chemical engineers and, although gas 
scrubbers and other types of plant referred to are of 
importance in a wider field than that of chemical 
engineering, the section dealing with unregistered 
processes is probably of greater interest to engineers 
generally. As the Act does not apply to unregis- 
tered works, the inspectors have no power to enforce 
any recommendations they may make with a view to 
abating causes of complaint which have been 
referred to them. It is recorded in the report* for 
the year 1950 that more than 500 visits were 
paid to unregistered works and that owners of 
works seldom failed to co-operate satisfactorily in 
carrying out recommendations. These all con- 
cerned methods of reducing atmospheric pollution. 

Although intense local interest is naturally taken 
in the production of dust, or offensive odours, by 
works engaged on processes difficult to control, it 
is probable that emissions from electricity generating 
stations have been the subject of widest public 
concern. Many large stations are situated in 
closely built-up areas in important towns, in which 
local opinion has ready means of expression. It is 
pointed out in the report that power stations in 





* Eighty-Seventh Annual Report on Alkali, etc., Works 
by the Chief Inspectors. Proceedings during the Year 
1950. H.M. Stationery Office. [Price 1s. 9d. net.] 





Great Britain consume annually about 30 million 
tons of coal, much of it of poor quality, and that 
the rate of consumption is increasing. There can be 
no doubt that, taken as a whole, the electricity- 
supply industry has a good record in the matter of 


1/ atmospheric pollution as compared with industry 


generally. Matters are continually being improved 
by the building of stations of modern design, and, 
as the report says, complaints are mainly due to the 
older and more inefficient stations, The rate at 
which these are replaced is controlled by the 
Government’s capital expenditure policy. 

It is stated that, although the total weight of 
sulphur dioxide discharged annually from fuel- 
burning appliances throughout the country is very 
great and cannot be viewed with equanimity, the 
proportion contributed by power stations averages 
only 17 percent., being a maximum, at 28 per cent., 
in the London region and a minimum, of about 
5 per cent., in the South-Eastern region. Moreover, 
it is not established that power stations are respon- 
sible for similar proportions of sulphur dioxide in 
the atmosphere at ground level. A survey is being 
carried out under the auspices of the Department of 
Scientific and Industrial Research with a view to 
assessing the effect of power-station emissions. In 
view of their situations, much attention has been 
directed to the Battersea and Fulham stations in 
connection with the matter of atmospheric dis- 
charge. It is stated that at Battersea trouble was 
experienced by reason of the choking of sprays 
and in controlling the distribution of water and 
chalk between the two washers at the north-west 
and north-east chimneys, but that, during the last 
four months of 1950, the removal of sulphur dioxide 
was ‘‘ more uniform and satisfactory.” At Fulham, 
gas washing, suspended during the war, had not 
been resumed; but grit-arresting plant has been 
installed; this ‘‘has brought about a great im- 
provement in local conditions.” 

The manufacture of cement is presumably a 
chemical process, although many of the problems 
connected with it fall within the province of the 
mechanical engineer. Cement works are registered 
under the Alkali Act, and the Works Order of 1950 
extended registration to “works in which cement 
clinker is ground or cement is packed.” It is 
stated, in fairness to the industry, that this aspect 
of cement manufacture had been given attention 
before the Order was drafted. Electrical precipi- 
tators are favoured as the most suitable means of 
dealing with dust-laden kiln gases. They are, 
however, expensive, a unit for a kiln with an output 
of 15 tons to 20 tons per hour now costing about 
40,0001. Considerable supervision and maintenance 
are necessary and it is stated that ‘there is still 
much that is obscure regarding the behaviour of 
high voltage electricity when applied to gases 
containing nearly 50 per cent. of moisture.” Works 
records, however, indicate fairly continuous opera- 
tion, and, as far as practicable, major overhauls are 
reserved for periods when the kiln concerned is 
shut down for overhaul. 

It was recorded in the Alkali Works Report for 
the year 1949 that high productior, coupled with 
the difficulty of obtaining and installing new plant, 
resulted in unsatisfactory atmospheric conditions 
in the cement-producing Thames-side area. It is 
now stated that considerable improvement has been 
effected. At works on the south bank of the river 
the programme of improvements had been com- 
pleted by the end of 1950, except for one works at 
which the four precipitators were out of action for 
complete overhaul. On the north bank, the work 
is completed as far as the installation of electrical 
precipitators for kiln gases is concerned. At one 
of the works in this area, a precipitator has been 
installed to deal with dust arising from the grinding 
mills; this is the first application of this kind in 
Great Britain. Complaints about cement works 
in the Medway towns have related to both smell 
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and dust. The waste gases from cement kilns have 
a characteristic odour to which neighbouring resi- 
dents probably become inured, but the smell is 
greatly intensified if sulphur compounds, associated 
with the appearance of hydrogen sulphide in the 
gases, are present. The production of these offen- 
sive constituents is favoured by low oxygen content 
of the kiln gases and low back-end temperatures. 
With the legitimate object of saving fuel, chain 
systems are introduced into the kilns in order to 
recover as much as possible of the sensible heat n 
the gases. At times, the attempts have been “ too 
successful ” in the sense that they have brought the 
back-end temperature below the smell threshold. 
It is implied that the Medway area has had to take 
second place in the provision of dust-arresting 
plant owing to the claims of the larger Thames- 
side area. 

The whole question of atmospheric pollution was 
discussed at a conference convened by the United 
States Ministry of the Interior in Washington in 
May of last year. The Alkali Works inspectorate 
and the Fuel Research Station were represented. 
There is no Federal legislation on atmospheric 
pollution in the United States and each city, 
county or State is free to make such regulations as 
seem appropriate for local conditions. It is clear 
that a system of this kind may result in the efforts 
of one authority being nullified by the negligence 
of a neighbour. This aspect of the matter is not 
referred to in the account of the conference given in 
the report. Although regulations may vary between 
authorities, it is stated that most of them are based 
on a common pattern. If carried out rigorously 
they impose fairly drastic controls. Dense smoke- 
emission from either industrial or domestic pre- 
mises is prohibited. The sale, transportation or 
use of solid fuel other than smokeless fuel, is pro- 
hibited unless it is to be burned in a mechanically 
operated plant for approved design, smokeless fuel 
being defined in relation to its volatile content, 
23 per cent. being a usual figure. Building of new 
furnaces or reconstruction of old are subject to 
prior approval of plans by a Smoke Commissioner. 
Emission of fly ash in greater concentration than 
0-8 lb. per 1,000 Ib. of waste fuel gas is prohibited. 
The report states that, although effective administra- 
tion of these regulations obviously requires a large 
staff and entails substantial costs, the general 
impression obtained was that attempts to deal with 
smoke had the support of both ratepayers and 
industrialists. 

The large section of the report which deals with 
chemical works of many kinds contains the state- 
ment that the whole of the chemical industry is in a 
very healthy state and that a wise policy of plough- 
ing back a good proportion of its profits has placed 
it in a good position to meet future competition. 
In all, 65 infractions of the Alkali Act were recorded 
during the year, nut in no case was it found necessary 
to institute legal proceedings. Suitable action by 
responsible owners was taken on formal recommen- 
dations being made. Considerable attention has 
been paid to the problems created by oil refining, 
an industry in process of considerable expansion in 
this country. Odours from oil distillation and 
cracking are very objectionable. The best way of 
dealing with the malodorous gases is by com- 
bustion, by means of which evil-smelling sulphur 
compounds are converted to sulphur dioxide, which 
is relatively harmless when discharged in a suffici- 
ently diluted state. Such discharge must be carried 
out a considerable height above ground and, depend- 
ing on local conditions and the relative situations 
of the various chimneys of a works, chimney heights 
ranging from 100 ft. to 300 ft. are considered to 
give the most satisfactory results. This seems, on 
the face of it, to afford a very wide margin ; but it 
can be appreciated that much depends on individual 
circumstances, such as the nature of the surround- 
ings and the direction of prevailing winds. 





PAMETRADA IN 1950. 


Few research organisations can have received a 
more generous tribute of praise than was accorded 
to Pametrada in the paper on “ Boiler and Turbine 
Testing,” which Captain L. F. Ingram and Captain 
L. A. B. Peile contributed to the recent International 
Conference of Naval Architects and Marine Engi- 
neers. In the paper, the reference was chiefly 
to the instrument laboratory—“ one of the greatest 
assets which Pametrada possesses . . . superlative 
in the production of electronic test equipment,” 
and in which “a fine team of technicians is rapidly 
making a name for itself in diagnosis’; but the 
trend of the discussion, reported in this issue, 
left no doubt that the high opinions entertained of 
the instrument section (which Dr. T. W. F. Brown, 
the Director, described as the Cinderella of his 
organisation) extend also to the rest of the establish- 
ment. It may be of some topical interest, therefore, 
to summarise briefly the work of Pametrada during 
1950, as recorded in the annual report for that 
year; prefacing the summary, for the benefit of 
those readers who are not directly concerned with 
the design of marine turbine machinery, with the 
explanation that the word ‘‘ Pametrada ” represents 
the initials of the Parsons and Marine Engineering 
Turbine Research and Development Association. 

Nothing can be said, of course, of the considerable 
amount of work undertaken for the Admiralty, 
apart from the tests of a complete set of machinery 
for a destroyer of the Daring class; the results 
of those tests provided a great deal of the material 
in the paper by Captain Ingram and Captain Peile, 
and, indeed, make that paper one of the most 
important communications on the subject of marine 
steam turbines that have appeared for many years. 
There are, however, plenty of other items of tech- 
nical interest in the report, one being the clear 
indication, at the outset, of the increasing extent 
to which member firms of the organisation are 
making use of it; an extension to the research 
house, completed in October, was fully occupied 
by additional test rigs before the end of the year, 
and, even so, some work had to be transferred to the 
adjacent test-bay of the Parsons Marine Steam 
Turbine Company. The design department pre- 
pared turbine and gearing designs for new ships to 
the extent of more than two-thirds of the total horse- 
power of geared-turbine machinery put into commis- 
sion by the member firms, including such well-known 
vessels as the Chusan, for the P. and O. Company, 
the Tasmania Star for the Blue Star Line, the 
28,000-ton tanker Velutina and her sister ships, 
and the Eva Peron and 17 De Octobre for the 
Argentine State Merchant Fleet. The destroyer which 
Messrs. Vickers-Armstrongs are building for Venezuela 
will have machinery based on Pametrada designs. 

Two investigations of machinery troubles were 
also undertaken during 1950. One concerned 
a new set of double-reduction gearing in which 
“a peculiar knocking noise” was noted; it was 
traced to a fault in the hobbing machine on which 
the gears had been cut, and was duly rectified. 
The other investigation related to a series of large 
tankers, in which the one-node torsional critical 
speed occurred higher in the power range than 
had been expected, and with great severity. The 
design department developed a new form of torsio- 
graph to deal with this problem, and traced the 
trouble to the low torque, and consequent reduced 
inertia effect, in the low-pressure turbine. The 
department was also actively engaged in the 
theoretical examination of improved forms of 
reduction gearing. 

Research work undertaken or continued during 
the year included tests on an experimental con- 
denser to ascertain the heat-transfer rate, the dis- 
tribution of effectiveness of the tubes, and the effect 
of varying the velocity of the circulating water, 
«nd an examination of the flow on the steam side. 


A rig was being made, also, to test some small con- 
denser elements developed by Professor T. R. Cave- 
Browne-Cave, in which secondary surface is pro- 
vided on the water side and the flow paths on the 
steam side are tapered to maintain the velocity of 
the vapour as condensation takes place. An investi- 
gation of considerable potential importance to tur- 
bine designers related to the deflection under steam 
load of the diaphragms in an impulse turbine, and 
the stresses caused thereby. In the test rig, the 
diaphragm was loaded by hydraulic pressure, the 
deflections being measured by clock gauges and the 
stresses by electrical strain gauges. Most of these 
tests were made with diaphragms having the nozzles 
attached in the manner standardised in designs 
issued to member firms; but, arising out of this 
inquiry, a new type of diaphragm was developed 
and tested, using nozzle segments with a serrated 
fixing in the turbine casing. The tests showed this 
method of fixing to be superior to that previously 
used; it is expected, too, that it will be appre- 
ciably cheaper to construct. One other steam- 
turbine inquiry which may be mentioned, though no 
constructional work was done on it, sought to 
determine how much water could be removed from 
steam towards the end of the expansion in a turbine, 
and with what effect on the efficiency of the turbine 
and the erosion of the final blades. 

Gas-turbine research also continued during the 
year with the 3,500-h.p. marine experimental unit. 
Fuel was first burned in the combustion chambers 
in the middle of April, but various modifications 
proved to be necessary, and these involved a month’s 
delay. Preliminary short runs, undertaken on 
several occasions during the summer, indicated 
directions in which further detail improvements 
could be made, and the compressors were tested, 
under power from the starting turbine, in early 
September. In late October, the high-pressure line 
was brought to the self-running state. Testing con- 
tinued, with intervals for further modifications, to 
the end of the year ; and, of course, still continues. 
Much experimental work was also done on the design 
of fuel sprayers for gas turbines; on the optimum 
shape of vortex chambers; on control gear for gas 
turbines ; on refractory linings; and on heat ex- 
changers, and methods of analysing the gases of 
combustion. The effect of ash on gas-turbine 
blades received considerable attention, and prepara- 
tions were put in hand to test some “‘ very promis- 
ing ” refractory blading materials. 

Tests of gearing and couplings form an important 
part of the research programme, and work was done, 
inter alia, on apparatus for investigating the pitting 
of discs and on problems of low-speed “ scuffing,” 
which had been causing trouble in marine reduction 
gears. An experimental study which made progress 
during the year, also, was concerned with the design 
of a torsio-axial pick-up apparatus for shafting. 
An electronic instrument was constructed for 
applying to a pen recorder a voltage proportional 
to the torsional vibration in a shaft, so as to enable 
the frequency and amplitude of the vibrations to 
be measured on either the turbine shafts, the 
secondary shafts, or the main shafts of marine 
machinery. It is stated that the device was used 
on the trials of the tanker Volsella “ with great 
success.” At the end of the year, a final model was 
in process of construction, together with a calibrating 
machine. Miscellaneous work included a wide 
variety of investigations on bearings, the conforma- 
tions and materials of gland-sealing strips, and 
impulse and reaction blading ; and the design of a 
single stage high-speed air turbine was completed 
and the first steps taken towards its construction. 
Developments in the instrument section included 
the installation of a photo-elastic analyser, work 
on strain-gauging eqnipment, modifications to 
electromagnetic torque-meters, and a preliminary 





design of a hydranlic torque-meter for a maximum 
torque of 5,000 lb.-ft. at a speed of 9,000 r.p.m. 
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NOTES. 


Tue Tyne TUNNEL. 


On Tuesday, July 24, the escalators which com- 
municate with the pedestrian tunnel under the 
River Tyne between Howden and Jarrow were 
formally started by the Minister of Transport (the 
Rt. Hon. A. Barnes). This inauguration marks a 
first stage towards the completion of a scheme, 
initiated just over four years ago, also by Mr. Barnes, 
to improve road communication in a densely popu- 
lated area of Northumberland and Durham. It 
was described in an illustrated article on page 493 
of our 163rd volume (1947). The new pedestrian 
tunnel is 900 ft. long and has a finished diameter of 
10ft.3in. Its construction is generally similar to 
that of the London tube railways, although it is 
lined with concrete, covered with glazed tiling. 
Particular attention has been paid to the lighting 
and ventilation, and drainage spaces have been 
provided under the footway. The gradient in the 
main control section of 545 ft. is 1 in 500, falling 
towards the south, and at each end there are short 
lengths on a rising gradient of 1 in 15, which ter- 
minate in a level concourse 30 ft. long. The 
escalator shafts rise at an angle of 30 deg. from 
these concourses, where there are also cross con- 
nections with the 11 ft. 9 in. cyclist tunnel and with 
lift shafts. The entrance buildings are circular and 
have been erected close to the Jarrow and Howden 
landing stages. The main vehicular tunnel, which 
also forms part of the scheme, is designed to have 
an internal diameter of 29 ft. 3 in. and to contain a 
22-ft. wide roadway, but work upon it is unlikely 
to be begun at an early date. It will be reached by 
an approach road on each side about four miles 
long so as to ensure easy gradients. These roads 
have also been planned to serve a second vehicular 
tunnel, if one should become necessary. They 
will each consist of two 22-ft. carriageways, two 
9-ft. cycle tracks and two 6-ft. footpaths. The 
work has been carried out by the Tyne Tunnel 
Joint Committee of the Durham and Northumber- 
land County Councils, the consulting engineers being 
Messrs. Mott, Hay and Anderson. 


INTERNATIONAL WELDING CONGRESS. 


A congress organised by the International 
Institute of Welding, at which 17 countries were 
represented, opened in London on July 14 with a 
Government reception at Lancaster House. The 
first of a series of technical meetings took place at 
Oxford on Monday, July 16, under the presidency of 
Professor H. E. Jaeger, President of the Interna- 
tional Institute of Welding, when a number of 
interesting papers were read and discussed. In 
particular, a meeting at which Professor J. F. Baker 
was in the chair dealt with welding in bridges 
and structures, the communications including 
one by Mr. C. I. M. Cottrell, Mr. M. P. Jackson 
and Mr. J. G. Whitman on “ Control of Cracking 
in the Metal Arc Welding of High Tensile Struc- 
tural Steel,” and one by Professor W. Soete on 
“ Possibilities of Pre-stressing Metal Constructions.” 
At a later meeting the welding of the wrought 
light alloys was dealt with under the chairmanship 
of Sir Arthur Smout, a paper on “ British Experience 
in the Argon Arc Welding of Aluminium” being 
presented by Dr. E. G. West and another on 
“Recent Advances in the Technique of Electric 
Spot Welding of Aluminium Alloys in the French 
Aircraft Industry,” by Messrs. J. Herenguel and 
M. Hollard. Recent developments in welding in 
Great Britain were discussed at a meeting presided 
over by Sir Donald Bailey, at which Mr. H. E. 
Lardge read a paper on “‘ Welding on Gas Engines 
for Aircraft” ; Dr. J. M. Robertson, one on “ Weld- 
ing in Relation to Gas Turbines for Use on Land” ; 
and Mr. W. 8. Atkins and Mr. E. M. Lewis one on 

Developments of Design and Fabrication in 
Recent British Structures.” On Friday, July 20, 
the reports of the commissions of the International 
Institute were presented, and on the following 
day the delegates were entertained to a banquet 
by the British Reception Committee. This was 
held at the Savoy Hotel, London, under the presi- 
dency of Sir William Larke, and the toast of “ The 
International Institute” was proposed by the Lord 
Privy Seal (the Rt. Hon. R. R. Stokes). 


Tue Bristot “ BraBpazon”’ Arr LINER. 


On Wednesday, July 25, a number of guests, 
invited by the Bristol Aeroplane Company, Limited, 
had the privilege of travelling as the first passengers 
in the Brabazon Mark I air liner, which has recently 
had its special-category Certificate of Airworthiness 
extended to cover the carriage of non-fare-paying 
passengers. It may be recalled that the Brabazon, 
which was designed to a specification of the Brabazon 
Committee for the direct London to New York route, 
was described in detail in a series of articles in our 
168th volume (1949). From London Airport, 
the Brabazon made five half-hour flights over 
London. The passengers were accommodated in a 
well-furnished cabin aft of the wing; most of the 
interior space of the aircraft, which is still under 
development, is occupied by flight-testing instru- 
ments and recording cameras. Since its first 
public appearance at London Airport in June last 
year, certain modifications have been carried out 
which have improved both the performance and the 
appearance of the aircraft. The long air-speed indi- 
cator tube on the nose of the aircraft, which was 
fitted to allow the air speed to be measured in a region 
of undisturbed airflow, has been removed, in order to 
facilitate the installation of a Decca Navigator 
system. The external mass-balance weights, said 
to be equivalent to the weight of three passengers, 
on the rudder and elevator, have been removed, and 
the handling qualities of the aircraft have thereby 
been improved considerably. The Brabazon Mark I 
has now completed nearly 300 hours’ test flying ; 
preliminary testing of the cabin air-conditioning 
and pressure system has begun, but it was evident 
that the system was not in operation during the 
demonstration flights on Wednesday. A _ gust- 
alleviating mechanism is being developed ; a gust- 
detecting vane has already been installed in the 
side of the fuselage, and is undergoing response 
tests in flight before being linked to the ailerons. 
Construction of the Mark II Brabazon, which will 
be driven by four double Proteus propeller turbines, 
is proceeding ; this aircraft will be fitted with a 
retractable eight-wheel bogie undercarriage. A 
fixed version of the undercarriage is to be fitted in 
the near future to the present Brabazon for take-off 
and landing tests. 


Tue InstiruTIoN oF Mrntnc ENGINEERS. 


The annual dinner of the Institution of Mining 
Engineers was held this year at the University of 
Nottingham, on Thursday, July 5, the President, 
Sir Andrew Bryan, D.Sc., being in the chair. The 
toast, “ The Institution of Mining Engineers,” was 
proposed by the Rt. Hon. P. Noel-Baker, M.P., 
Minister of Fuel and Power, who thanked the Presi- 
dent for accepting the invitation to join the National 
Coal Board as a full-time member. The new Coal 
Board, he felt, was strong and well balanced and 
would enter on its task with confidence. Speaking of 
the coal position, the Minister said that in the ’twen- 
ties the average internal consumption of coal was 
167 million tons a year ; in the five years before the 
Second World War, the average was 175 million 
tons, but in 1951, if the present rate of consumption 
continued, it would be 210 million tons. Fuel 
economy of every kind both at home and in industry 
was, therefore, an urgent public duty. In his reply, 
the President said that he would be leaving his 
present post of Chief Inspector of Mines with much 
regret, for he was deeply attached to the subject 
of health and safety in mines. Mining accidents 
had been decreasing for some years and, while the 
necessity for safety must be urged as strongly as 
ever, problems regarding health were emerging 
which also required emphasis. The problem was 
mainly an engineering one, namely, that of bringing 
down the coal in such a way that the least possible 
dust was made initially and of suppressing the dust 
inevitably made. Sir Andrew then referred to 
education and stressed the fact that the more use 
that was made of the universities and the more men 
who went from them into mining, the better for 
the industry. The toast of “The Guests” was 
proposed by Mr. Alan Hill, vice-president of the 
Institution. In reply, the Vice-Chancellor of the 
University of Nottingham, Mr. B. L. Hallward, 
M.A., said that the University welcomed the Insti- 





tution, and pointed out that the new scholarship 
scheme of the National Coal Board had been 
a means of bringing new blood to the mining- 
engineering department of the University. Engi- 
neering, however, should, in his opinion, be developed 
within the universities and he thought it would be 
unwise to establish a purely applied-science univer- 
sity in this country after the pattern of the Massa- 
chusetts Institute of Technology. After praising 
the students who were coming into the mining- 
engineering department, the Vice-Chancellor said 





that he was disappointed that more were not coming 
from the public schools ; the headmasters of some 
did not appear to know of the department’s exist- 
ence. He felt that this was a matter to be brought 
to the attention of parents, teachers and careers 
masters. 





OBITUARY. 


COL. FRANK HIBBERT, C.B., C.B.E. 


WE regret to record the death, on July 12, of 
Colonel Frank Hibbert, C.B., C.B.E., a past- 
President of the Institution of Water Engineers 
and of the Liverpool Engineering Society, and, since 
June, 1934, water engineer to the city of Liverpool. 
He was 62 years of age. 

Colonel Hibbert, who was born on June 17, 1889, 
was educated at the New Mills Technical School, 
Marple, Cheshire. His first engineering appoint- 
ment was as a junior assistant on the Kinder water 
scheme of the Stockport Corporation, in whose 
service he spent ten years, eventually becoming 
assistant water engineer. In 1915, he was commis- 
sioned in the Royal Engineers and, by the end of 
the war, was in command of a Field Company, with 
the rank of major. For his war services, he was 
awarded the Military Cross. On demobilisation in 
1919, he was appointed deputy water engineer to the 
Swansea Corporation and, five years later, succeeded 
Mr. G. R. Collinson, M.I.C.E., as chief engineer. 
In 1934, he was selected as successor to Colonel 
(now Sir) Jonathan Davidson as chief engineer of 
the Liverpool water undertaking, in which capacity 
he was responsible for the construction of the third 
pipeline from Lake Vyrnwy and a number of service 
reservoirs and filter installations. 

In all matters connected with the development of 
public water supplies, Colonel Hibbert was an active 
participant. He was a Fellow of the Geological 
Society, and a member of the Institution of Civil 
Engineers, of the Executive Committee of the British 
Waterworks Association, of the National Joint 
Industrial Council of the Water Industry, and of the 
Central Advisory Water Committee to the Ministry 
of Local Government and Planning. He also served 
on the committee which prepared the report on 
“ The Organisation of the Water Supply Industry ”’ ; 
and, at the recent conference of the International 
Union of Loca] Authorities, at Brighton, he presented 
a paper on “‘ Water Supply from the Local Authority 
Angle.” A keen Territorial for some 30 years, he 
was promoted to the substantive rank of colonel in 
1935, and awarded the Territorial Decoration in the 
same year. In the Birthday Honours, last month, 
he received the C.B. for his services to the Territorial 
Army. He had been a Deputy Lieutenant of 
Lancashire for the past five years; and in 1948 
was awarded the degree of Master of Engineering, 
honoris causa, by the University of Liverpool. 





MR. W. LITTLEJOHN PHILIP, O.B.E. 


Tue Institution of Mechanical Engineers has lost 
a member of very long standing, and of exceptional 
ingenuity, by the death of Mr. W. Littlejohn Philip, 
O.B.E., a pioneer in the application of hydraulic 
power to the operation of machine tools. Mr. 
Philip, who was 88, had been living in retirement at 
Bournemouth for a number of years, and it was 
there that he died on July 20. 

William Littlejohn Philip was born in 1863 and 
received his education in Aberdeen, subsequently 
serving an apprenticeship to engineering with the 
firm of McKinnon and Company. On completing 
his apprenticeship in 1885, he left Aberdeen for 





London, serving as a draughtsman with Masson, 
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Scott and Bertram, millwrights (now Masson, Scott 
and Company) and afterwards as foreman in their 
works. Twelve months later, he was appointed 
manager of the engineering works of Spencer and 
Company, of Melksham, Wiltshire. There he spent 
the rest of his working life, except for four years in 
Glasgow, from 1898 to 1902, when he was managing 
director of the Mirrlees Watson Company. He had 
been previously managing director for four years of 
Spencer and Company, and resumed that position 
when he returned to them in 1902. Twenty years 
later, he retired, but was persuaded to take up his 
former position in 1925 and continued to hold it 
until 1939. 

Mr. Philip’s interest in the hydraulic operation 
of machine tools dated back to 1915, when he was 
engaged on the production of medium and heavy 
shells, and eventually he developed machines which 
produced an 18-pounder shell from the black bar 
in as little as 154 minutes, and a 9-2-in. shell, with 
a screwed-in base, in 2} hours. For his work during 
the 1914-18 war, he was awarded the O.B.E. in 1919. 
In 1938, when re-armament was in progress, he 
designed and equipped for the War Office a new 
factory for the production of 3-45-in. shells, in 
which he so far perfected his methods that the major 
operations could be carried out on four machines, 
if the interior of the shell was tooled, and only three 
if the interior machining was not required. In 
these machines, the only mechanism that was not 
hydraulic was the electric motor which provided 
the drive to the spindle. Mr. Philip gave a full 
description of the plant in a paper which he con- 
tributed to the Institution of Mechanical Engineers 
in April, 1943 ; he had then just completed 50 years’ 
membership of the Institution. The paper, which 
was entitled ‘‘ The Hydraulic Operation of Lathes 
for the Production of Shells,” and for which he was 
subsequently awarded a Water Arbitration Prize, 
was printed in vol. 151 of the Proceedings (1944) ; 
an abridgment of it appeared in vol. 155 of 
ENGINEERING, pages 396 and 418 (1943). As an 
instance of Mr. Philip’s ingenuity in a somewhat 
different direction, it may be mentioned that he 
designed and constructed the mechanical devices to 
produce the “ effects ” in the play, The Ghost Train. 
For a number of years after his retirement, and until 
comparatively recently, Mr. Philip was a member 
of the Benevolent Fund Committee of the Institution 
of Mechanical Engineers, where his shrewd judgment 
and genial personality will be greatly missed. 





MR. S. E. OSBORN. 


In our issue of November 17, 1950, we reported 
the death of Mr. F. M. Osborn, chairman of Messrs. 
Samuel Osborn and Company, Limited, Clyde Steel 
Works, Sheffield; and it is with much regret that 
we have now to record that of his nephew, and suc- 
cessor in the chairmanship, Mr. Samuel Eric Osborn, 
who died in London on July 19, following an opera- 
tion. Mr. Osborn, who was 59 years of age, was 
the only son of William Fawcett Osborn and a 
grandson of the founder of the company. He was 
educated at Rugby and, after serving in the 1914-18 
war, returned to the family firm, which he had joined 
in 1910, becoming a director in 1919. He was 
concerned chiefly with the commercial side of the 
business and had travelled extensively in India 
and Canada in its interests. Mr. Osborn was a 
member of the Council of the Sheffield Chamber of 
Commerce and, earlier this year, was elected Presi- 
dent of the File Manufacturers’ Association. He 
was also active in many social and philanthropic 
causes and, like his father, grandfather and maternal 
grandfather, had served the office of Master Cutler, 
in which he was installed in October, 1945. 





DR. J. T. BATEY. 


As we close for press, we have learned of the 
death, on July 23, of Dr. John T. Batey, formerly 
managing director of Messrs. R. and W. Hawthorn, 
Leslie and Company, Newcastle-on-Tyne, and for 
many years one of the leaders of Tyneside ship- 
building. He was nearly 89 years of age. We 
hope to publish a notice of Dr. Batey’s career in 
our next issue. 





THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS. 


(Continued from page 88.) 

TuE fourth paper in the Conference programme, 
which, with the third paper, occupied the technical 
session on the morning of Wednesday, June 27, 
dealt with ‘“ Boiler and Turbine Testing.” The 
joint authors were Captain (E) L. F. Ingram, R.N., 
and Captain (E) L. A. B. Peile, D.S.0., M.V.O., 
R.N. Captain Peile presented the paper. Mr. 
James Turnbull, O.B.E., was in the chair. 


BorteR AND TURBINE TESTING. 


The paper opened with a consideration of the 
purposes of testing of machinery, which the authors 
classified as research-testing, prototype-testing, 
proof-testing and component-testing. They paid a 
tribute to the pioneer work and the thoroughness of 
Sir Charles Parsons in that field, and mentioned 
that, when the battleships of the Queen Elizabeth 
class were re-engined, the machinery space was 
reduced by a third, the machinery weight was 
halved, and the endurance at 10 knots was trebled ; 
“especially in the case of boilers,” they added, 
“ were these advances the reward of testing.” The 
paper then reviewed the testing facilities available 
at the Admiralty Fuel Experimental Station at 
Haslar; at the establishment of Pametrada, Walls- 
end-on-Tyne; the Admiralty-Vickers Gearing 
Research Association; the Distilling Experimental 
Station, Portland ; the Naval Wing of the National 
Gas Turbine Establishment; and the Admiralty 
Engineering Laboratory. The most important part 
of the paper, however, was the description of the 
tests carried out on a set of machinery for a destroyer 
of the Daring class, undertaken by Pametrada, and 
the additional boiler trials at the Admiralty boiler 
test-house in the Clydebank shipyard of Messrs. 
John Brown and Company. In the Pametrada 
tests, the turbines, gearing, boiler and auxiliaries 
were assembled as they would be in the ship, and 
extensive trials were run under conditions corre- 
sponding to manceuvring in naval service. A 
certain amount of trouble was experienced, notably 
with distortion of the turbines, and particulars of 
this, and of the adjustments made, were given in 
the paper. There was also some overheating of 
bearings, and wear on the flexible couplings between 
the turbines and the pinions. The paper concluded 
with a section on gas-turbine testing by the 
Admiralty, the testing of gears, and the testing of 
auxiliary machinery. The cost of comprehensive 
and fully-instrumented testing was admitted to be 
high—about 100,000/. in the case of the Daring 
machinery tested by Pametrada; but, in the 
authors’ opinion, it was fully justified by the 
improvements in performance that had been 
achieved, and the elimination of defects that it 
made possible. 

The discussion was opened by Mr. J. H. King, 
who headed the delegation from the Society of 
Naval Architects and Marine Engineers, New Vork. 
He was particularly pleased, he said, to note that 
the authors used the term “ factors of ignorance,” 
and wished that more people would look at the 
so-called “factor of safety” in that light. In 
regard to historical aspects, he felt that the intro- 
duction of welding was a development of outstanding 
importance, in that it made possible the develop- 
ment of boilers of high-pressures. The United States 
Navy furnished the incentive to the development of 
welding by private industry, and, in 1930, gave final 
approval to a specification and method of welding 
boiler drums. The first such drums were subse- 
quently installed in the cruisers Minneapolis, New 
Orleans and Astoria. Since then, all boiler drums in 
the United States Navy and Mercantile marine had 
been welded. Most development work in America 
had been by private industry ; the Navy furnished 
the incentive by setting forth general requirements, 
but the actual development of new and advanced 
designs, and their construction, was done by 
industry, subject to final approval by the Navy 
Department. With regard to testing facilities in 
Britain, attention might be drawn to a paper in the 





Transactions of the Society of Naval Architects and 
Marine Engineers, Vol. 55, by Captain Edgar 
Kranzfelder, U.S.N., entitled “The Naval Boiier 
and Turbine Laboratory,” as it contained a descrip- 
tion of the U.S. Navy laboratory at Philadelphia. 

The authors had mentioned the tests of the 
Babcock and Wilcox boiler design, which was “ very 
similar to a boiler of which full data are available 
to the Admiralty.” Mr. King supposed that this 
referred to tests conducted at the U.S. Naval Boiler 
and Turbine Laboratory. Boilers of that type, and 
at similar pressures and temperatures, were installed 
in a large number of United States combatant ships, 
and had thoroughly proved their reliability and 
high efficiency under war conditions. A double 
air-casing was provided on this test beiler and, in 
fact, was always used in the United States Navy ; it 
eliminated many problems of the closed stokehold 
and had other military advantages. Recent tests 
showed that the leakage was about 3 per cent. In 
regard to the wetness of steam, the United States 
Navy specified a maximum of one quarter of 1 per 
cent., and had no difficulty in obtaining this steam 
condition. They were not much troubled with oil- 
fuel contamination by water ; the principal difficulty 
had to do with the constituents of the oil, such as 
vanadium, sulphur and other minerals. This has 
been a serious problem, but considerable progress 
has been made with it; and there appeared to be 
great promise in the experimental work in hand, 
concerning certain additions to the fuel before 
burning. 

Dr. 8. Livingston Smith, C.B.E., Director of the 
British Shipbuilding Research Association, found 
especial interest in the section of the paper dealing 
with the astern and manceuvring trials of the 
Daring-class propelling machinery. So far as he 
was aware, this was the first time that such data 
had been published. It should convince the most 
sceptical of the great value of full-scale testing 
ashore of prototype machinery, which was the only 
way to obtain accurate information. Refractories 
presented a problem which existed in a fairly acute 
form in many merchant ships, and, in consequence, 
the British Shipbuilding Research Association were 
engaged in a fact-finding investigation involving 
the examination of boiler brickwork in .a large 
number of merchant ships. From this investiga- 
tion, they hoped to define the problem more exactly 
as it affected the merchant marine, with the ultimate 
object of improving brickwork life. The Admiralty 
appear to have devoted their main effort to tighten- 
ing up their specification for firebricks. So far as 
naval boilers were concerned, this might be justified, 
but in the mercantile marine the questions of boiler 
operation (or mal-operation) and brickwork design 
were as important as, if not more important than, 
the actual material used. 

The Admiralty had concluded that no advantage 
was to be gained by increasing the alumina content 
of firebricks beyond 43 per cent., though at one 
time they were considering the use of bricks having 
an alumina content of about 60 per cent. It was 
fortunate that they had come to that conclusion, as 
the material required for bricks having an alumina 
content greater than about 43 per cent. had to be 
imported. It had long been appreciated that 
specifications of alumina content meant little as 
regards refractoriness ; so that it was not surprising 
that the latest Admiralty specifications omitted 
this item and replaced it by the more logical pyro- 
metric-cone equivalent, together with more rigid 
specifications covering porosity and contained fluxes. 
He was glad the authors had drawn attention to the 
point that, in land generating stations, the machin- 
ery was constantly operating under practically 
laboratory conditions, each power station being 4 
separate full-scale experiment. Too often marine 
practice was accused of lagging behind land prac- 
tice; but it must never be forgotten that marine 
conditions called for absolute reliability. In the 
case of single power units, there was no standby 
set to switch in. The marine engineer could not 
shed his load and call in another station ; and with 
naval machinery, endurance was the major require- 
ment. 

Dr. T. W. F. Brown, thanking the authors for 
their references to Pametrada, wished to make it 
clear that that organisation not only did research 
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and development, but that a very large part of its 
work was the preparation of designs. Naturally, 
the results of the full-scale tests were incorporated 
in the designs produced. The instrument section, 
which had been mentioned, was rather a Cinderella 
department ; but, compared with cost of a complete 
installation of half an engine room and half a 
boiler room, and the vast quantities of fuel burned, 
the cost of the instrument section was extra- 
ordinarily small, and it enabled investigations to be 
carried out while routine tests were running. In 
fact, it was the instrument section which allowed 
some of the very severe manceuvring trials to be 
carried out, because one of the instruments pro- 
duced was an axial clearance gauge which measured 
differential expansion between the rotors and 
casing at the end of the turbine cylinder remote 
from the thrust block; many of the manceuvres 
were, in fact, controlled by the taking up of clear- 
ances. It also enabled anything that appeared to 
be going wrong to be put right before severe trouble 
ensued. The total running time of the three sets 
which were tested amounted to about 1,000 hours ; 
had the machinery been installed in a vessel, that 
would have represented more than the circuit of 
the globe. It was in the light of such figures that 
the costs should be examined, because no one 
could have carried out’ship trials of that duration ; 
and, even if they had been carried out, the accuracy 
of the results would have been far short of that 
achieved in shore testing. In specific fuel con- 
sumption or water rates, the accuracy was of the 
order of +} per cent. The very best that could 
have been achieved at sea was +2 per cent. 
Pametrada worked under the Admiralty in those 
trials, and he thought that the combined efforts of 
the Admiralty and the associations, and the other 
research facilities which the Admiralty used, had 
been worth while. 

Commander (E) L. Baker, R.N. (retd.), remarking 
that the research facilities available were paid for 
by the taxpayer and the shipowners, drew attention 
to the benefits which accrued to those who paid for 
those enterprises. The taxpayer was clearly 
assured of the most efficient Navy that could be 
produced, which was not so before the recent war. 
Secondly, the shipowner benefited because the 
knowledge gained was circulated either through the 
people working on the various projects or by the 
presentation of data in technical papers. The 
need for lighter and more compact machinery was 
just as pressing in the mercantile marine as in the 
Royal Navy. Comparing steam and Diesel machi- 
nery, the Diesel engine saved about 25 per cent. in 
fuel, but it weighed about 30 per cent. more and 
occupied about 15 per cent.more engine-room length. 
At 7,500 shaft horse-power, those three factors were 
approximately in balance when considering the ship 
as a means of carrying cargo economically. The 
third benefit was that the Admiralty had aided the 
shipowner by releasing, for civilian manufacture, 
designs of equipment originally produced for Service 
needs. Radar was an obvious instance of that kind ; 
and, so far as marine engineers were concerned, the 
release of Admiralty-designed oil-fuel burning equip- 
ment was most important. As one of the well- 
satisfied users he was extremely grateful for that 
wise and helpful decision; by fitting their ships 
with that type of equipment, his firm were saving 
25,0001. per annum in fuel costs. The history of 
wear on flexible couplings was of interest, as he 
had two isolated cases among his ships in which 
wear was occurring. Both were of conventional 
design, one American and one British. The American 
design was known to be out of alignment and it was 
hoped that, by re-aligning, the trouble would be 
cured; in the British design, the trouble appeared 
to be associated with a secondary pinion which was 
causing wear on the main wheel because of lack of 
tip relief. It was hoped, when opportunity served, 
to dress the wheel and solve that problem. 

Mr. M. L. Ireland thought that the authors’ 
remarks on ship trials were somewhat discouraging ; 
and Dr. Brown, in the discussion, has quoted an 
accuracy range of -++ 2 per cent., which he agreed 
was the best that could be expected on ship trials. 
Fuel-oil meters, if calibrated before and after trials 
gave results accurate to within a fraction of 1 per 
cent., and the same could be said for condensate 





meters; that left the torsionmeter errors as the 
largest part. The astern tests discussed in the 
paper were similar to some work done in the United 
States. He noted that the astern runs were done 
from a rather low ahead power. It has been the 
impression in the United States, confirmed by cer- 
tain tests, that the whole level of the temperatures 
was influenced by the ahead condition within the 
turbines. When starting from 100 per cent. ahead 
power, with the resulting temperature and pressures 
throughout the high-pressure turbine particularly, 
and then suddenly reversing and running a steady 
astern trial, the whole level of temperatures was 
higher than when starting from a low ahead power. 
With regard to the bearing difficulties reported in 
the paper, he asked whether measurements were 
made of the running position of the journals. He 
had had occasion recently to do that and had 
obtained some surprising results for high-speed 
lightly-loaded journals. They had a tendency to 
climb right up to the top level of the brass, well 
beyond the centre. 

Captain Peile, replying to the discussion, said 
that it was a tribute to the closeness of the co- 
operation between the United States and Britain 
that results of American designs had been made 
available, for which British designers were most 
grateful. Mr. King’s point about leakage from 
casings was particularly relevant ; one of the main 
reasons for the decline in performance in old ships 
was the leakages developed in the engines after 
prolonged service. Dr. Livingston Smith was right 
in saying that the alumina content of the firebrick 
was the greatest bugbear. There were some very 
good clays abroad, but it was necessary to work 
with indigenous clays, and that made the problem 
difficult. Dr. Brown rather underestimated the 
expense of instrumentation; but it was worth it, 
because without that instrumentation they would 
get nowhere. In reply to Mr. Ireland, owing to the 
limitations in the astern trials with the Daring-class 
machinery, they had to start from only 10 per cent. 
ahead power; but long-period astern runs were 
unusual, and he did not think it likely that a ship 
would have to do a long astern run directly from 
full power ahead. Ship trials were valuable, but 
mainly from the point of view of the operator rather 
than the designer; they gave the operator a yard- 
stick. He did not think that they could rely— 
certainly, in naval installations, which were ex- 
tremely congested—on getting sufficient instrumen- 
tation to provide a check on the real design data. 

The Conference then adjourned until Thursday, 


snes (To be continued.) 





RaILWAY WAGONS FOR SPECIAL PuRPOsES.—British 
Railways have arranged to build, at their Derby works, 
32 covered hopper wagons, each having a capacity of 
25 tons, for the conveyance of catalysts and sodium 
tripolysulphate in bulk. The transport of these sub- 
stances has introduced a new type of traffic to the railway 
service. The catalyst is employed in the extraction of 
petroleum products, and sodium tripolysulphate for the 
manufacture of soap. 





ELECTRICITY SUPPLY STATISTICS.—During June, 1951, 
4,165 million kWh. of electricity were generated in the 
power stations under the control of the British Electricity 
Authority, the North of Scotland Hydro-Electric Board, 
and the Lochaber Power Company. This represents an 
increase of 10-9 per cent. over the figures for the corre- 
sponding period of 1950. Of the total, 4,077 million kWh 
were generated in steam stations. During the month 
the generating capacity was increased by 88°5 MW, 
bringing the total up to 14,733 MW. The overall increase 
during the past twelve months was 1,003 MW. 





COAL PREPARATION PLANT IN BIHAR.—The General 
Electric Company of India, Limited, state that they have 
put into service recently, at the West Bokaro colliery 
in Bihar, what is claimed to be the first coal-cleaning 
plant to be erected in India. It operates on the Chance 
sand-flotation process, and is regarded as of particular 
importance to Indian industry because the Indian 
reserves of good-class coking coal are becoming exhausted, 
and what remains is unsuitable for use in the Tata blast- 
furnaces at Jamshedpur unless it can be cleaned. The 
coal is difficult to wash efficiently, but the new plant is 
expected to deal satisfactorily with it, and to separate it 
at two specific gravities, providing a coking coal of low 
ash-conteat and a boiler fuel of medium ash-content. 
A second plunt has been ordered by the Tata Iron and 
Steel Company for their Jamadoba colliery. 








THE ROYAL AGRICULTURAL 
SHOW AT CAMBRIDGE. 
(Continued from page 74.) 


THE introduction of the automatic one-man 
pick-up hay baler completely mechanised the 
collection of hay from the field and stocks of pre- 
formed bales are now a familiar sight in the country- 
side. Until comparatively recent times, it was only 
possible to make rectangular-shaped bales, but the 
development of the Roto-Baler, which was being 
shown at Cambridge by the manufacturers, Allis- 
Chalmers Manufacturing Company, Totton, South- 
ampton, has made it possible to form rolled bales 
for which several advantages are claimed. The 
hay, for example, is rolled gently into a compact 
bale without cutting or bruising, and is, therefore, 
stored in good condition. Furthermore, the rolled 
bale, unlike rectangular bales, is not dependent 
alone on ties or twine to hold it together, as each 
layer of material seals and holds in position the 
preceding layer during the formation of the bale, 
and it is only necessary to keep the last layer in 
place by a helical wrapping of twine, which is not 
even knotted. It is also claimed that a rolled bale 
is easier to handle when being used for feeding 
purposes, as it can be placed in the feedrack and 
unrolled progressively as and when required. 

A photograph of the Roto-Baler in operation is 
reproduced in Fig. 21, on page 118, from which 
it will be seen that it is towed behind, and to one 
side of, a standard tractor in the usual manner. 
Bales are formed in much the same way as a carpet 
is rolled up, the different processes of picking up 
the windrowed hay or straw, feeding it into the 
machine, bale forming, wrapping with twine and 
ejection of the finished bale, being entirely auto- 
matic, the operator’s only function being to drive 
the tractor; no auxiliary power is necessary as 
the baling mechanism is driven from the tractor 
rear power take-off. In operation, the grass is 
lifted gently by a spiked picker on to a conveyor, 
which carries it to the press roll, where it is flattened 
into a wide compact “ mat.” From the press roll, 
the material passes into the forming or baling 
chamber, which comprises two sets of endless 
flexible belts travelling in opposite directions, the 
action of which is to roll the layer of material under 
pressure into the form shown in Fig. 22, page 118 ; 
this illustration shows part of the machine with a 
bale in course of formation. When the roll reaches 
the desired diameter, the flow of material is stopped 
automatically, and the bale is wrapped helically with 
ordinary binder twine before being discharged from 
the baling chamber. 

The action of the baler will be best understood 
by reference to the drawings reproduced in Figs. 
23, 24, 25 and 26, page 118, which show the baling 
chamber in diagrammatic form. As previously 
mentioned, the baling chamber a is formed by 
two sets of flexible belting; these are lettered 
b and c in the diagrams, the belt 6 being driven 
by the roller d and belt c by the roller e in the 
directions indicated, the idlers f and g, which are 
known as the upper and lower tension rollers, 
being free to move against springs as the size of 
bale increases. In Fig. 23, the mechanism is shown 
empty, but in Fig. 24 the crop is being fed by the 
feed roller and stone ejector h through the spring- 
loaded pressure roller j to the baling chamber a, 
the upper and lower belts travelling in opposite 
directions to roll the crop into the form indicated. 
In Fig. 25, the upper and lower tension rollers 
have moved from their original positions, thereby 
permitting the bale chamber to increase in size, 
and when the bale has reached the required dia- 
meter, as shown in Fig. 26, the feed is automatically 
cut off and the bale wrapped with twine, the trip 
rollers k and / subsequently moving apart to release 
the completed bale. All moving parts then return 
automatically to the positions shown in Fig. 23, 
ready to form the next bale. 

The length of bale formed by the Roto-Baler 
is, of course, constant, the actual dimension being 
36 in. The diameter, however, can be varied 
between the limits of 14 in. and 22 in., while the 
bale density can be adjusted from 40 lb. to 100 Jb. 
Standard binder twine is used to wrap the bales 
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and the amount used varies from 27 ft. to 45 ft. 
per bale, depending on the size. It can be operated 
by any standard tractor capable of hauling a two- 
furrow plough so long as it has a rear power take-off, 
and the capacity is stated by the manufacturers as 
being from 4 tons to 8 tons per hour, according to 
conditions of working. In working order, the 
machine has a width of 9 ft. 10 in., but this can be 
reduced to 8 ft. 10 in. for transport purposes. The 
overall length is 13 ft. 6 in., the maximum height 
6 ft. 11 in., and the weight approximately 2,300 lb. 

Some of the exhibits on the stand of Messrs. 
David Brown Tractors, Limited, Meltham, Hudders- 
field, were described in the second part of our 
report on the Show which appeared on page 53, 
ante. This company were also showing a wide 
range of agricultural equipment designed for use 
behind their standard tractors and the exhibits 
included the two furrow one-way mounted plough 
illustrated in Fig. 28, opposite. This is equipped 
with semi-digger bodies set for-i2-in. furrows and 
its use eliminates ridging, saves time on the head- 
lands and, for hill farming, enables all furrows to 
be turned up the hill, thereby helping to conserve 
water and prevent erusion. As will be seen from the 
illustration, it is fitted with disc coulters and skims, 
while the width-control lever, although integral with 
the implement, is stiil adjustable from the tractor 
seat. Depth control is obtained by adjusting the 
position of the land wheel in ‘the normal manner, 
the amount of adjustment available being sufficient 
to give any depth up to 11 in. 

Other implements shown on the stand of Messrs. 
David Brown Tractors included a tractor-mounted 
beet hoe and a two-row cabbage planter. The beet 
hoe, which is illustrated in Fig. 29, opposite, is 
made to follow four-, five- or six-row drills and 
can be adjusted to various row widths. Each hoe 
constitutes a separate assembly, which can be 
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adjusted individually for depth of operation, thereby 
ensuring even working despite ground undulations. 
It is fully steerable, making it possible to work 
close up against the rows, and when turning at the 
headlands it is possible to lift the complete imple- 
ment clear of the ground by means of the tractor 
hydraulic linkage; each hoe assembly, however, 
can be lifted separately when working in shortening 
rows. Standard equipment supplied with the 
implement includes “ A” blades, ““L” blades and 
discs. Although shown on the stand of Messrs. 
David Brown, the hoe was manufactured by Messrs. 
Belton Brothers and Drury, Scunthorpe. 

















Fie. 27. Muuti-Row Breet Torprer; KENNETH HupDSON AND Son. 


The David Brown two-row cabbage planter is 
illustrated in Fig. 30, opposite. It consists basi- 
cally of an adjustable frame for row widths of 
from 24 in. to 30 in., and is designed to carry two 
seats and associated foot rests for the operators. 
Opening bodies make a small trench for “ setting-in” 
the plants, and, after the plants have been placed in 
position, the trench is refilled by scraper plates, 
and the soil pressed firmly against the roots by 
presser wheels set at an angle. The unit has been 
designed primarily for attachment to the CR/3 
cultivator but, by appropriate tine settings, it can 
be fitted to any David Brown cultivator. 
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Another interesting exhibit on the stand of 
Messrs. David Brown Tractors was the David Brown- 
McConnell hedge cutter. This unit comprises a 
4 ft. 6in. cutterbar mounted on a special framework 
bolted to a standard David Brown tractor and 
driven by a Petter Al petrolengine. The cutter-bar 
fingers are set at a pitch of 3 in. and the cutters are 
capable of cutting 2 in. thick twigs with comparative 
ease. The working angle of the cutter bar can be 
altered at will and it is possible to cut the top and 
sides of a hedge with equal facility. 

The Ford Motor Company, Limited, Dagenham 
Essex, have probably done more than any other 
concern towards the development of power farming, 
and it was only to be expected that the exhibits 
on their stand would be centred on their well-proved 
Fordson Major tractor. The Ford Company have 
for many years adopted the policy of encouraging 
implement manufacturers to develop special equip- 
ments for use with their tractors. As a consequence, 
several of the implements exhibited fell into this 
category, a good example being furnished by the 
new multi-row beet topper illustrated in Fig. 27, 
opposite. This machine, which is manufactured 
by Messrs. Kenneth Hudson and Son, Elland, 
Yorkshire, has been designed for use in conjunction 
with the Fordson root harvester and has been fully 
approved by the Ford Motor Company, Limited. 
It is based on the Fordson toolbar and can be 
fitted with a steering gear and operator’s seat for 
use when extreme accuracy is required. Each 
topping unit is sprung independently and the 
knives can be adjusted to any position to ensure 
precision topping, the design being such that all 
row widths between the limits of 18 in. and 28 in. 
can be worked. 

The feeler wheels are independently sprung and 
are free to rise and fall so as to give consistent 
topping regardless of the size of beet, the spring 
tensions being adjustable either separately or 
together. The feeler wheels are driven at ap- 
proximately twice the forward speed of the imple- 
ment, so that they grip the beet top and hold it 
firmly for severing by the knife situated immedi- 
ately behind. The drive is taken from the land 
wheels through a square drive shaft supported by 
four bearings and then by individual chains to the 
feeler wheels. Each knife holder is adjustable in 
both the vertical and longitudinal directions, the 
vertical adjustment presetting the topping height 
while the longitudinal adjustment enables the best 
position to be obtained in relation to the topping 
wheel. Specially-toughened carbon steel is used 
for the knives and the design is such that they can 
be removed easily for sharpening. 

Guides are provided for raising the leaves, thereby 
making clear paths for the knives. They are inde- 
pendently sprung and completely enclosed, and are 
shrouded to prevent clogging by dead leaves and 
trash. The base of each guide is designed so that 
dead leaves and trash are cut clear from the sides 
of the beet to prevent the heel of the associated 
knife holder from riding on accumulated rubbish ; 
independent springing allows each assembly to 
follow ground irregularities. The driving wheels 
are provided with spade-type lugs to ensure positive 
action and can be easily adjusted along the square 
drive shaft to allow for different row widths. 

By no means all implements for use with Ford 
tractors are manufactured by outside concerns, as 
the Ford Motor Company also produce a wide range 
of implements in addition to the tractors. The 
range includes the root harvester already referred 
to, ridgers, spring-loaded tine cultivators and a 
steerage hoe, to mention but a few; examples of 
all these were being shown at Cambridge. Also 
on show was a new tractor-mounted two- or three- 
furrow disc plough designed for working in arduous 
conditions and specially suitable for use overseas. 
This implement, it may be mentioned, is being 
shown in the Country Pavilion at the South Bank 
Exhibition. It is of exceptionally strong construc- 
tion, and, being attached to the hydraulic-lift 
assembly, is easy to transport and manipulate in 
confined spaces. Several models are available, 
namely, a three-furrow unit convertible to two- 
furrow for 10 in. or 12 in. wide ploughing, a two- 
furrow unit for 10 in. or 12 in. ploughing and a 
two-furrow unit with extra clearance between the 
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discs, also for 10 in. or 12 in. wide ploughing. All 
models, however, can easily be converted either 
from 10 in. to 12 in. wide ploughing or from 12 in. 
to 10 in. wide ploughing. 

The structure in each case is built up from heavy 
cast-steel triangular segments designed to give 
maximum strength. Depth of ploughing is ad- 
justed by loosening two set screws fitted to the 
depth-wheel “stalk”? and moving the wheel to 
the desired position before tightening, while the 
front furrow width is adjusted by loosening two 
bolts and sliding the cross shaft in a lateral direction. 
Levelling is accomplished by means of the levelling 
box on the three-point linkage and the pitch is 
adjusted by altering the length of the top connecting 
link. The discs, which are 26 in. in diameter, are 
made from hardened steel and are supported from 
heavy cast-steel legs by taper-roller bearings sealed 
against the entry of gritand dirt. The weight varies 
according to the type of plough, but the three- 
furrow 10-in, or 12-in. model weighs approximately 
948 Ib. and the weight of the two-furrow standard- 
clearance model is 796 Ib. 

(T'o be continued.) 
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ASBESTOS CONSUMPTION IN THE UNITED STaATES.— 
Returns for 1950, recently published by the United 
States Bureau of Mines, show that the domestic produc- 
tion of asbestos in that year contributed only 41,358 
short tons towards the total apparent consumption of 
728,786 short tons. Imports, mainly from Canada, were 
705,253 short tons, which is stated to be a record amount. 





LABOUR NOTES. 


THE concern of the trade unions at the constantly 
increasing cost of living was clearly reflected in the 
list of motions to be presented for discussion at the 
fiftieth annual conference of the Labour Party, 
which will open at Scarborough on October 1. It is 
noteworthy that in the list of motions to be dealt with 
there are no fewer than 134 on wages, prices and 
profits. The agenda, which was issued last Monday, 
also contains 37 motions on the Government’s rearma- 
ment programme and 27 on various aspects of the 
national health insurance scheme. The Amalgamated 
Engineering Union has put forward a motion expressing 
strong approval of the Government’s proposals for 
imposing economic controls, in view of the “ alarming 
increase’ in the cost of raw materials. The same 
Union demands that immediate action shall be taken 
to deal with distribution costs, profit margins and 
purchase tax, and pleads for a more realistic cost-of- 
living index. The Union contends that the index 
should be based on the present-day expenditure of 
working-class households. 





A motion proposed by the National Union of Tailors 
and Garment Workers calls for the reintroduction of 
such controls as may be necessary to avoid any further 
worsening of the purchasing power of wages. Five 
other unions, representing vehicle builders, draughts- 
men, boiler makers, builders, and plumbers, have 
sponsored motions on various aspects of the wages, 
prices and profits problem. Their demands include an 
extension of price controls, strict limitations on profits, 
a capital levy, a new form of cost-of-living index, and a 
wider range of utility goods. Altogether, motions 
dealing with the nationalised industries number 21 
and many of these clamour for an increase of em- 
ployees’ representation on the various Boards and 
Executives. No fewer than 14 motions call upon the 
Government to introduce a capital levy or some other 
form of tax on capital. A number of motions suggest 
that State pensions should be increased, possibly to 
40s. a week for single persons. 





Economic problems were discussed at a private meet- 
ing of the trade-union group of Members of Parliament 
at the House of Commons on Monday last. About 
a hundred members were present at the meeting, which 
was addressed by the Prime Minister and Mr. Hugh 
Gaitskell, the Chancellor of the Exchequer. The main 
object appears to have been to afford the trade-union 
members some opportunity for expressing their views 
on the economic situation prior to yesterday’s debate. 
It is understood that the discussions centred mainly 
round the increasing cost of living and the methods 
which the Government might employ to reverse the 
spiral, or, at all events, to halt its upward trend. 
As is usual on occasions when rising prices are under 
consideration, suggestions seem to have been made 
for the imposition of further controls, dividend limita- 
tions, and increased subsidies on food. In a general 
way, the trade unions and their officials appear to be 
mainly concerned at the present time with how to 
halt the rising cost of living, while, on the other hand, 
the Government is anxious to improve production in all 
branches of industry, curtail the demands of the unions 
for increased wages, and obtain greater freedom of 
movement for the transfer of man-power from industry 
to industry, and from piace to place, according to 
where the need is most urgent. 





The demands of the Post Office Engineering Union 
for wage increases in respect of some 50,000 of its 
members in the engineering, supplies and motor-trans- 
port sections of the postal services were considered at 
a meeting of the Civil Service Arbitration Tribunal in 
London on Monday last. The Union asked for in- 
creases varying from 16s. a week for labourers to 30s. 
a week for technicians with more than one year’s service. 
Larger increases were also claimed for technical officers 
in the higher grades. It was stated on behalf of the 
Post Office that the increases demanded, if granted in 
full, would cost 5,250,000/. in a full year. The wage 
bill of the men concerned amounted to 19,500,000/. 
annually at the current wage rates, so that the sums 
claimed represented a projected increase in wages of 
21 per cent. 





The deputy general secretary of the P.O.E.U., Mr. 
C. H. Kilby, claimed on behalf of the men that the 
real value of wages had fallen very considerably since 
1946, when wages for the grades concerned were last 
settled. He suggested to the Tribunal that the 
wages in the Post Office were substantially lower than 
those obtaining in many parallel industries, althou 
the employees in the postal services were frequently 
called upon to exercise a much higher degree of skill and 
versatility than was required from those engaged 
elsewhere. The Union rejected some time ago an 
offer of smaller increases than those claimed and 











decided to refer the question to the Tribunal. The 
hearing was concluded and the findings of the Tribunal 
will be made known at a later date. 





Suggestions made recently by the Ministry of Fuel 
and Power that miners should resume Saturday work 
in August, in view of the decline in the production of 
coal, were referred by the National Union of Mine- 
workers to its area organisations for discussion. The 
British coalfield conference, summoned a few months 
ago to consider this question, decided that the working 
of voluntary shifts on Saturdays should cease during 
June, July and August, and not be recommenced 
until Saturday, September 1, in order that the miners 
might have a chance to recuperate after their months 
of Saturday working earlier this year. The national 
executive of the Union met in London yesterday to 
consider the voting in the areas on this subject. 





It is known that the South Wales and Scottish areas 
of the N.U.M. are opposed to the resumption of Satur- 
day working earlier than the date decided upon by the 
coalfield conference. At a delegate conference of 
South Wales miners at Porthcawl on Monday last, it is 
understood that the plan to resume working on the 
four Saturdays in August was rejected by a substantial 
majority. The area President, Mr. Alfred Davies, 
stated after the meeting that the delegates were of the 
opinion that the interests of the industry and the men 
would be served best if there was no interference with 
the three months’ relaxation from overtime. If, 
however, it should be disclosed at the meeting of the 
national executive that there was a majority in favour 
of an earlier resumption of Saturday shifts, he had no 
doubt that South Wales miners would fall into line. 

A very similar attitude was adopted by the executive 
committee of the Scottish area of the N.U.M. at a 
meeting in Edinburgh on Monday. The President of 
the Scottish area, Mr. Abe Moffat, stated subsequently 
that the Scottish executive committee had decided to 
reject the proposals to resume Saturday shifts prior 
to September, as they considered that there should be 
no modification of the decision taken at the special 
coalfield conference last April, except at a further 
coalfield conference, at which the local branches could 
express their opinions. A delegate conference for the 
area would be held in Edinburgh on August 13 and the 
question of an earlier resumption of Saturday working 
would be added to the agenda. By Wednesday, it 
became known that the various areas of the Union were 
fairly equally divided on the question. In addition 
to the South Wales and Scottish areas, Cumberland, 
Northumberland, Durham, Nottingham and Somerset 
were stated to be opposed to the scheme, and the 
Midlands, North Wales, Yorkshire, Derbyshire, Leices- 
tershire, Lancashire and Cheshire areas in favour of it. 








A go-slow movement among technicians and super- 
visors in the employment of British European Airways 
at Renfrew, Northolt and Jersey, which commenced 
on July 19 as a result of claims for increased wages, 
came to an end on Wednesday, when normal working 
was resumed. The dispute arose when demands by 
the men’s union, the Association of Supervisory 
Staffs, Executives and Technicians, for an increase of 
10 per cent. for airways staff in the provinces, and of 
15 per cent. for employees in London, were refused. 
Counter offers of lesser amounts by the British Euro- 
pean Airways and the British Overseas Airways 
Corporation were rejected by the Association. The 
claims were presented to both organisations but only 
men employed by the B.E.A. took part in the go-slow 
movement. A large number of the continental services 
of the B.E.A. soon became disorganised as a result of 
the men’s work-to-rule methods and it was estimated, 
when the settlement was announced, that the dispute 
had caused the loss to the B.E.A. of some 70,000I. of 
revenue, between 30 and 50 flights having had to be 
cancelled each day 


Mr. Alfred Robens, the Minister of Labour, inter- 
vened in the dispute early this week. He took part in 
discussions with representatives of the two Corpora- 
tions and the A.S.S.E.T. on Tuesday regarding the 
men’s wage claims, and the two sides undertook to 
resume direct negotiations immediately. After a joint 
meeting of some hours’ duration, it was announced that 
agreement had been reached between the two Corpora- 
tions and the Association regarding the working 
arrangements and remuneration of the airways’ staffs. 
The actual terms of the agreement were not disclosed 
and a further joint meeting between the parties was 
held yesterday to settle outstanding points and to sign 
the final agreement. Nearly 500 men at the three 
airports concerned took part in the work-to-rule 
movement. Owing to the large number of aircraft 
awaiting overhaul when the settlement was reached, it 
was estimated by the B.E.A. that several days must 
elapse before the Corporation would be able to resume 
the full working of all its Continental services. 
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RESISTANCE EXPERIMENTS ON 
THE ‘*LUCY ASHTON.’’* 


By Sm Maurice E. Denny, Bt., K.B.E. 


For many years I have hoped that I might see the 
day when full-scale resistance tests should be carried 
out on the hull ofa ship. It is, therefore, with peculiar 
pleasure that, on behalf of the Council and as chairman 
of the Research Board of the British Shipbuilding 
Research Association, I have the honour to present 
this paper to the Institution of Naval Architects for 
reading and discussion at the International Conference 
of Naval Architects and Marine Engineers, 1951. 

The purpose of this first paper is to give a general 
review of the scope of the full-scale resistance experi- 
ments carried out on the former Clyde paddle steamer 
Lucy Ashton by the British Shipbuilding Research 
Association and to state the underlying aims and 
objects of the work. The paper deals primarily with 
the full-scale research carried out on the ship. A 
second paper will deal completely with the correla- 
tion of the full-scale resistance with that of models 
tested in experiment tanks. 

A surface vessel in steady motion through the water 
experiences resistance due to the friction of the water 
on the surface of the hull (usually known as “ skin 
friction ”) which varies in a regular manner with speed, 
is influenced relatively little by proportions and fine- 
ness and depends primarily on the area, length and 
roughness of the wetted surface ; to the generation of 
surface waves, which manifests itself in the form of 
normal pressures on the hull, is usually known as 
“ wave-making resistance,” and generally varies in an 
undulatory manner with speed, due to interference of 
the bow and stern wave systems; and to energy losses 
due to the formation of eddies. In a well-designed hull 
this component of the resistance is generally small com- 
pared with the skin friction and wave-making com- 
ponents. Froude recognised that the skin-frictional 
and wave-making resistances followed different physical 
laws and, in his law of comparison, enunciated that the 
“residuary resistance ” (i.e., the total resistance less 
the skin-frictional component) for geometrically similar 
ships and models would vary as the cube of the linear 
dimensions at “corresponding speeds.” ‘The corres- 
ponding speeds were defined as those which are pro- 
portional to the square roots of the ship’s linear dimen- 
sions; or, to put this into the simplest language, in 
comparing geometrically similar ships, or ships with 
models, the residuary resistance per ton of displace- 
ment would be the same at the same value of the speed- 


length ratio —, V and L being the speed and length 
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* Paper (comprising Part I—Full-Scale Measurements 
of a report by the British Shipbuilding Research Associa- 
tion), presented to the International Conference of 
Naval Architects and Marine Engineers, at a meeting in 
London, June 26, 1951. Abridged. {Fig. 1, above, is 
not identical with the author’s corresponding illustration, 
which was not available —Eb. E.] 
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of the ship or model, respectively. Froude based this 
on formule and coefficients derived from his experi- 
ments on the surface friction of plane surfaces towed in 
an experiment tank. These experiments form the 
basis of the skin-friction corrections published by his 
son, R. E, Froude, in the form of the well-known “ O”’ 
values. 

To verify his law of comparison, Froude, with 
Admiralty assistance and co-operation, arranged and 
carried out full-scale resistance tests on H.M.S. Grey- 
hound in 1874, which was towed from an outrigger 
fitted to a larger vessel, H.M.S. Active. These im- 
portant experiments were. the first of their kind to be 
made on a full-size ship and the details of the investiga- 
tion and the results are given in Froude’s paper to the 
Institution of Naval Architects in 1874. The results 
of these trials were not entirely conclusive so far as 
proving the law of comparison was concerned, in that 
the measured ship resistance was appreciably higher 
than that predicted from the resistance of the model. 
Froude ascribed this discrepancy, however, to an 
increase in the skin-frictional resistance set up by the 
deteriorated and roughened condition of the copper 
sheathing of the Greyhound. He found that by aug- 
menting his estimated smooth skin friction for the 
ship by some 30 per cent. to allow for the roughened 
surface, good agreement was obtained between the 
actual ship resistance and that predicted from the 








model, and he was satisfied that his law of comparison 
had, to all intents and purposes, been vindicated. 

Very few other experiments of this nature have been 
attempted. The store of knowledge relating to model 
experimental technique, the conclusions drawn and 
the important practical deductions therefrom have 
rested securely upon the foundations laid by William 
Froude. 

Recent years have witnessed new developments in 
the practice of model testing. The fitting of trip 
wires or other turbulence-stimulating devices has 
become fairly general, and the desirability of introduc- 
ing new methods of making the skin friction correction 
between models and ship is being considered. It has 
also become increasingly clear that the quality and 
condition of the surface in contact with the fluid is of 
paramount importance. For these reasons, it was 
considered that the time had come when measurements 
of actual ship resistance might again be usefully 
attempted. 

When it became known that the hull of the Lucy 
Ashton was to be sold for breaking up, arrangements 
were made to purchase the hull with the object of 
carrying out resistance measurements. Examination 
of the hull showed that its proportions and fineness, 
etc., were suitable for the purpose in mind. It was 
estimated that, at a speed of 15 knots, the resistance 
would be of the order of 5} tons, which was of manage- 
able proportions, though it was recognised that 15 knots 
was an uneconomic speed for the ship in service. 
Further, the Reynolds number at 15 knots was reason- 
ably high, of the order of 3-75 x 108, which would 
enable a most valuable comparison to be made with 
predictions from model tests under a fairly high degree 





of extrapolation. 





Accurate values of ship resistance over a wide speed 
range enable extremely valuable comparisons to be 
drawn between these resistances and the corresponding 
values of resistance deduced from model tests. Such 
comparisons would clarify the relative merits of the 
various methods for calculating the skin-friction 
correction between model and ship. There are also 
attractive possibilities in ship resistance tests of 
assessing the effect of fairing seams and butts, different 
ship surfaces, paint deterioration, of determining the 
resistance of appendages, and of obtaining virtual 
inertia factors from acceleration and retardation tests, 
etc. A programme of full-scale research was pre- 
pared as follows :— / 

Resistance tests over a range of speeds from 5 to 
15 knots in the following conditions :— 

1. Clean naked hull, having a red-oxide paint surface 
and sharp seams. 

*2. As (1), but with a bituminous aluminium paint 
surface. 

3. Clean hull, with red-oxide paint surface and 
dummy twin-screw bossings. 

4. Clean hull, with red-oxide paint surface and 
dummy twin-screw “ A ”’ brackets and shafts. 

5. Clean naked hull having a red-oxide surface and 
seams faired off with a plastic composition, 

*§. As (5), but with a bituminous aluminium paint 
surface. 

7. Naked hull with bituminous aluminium paint 
surface allowed to foul for about one month. 

8. Acceleration and retardation tests, to be carried 
out as opportunity offered. 

At the time of writing, the full-scale programme has 
been largely carried out. In conjunction with this, 
comparable tests are being carried out on a series of 
geometrically similar models in an experiment tank. 
There will be six model sizes in all, ranging in length 
from 9 ft. to 30 ft. 

The Lucy Ashton was originally a Clyde paddle 
steamer and plied her trade as a passenger ferry almost 
without a break since she was first put into service in 
1888. She was built in that year by T. B. Seath and 
Company, of Rutherglen, near Glasgow, and was 
engined in the first place by Messrs. Hutson and Corbett. 
Later she was re-engined by A. and J. Inglis, Limited, 
in 1902. At the time of her retirement from service 
in 1949 she was the oldest railway steamer plying on 
the Clyde. 

For reasons which will be explained later, propulsion 
by means of aircraft jet engines was chosen. Consider- 
able alterations were made to the hull. The outer 
surface of the shell plating (which had flush butts, 
with internal straps), was carefully cleaned and found 
to be very rough, and pitted in various localities. The 
shell surface was therefore made as smooth as possible 
by means of fairing material and the plate edges were 





* The application of the bituminous aluminium paint 
in conditions 2 and 6 was made solely for technical reasons, 
the object being to obtain the smoothest possible hull 
surface for comparison with the results obtained with 





smooth models tested in an experiment tank. 
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prevailing in a new vessel. Due to the combined 
effects of age and the application of fairing material, 
the plating was practically smooth so far as rivet 
points were concerned, since few, if any, of these pro- 
truded from the finished surface. 

Machinery, paddle-wheels, sponsons and deck- 
houses were removed. The interna] hull was stripped, 
sand ballast was loaded, a gantry for carrying the jet 
engines was fitted, and the necessary fuel tank was 
built and fitted at a position approximately at the same 
fore and aft position as the centre of flotation. Addi- 
tional fore and aft stiffening was fitted to the weather 
deck to ensure against possible excessive distortion. 
A photograph of the ship as modified for the experi- 
ments is reproduced in Fig. 1, on page 121. 

To protect the observers and crew from the high- 
frequency noise emitted by the four Rolls-Royce 
Derwent V jet engines, a sound-resisting cabin was 
constructed in what had been the engine-room hatch, 
as shown in Figs. 2 and 3. This house was arranged 
in two storeys, the upper compartment being the 
wheelhouse and the lower the engine-room. The 
sound insulation consisted of three thicknesses of 
$-in. ‘‘ Celotex ” boarding with a 3-in. air-gap between 
the thicknesses, making an overall thickness of insula- 
tion of 74 in. This proved most effective and it was 
estimated that the noise reduction was of the order of 
60 decibels. To protect observers and crew who had 
to go on deck, special ear muffs were worn, known as 
“No-Sonic ” ear protectors, which were supplied by 
the Mallock Armstrong Company, of London. Since 
no drawing of the lines existed, the offsets were care- 
fully measured while the vessel was on a slip. The 
steel hull, constructed in 1888, was in relatively good 
condition. 

It is not possible to reverse the direction of the 
jet-engine thrusts, so the vessel had no astern power. 
To overcome this defect to some extent, and to assist 
in stopping the ship in an emergency, two large steel 
hinged flaps were fitted, one to port and one to star- 
board underneath the engine gantry, as shown in 
Fig. 4. These are normally stowed in a horizontal 
position clear of the water, but can be dropped to the 
vertical position to act as water brakes in an emergency. 
They are released by means of a lever in the wheel- 
house and are very effective in taking way off the ship. 
Trials have shown that, by using the brakes, the ship 
can be pulled up from a speed of 11 knots to 2 knots 
in about 4} lengths. 

The principal dimensions and particulars of the 
vessel are as follows :— 


Length between perpendiculars 190 ft. 6in. 
Breadth moulded “i aa 21 ft. 0in. 
Depth moulded 7 ft. 2in. 


Most of the experiments were made at a mean draught 
of 5 ft. 4 in. (measured over the 4-in. deep bar keel) 
corresponding to a displacement in salt water of 
390 tons at level trim. The coefficients of form in 
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Block coefficient 0-685 rudder and bar keel, was 4,488 sq. ft. f | ; 

Prismatic coefficient 0-705 The modifications to the hull described in this 

Midship area coefficient 0-972 Section were carried out on behalf of the British 
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Shipbuilding Research Association by William Denny 
and Brothers, Limited, Dumbarton. 

The Greyhound was towed from an outrigger fitted 
to the Active. William Froude was well aware of 
the maneuvring difficulty referred to above, so much so 
that he had to abandon the idea of making runs over a 
measured mile, the tests being finally made over a 
straight course in open water. This necessitated the 
use of towed logs to measure the speed through the 
water, which gave rise to difficulties. 

Another possibility was to tow the ship in line with 
a towing ship on a very long tow, as was done in the 
case of the Japanese destroyer Yudachi. The length 
of tow was made sufficiently long to ensure that, as 
far as possible, the towed ship was not affected by the 
wake of the towing ship; but this method is subject 
to the same doubts and maneeuvring difficulties as the 
outrigger method, and there is also the difficulty 
of surging and consequent unsteadiness of the towing 
force. 

Propulsion by means of airscrews is possible, but 
the highly periodic thrust developed by an airscrew 
is difficult to record accurately. Interference effects 
between airscrews and hull, due to induced and slip- 
stream velocities, appear to be unavoidable and it 
would be difficult accurately to allow for them. On 
the other hand, an aircraft jet engine gives a steady 
thrust which is easily and rapidly altered by compara- 
tively simple controls. With jet engines mounted 
beyond the vessel’s beam at such a distance as to 
preclude impingement of gases discharged from the jet 
pipe on any part of the hull or impingement on the 
water in its immediate vicinity, the thrusts recorded 
on these jet engines give an accurate assessment of the 
hull resistance. These are important advantages and 
the main disadvantages are solely the high fuel consump- 
tion and the noise emission. 

It was decided, therefore, to propel the ship by means 
of four Rolls Royce Derwent V jet engines, obtained 
with the co-operation of the Ministry of Supply. Messrs. 
Rolls-Royce Limited, contributed much useful technical 
information and provided expert assistance on board 
throughout the trials. 

These Derwent V jet engines were each rated to deliver 
a thrust of 3,600 Ib. at 14,500 r.p.m., which gave an 
available total propulsive force of just over 6 tons. 
The fuel consumed by these engines is special-quality 
aviation kerosene, and the consumption is approxi- 
mately 1 lb. per hour per pound of thrust at full load. 
The fuel tank fitted in the ship had a capacity of about 
9 tons, which was estimated to be sufficient to carry 
out a day’s running on the mile. Experience showed, 
however, that a greater reserve of fuel was required to 
meet contingencies and, to avoid delays due to fre- 
quent refuelling, an auxiliary tank was subsequently 
fitted to take an additional 3 tons of fuel. 

The engines were mounted, two port and two star- 
board, on an athwartship lattice girder and were 
designated ‘‘ Port Inner,” “‘ Port Outer,” “ Starboard 
Inner ” and “ Starboard Outer,” according to their 
position as shown in Figs. 3 and 4. The engines over- 
hang the ship’s side, and their spread was determined by 
the requirement that the exhaust gases in the jet 
streams should not foul the hull or impinge on the water 
in its immediate vicinity. Consideration was also given 
to the possibility of interference or “ resistance aug- 
ment” effects in way of the air intakes to the jet engine 
compressors. These air intakes are situated near the 
forward side of the open lattice girder, well clear of the 
hull. In the Derwent V engines, the intakes consist of 
circumferential annuli on each side of the compressor, 
resulting in a balanced radial ingress of air to the 
engine, with no fore and aft component force on any 
part of the surrounding structure due to airflow into 
the compressors. 

The mountings of all four engines were identical and 
are shown in detail in Figs. 5, 6 and 7, opposite. Each 
engine rested in a welded rectangular steel cradle, the 
weight being taken by the two trunnions near the centre 
of gravity of the engine and the after end supported by 
the bracing shown in way of the jet pipe. Each cradle 
was then slung from the upper members of the athwart- 
ship girder by four sets of vertical flexible steel strips, 
as shown in Fig. 7. This method of suspension formed, 
in effect, a parallel motion which gave the engines 
a limited degree of freedom of motion in one direction 
only, i.e., fore and aft. The transverse rigidity of these 
strips and their longitudinal disposition on the engine 
cradles effectively restrained the engine in all other 
directions. The engine thrust is therefore first trans- 
mitted to the cradle through the trunnions and from 
the cradle through the centre of its heavy forward cross- 
member to the thrust-measuring device, which is 
rigidly attached to the structure of the ship. 

The engines and cradles were aligned so that the axis 
= thrust was parallel to the water plane of the ship. 
oi was also taken to ensure that all connections to 
the engines, such as control cables, fuel pipes, etc., 
oo anety flexible not to affect the delivered 


(To be continued.) 





HYDRO-ELECTRIC POWER IN THE 
NORTH OF SCOTLAND.* 


THE North of Scotland Hydro-Electric Board’s 
annual report for 1950 shows that, in the previous year, 
they extended their supplies to 105 villages and housing 
areas, connected 22,140 new consumers, and generated 
877,979,479 units of electricity. They installed, durin 
1950, hydro-electric generating plant with a to 
capacity of 197,950 kW and Diesel generating sets 
with a capacity of 5,980 kW, a total of 203,930 kW, 
and, at the end of the year, had in operation 13 hydro- 
electric, six steam, and 28 Diesel stations; nine 
hydro-electric schemes were under construction. Work 
is to start soon on the construction of additional plant 
at Gaur and Lawers (Perthshire), Glascarnoch-Luichart- 
Torr Achilty (Ross-shire), Moriston and Garry (Inver- 
ness-shire). These schemes will have an approximate 
capacity of 198,000 kW and an average estimated 
annual output of 736,000,000 units of electricity. 
Capital expenditure during 1950 was 12,213,5511. The 
profit of 5,204/. for the year has been added to the 
balance of 22,4701. brought forward from 1949 and 
the aggregate surplus of 27,6741. is being carried 
forward. 

The Board had under survey last year hydro-electric 
schemes estimated to have an approximate capacity 
of 278,500 kW and an estimated average annual output 
of 1,068,000,000 units. These included the Shin, 
Orrin, Kilmelfort and Breadalbane schemes, and also 
proposals to use the water of the Rivers Farrar and 
Beauly, the Tay Basin, and extensions to the Affric 
scheme. By the end of 1950, the development pro- 
gramme for the Highlands had reached the stage 
shown in Table I, herewith. 


TABLE I. 





—— ~ Estimated . 
Ca; ty, nnual Outpu 
RW. kWh. 





In operation .. rn ‘5 199,700 376,000,000 
Under construction .. <a 299,300 465,000,000 
Promoted and just starting. . 198,200 736,000,000 
Promoted oe “se - 8,100 27,500,000 
Under survey 278,500 1,068 ,000,000 








913,800 | 2,672,500,000 
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The Board promoted seven constructional schemes 
in 1950, namely, the Mucomir hydro-electric scheme, 
near Fort William, which will have an installed capacity 
of 1,500 kW and an estimated annual output of 
9,000,000 units ; Diesel generating stations at Kirkwall 
in Orkney, Lerwick in Shetland, and Stornoway on 
the Island of Lewis; a Diesel —— station and 
an extension to an existing small hydro-electric station 
at Tobermory, on the island of Mull; and the erection 
of 132,000-volt transmission lines from the Fasnakyle 
generating station of the Affric scheme to Fort 
Augustus, and from Boat of Garten to Aberdeen. 

The total number of consumers receiving a supply 
from the Board by the end of the year was 244,314, 
a figure which represents a population of approximately 
855,000; but, in the Board’s area, there are about 
120,000 potential consumers, or a population of about 
400,000, still without a supply of electricity. During 
the year, 12,082 consumers were changed over from 
direct-current to alternating-current supply. The 
total length of distribution lines at the end of the year 
was 5,808 miles, about 310 miles of which were erected 
during 1950. The 132,000-volt Highland grid system, 
in operation or under construction at the end of 1950, 
consisted of 1,120 miles of lines and ten switching 
stations. The Board have promoted ten schemes for 
main transmission. 

A record output was obtained from the hydro-electric 
schemes during 1950. The total installed capacity in 
the Board’s generating stations at the end of the year, 


TABLE II. 





Kilowatts | Units 
Installed. | Generated. 











Water power .. 284,750 | 521,524,062 
Steam .. ~ ‘i .* 130,875 284,374,805 
Diesel (for public supply) .. ..| 29,285 52,447,650 
Diesel (for temporary constructional 
supply) Ss Re “a 8,060 19,632,962 
Total _ _ -* ..| 452,970 877,979,479 
Corresponding total for 1949 ..| 250,970 710,194,025 











and the number of units generated at these stations 
during the year, are shown in Table II, herewith. 
At Caroline Port generating station, Dundee, the 





* Report of the North of Scotland Hydro-Electric 
Board, 1950. Abridged. 





rebuilding of an old boiler house for the 12,500/15,000- 
kW closed-cycle gas turbine and the preparation of 
foundations were completed and the first large com- 
ponent, the air preheater, was installed by the end of 
the year. The oil tanks were erected, and half of the 
fuel pipes from a wharf to the tanks and on to the 
station were laid. The turbines, compressors, rotors 
and casings were under construction, most of the 
blading being already completed. 

Local stone is being used as far as possible in the 
building of generating stations, sub-stations and staff 
houses ; a policy which has contributed to a revival 
of the Scottish stone-quarry industry in the North and 
the craft of the stonemason. The first stone building 
completed for the Board was the Lochalsh generating 
station, opened in 1948. Stone buildings completed 
during 1950 were the control houses at the sub-stations 
at Fasnakyle and Beauly. Tarradale sandstone is 
being used to face the Grudie Bridge station, and 
Burghead stone will be used to face the Fasnakyle 
station. The new Diesel generating station at Kirk- 
wall, one of the largest Diesel stations in Britain, has 
been built of local stone, and so has the small hydro- 
electric station at Gairloch. Local stone is also to be 
used for a number of other stations, under construction 
or about to be begun. 

Research work undertaken in 1950 included an 
investigation into new methods of tunnel driving ; 
experiments with an electrical fish screen and an 
electric enumerator to count fish passing up the fish 
passes at dams; research work in connection with a 
peat-fired gas turbine; and the drying of hay by 
electricity. The foundations and steel tower of the 
100-kW experimental windmill were erected on Costa 
Hill, Orkney, and the machinery, after being tested in 
the manufacturer’s works, was shipped to Orkney in 
preparation for installation. 





ROLLS-ROYCE ‘“ DART”’ 
PROPELLER-TURBINE ENGINE. 


A 500-HouR endurance test has recently been com- 
pleted successfully by a production 1,400-h.p. Rolls- 
Royce Dart propeller-turbine engine, of the type 
installed in the Vickers-Armstrong Viscount air liner. 
The flame tubes, the burners and the air casing of the 
engine under test had already completed 240 hours 
running; no parts of the engine were replaced during 
the test, except the exhaust unit, which was undergoing 
development. The test was carried out in one of 
the hangars at the main works of Messrs. Rolls-Royce 
Limited, Derby, to a test schedule simulating, so far 
as is possible on the ground, the conditions likely to 
be encountered by a Viscount aircraft flying on the 
European routes. Since the power developed at any 
given engine speed is higher at sea level than at altitude, 
the test conditions, in that respect, were more severe 
than would be encountered in normal operation. 

Part of the test, in which taxying (six minutes at 
6,000 r.p.m.), and take-off conditions (one minute at 
14,500 r.p.m.), were simulated, was carried out in an 
artificial sandstorm, 0-03 gramme of sand per cubic 
foot of air being injected, corresponding to over 1 Ib. 
per minute of sand at take-off revolutions per minute. 
Over the whole period of the test, nearly 2 cwt. of 
sand passed through the engine. Under climbing 
conditions (42 minutes at 13,300 r.p.m.), the oil tempera- 
ture was maintained at the maximum permissible 
value 90 deg. C. During each cruising period of 
2 hours 11 minutes at 13,300 r.p.m., the de-icing system 
was in operation for 30 minutes. Water, at a rate of 
50 gallons per hour while taxying, and 150 gallons per 
hour during take-off, was sprayed on to the engine 
during part of each flight to reproduce a heavy rain- 
storm. During one flight in every 100 hours, the 
engine was operated at take-off revolutions per minute 
for five minutes, and the climbing and cruising revolu- 
tions were increased. 

It may be noted that 5,000 hours of test flying have 
now been carried out on Rolls-Royce Dart engines 
without any case of failure in flight. On the test-bed 
at Derby, Dart engines have now completed 9,500 
hours running. 





GAUGE AND TOOLMAKERS’ EMERGENCY COMMITTEE.— 
The Gauge and Toolmakers’ Association has appointed 
an emergency committee to assist the Ministry of Supply 
in connection with the re-armament programme. Mid- 
land members of the committee include Mr. 8. J. Harley, 
managing director of the Coventry Gauge & Tool Co., 
Ltd.; Mr. H. 8. Holden, chairman of the Association, 
and managing director of the Brooke Too] Manufacturing 
Co., Ltd.; and Mr. F. H. J. Mills, managing director of 
B.1.P. Tools, Ltd. The Association is setting up regional 
panels to advise users of jigs and tools. Mr. Holden is 
chairman of the panel which covers Birmingham, Coven- 
try and the Midlands. 
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IMPROVEMENTS IN COMMER 
COMMERCIAL VEHICLES. 


As a result of the success obtained with their six- | 
cylinder horizontal under-floor petrol engine, Commer 
Cars, Limited, Luton, decided to fit a similar engine in 
their new range of Superpoise commercial vehicles. 
It is illustrated in Fig. 1, herewith. The new unit 
follows the general design of the under-floor engine, 
but has the cylinders arranged vertically. It is a 
six-cylinder overhead-valve engine, with a bore and 
stroke of 34 in. and 4% in., respectively, and develops 
approximately 85 brake horse-power and a maximum 
torque of 200 lb.-ft. This represents a 7 per cent. 
increase in horse-power and a 14 per cent. increase in 
torque over the original engine fitted to the Superpoise 
range of vehicles. These improvements have been 
obtained partly by the introduction of overhead valves 
‘and partly by attention to details such as the adoption 
of machined combustion chambers combined with 
well-proportioned manifolding and careful attention 
to carburation. Other points which have received 
special consideration are the cooling and lubrication 
systems, a distribution pipe installed in the cylinder 
head ensuring that the coolant is directed to the hotter 
areas, such as exhaust ports and sparking-plug bosses, 
while liberal lubrication is obtained by employing an 
exceptionally large gear-type pump capable of deliver- 
ing 6} gallons a minute when the engine is running at 
3,000 r.p.m. The seven-bearing crankshaft has four 
integral balance weights. ‘To allow for the increased 
output, the radiator capacity has been enlarged and 
the design altered to give improved air-flow. 

Several refinements have been introduced in the 
chassis. Detail improvements have been made, for 
example, in the braking system; the 2-3 ton and 
3-4 ton models retain the Girling hydraulically-oper- 
ated system with two leading shoes, and, though the 
drum diameters remain at 14 in., the shoe widths have 
been increased from 1} in. to 24 in. at the front and from 
24 in. to 3} in. at the rear, thereby increasing the 
lining area from 232 sq. in. to 328 sq. in., a gain of 
some 41 per cent. On the 5-ton models, the diameter 
of the two leading-shoe front brakes have been increased 
from 14 in. to 16 in., the width remaining constant at 
24 in., while the rear brakes, which have been altered 
to give equal retardation in both directions of travel, 
have had the diameter changed from 16 in. to 15} in., 
but the width increased from 3 in. to 4}in. This gives 
an overall increase in lining area from 309 sq. in. to 
408 sq. in., a gain of 32 per cent. On the 3 to 4-ton 
and 5-ton models, the Girling hydraulic equipment is 
supplemented by 5}-in. Clayton-Dewandre servo units, 
and the tractor models have brake-fluid reaction valves. 

Chassis strengths have been improved considerably 
and all frames are now made from 38-46 ton carbon- 
manganese steel. On the 2 to 3-ton and 3 to 4-ton 
models, the side members are made from ¥-in. thick 
material and have a depth of 8 in. with a flange width 
of 24, in. at the top and 3 in. at the bottom. On the 
5-ton models, the frame has been increased in depth to 
84 in. In the suspension, all road-spring leaves are 
now “shot-peened” on the tension side to increase 
their resistance to fatigue, and the spring holding-down 
bolts have exceptionally fine threads and are fitted 
with extra-deep nuts. Other refinements include 
stronger front-spring brackets and the provision of 
hydraulic shock-absorbers ; the last-named items, how- | 
ever, are optional extras. 

To cater for the increased engine output, larger 
universal joints and stronger propeller shafts have been 
incorporated in the transmission. The rear axle 
follows conventional design, but the pinion is straddle- 
mounted and the half shafts, now made of high-tensile 
steel, are of increased diameter. Only the more 
important improvements have been mentioned above. 
The general design of the new range of vehicles follows 
that of their immediate predecessors and, as will be 
seen from Fig. 2, herewith, they are similar in appear- 
ance. If required, the 3 and 4-ton models, the 5-ton 
models and the tractor version, can be supplied with a 
Perkins P6V Diesel engine. This is a six-cylinder unit 
developing 79 brake horse-power at its governed speed 
of 2,400 r.p.m. and producing a maximum torque of 
198 lb.-ft. at 1,500 r.p.m. 








SUPPLIES OF ZINc.—The Lord Privy Seal (tha Rt. Hon. 
R. R. Stokes, M.P.), who is responsible for the Ministry 
of Materials, has issued a statement urging United 
Kingdom zinc smelters to increase their output to the 
utmost to meet the growing demand for the metal. The 
use of alternative materials should be encouraged in 
every way, he emphasises, and research into ways of 
saving zine in galvanising and other processes should be 
accelerated, as the demands of the defence programme, 
and progressive industrial development at home and 
overseas, are such that the present shortage is likely to 
continue, though the Ministry will increase imports as 
rapidly as possible. The economies to be expected will 
not be sufficient to meet the growing demand. 
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ANNUALS AND REFERENCE BOOKS. 


Directory of International Scientific Organizations.— 
Some of the activities of the United Nations Educational 
Scientific and Cultural Organisation (Unesco) may not 
have attracted approval commensurate with the labour 
and expense involved, but there is little doubt that 
this directory will be widely welcomed. Its prepara- 
tion was suggested by ‘“ prominent members of the 
Canadian, Australian and New Zealand Government 
services,” and approved by the General Conference 
of Unesco in 1948. The Department of Natural 
Sciences and the Department of Exchange of Informa- 
tion collected the material by circulating a question- 
naire which appears to have been fairly well received. 
The information gathered includes the address, nature 
and aims of each society or organisation ; particulars 
of governing bodies and officers; the sources of 
revenue ; membership ; publications issued ; relations 
with other international organisations ; and a “ short 
history ” (though the lengths vary considerably) of its 
origin and development. More than 150 international 
organisations are listed, and are grouped under the 
three main headings of “‘ Basic Sciences,” “‘ Applied 
Sciences ” and “‘ Miscellaneous.”” The second of these 
classifications is further divided into ‘ Agriculture,” 
“Engineering” and “ Medical.” The Directory is 
published by Unesco in Paris, but is available in this 
country from H.M. Stationery Office, York House, 
Kingsway, London, W.C.2, at the modest price of 
6s. net. Apparently, no decision has been reached to 





make it a periodical, but a “ possible re-issue ” is hinted 
at in the preface. 


Water Engineer's Handbook, 1951.—In general 
arrangement, the 1951 edition of this useful reference 
book—the 19th annual issue—follows the lines already 
familiar to users of it, the principal feature, naturally, 
being the directory of water undertakings in the British 
Isles. More than 1,600 are given, with the names of 
their chief officers, their sources of supply and areas of 
distribution, and particulars of the nature of the 
water, the water rate and rateable value, number 
of consumers’ meters, etc. Statistics are also given 
regarding the populations served, the consumption 
(daily average total and gallons per head), storage 
capacities, and length of mains. Other sections cover 
the River Boards and Catchment Boards, with their 
officers, addresses, and rateable values; the panels 
of qualified civil engineers officiating under the Reser- 
voirs (Safety Provisions) Act, 1930; the Government 
Departments and professional institutions concerned 
with water supply, purity and pollution, hydro-electric 
power, geology, research, etc. ; and British Standards 
applicable to water engineering. The book concludes 
with 60 pages of “ Technical Information,” and indexes. 
What is, in effect, another index, is the list of chief 
water engineers, managers and consulting engineers, 
indicating the water authorities with which they are 
connected. ‘lhe Handbook is published by the Colliery 
Guardian Co., Ltd., 30 and 31, Furnival-street, London, 
E.C.4, at 15s. (15s. 7d., including postage). 
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Fig. 3. EQUILIBRIUM DIAGRAM FOR 
COMMERCIAL CARBON STEELS 
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THE HEAT TREATMENT OF WELDS 
IN PIPELINES.* 


By A. H. Goopesr, M.Se.Tech., A.R.1.C. 


Ir is unfortunately true that the reasons for the 
heat treatment of welds are not always clearly under- 
stood by those interested in the construction of pipe- 
lines. For the conditions normally covered by heating 
services, namely, pressures up to 250 lb. per square 
inch and temperatures not exceeding 425 deg. F., heat 
treatment is not considered essential where the pipe- 
wall thickness does not exceed y% in. The reasons for 
the desirability of heat treatment for greater thicknesses 
or more exacting conditions will be clearer when the 
different services and different types of steel are con- 
sidered as a whole. Heat treatment of welded joints 
in pipe-lines is used at two distinct stages, referred to 
as preheating and postheating. 

The reasons for heat treatment may be summarised 
as follows. Preheating is used in oxy-acetylene welding 
to aid the welder to obtain good root fusion in a thick- 
walled pipe; with arc welding, it prevents basal 
cracking as a result of hardening and rigidity, and it 
prevents zones of high hardness. Postheating (usually 
normalising) is used with oxy-acetylene welds to refine 
the structure and so to improve mechanical properties, 
and for the removal of internal stress. It is applied 
to metallic-arc welds usually for stress-relieving, to 





* Paper presented at the summer meeting of the 
Institution of Heating and Ventilating Engineers held in 
Buxton, on June 19, 1951. Abridged. 
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Fic. 4. Cracks IN WELDS ON CHROME-MOLYBDENUM PIPE. 


remove internal stress, and it also has the effect of 
tempering heat-affected zones which have high 
hardness. 

The main object of preheating is to obtain a sound 
weld ; a secondary effect to obtain high-affected zones 
with low hardness, which are less notch-sensitive. 
With oxy-acetylene welds, preheating materially eases 
the task of welding the first run on a thick-walled pipe. 
There is a limiting wall thickness of between ¥ in. and 
4 in., below which it is a comparatively easy matter 
for a good welder to heat the root of the weld groove 
so that simultaneous fusion and addition of filler metal 
can be obtained. Above this thickness, it is difficult 
to obtain consistently sound welds without either pre- 
heating with a second torch during welding or by first 
preheating the pipe ends uniformly in the vicinity of 
the weld. For all thicknesses below ¥% in., preheating 
should be unnecessary with oxy-acetylene welding. 
This is true of the carbon steels and most of the low- 
alloy steels. Even if no preheat is used, there is a 
large input of heat before melting of the edges occurs, 
and the parent metal near the weld will be heated 
considerably. There is, therefore, no possibility of 
partial quenching of either the weld metal or the 
parent metal, as the temperature gradient is not steep. 

Striking an arc on cold base-metal immediately raises 
the base metal near the arc to melting point. Heat 
dissipation can occur so rapidly as to amount, on a 
moderately thick wall, to a mild quench, and the 
thicker the base metal the more vigorous the quench 


If the base metal were carbon-free, the quench would 
have little hardening effect, but, with increasing carbon 
content and with low-alloy steels, the hardening effect 
at the heat-affected zone increases. Pipe ends are 
rigid, and when a first run of arc-weld metal is cooling 
in a pipe joint there is considerable restraint to its 
shrinkage. Preheating somewhat offsets the effects of 
rigidity by reducing the heat gradient away from the 
weld, causing higher temperature of the base metal 
near the weld and hence greater plasticity. This allows 
shrinkage of the first run to occur, thus reducing the 
tendency to crack. Any feature of weld design which 
leads to increased rigidity or resistance to shrinkage of 
the first bead increases the tendency to crack. 

The cracks which form at the base of a single-sided 
weld may occur at a moderately high temperature as a 
result of rigidity resisting the shrinkage stress when 
the weld metal is weak. They may also occur at a 
relatively low temperature, due to volume changes of 
the structural constituents arising from the quench 
effect. Typical basal cracks are shown in Fig. 1, 
herewith. They usually take the form of small arcs 
of cracked material, which may be distributed round 
the wall of a pipe; they seldom occur as continuous 
cracks. A typical fracture through a weld containing 
basal cracks is given in Fig. 2, herewith. 

Heating a carbon steel above the lower critical point 
Al, in Fig. 3, on this page, will cause carbon atoms to 
pass into solid solution in the form of austenite. On 





cooling down to about 100 deg. F., this austenite trans- 


effect. Here the temperature gradient is very steep. | forms suddenly to the hardened condition of marten- 
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Fie. 5. CHorome-MoLyBpENUM STEEL AFTER OIL QUENCHING. 


site. This change involves a well-defined dilatation 
and may result in cracking. As the base metal is 
colder during the laying of the lower runs, it is there 
that the tendency to crack is also greatest. It increases 
with rising carbon content, and the British Standards 
Institution has laid it down that, for all ordinary 
purposes, a mild steel of carbon content not exceeding 
0-26 per cent. can be welded without preheating, 
providing the thickness is below 2 in. 

The effect of preheating is to reduce the rate of heat 
dissipation by lowering the temperature gradient and 
hence the hardening effect. It also slows down the rate 
of transformation of the austenite formed, so that, 
instead of taking place in a few seconds, the action 
may be prolonged to hours. This grain-by-grain trans- 
formation in a matrix that is still plastic effectively 
reduces the danger of cracking. 

The suggestion by Hopkin that hydrogen, derived 
from water in the electrode coating and finally occluded 
in the weld metal or heat-affected zone, was a major 
factorin weld cracking. This work has given rise to elec- 
trodes which have coatings specially low in hydrogen. 
The effect of preheating on hydrogen cracking has been 
shown by Christensen and recently by M. W. Mallet 
and P. J. Rieppel, who suggested that occluded hydro- 
gen caused brittleness, due to added stress during the 
austenite-martensite transformation. Preheating pre- 
vents the formation of martensite and hence reduces 
the cracking tendency. The author has found that 
low-hydrogen electrodes do not always confer freedom 
from cracking; on a low-chrome molybdenum steel 
pipe, it was found that welds made with these elec- 
trodes always cracked, while those from an ordinary 
type of molybdenum-steel electrode never cracked. 
In both cases, similar conditions of size, voltage, 
current and preheat were used (see Fig. 4, on page 125). 
No explanation is given of this phenomenon. 

The three possible causes of basal cracking—harden- 
ing, rigidity, and occluded hydrogen—may operate 
separately or together. The first cause is probably 
the most important and can be avoided by preheating. 
Countering rigidity is assisted by preheating, but it is 
mostly a matter of joint design. The third is probably 
the least important cause of cracking on ordi 
pipe-line work, but it is good advice to dry all elec- 
trodes before use. Where work is to be done outside 
or in exposed situations, it is good practice to dry the 
electrodes and store them in air-tight metal boxes 
until immediately before use. 

All authorities in this country are agreed that pre- 
heating for mild-steel piping is generally unnecessary 
for wall thicknesses below } in. There is no harm in 
using preheat for lower thicknesses if it is found helpful, 
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or for cases of particular rigidity. It is usually con- 
sidered to be bad practice to attempt to weld when the 
piping in the vicinity of the weld is below a temperature 
of 40 deg. F., owing to the possibility of brittle fracture. 
For piping in higher-carbon steels, and for low-alloy 
steels, the preheat conditions which are accepted good 
practice agree fairly well in most codes. 

The case of austenitic steel is unusual: The charac- 
teristics of this steel are low carbon, high coefficient of 
expansion, low conductivity, and increased suscepti- 
bility to micro-cracking, the nearer the material 
becomes to purely austenitic. The cause of micro- 
cracking is obscure, some researchers considering it to 
be a result of inclusion of intergranular silicate films. 
For pipe welding it is usual, where the mechanical and 
creep properties of the weld and pipe are to be nearly 
alike, to use electrodes depositing a weld metal con- 
taining a controlled amount of ferrite, from 2 per cent. 
to 5 per cent. More ferrite than this is objectionable 
for service at high temperatures, owing to liability to 
formation of sigma, the brittle phase which forms from 
the ferrite considerably increasing the notch sensitivity. 

The main cause of cracking of austenitic steel piping 
during welding is the rapid local expansion, which is 
aided by the low conductivity ; cracking occurs, due 
to the resulting high stresses, at places where the 
strength and ductility are naturally very low at the 
high temperature. It is common American practice to 
cool austenitic piping on either side of a weld by use 
of a cooling coil or even by wet rags. In addition, the 
heat input at the electrode is kept to a minimum 
consistent with the deposition of sound metal. 

The main reason for heat-treating welds in pipes is 
to prevent them cracking or clinking as a result of 
brittle fracture from suddenly applied loads or shocks 
at any time after welding is complete. Pipe welds do 
occasionally fail in this way, and two cases of sudden 
failure in power-station piping have recently come to 
the author’s attention. A large section of opinion 
believes that brittle fracture only occurs when a steel 
has a high notch-sensitivity at the temperature of 
fracture, that there is a suitable notch present in the 
weld or parent metal, and that a shock or suddenly 
applied load is given. A common opinion is that the 
high notch-sensitivity is associated with low tempera- 
tures, with the steel below its transition temperature. 
This body of opinion considers that internal stress 
arising from welding is not the main cause or even a 
contributory cause ; but it is difficult to see how the 
immense amount of energy required in some of the 
practical cases of brittle failure could have arisen in 
a stress-free article, dropping in temperature from 
60 deg. to 40 deg. F. 





Fie. 7. OVERHEATED METAL, NORMALISED. X 100. 


Brittle fractures seldom, if ever, occur in stress- 
relieved articles, and it is fairly certain that, whatever 
the causes of commencement of a brittle fracture, the 
propagation and continuance of it is largely the result 
of the stored elastic strain energy. Internal stress in a 
brittle material like glass readily causes fracture under 
shock, vibration, or even spontaneously. Very few 
persons considering brittle fracture do more than 
investigate the impact resistance or notch sensitivity 
of an unwelded steel, but the notch sensitivity of heat- 
affected zones can be much greater. 


TABLE I. 





| 
Tempera-| Energy 
to 


























Heat Direction ture of | | Brinell 
treatment. of Test. Test, Fracture, | Hardness. 
deg. F. Tb. 
Tube as nor- | Longitudinal 70 81-75-81 | 
malised | ie 50 78-76-76 
i 30 =| -:77-59-90 | 
bss 10 =| 69-66-82 | 
ee —10 62-88-60 | 
Specimen 1. | Longitudinal 50 18-15-16 
Quenched - 10 17-13-11 364 
from 900 deg. os —10 | 10-13-11 
Cc. Transverse —10 11 
Specimen 2. | Longitudiral} 50 3-3-3 | 
Quenched 10 2-2-2 | 269 
from 750deg. ”” ; 10 | 22-2 | 
Cc. Transverse | —10 1 
Specimen 3. Longitudinal | 50 38-41-36 | 
Quenched ‘6 10 26-34-25 | 248 
from 900 deg. | : —10 22-29-92 | 
C. at 120deg. | Transverse —10 24 | 
C., represent- | | 
ing preheat 
Specimen 4, Longitudinal 50 6-6-5 
Quenched | o 10 4-5-4 241 
from750deg. oe —10 3-3-3 
C.at 120deg. | Transverse —10 3 


C., represent- 
ing preheat 





The author carried out some tests on the 1 per cent. 
chrome } per cent. molybdenum pipe referred to earlier. 
The wall was -in. thick. It seemed probable that the 
steel quenched just above the lower critical tempera- 
ture, 700 deg. C.—at, say, b (Fig. 3)—would have dis- 
tinctly different impact properties from which it would 
have if quenched above the upper critical point, at, 
say, d. At the lower temperature, the carbon atoms 
would pass into solid solution locally in the lattice and, 
on quenching, would produce a local area of strong 
martensite. At the higher temperature d, the carbon 
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atom would diffuse and on quenching would form a 
weak martensite. Tests at different temperatures 
confirmed these figures to a remarkable degree. To 
obtain bars with consistent structures, pieces were 
quenched in oil with and without preheat. The results 
compared with the untreated tube material are given 
in Table I, and the micro-structures in Fig. 5, numbered 
to correspond with the Table. The specimens were 
stress-relieved with the results shown in Table IT. 


TABLE II, 





Tempera-| Energy | 
ture of | 
Test, 
deg. F. 


Brinell 
Hardness. 


Direction 
of Test. 


Heat 
Treatment. 





) 
| Fracture, 
Ft.-lb. 


| | 





Specimen 1. 
Quenched 900 

deg. C. 
Stress-relieved 

650 deg. C. | 

Specimen 2. | | 
Quenched 750 | 

deg. C. Longitudinal 
Stress-relieved| 

650 deg. C. | 

| ~~ | 


| 





Longitudinal} 50 








50 85 | 








Specimen 3. 
Quenched 900 
deg. C. at} 
120 deg. C. 
Stress-relieved 
at 650 deg. | 
Cc. | 


eds | | 


| Longitudinal 50 192 





Specimen 4. | 
Quenched 750 | 
deg. C. at 
120 deg. C. 
Stress-relieved 
650 deg. C. | 


| Longitudinal | 93 174 


| 
| 
u 





These quench tests are more severe than normal 
welding conditions, but they give a picture of the 
direction in which the properties of the heat-affected 
zones tend, and demonstrate the improvement likely 
to follow stress relief. A study of the hardness figures 
after the various heat treatments shows that Vickers 
or Brinell figures may bear little relation to the true 
state of affairs in a heat-affected zone, and are certainly 
no guide to notch sensitivity. Micro-hardness figures 
give a better guide. The remarkable improvement 
shown by all the specimens on stress-relief is striking. 

It is probable that a number of cases where fractures 
have started in heat-affected zones, in steels which 
normally would be considered satisfactory, could be 
explained by the notch brittleness of certain zones as 
shown above. It is probable that a crack starting 
from some cause in a grain in such a zone would involve 
so rapid and sharp a change in stress distribution as 
to ensure the fracture progressing as long as the elastic 
strain energy persisted. 

_ Many engineers feel that repeatedly applied stress 
is additive to internal stress, but there is a mounting 
mass of experimental evidence to show that the view 
1s not correct, except, perhaps, in very exceptional 
circumstances. For many years, it has been the 
practice of some makers to stress-relieve welded parts 
mechanically by a slow over-pressure test, and years ago 
some metallurgists felt that applied alternating stresses 
tended to reduce residual stress. It has been shown 
recently by Ros, Soete, Weck, Wilson and others that, 


during fatigue tests, there is a progressive reduction in 


internal-stress; so that, when a crack starts, the 
residual stress may be no more than 10 per cent. of the 
original figure. L. D. Hall and D. R. Parker stated, 
as a result of tests, that a residual tensile stress of 25,000 
lb. per square inch had no more effect on fatigue 
strength than the low residual stress remaining after 
the stress-relief. Others have found that a high 
initial residual stress reduces the fatigue limit by no 
more than 10 to 15 per cent. 

It is difficult, perhaps, to align these views with the 
very common failures of dynamically loaded shafts 
which have been welded or repaired by welding, but 
it is also difficult to see how internal stress is contribu- 
tory even here. It may well be that differences in 
structure arising from heat-affected zones with low 
fatigue resistance, or even the presence of micro-cracks 
or notches, may be the explanation. The conclusion is, 
therefore, that postheating on pipe-line welds is for 
the purpose of reducing the risk of sudden failure by 
shock or rapidly applied load of any sort, rather than 
for avoiding failure from repeated loading, racking or 
fatigue. In pipe-lines working at high temperatures, 
when creep is a factor in design, any residual stress will 
gradually die away as a result of creep in service. 

Oxy-acetylene welding of most steels results in a 
great increase in grain size, usually referred to as 
overheating. As the temperature rises above the upper 
critical point as shown by line A, in Fig. 3, the grain 
size progressively increases until the melting point, 
and this change is not reversible on cooling (see Fig. 6, 
opposite). Normalising is the name given to the pro- 
cess of correcting a structure with such a large grain 
size. When the overheated steel is heated through 
the upper critical point, a re-arrangement of atoms 
occurs, together with a complete re-crystallisation ; 
so that, if the temperature is kept from rising too 
high above this line, the grain size will be quite small 
(see Fig. 7, opposite). The allowable temperature 
range is quite wide, even as much as 100 deg. C., 
without the new grain size from normalising being 
unduly large. Nearer the exact critical temperature, 
the time required for normalising increases. 

The increase in grain size due to overheating has little 
effect on the tensile strength or ductility of a metal as 
measured in the normal way, but it does have a dele- 
terious effect on results obtained in bend tests, especially 
as the thickness increases. It is on the resistance to 
impact or notch-sensitivity tests that the effects are 
most marked. 

(T'o be continued.) 





AGRICULTURAL MACHINERY AT THE SCIENCE MUSEUM. 
—One of the sections of exhibits at the Science Museum, 
South Kensington, S.W.7, removed to the country for 
safety on the outbreak of war in 1939 was the series 
showing the historical development of agricultural imple- 
ments and machinery. Only recently has it been pos- 
sible to arrange for the display of this collection, which 
was re-opened by Mr. George Tomlinson, M.P., Minister 
of Education, on July 25—the 120th anniversary of the 
first public demonstration of the McCormick harvester. 
The portion now on view deais with arable farming, and 
has been supplemented by nearly 100 models, contri- 
buted by a score of firms, showing modern developments, 
The Keeper of the section is Mr. W. T. O’Dea, B.Sc., 
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SINGLE-SCREW CARGO VESSEL 
FOR COLOMBIA. 


THE Farrrrecpd Shipbuilding and Engineering Com- 
pany, Limited, Govan, Glasgow, recently completed the 
Ciudad de Medellin, a single-screw cargo vessel, for 
Flota Mercante Grancolombiana 8.A., of Colombia. 
She is the first of two sister ships, for the carriage of 
general cargo. The vessel measures 395 ft. between 
perpendiculars and 421 ft. overall, with a breadth of 55ft. 
and a depth, to main deck, of 24 ft.6in. The gross ton- 
nage is 5,500, and speed, 144 knots. The illustration 
shows the vessel on trials. 

The hull was built under special survey to Lloyd’s 
highest class and has a continuous shelter deck, 
together with a main deck and a lower deck extending 
forward from the machinery spaces. Seven water- 
tight bulkheads divide the vessel into eight compart- 
ments, there being three cargo holds forward and two 
holds abaft the engine room. The double bottom is 
subdivided for the carriage of oil fuel and water ballast, 
and the "tween deck cargo space extends from the 
after tonnage well to the fore-peak bulkhead. The 
propelling machinery consists of a direct-reversing 
single-acting two-stroke Fairfield-Doxford Diesel engine. 
This has four cylinders with a diameter of 670 mm. and 
a combined stroke of 2,320 mm., delivering 4,600 
brake horse-power at 118 r.p.m. Current for the 
engine-room auxiliaries and ship’s services generally is 
provided by three 340-kW Diesel-driven generating 
sets. 

The captain’s accommodation and owner’s suite, 
each consisting of a day room, a bedroom and toilet, 
occupy a deckhouse on the boat deck. ‘Lhe deck and 
engineer officers are accommodated in separate cabins 
in a deckhouse on the bridge deck and at the forward 
end of the shelter-deck house. Some of the crew have 
their quarters in the after portion of the shelter-deck 
house and the remainder on the shelter deck and main 
deck aft. The amenities previded for the officers 
include a well-furnished smoking room which, like the 
dining saloon and suites, is panelled with polished 
hardwoods. Two-berth and three-berth cabins are 
provided for the crew, who also have the use of large 
messing and recreation rooms. 


The vessel will be employed on services involving 
extreme variations of temperature; for this reason, 
the whole of the accommodation is insulated and is 
ventilated by means of mechanical supply fans with 
mechanical supply and exhaust fans to the galley. 
Reversible fans are fitted for ventilating the cargo 
holds, and the accommodation is heated by electrical 
radiators. Two lifeboats are carried and these are 
fitted under Lum-type davits and the complete life- 
saving equipment more than complies with the re- 
quirements of the Ministry of Transport. Compre- 
hensive navigational equipment is provided; it 
includes radar, directional wireless, echo-sounding 
gear and a gyro-compass installation. Cargo is 
handled by 16 five-ton electric winches fitted with 
remote-control gear and arranged to serve 16 five-ton 
derricks ; there is also a 30-ton derrick on the fore- 
mast and a 15-ton derrick on the mainmast. The 
stearing gear is of the electro-hydraulic type, and 
other deck machinery includes an electric windless 
forward on the forecastle deck and an electric capstan 
aft on the shelter deck. 
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FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





THis list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





EXHIBITION OF EXHIBITIONS.—Tuesday, May 1, to 
Saturday, September 29, at the Reyal Society of Arts, 
John Adam-street, London, W.C.2. See also our issue of 
April 27, page 497. 

EXHIBITION OF SCIENCE.—Friday, May 4, to Sunday, 
September 30, at the Science Museum, South Kensington, 
London, 8.W.7. Organised by the Festival of Britain 
authorities. Apply to the information officer, 2, Savoy- 
court, London, W.C.2. (Telephone: WATerloo 1951.) 
See also our issue of May 11, page 567. 


EXHIBITION ILLUSTRATING HISTORY OF ALUMINIUM.— 
Thursday, May 10, to Friday, September 28. Organised 
by the Aluminium Development Association at their 
headquarters, 33, Grosvenor-street, London, W.1. 
(Telephone: MAYfair 7501.) See also our issue of 
May 18, page 599. 

MAn-POWER EXHIBITION.—Friday, May 18, to Satur- 
day, September 29, at the Safety, Health and Welfare 
Museum, Horseferry-road, London, S.W.1. See also 
our issue of May 25, page 630. 


EXHIBITION OF INDUSTRIAL PowER.—Monday, May 28, 
to Saturday, August 18, at the Kelvin Hall, Glasgow. 
Organised by the Festival of Britain authorities. Apply 
to the information officer, 2, Savoy-court, London, 
W.C.2. (Telephone: WATerloo 1951.) See also our 
issue of June 1, page 663. 


RaDIO CONVENTION.—Various dates between Tuesday, 
July 3, and Thursday, September 6, at London, South- 
ampton and Cambridge. Organised by the British Insti- 
tution of Radio Engineers, 9, Bedford-square, London, 
W.C.1. (Telephone: MUSeum 1901.) See also our 
issue of March 30; page 377. 


BRITISH ASSOCIATION.—Wednesday, August 8, to 
Wednesday, August 15, at Edinburgh. Apply to the 
joint local secretaries: Dr. G. B. Warburton, 11, Grace- 
mount-road, Edinburgh, 9, and Mr. J. D. Robson, 
Engineering Department, Edinburgh University, May- 
field-road, Edinburgh, 9. See also page 96, ante. 


UNITED STATES CONFERENCE ON PRESTRESSED 
CONCRETE.—Tuesday, August 14, to Thursday, August 
16, at the Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, U.S.A. Organised by the 
Institute. See also our issue of June 22, page 756. 


“MODEL ENGINEER” EXHIBITION.—Wednesday, 
August 22, to Saturday, September 1, at the New Royal 
Horticultural Hall, Greycoat-street, London, S.W.1. 
Organisers: Messrs. Percival Marshall and Company, 
Limited, 23, Great Queen-street, London, W.C.2. (Tele- 
phone : CHAncery 6681.) See also our issue of June 15, 
page 721. 

18TH NATIONAL RapIoO SHOW.—Tuesday, August 28, 
to Saturday, September 8, at Earl’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, R li-square, London, W.O.1. (Tele- 
phone: MUSeum 6901.) 


8TH INTERNATIONAL CONGRESS OF REFRIGERATION.— 
Wednesday, August 29, to Tuesday, September 11, at 
Church House, Westminster, London, 8.W.1. Held 
under auspices of International Institute of Refrigeration. 
Apply to the secretary of the Congress, Dalmeny House, 
Monument-street, London, E.C.3. (Telephone : AVEnue 
6851.) See also our issue of June 29, page 791. 


SUMMER SCHOOL ON PRODUCTION ENGINEERING.— 
Wednesday, August 29, to Sunday, September 2, at 
University College, Durham. Organised by the Institu- 
tion of Production Engineers, 36, Portman-square, 
London, W.1. (Telephone: WELbeck 6813.) See also 
our issue of April 6, page 395. 

ENGINEERING, MARINE AND WELDING EXHIBITION.— 
Thursday, August 30, to Thursday, September 13, at 
Olympia, London, W.14. Organisers: Messrs. F. W. 
Bridges and Sons, Limited, Grand Buildings, Trafalgar- 
square, London, W.C.2. (Telephone : WHItehall 0568.) 

EUROPEAN MacHINE-TOOL EXHIBITION.—Saturday, 
September 1, to Monday, September 10, at Paris. Further 
partioulars obtainable from the General Commissary of 
the Exhibition, 2 bis, Rue de la Baume, Paris, 8e. See 
also our issue of January 12, page 34. 


Lerezia Fairs.—Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messeamt, Platz des Friedens 8, Leipzig C.1, Germany. 


THIRD ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 
— Monday, September 3, to Friday, September 7, 
at Brighton. Convened by the Royal Aeronautical 
Society, and the Institute of the Aeronautical Scienves 
(of America). Apply to the secretary of the Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1. 
(Telephone : GROsvenor 3515.) 








SUMMER SCHOOL ON RELAXATION METHODS.—Monday, 
September 3, to Friday, September 21, at the Imperial 
College of Science and Technology, South Kensington, 
London, 8.W.7. Apply to Mr. D. N. de G. Allen at the 
College. (Telephone: KENsington 4861.) See also 
our issue of April 13, page 447. 

SECOND INTERNATIONAL CONGRESS ON ASTRONAUTICS- 
—Monday, September 3, to Saturday, September 8, at 
Caxton Hall, London, S.W.1. Organised by British 
Interplanetary Society, 157, Friary-road, London, S.E.1. 
See also our issue of June 29, page 781. 

SUMMER SCHOOL ON PHysIcs OF SOLIDs.—Thursday, 
September 6, to Saturday, September 15, at the Univer- 
sity, Bristol. Apply to Mr. W. E. Salt, Director of Adult 
Education, The University, Bristol, 8. (Telephone: 
Bristol 24161.) See also our issue of April 13, page 429. 

ENGINEERING SCHOOL OF GHENT.—Saturday, Septem- 
ber 8, to Thursday, September 13, at Ghent, Belgium. 
Congress and exhibition in commemoration of the 75th 
anniversary of the A.I.G. (Association des Ingénieurs 
Sortis des Ecoles Spéciales de Gand). Apply to Professor 
G. Willems, 155, Rue de la Loi, Résidence Palace, 
Brussels. 

BUILDING RESEARCH CONGRESS.—Tuesday, September 
11, to Thursday, September 20, in London. Detailed 
information may be obtained from the organising secre- 
tary, Building Research Congress 1951, Building Re- 
search Station, Bucknalls-lane, Garston, Watford, 
Hertfordshire. (Telephone: Garston 2514.) 

CONFERENCE ON HEAT TRANSMISSION.—Tuesday, 
Wednesday and Thursday, September 11, 12 and 13, 
in London, Organised by technical societies in Britain, 
the United States, and on the Continent. Apply 
to the secretary, Institution of Mechanical Engineers, 
Storey’s-gate, London, S.W.1. (Telephone: WHItehall 
7476.) See also page 96, ante. 

SUMMER SCHOOL IN AUTOMATIC COMPUTING.—Tuesday, 
September 11, to Friday, September 21, at the University 
mathematical laboratory, Cambridge. Apply to Mr.G.F. 
Hickson, Board of Extra-Mural Studies, Stuart House, 
Cambridge. (Telephone: Cambridge 56275.) See also 
our issue of June 1, page 673. 

FARNBOROUGH FLYING DISPLAY AND EXHIBITION.— 
Wednesday, September 12, to Sunday, September 16. 
Organisers: Society of British Aircraft Constructors, 
Limited, 32, Savile-row, London, W.1. (Telephone: 
REGent 5215.) See also our issue of January 12, page 
35. 


CONGRESS OF INTERNATIONAL SCIENTIFIC FILM ASSO- 
CIATION.—Saturday, September 15, to Saturday, Sep- 
tember 22, at the Municipal Museum, The Hague, 
Holland. Information obtainable from the secretary, 
the Scientific Film Association, 4, Great Russell-street, 
London, W.C.1. (Telephone: MUSeum 2403.) See 
also our issue of May 18, page 612. 

PRESTRESSED-CONCRETE STRUCTURES.—Monday and 
Tuesday, September 24 and 25, at the Institution of 
Structural Engineers, 11, Upper Belgrave-street, London, 
S.W.1. Apply to the secretary, the organisers, the 
Cement and Concrete Association, 52, Grosvenor-gardens, 
London, 8.W.1. (Telephone: SLOane 5255.) See also 
our issue of May 11, page 574. 


9TH INTERNATIONAL ROAD CONGRESS.—Monday, Sep- 
tember 24, to Monday, October 8, at Lisbon. Sponsored 
by the Permanent International Association of Road 
Congresses, 24, Rue de |l’Université, Paris. Apply to 
the joint honorary secretary, British organising com- 
mittee, International Road Congress, Berkeley Square 
House, London, 8S.W.1. (Telephone: MAYfair 9494.) 

INTERNATIONAL NAUTICAL EXHIBITION (MARITIME 
AND INLAND WATERWAYS INDUSTRIES).—Saturday, 
September 29, to Sunday, October 14, at Paris. Organ- 
ised by the Chambre Syndicale des Industries Nautiques, 
8, Rue Jean-Goujon, Paris, 8e. : 

ASLIB ANNUAL CONFERENCE.—Friday, October 5, to 
Monday, October 8, at Ashorne Hill, near Leamington 
Spa. Apply to the secretary, Aslib, 4, Palace-gate, 
London, W.8. (WEStern 6321) See also our issue of 
March 23, page 350. 

33RD NATIONAL METAL CONGRESS AND EXPOSITION.— 
Thursday, October 11, to Saturday, October 20, at 
Detroit, Michigan, U.S.A. Apply to Mr. W. H. Eisen- 
man, secretary, American Society for Metals, 7301, 
Euclid-avenue, Cleveland 3, Ohio, U.S.A. See also 
our issue of January 19, page 79. 

WoRLD METALLURGICAL CONGRESS.—Monday, Octo- 
ber 15, to Friday, October 19, at Detroit, Michigan, 
U.S.A., under auspices of the American Society for 
Metals. Apply to Mr. W. H. Eisenman, secretary, 
American Society for Metals, 7301, Euclid-avenue, 
Cleveland, 3, Ohio, U.S.A. See also our issue of January 
19, page 79. 

ENGINEERING INDUSTRIES ASSOCIATION.—Tuesday and 
Wednesday, October 16 and 17, at the Horticultural Hall, 
Greycoat-street, Westminster, London, S.W.1. Apply 
to the secretary of the Association, 9, Seymour-street, 
London, W.1. (Telephone: WELbeck 2241.) 








LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ WESTERN Coast.”—Single-screw cargo vessel, 
built by the Goole Shipbuilding & Repairing Co., Ltd., 
Goole, for the Coast Lines, Ltd., London, E.C.3. Main 
dimensions: 220 ft. between perpendiculars by 35 ft. 
by 21 ft. to shelter deck; deadweight capacity, about 
1,250 tons on a mean draught of 13 ft. ll in. British 
Polar seven-cylinder two-stroke Diesel engine, developing 
1,140 b.h.p. at 250 r.p.m., constructed by British Polar 
Engines, Ltd., Glasgow. Speed, 12 knots. Launch 
June 19. 

M.S. ‘‘ NORFOLK FERRY.”—Twin-screw train-ferry 
vessel, built and engined by John Brown & Co., Ltd., 
Clydebank, for the Harwich-Zeebrugge service of British 
Railways, Eastern Region. Main dimensions: 380 ft. 
between perpendiculars by 61 ft. 6 in. by 34 ft. 9 in. to 
upper deck. Two six-cylinder Sulzer Diesel engines 
together developing 2,680 b.h.p. at 194r.p.m., and giving 
a service speed of 13 knotsin loaded condition. Delivered, 
July 12. 

8.S. “ BRUNSWICK WuHaRF.”—Single-screw collier, 
built by S. P. Austin & Son, Ltd., Sunderland, for the 
British Electricity Authority, London, W.1. First 
vessel of a series of three. Main dimensions: 257 ft. by 
39 ft. 6in. by 18 ft. 6in.; deadweight capacity, about 
2,700 tons on a draught of 17 ft. 1 in. Direct-acting 
triple-expansion engine of reheat design developing 
800 i.h.p. at 78 r.p.m., constructed and installed by 
George Clark (1938), Ltd., Sunderland, and one coal- 
burning boiler. Speed, 104 knots. Launch, July 3. 

M.S. “‘ NICOLINE MarskK.’’—Single-screw cargo vessel, 
to carry twelve passengers, built and engined by Bur- 
meister & Wain, Copenhagen, for A. P. Méller, Copen- 
hagen, Denmark. Main dimensions: 445 ft. between 
perpendiculars by 63 ft. 6 in. by 41 ft. 6 in. to upper 
deck; deadweight capacity, 9,650 tons on a summer 
draught of 27 ft. 8Rin.; cargo capacity, 638,700 cub. ft. 
Ten-cylinder single-acting two-stroke Diesel engine, 
developing 9,200 b.h.p. at 115 r.p.m. and a speed of 
174 knots. Delivered, July 6. 


M.S. ‘‘ MARGARET ONSTAD.”—Single-screw oil tanker, 
built and engined by the Gétaverken A/B., Gothenburg, 
Sweden, for Skibs A/S Alse, Oslo, Norway. Main 
dimensions: 593 ft. 6in. by 74 ft. 6 in. by 42 ft. 3 in.; 
deadweight capacity, 23,360 tons on a draught of approxi- 
mately 32 ft. Gétaverken nine-cylinder oil engine 
developing about 10,000 i.h.p. and a speed of 14} knots 
in service. Trial trip, July 6. 

8.S. “ Kenya.”—Twin-screw liner, to carry 150 first- 
class and 123 tourist-class passengers, built and engined 
by Barclay, Curle & Co., Ltd., Glasgow, for the United 
Kingdom /East Africa service of the British India Steam 
Navigation Co., Ltd., London, E.C.3. Main dimensions: 
540 ft. overall by 71 ft. by 38 ft. 6 in.; gross tonnage, 
14,500; refrigerated-cargo capacity, 25,000 cub. ft. 
Two sets of steam turbines with single-reduction double- 
helical gearing and three oil-burning boilers. Service 
speed, 16 knots. Trial trip, July 12. 

M.S. “‘ CERES.’’—Single-screw oil tanker, built by the 
Furness Shipbuilding Co., Ltd., Haverton Hill, County 
Durham, for Rederiaktiebulaget Ceres, Stockholm, 
Sweden. Main dimensions: 496 ft. between perpen- 
diculars by 67 ft. 6 in. by 36 ft. 5 in.; deadweight 
capacity, about 16,300 tons on a draught of 29 ft. 1 in. ; 
oil-cargo capacity, 15,560 tons. N.E.M.-Doxford five- 
cylinder single-acting two-stroke oil engine, developing 
5,500 b.h.p. at 114 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., Walls- 
end-on-Tyne. Speed, about 14 knots. Launch, July 18. 


M.S. “* Rana.”’—Single-screw tug, built by Cochrane 
and Sons, Ltd., Selby, Yorkshire, for Gaselee and Son, 
Ltd., London, E.C.3. Main dimensions: 80 ft. between 
perpendiculars by 21 ft. 6 in. by 10 ft. 9 in.; gross 
tonnage, 100. Five-cylinder opposed-piston Diesel 
engine, developing 700 b.h.p. at 220 r.p.m., constructed 
by British Polar Engines, Ltd., Glasgow, and installed 
by Amos and Smith, Ltd., Hull. Launch, July 19. 

S.S. “ BELTINGE.”—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 
pool, for Constants (South Wales), Ltd., London, E.C.2. 
Main dimensions: 320 ft. between perpendiculars by 
46 ft. 4 in. by 24 ft. 34 in. to shelter deck ; deadweight 
capacity, about 4,650 tons on a draught of 20 ft. 5} in. 
Triple-expansion steam engines of 1,250 ih.p. at 75 
r.p.m. and two oil-fired boilers. Speed, 104 knots. 
Launch, July 19. 

M.S. “ THORSKOG.”—Single-screw oil tanker, built by 
the Greenock Dockyard Co., Ltd., Greenock, for A/S 
Thor Dahl, Sandefjord, Norway. Main dimensions: 
512 ft. between perpendiculars by 69 ft. by 38 ft. 6 in. 
to upper deck; deadweight capacity, 16,500 tons on @ 
mean draught of 29 ft. 6 in.; gross tonnage, 11,400; 
oil-cargo space, 802,000 cub. ft. Wallsend-Doxford five- 
cylinder opposed-piston oil engine, developing 5,500 
b.h.p. in service, constructed by the Wallsend Slipway and 
Engineering Co., Ltd., Wallsend-on-Tyne. Speed, 14 
knots. Launch, July 20. 
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THE FANNICH SCHEME : 
NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 


(Concluded from page 68.) 


On leaving the valve house, referred to on page 68, 
ante, the main pipe continues downhill for a distance 
of 1,520 ft. on an average gradient of 1 in 4-5, the 
angle changing from about 19 deg. at the top to 6 deg. 
at the bottom. As will be seen from Figs. 29 and 
30, Plate X, it is divided into five sections by 
concrete anchor-blocks; those at the bottom 
s cure the branch pipes, while the others hold 
the single pipe at each change of direction or 
expansion joint. The outside diameter of the pipe 
is stepped down at intervals from 7 ft. 10 in. to 
7 ft. 6 in., while its thickness is increased progres- 
sively from jf in. to ly in. At a distance of 
56 ft. 6 in. from the bottom it bifurcates into 
branches 5 ft. 6 in. in diameter, with walls # in. 





thick, which taper in a short distance to 5 ft. in 
diameter, to join the turbine inlet valves. 

There is an expansion, joint of the slide sleeve 
type below each of the four upper anchor blocks, 
the range of travel of which is adequate for the 
conditions. These joints are made of mild steel, 
the sliding parts being machined, coated with zinc 
and subsequently sprayed with an inhibited oil to 
facilitate movement and to prevent corrosion. They 
are double-flanged, so that they can easily be 
removed and blank flanges inserted during tests on 
the line. The bends in the anchor blocks are of the 
lobster-back type and are butt-welded circum- 
ferentially and longitudinally. They are all fitted 
with anchor ribs and webs, and were welded elec- 
trically and concreted in position. The ends of the 
bend sections are fitted with semi-circular butt 
cover straps and are riveted to the adjoining pipes. 

The straight runs of the pipe were made in lengths 
of 23 ft. 9 in. and were made up of three plates in 
length and one in girth, which were bent to circular 
shape, fitted together and butt-welded electrically, 




















Fie. 25. TurBiIngE Heap CovER AND WICKET GaTES. 


both circumferentially and longitudinally. Radio- 
graphy was systematically used for checking and 
guiding the welding procedure. After the shop 
welding had been completed, all the straight lengths 
and bends forming the pipeline were stress-relieved. 
By shop-riveting the double-riveted butt cover 
straps in the semi-circular halves to adjacent 
lengths, erection on site was facilitated. Welding of 
the main pipeline on site was avoided as much as 
possible and was only used for joining the ends 
of the semi-circular butt straps and the butt welds 
of the closing lengths of pipe. The resulting lengths 
are, therefore, smooth and flush inside, apart from 
the slightly projecting countersunk heads of the 
butt-strap rivets. 

Alternate lengths below the expansion joints are 
fitted with a mild-steel support of D shape, with the 
flat side downward. A bronze plate is fitted on 
each side of the foot of these supports, and they 
rest on a fixed mild-steel plate which is placed on 
the top of a concrete plinth. They are, therefore, 
free to slide as the temperature changes. The 
considerable total movement of the pipes between 
the anchor blocks is taken up, however, by the 
expansion juvints mentioned above. The main 
contractors for the pipeline, as well as for the steel 
lining of the tunnel were Messrs. Mechans, Limited, 
Glasgow, W.4. 

The water enters the power statien at Grudie 
Bridge, shown in Fig. 31, Plate XI, through a 
shut-off valve of the butterfly type which is 
mounted on horizontal trunnions. The main 
valves are 5 ft. in diameter and are each by-passed 
by a sluice valve 8 in. in diameter, to equalise the 
pressure across them. Both the main and by-pass 
valves are operated by hydraulic servo-motors, in 
which filtered water taken from the pipeline is 
utilised. The valves controlling the by-pass valve 
servo-motors are operated by solenoids, which are 
actuated by a single push-button. In emergency, 
however, the main inlet valves can be closed from 
the alternator floor, 18 ft. above, by turning the 
pilot valves manually through gearing. The water 
circuit of the servo-motor includes a valve by which 
the final closing of the main valve is retarded and 
water hammer reduced. Both the main and by-pass 
valves are fitted with electrically interlocked limit 
switches. These valves were supplied by Glenfield 
and Kennedy, Limited. 

The generating plant installed at Grudie Bridge, 
for which Messrs. Merz and McLellan, Milburn, 
Esher, Surrey, were the consulting engineers, con- 
sists of two 12-MW vertical-shaft Francis turbines, 
constructed by the Harland Engineering Company, 
Limited, Alloa, and designed to operate over a range 
of 448 ft. to 480 ft. net head and at a maximum gross 
head of 549 ft. Their maximum efficiency at an 
output of 12 MW is attained with a head of 495 ft. 
These conditions were chosen to allow for the 
time when the reservoir water level is raised, thus 
increasing the range of net head at full station load 
from 448 ft. to 514 ft. The position of these 
machines in the power station is shown in Figs 26 
and 27, on page 130, while a view of one of the tur- 
bines under construction is also given in Fig. 32, 
Plate XI, and Fig. 33 on the same Plate shows an 
alternator with its governor gear. Fig. 24, herewith, 
shows one of the scroll casings being lowered into 
position, and Fig. 25 one of the head covers with its 
gates. 

The turbines are almost entirely of welded con- 
struction, the draught-tube liners, spiral casings, 
curb rings, bottom plates, head covers, bearing 
housings, gate operating rings, connecting rods and 
pit liners being all fabricated. All parts which will 
be subject to pressure were stress-relieved. The 
bottom plates and head covers have renewable wear- 
ing plates of mild steel, against the top and bottom 
faces of the gates, and the curb ring is provided 
with a renewable cast-steel liner. The cast-steel 
wicket gates have integral spindles and are connected 
through cast-steel arms and cast-iron links to the 
gate operating ring. These links are saw-cut, so 
that they can break if the gates become jammed 
during a closing movement of the governor. There 
is an eccentric piece in the linkage mechanism 
between each gate and the operating ring, which can 
be adjusted to take up the wear between adjacent. 





gates. 
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The shafts, which are 14} in. in diameter, are of 
Siemens-Martin forged steel and are fitted with 
stainless-steel sleeves where they pass through the 
packing box. Each shaft is coupled to a cast stain- 
less-steel runner. The main bearings are flow- 
lubricated from an external supply, which is com- 
mon to each turbine and alternator. Each bearing 
is provided with a mercury-in-steel thermometer, 
the dial of which is mounted on a panel on the 
alternator floor. The dial of this thermometer 
has two adjustable electrical contacts, which can be 
set at predetermined temperatures. One of these 
contacts energises an alarm system, and the other 
shuts down the machine at a higher temperature, 
but before a danger point has been reached. 

The quantity of water flowing through the 
turbines will be measured by reading the differential 
pressure which exists across a section of the spiral 
casing between the inner and outer radii of the 
turbines. This pressure differential is translated 
into quantity by a mercury column, which varies 
the resistance of an electrical circuit incorporating 
an indicating voltmeter, giving a reading directly in 
cusecs. The instrument, with its integrating and 
recording instruments, is mounted on a sheet-steel 
cubicle at alternator floor level. The flow metering 
equipment will be calibrated during the efficiency 
trials by the Allen salt-velocity method. 

Because of the pipeline conditions, each turbine 
is fitted with a relief valve which opens when the 
wicket gates close relatively quickly, so that water 
is discharged and the velocity of the column is main- 
tained as the !oad falls. The regulator is closed at a 
controlled rate, so that the water-hammer pressure 
doesnot become excessive. The maximum rise of 
pressure which oecurs if the load is suddenly rejected 
is 10 per cent. The regulators are operated by 
clean filtered water taken from the pipeline; if 
the pressure of this water is lost, they open and thus 
become “‘ safe.” 

The speed of each turbine is controlled by a 
42,000 ft.-lb. automatic oil-pressure governor, 
made by the Woodward Governor Company, and 
sensitive to a change in speed of 1/100th of 1 per 
cent. The governor flyballs are driven by an 
electric motor, which is supplied from and runs 
in synchronism with a permanent-magnet generator 
driven directly by the turbine. The governor is so 
designed that the machine can be accelerated evenly 
up to normal speed, when the flyballs take control. 
Means are provided for securing the wicket gates 
automatically when the machine is at a standstill 
or should the oil pressure fail. 

A motor-driven “speeder” enables the speed of 
the machine to be varied by hand or remotely from 
— 15 per cent. to + 5 per cent. of normal speed for 
synchronising and loading purposes. This enables 





GRUDIE BRIDGE POWER STATION 

















Fig. 27. SECTION 





ye 


-<---2 


70 20 30 40 50 Feet 





BEAULY 






































| r eon - e-44--73 p44 "SUBSTATION 
' ' 1 ! 4 1 ' , ' 
| ! \ ‘o4 ' , 4% ! a | 
UY ! ' 
GLASCARNOCH = \LUICHART; —| ORRIN |} 
1 ' POWER | | POWER | | POWER | 
“Bae eo ‘a | STATION | | STATION | \ STATION | 
| rs ' t ' ' ' | 
tt = ey iy 
= a. MILE 
|ACHANALT| | ‘ zi , hae 
1 Power: j| | og fF Jf gt i fan fa= --+-- rates iter 
| STATION | | Ji} | ° “bagre g 4 
' ‘ . | 
Ln ee ys : 
! 
; n 9 . BEAULY 
' ' SUBSTATION 
H 1 ant te teal... 
' ' ‘ ‘ 
' l ! ' «da ' 
' ; ' pow ‘ 
} r P ean : TORR ACHILTY, 
POWER STATION 
ya = H STATION 
i m ; oe, a ee 
;_ a. OF ROWER STATION 
; |FANNICH , t-—--- 4 
' iM 
(240.") eee See een) GLASCARWOCH "ENGINEERING" 


the machines to be synchronised at the low fre- 
quencies which now occur during times of heavy 
loads. There is also a “‘speed droop ” adjustment, 
which can be set at any value between zero and 
— 5 per cent. of normal speed, as required by the 
parallel-running conditions. In addition, a hand- 
operated load-limiting device enables the oil pressure 
to be used for starting up or shutting down the 
machine, and the gates can also be operated by 
hand gear when no pressure oil is available. The 
oil is stored in an accumulator, provided with a 
compressed-air cushion, maintained by oil delivered 
from a gear-type pump supplied by Messrs. Mirrlees, 
Bickerton and Day, Limited, Stockport; this 
avoids the use of a high-pressure air compressor. 
When the working pressure has been built up in the 
receiver, the pump unloads and returns the oil to the 
sump. This pump is driven by a 7}-h.p. squirrel-cage 
motor, which runs continuously. The receiver is 
equipped with switches which shut down the generat- 
ing set when a pre-determined low pressure is 
reached. The pressure receivers of both units are 
interconnected. 

Each turbine is directly connected to a vertical- 
shaft alternator, constructed by Messrs. Bruce 
Peebles and Company, Limited, Edinburgh; a 
section through one of these machines is given in 
Fig. 37, on page 132. They are designed for a maxi- 
mum continuous rating of 13,333 kVA and generate 
three-phase current at 11 kV and 50 cycles, when 
running at 500 r.p.m. They have a runaway speed 
of 875 r.p.m. and a flywheel effect of 490,000 Ib. ft. 
Each has a total weight of 94 tons. They are of the 
totally-enclosed type, the ventilation system provid- 
ing for the re-circulation of air within the housing by 
fans carried on the rotor and cooling being effected 
by Serck water coolers, which are disposed round the 





stator frame. In cold weather, the power station 
can be warmed by admitting hot air from the 
machines through louvres, the necessary make-up 
air being drawn in through filters. The generators 
are mounted in a pit, the bottom of which is about 
5} ft. below the floor level and is supported by a 
number of vertical struts, which are carried down to 
the turbine casing. Their total height above floor 
level is 12 ft. 9} in. 

The stator frames, one of which is illustrated 
in Fig. 36, opposite, were fabricated from steel plate 
and were built in two portions to facilitate transport. 
The laminations are of low-loss silicon steel and are 
individually insulated with non-inflammable com- 
pound. They are built up on dovetailed keys and 
clamped between segmental end plates, the keys 
being welded to the inside of the frame after the 
core had been assembled. Uniform pressure is 
ensured by steel fingers, which are placed between 
the core and end plates and extend back on to the 
frame. The air gap is increased gradually by 
stepping a number of laminations in the end sections, 
so as to reduce the flux density and local losses at 
the end of the core. The stator winding, which is 
also shown in Fig. 36, consists of diamond-wound 
coils, which are laid in open slots and insulated to 
Class B standard. It has two circuits in parallel 
per phase and is star-connected. The conductor 
laminations are transposed to minimise the eddy- 
current losses. The individual coils are covered 
with impregnated glass tape and are separated 
from each other by mica. The slot portions of the 
coils are moulded with Micafolium, which was 
ironed on hot, and the ends of the wraps, which were 
tapered off, are sealed with mica tape. The top 
and bottom coils in the slot are spaced apart with 





Leatheroidseparators. The coils are braced where 
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they leave the slots by impregnated wooden blocks, 
which are bandaged to the coils; and the end 
windings are secured to continuous steel bracing 
rings, which are insulated and supported by brackets 
bolted to the end plates, as shown in Fig. 36. 

The rotor body was built up from nine rolled-steel 
plates, which were machined all over, shrunk on to 
the shaft and secured by transverse bolts. The poles, 
Which were built-up of dovetailed laminations 
clamped between rounded steel end plates, were 
pressed and keyed into grooves machined in the as- 
sembly. The coils consist of copper strip wound on 
edge and insulated between turns with asbestos. 
They are mounted on flanged brass spools with Bake- 
lite washers at the top and bottom. The coils are 
insulated from the spools by glass cloth and micanite, 
Which was reinforced with Leatheroid. They are 
mutually braced by V-shaped bronze clamps, which 
are bolted to the rotor body. The connections are 
also braced to withstand the centrifugal force at 
overspeed. A damper winding is provided on the 
Periphery of the poles to damp out any oscillations 
which may occur during disturbance on the line. 

The thrust bearing and upper guide bearing are 
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both mounted above the rotor and form a single 
enclosed unit, which is carried on a fabricated steel 
bracket. They are insulated to prevent shaft cur- 
rents. The thrust bearing, which is of the Michell 
segmental type, is designed for a load of 85 tons. 
A second guide bearing is placed below the rotor on 
two transverse beams, and can be removed to allow 
the housing to be lowered and access thus obtained 
to the brakes and jacking gear. All the bearings are 
flow-lubricated from an overhead distributing box, 
which is fed from a 400-gallon reservoir at a pressure 
of 8lb. persquare inch. They carry mercury-in-steel 
thermometers, which are connected to dials on the 
turbine panel. These dials have two contacts so 
that an alarm given when a predetermined tem- 
perature is reached, and the machine is shut down 
before the position becomes dangerous. Oil-flow 
indicators, with contacts which operate should the 
circulation fail, are also fitted. 

The underside of the rotor is provided with six 
renewable Meehanite cast-iron brake segments, 
which are secured by spring-loaded bolts to provide 
for thermal expansion without buckling. The 
braking gear, which is illustrated in Fig. 35, consists 





of four Tangye cylindrical hydraulic jacks, which are 
fitted with Ferodo pads. For braking purposes, air 
is admitted to an oil reservoir at a pr ssure of 
80 Ib. per square inch ; for jacking, oil is pumped 
by hand to a pressure of 1,000 Ib. per square inch, the 
weight being then transferred to six screw jacks. 
Each generator is provided with a main and pilot 
exciter, which are mounted one above the other on 
top of the thrust-bearing bracket, as shown in 
Fig. 33, Plate XI. A Woodward permanent-magnet 
alternator is also mounted on the extreme top of the 
assembly for supplying the turbine governor motor, 
as mentioned above. Self re-setting snap-action 
over-speed and under-speed mercury switches are 
fitted. The first of these operates at 30 per cent. 
above normal speed, and the second is electrically 
interlocked with the brakes so that these cannot be 
applied until the speed of the set has fallen to 95 per 
cent. of normal. Usually, the brakes come into 
action when the speed has fallen to 50 per cent. of 
normal. 

As will be seen from Fig. 28, the alternators a and 
a, are connected through circuit-breakers to the 
11-kV ’bus-bars, 6. These circuit-breakers were 
manufactured by Messrs. A. Reyrolle and Company, 
Limited, Hebburn, and are of that firm’s horizontal 
draw-out solenoid-operated type. They have a 
rupturing capacity of 500 MVA and are controlled 
from a board in the operating room, which is 
illustrated in Fig. 34, Plate XI. As will also be 
seen from Fig. 28, the ’bus-bars b are connected to 
two 20-MVA 11/132-kV transformers, c and ¢. 
These were constructed by Messrs. Bruce Peebles 
and Company, Limited, and are of the oil-immersed 
water-cooled type, mounted on a concrete raft 
at the back of the power-station above the pipe- 
line. They are of the conventional core type 
and are provided with tappings to cover a range 
of + 15 per cent. in eight steps. Connections 
are taken from these tappings to a linking chamber, 
so that on-load tap-changing switchg ar can be 
installed if required. Forced oil-cooling is pro- 
vided by two pumps, which are mounted on one 
end of the tank, and auxiliary natural cooling 
by a small bank of radiators at the other end. 
Each pump is capable of dealing with the full-load 
cooling requirements by forcing oil through one 
of two Serck coolers. Failure of one pump brings 
the other automatically into action and at the same 
time an alarm is operated in the power station. 
Flow alarms are also provided in both the oil and 
water pipes, which switch the transformer out should 
conditions become potentially dangerous. Indi- 
cators are fitted which give an alarm signal should 
the windings exceed a certain temperature. The 
units also have Buchholz protection and are earthed 
by the 250-kVA 11,000/415-volt earthing trans- 
formers shown at d and d,, in Fig. 28, which also 
supply the station auxiliaries. 

As in any water-power station, the auxiliaries at 
Grudie Bridge are relatively small in number and 
capacity, compared with those at a steam-power 
station. They consist of two governor oil pumps, 
which are each driven by a 7}-h.p. electric motor, 
anda stand-by oil pump, whichisdriven bya 12-h.p. 
Pelton wheel. There are also three cooling-water 
pumps, each of which is driven by a 24-h.p. motor ; 
and four lubricating-oil pumps, two of which are 
driven by 34-h.p. alternating-current motors and 
two by 5-h.p. direct-current motors, the latter 
acting as stand-by. The air compressor for the 
alternator brakes is driven by a 1}-h.p. motor and 
the stand-by compressor for the governor by a 
5-h.p. Pelton wheel. A de-watering pump is driven 
by a 7}-h.p. motor, and a drainage pump by a 1}-h.p. 
motor. Finally, there are four 5-h.p. motors, 
operating the pumps for supplying cooling oil to 
the transformers. As some of these motors act as 
stand-bys to their respective main units, there is 
considerable diversity in the total auxiliary load. 

The circulating-water pumps for the generator, 
lubrication and transformer oil-cooling systems, as 
well as the governor oil pumps, are driven by 
415-volt. motors, which are supplied from the main 
alternators, a and a,, in Fig. 28, through the 
50-kVA 11,000/415-volt transformers e aad ¢,, 
and the unit auxiliary boards f and f,. Normally, 
the starters of these ‘motors are latched, so that 





they run up to speed with the alternator they serve, 








132 


ENGINEERING. 


AUG. 3, I95I. 








Other electrically-driven auxiliaries are supplied 
from the common auxiliary board shown at g in 
Fig. 28, which can also be energised from the 
250-kVA auxiliary earthing transformers d and d,, 
which are connected to the main 20-MVA 11/132-kV 
transformers; or from the 3-MVA 33,000/415/ 
11,000-kV linking transformer h, which serves a 
local 33-kV line to Beauly. Selection of one of 
these sources of supply is made automatically in a 
predetermined sequence at a selector panel which 
also provides for switching from one to the other in 
case of failure. The unit and common auxiliary 
boards can be connected to either alternator, or 
direct to the 132-kV line from Beauly, for testing the 
auxiliaries. They also supply three-phase circuits 
for lighting and other purposes in the station, as 
well as two rectifiers, one of which, i in Fig. 28, 
is connected to a 240-volt direct-current board k 
and the other I to a 50-volt direct-current board m. 
The first of these supplies six circuits, including 
those for the standby bearing oil pumps, and the 
latter nine circuits. The auxiliary boards are 
equipped with Reyrolle switchgear. 

The Grudie Bridge station was originally designed 
for manual operation only, but subsequently it was 
decided that, in the later stages of the development 
of the Conon Valley seheme, all the stations should 
be remotely-controlled from a central control room 
at Contin. Each station, however, will also have a 
smal] operating room from which it can be manually 
operated, if desired. Grudie Bridge, being the 
first station of the group to be commissioned, is so 
operated at present. Provision is made, however, 
on the turbine control panels for changing over 
either from manual to loca] automatic control by 
push-buttons in the station or, at a later date, to 
remote automatic supervisory control over pilot 
wires from Contin. 

The sequential/parallel system has been adopted 
for automatic control. In this, the slowest opera- 
tions in starting the turbine, that is, flushing the 
bearings from the standby lubricating pumps, 
raising the governor oi] pressure, and opening the 
turbine inlet valves, form a first stage and are 
carried out in parallel, thus minimising the overall 
starting time. 
completed, the fact is indicated by oil-pressure 
switches and also by limit switches on the inlet 
valves. The turbine guide vanes are then opened 
and the machine is run up to speed. The normal 
lubricating and governor oil pumps next take over 
automatically from the standby pumps; and the 
final stage of the sequence includes proof of delivery 
from the normal pumps, and the operation of a 
voltage regulator energised by the pilot-exciter 
when the alternator has developed full voltage. At 
this stage, a signal is transmitted to the control 
room that the machine is ready to be synchronised. 
At present, this operation is effected locally, but, as 
has been said, it will be carried out eventually from 
the group control centre. Provision is made so that 
should any of the individual operations in the 
starting sequence fail, an alarm is given. The whole 
operation is then cancelled, the machine is returned 
to its normal shut-down position, and a signal is 
transmitted to the control room that it has failed 
to start. 

As will be seen from Fig. 28, the output of the 
station is transmitted at 132 kV over two overhead 
steel-cored aluminium lines to a new substation at 
Beauly, nine miles west of Inverness. The outputs 
of the other stations in the group, with the exception 
of Conon Falls and Torr Achilty, will also be fed into 
these lines. The output from Conon Falls and Torr 
Achilty will be transmitted by an existing line at 
33 kV to Beauly. This line will be duplicated 
between Torr Achilty and Beauly and has been 
extended in a reverse direction up the Conon Valley 
to Grudie Bridge. An alternative means of dis- 
posing of part of the output of the latter station will 
thus be provided; and it will also be used as a 
source of standby supply to all the stations in the 
group. The line will be used initially for providing 
power for the civil engineering work at the new sites. 





RECORD EXPORTS OF CyCLES.—The value of exports of 
bicycles and motor-cycles for the first half of this year 
was 19,734,6431., compared with 15,288,5021. last year, 
and the quantities were 1,345,875 bicycles and 46,433 
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Electromagnetic Waves and Radiating Systems. 

By Professor EpwaRp C. JORDAN. Prentice-Hall, 
Incorporated, 70, Fifth-avenue, New York, U.S.A. 
[Price 10-50dols.] Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 32s. 6d. net.] 
Tux demand for electronic engineers and graduates 
in communications subjects generally in the United 
States is indicated by the number of relevant text- 
books recently produced by American publishers. 
This is the third book that we have reviewed, in a 
comparatively short time, to offer fundamental 
electromagnetic wave theory and discuss some more 
or less recent practical applications, and these are 
but a selection from a relatively large number. 
Professor Jordan, writing essentially for the 
advanced graduate student, is always mindful of 
the practical aspects. Numerous examples are 
worked out in the text, and he is careful to point 
out the limitations of theory. In addition to 
electromagnetic wave theory, his general subject is 
the theory and practice of aerial design. 

The book opens with fundamentals—the M.K.S. 
system of units, co-ordinate systems, and the 
essential elements of vector analysis. The study 
of the time-varying electromagnetic field is intro- 
duced by two chapters in which the characteristics 
of “steady state” electric and magnetic fields 
are examined in the vector form. After a statement 
of Maxwell’s equations come chapters on propa- 
gation, both in an homogeneous medium and when 
reflected or refracted at a boundary, and on the 
conception of power density in an electromagnetic 
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propagation between two conducting planes is 
examined and results in a clear picture of the 
characteristics of TE and TM waves and of the 
fundamental TEM wave, and hence of the basic 
difference between propagation along transmission 
lines and waveguides. In the chapter on trans- 
mission lines, the author reviews the conventional 
equivalent circuit theory (referred to in one of the 
few typographical lapses as the “‘ circular ’’ concept) 
and introduces the subject of the use of sections of 
transmission line as impedance transformers and 
matching stubs. There is also a section on the 
important practical technique of circle diagrams. 
The detailed analysis of a simple circuit arrange- 
ment, using both elementary circuit theory and 
field concepts, serves to assist the student to appre- 
ciate the latter and, by demonstrating the nature of 
the approximations involved in the simpler approach, 
to enable him to determine where and how it may 
be used at the higher frequencies. Again, in dealing 
with antenna impedance computations, Professor 
Jordan points out the limitations of such simplifying 
assumptions as equivalent networks and sinusoidal 
current distributions, and refers to both the “‘engi- 
neering” approach of some works on broadcast 
antennas and to more rigorous general solutions 
such as that due to E. Hallén. 

In a chapter on directional characteristics, expres- 
sions are derived, first, for the radiation patterns of 
simple resonant and travelling wave antennz, and 
then for multiple arrays. The methods of syn- 
thesising a linear array to give a required pattern 
include the important practical case of designing 
for a given degree of side-lobe suppression, and 
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aspects of array design. Other chapters deal with 
the practical techniques of aerial design at fre- 
quencies up to 300 megacycles per second, and 
with radiation from apertures and slots. As a 
conclusion, ground-wave and sky-wave propagation 
are discussed, a note being included on the tropo- 
spheric reflection associated with certain meteoro- 
logical conditions, the practical significance of which 
has yet to be explored. 





Survey of Marine Machinery and Boilers. 

By P. T. Brown, M.B.E., M.C. Charles Griffin and 

Company, Limited, 42, Drury-lane, London, W.C.2. 

(Price 12s. 6d. net.] 

Tue late Mr. P. T. Brown was well known as a 
practical contributor and critic at the meetings of 
the Institute of Marine Engineers, which awarded 
him the Denny Gold Medal in the 1924-25 session. 
He also delivered several papers before the Staff 
Association of Lloyd’s Register of Shipping, based 
on his lengthy experience as an engineer surveyor 
to that Society. Normally, the meetings of the 
Lloyd’s Register Staff Association are private, 
and the proceedings thereat are confidential ; but all 
who have to do survey work on machinery under 
construction—especially those who have most 
of their experience still to gain—should be grateful 
to the Committee of Lloyd’s Register for permitting 
Mr. Brown to put his notes into book form for a 
wider circulation. On almost every page they bear 
the unmistakable stamp of knowledge gained at 
first hand, so that we are tempted to predict for 
this little book a circulation comparable in extent, 
though not, perhaps, in numbers, with that of 
A. E. Seaton’s classic Pocket-book of Marine Engineer- 
ing Rules and Tables, issued by the same publishers. 
The scope covers the survey of machinery and boilers 
under construction and on board the ship, and of 
auxiliary machinery, with the addition of chapters 
on “The Survey of Mass Production’’ (though 
this is rather a misnomer) and ‘‘ Some Notes on 
Materials and Their Testing.” In the appendix 
are some typical sketches and tabular arrangements, 
as guides to inspection routine, and a summary, 
also in the form of a table, of the main items to be 
examined, as indicated in the text, the possible 
defects, and the action recommended. 

So far as its matter is concerned, the book is a 
good one; but its usefulness would be much 
enhanced, especially to the comparative newcomer 
to surveying work, if some of the descriptions of 
procedure had been accompanied by simple illus- 
trations—the sort of sketch that an experienced 
surveyor would make in his note-book for future 
guidance, to ensure that no item in his examination 
was inadvertently omitted, or to explain to someone 
precisely what he was seeking to establish. In the 
endeavour to do this without diagrams, the author 
has sometimes involved himself in rather a tangle of 
words, even though he has so evidently striven to 
be clear. This is the more unfortunate since his 
composition and punctuation leave a good deal to 
be desired ; but, as, in most instances, these short- 
comings are typical of a colloquialism which will 
be femiliar enough, readers are not likely to be 
misled, though any purists among them may wince 
occasionally. 





CIVIL AIRCRAFT INSPECTION PROCEDURES.—The Air 
Registration Board have issued the following leafiets, 
which form part of the Civil Aircraft Inspection Proce- 
dures: No. BL/6-8, Degreasing-Trichlorethylene; No. 
AL/7-2, Fabric Covering; No. PPL /2-1, Fuel System— 
Installation and Maintenance; No. ML/1-1, Log Books 
Copies of the leaflets may be obtained, price 4d. each, 
trom the Air Registration Board, Greville House, 
37, Gratton-road, Cheltenham, Gloucestershire. 





New FIGHTER AIRCRAFT FOR THE ROYAL AIR FORCE.—- 
The Hawker Siddeley Group have announced that a new 
fighter aircraft, the P.1067, designed and constructed 
by Messrs, Hawker Aircraft, Limited, Canbury Park-road, 
Kingston-on-Thames, Surrey, has successfully carried 
out its first trials at the Aircraft and Armament Experi- 
mental Establishment, Boscombe Down, Wiltshire, and 
is to go into production for the Royal Air Force. The 
aircraft has swept-back wings and is fitted with a Rolls- 
Royce Avon axial-flow jet engine. 
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VIII.—ExursitTion or InDustRIAL Power, 
GLaseow. 


(Continued from page 108.) 


In the Hall of Electricity at the Glasgow Exhibi- 
tion of Industrial Power there is a series of wall 
displays, intended to give the layman some idea 
of the development of this form of energy. They 
include illustrations of the properties of the lode- 
stone, and the batteries of the Seventeenth Century, 
as well as of the work of Faraday, a large portrait 
of whom forms a fitting introduction to the other 
exhibits. The employment of the steam engine in 
the early power stations, and the limitations of this 
form of prime mover, are illustrated, as well as the 
development of the turbine from a 4$-kW Parsons 
unit to that of a modern 50-MW turbo-alternator, 
of which a one-sixteenth scale model is shown. 
The visitor is also instructed in the means by which 
electricity is at present generated, transmitted and 
distributed on a large scale, and the types of 
machines and appliances in which it is consumed. 
For instance, there is a mural diagram of a 60-MW 
hydrogen-cooled turbo-alternator, and a display 
dealing with the historic rivalry between alternating 
and direct current. A general view of the Hall is 
given in Fig. 136, on Plate XII. Developments 
in power cables are traced in an exhibit of the Cable 
Makers’ Association, 52, High Holborn, London, 
W.C.1, and a model of a 275-kV transmission 
tower, of which an illustration is given in Fig. 137, 
Plate XII, is shown by Messrs. Painter Brothers, 
Limited, Hereford. 

Messrs. C. A. Parsons and Company, Limited, 
Newcastle-upon-Tyne, are showing a model, illus- 
trated in Fig. 134, on page 134, of a similar design 
to that of the first Parsons turbo-dynamo, con- 
structed in 1884. This machine was of the double- 
flow type, the steam being admitted into the centre 
of the cylinder. The blading was designed for 
operating at a pressure of about 80 lb. per square 
inch and the exhaust was to the atmosphere. The 
normal running speed when developing 4 kW was 
9,000 r.p.m. A centrifugal exhauster was mounted 
on the turbine shaft between No. 1 keep and the 
cylinder cover, and this withdrew air from a leather 
diaphragm. When the turbine was running at the 
required speed, a partial vacuum was created in the 
diaphragm, so that the exhauster was compressed 
by the atmospheric pressure and a spring attached 
to a rod was expanded. This rod was coupled to the 
slide valve controlling the steam inlet, so that any 
variation in the turbine speed altered the vacuum 
on the diaphragm and, by moving the rod, caused 
the slide valve to open or close. 

An electrical control, consisting of an adjustable 
brass swivel attached to a mild-steel bar, covering 
the end of a copper pipe by a pre-determined 
amount, according to the vacuum required, was 
also fitted. This pipe was open to the atmosphere 
and extended from the top of No. 1 keep to the 
magneto. When any change in the load altered the 
magnetic field, this bar either opened or closed the 
pipe, thus varying the vacuum in the exhauster, 
altering the position of the diaphragm and moving 
the slide valve. The exhauster was also connected 
to the oil inlet port, so that, as soon as the turbine 
was started, air was drawn out of the oil feed pipe. 
The oil, therefore, rose to the turbine and when shaft 
level had been reached, was delivered to the bearings 
by a pump at the end of the shaft. 

At the centre of the top half of the turbine was a 
small needle valve, which controlled the flow of 
steam from the inlet belt to a nozzle. This nozzle 
discharged into the atmosphere at the opposite 
side of the turbine. The velocity of the issuing 
steam ejected the leakage steam from the neck 
glands into small chambers, cast inside the turbine 
cover, and also drew off any steam leakage from 





* Articles in this series on the Dome of Discovery, 
the Royal Festival Hall, the temporary bridges, the 
“ Skylon,” civil engineering works, and exhibits at the 
South Bank Exhibition appeared in the previous volume 





of ENGINEERING (vol. 171) in the issues of April 13 and 
20, May 4, 11 and 18 and June 1, 8, 15, 22 and 29, 1951. 





the main steam-inlet slide valve, through a copper 
pipe connected to the turbine cover. 

The same firm are showing a one-sixteenth scale 
model of one of the two 50-MW turbo-alternators 
in the Dalmarnock power station at Glasgow. This 
model is illustrated in Fig. 135, on page 134. The 
turbines are of the pure reaction type, and have 
two cylinders with a single exhaust to the condenser. 
They are designed to operate at a pressure of 600 Ib. 
per square inch and a temperature of 825 deg. F- 
Each contains 76 pairs of blade rows, of which 48 
are in the high-pressure cylinder. All the blading 
is of stainless iron, that in the high-pressure cylinder 
being of the end-tightened type with clearances of 
about } in. over the tips. 

The alternators are of the Parsons concentric 
conductor type and have an output of 62-5 MVA 
at 20 kV. During winding, thermocouples were 
embedded in the stators so that the temperatures 
of the machines could be measured during operation. 
Electrical stability is ensured by supplying the 
field of the main exciter with current from a 
constant-voltage pilot exciter. This machine is 
embodied in the same frame as the main exciter, 
the double armature being driven directly from the 
main shaft. Cooling of the alternator, exciter and 
slip rings is effected on the closed system by a pair 
of motor-driven fans in the foundation block. 

Steam for feed-heating is tapped from the tur- 
bine at four points, where the absolute pressures 
at full load are about 7-5 lb., 21-5 Ib., 54 Ib. and 
113-5 Ib., respectively. The condensate is then 
heated to a temperature of 320 deg. F., when the 
turbine is developing its maximum rated output. 

Up-to-date switchgear is represented by a 
2,500-MVA 132-kV unit of small oil-volume, exhi- 
bited by A. Reyrolle and Company, Limited, 
Hebburn-on-Tyne. It is illustrated in Fig. 140, on 
Plate XIII, and consists of three separate, but identi- 
cal, single-phase units, which are operated through a 
common self-aligning shaft by a mechanism con- 
tained in a steel cubicle in line with the circuit- 
breakers. The supporting compartment of each 
unit comprises a welded-steel base chamber, filled 
with oil, and a porcelain insulator, which is held in 
compression by insulating tie rods. The interphase 
operating shaft passes through this chamber and 
engages, by means of serrated splines, with the 
operating lever, to which links for actuating the 
moving contacts are connected. The porcelain 
insulator supports the circuit-breaker compartment 
and provides the necessary electrical clearance to 
earth. 

The circuit-breaker compartment houses the 
upper and lower fixed contacts, the moving contact, 
the turbulator and the Bakelised-paper enclosure, 
the whole being porcelain-shrouded, oil-filled and 
mounted on the supporting compartment. The oil 
inside the circuit-breaker compartment is used to 
extinguish the arc and is separated from the insu- 
lating oil, which fills the supporting compartment 
and the annular space between the upper shrouding 
porcelain and the outside of the Bakelised-paper 
enclosure. This ensures that the carbonised oil from 
the circuit-breaker compartment does not con- 
taminate the oil in the supporting compartment. 

The upper and lower fixed contact fingers are in 
electrical contact with the top cap and the metal 
mounting between the two porcelains, respectively ; 
and the metal fittings act as terminals for the in- 
coming and outgoing connections. Two of the 
upper fixed contact fingers have extended copper- 
tungsten arcing tips. The moving contact member, 
which consists of a metal tube, smaller in diameter 
than the throat entry to the arc-control device, is 
also fitted with a removable copper-tungsten arcing 
tip, and, in the closed position of the circuit-breaker, 
engages with the upper fixed contact in the head of 
the turbulator. A fixed piston is fitted under the 
moving-contact tube, so that, as the latter descends 
when the circuit is broken, the column of oil inside 
it is injected into the turbulator. This ensures 
that the generated inside the turbulator 
has little effect on the acceleration of the contact ; 
@ uniform i is thus maintained at 
all currents. It also enables the amount of cavi- 
tation, which occurs as the moving contact with- 
draws, to be controlled and the efficiency of 
arc-extinction to be thereby increised. The 
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lower fixed contact is in the form of a sleeve 
through which the moving contact slides. The arc- 
control device is one of the firm’s plate turbula- 
tors, the arc being directed towards the vents 
and thus left in the most favourable position for 
extinction. 

The top chamber contains a silica-gel breather ; 
oil-level indicators, in which fluted glass windows 
are used to give a clearly visible indication for the 
circuit-breaker and supporting compartments ; and 
a separator, to prevent the loss of oil by centri- 
fugal action when operating under fault conditions. 
The domed cover acts as a safety diaphragm. 
The operating mechanism is housed in a weather- 
proof welded-steel cubicle, mounted in a con- 
venient position to allow it to be coupled mechani- 
cally to the self-aligning shaft of the circuit- 
breaker. It also contains the protective, control, 
interlocking and indicating equipment. Control is 
usually electrical from a remote point, but mech- 
anical contro] from the mechanism cubicle can also 
be fitted. The control circuits are so arranged that, 
once a closing operation has been initiated, it is 
carried to completion. Closing is effected pneumati- 
cally, the opening spring being set at the same 
ren ig so that Bc -om d is not placed on the 
availability of an air supply for tripping. The 
mechanism is also suitable for high-speed automatic 
tre-closing with a minimum dead time of 12 cycles. 
It consists of the tripping spring, which is auto- 
matically set by the closing piston and is tripped 
by a high-speed electromagnetically-actuated latch. 
Air is admitted to the closing cylinder from an air 
receiver in the mechanism cubicle through a sole- 
noid-operated air valve. This receiver contains 
enough air for two closing operations. The air 
valve is sealed by synthetic rubber, which beds on 
to a metal seat, the latter being treated to prevent 
the rubber adhering to it. Cushioning at the end 
of the opening and closing stroke is effected by using 
the main piston and cylinder in conjunction with 
the trapped air at either end of the stroke. 

One of the phases of the circuit-breaker exhibited 
at Glasgow has been sectioned and fitted with 
Perspex windows to show the construction. A gear 
drive has been added, so that the action of the 
circuit-breaker can be demonstrated in slow motion, 
and large windows have been provided in the door 
of the control cubicle. 

Another switching equipment is a 3,500-MVA 
165-kV air-blast circuit-breaker of small oil-volume, 
which is being shown by the English Electric Com- 
pany, Limited, London, W.C.2. This is set against a 
mural background depicting a grid substation. 
Details of this circuit-breaker were given on page 
89 of our 171st volume (1951). It comprises three 
single-phase units, each consisting of a steel receiver 
base on which is mounted the main interrupter 
column of hollow porcelain insulators. These insu- 
lators support the operating mechanism of the make- 
switch and interruptor units, as well as the cooler 
and exhaust units. There are three interrupters on 
each phase and these are connected in series. In 
parallel with them are silicon-carbide units for 
equalising the voltage distribution. At the bottom 
of each column is an air-blast valve and high-speed 
electro-pneumatic control valves, and at the other 
end of the base is a low oil-content porcelain-clad 
current transformer. The insulator cover carries 
the make-switch fixed contacts as well as the 
incoming line terminal and a de-icing device. 

The circuit-breaker is opened by admitting air to 
the piston of the main blast valve, thus allowing 
air to pass through the hollow support insulator 
to the interrupter chamber. The interrupter 
contacts then open and the air blast transfers 
the arc to the arcing contacts and thence to the 
cooler chamber, where the gases are expanded, 
cooled and exhausted. At the same time, air is 
supplied to the operating cylinder of the isolator, 
the blade of which is opened after the arc has been 
extinguished. This blade is closed electro-pneu- 
matically, the action being assisted by a spring 
bias device. 

Switchgear for lower voltages is represented by 
the 750-MVA 66-kV outdoor oil circuit-breaker 
exhibited by Messrs. Ferguson Pailin, Limited, 
Manchester, and illustrated in Fig. 141, on Plate 
XIII. The cylindrical tank of this equipment is 
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of welded steel and contains all three phases, which 
are separated by insulating barriers. There is also 
an insulating lining. The tank is secured to the top 
plate by bolts, an oil and gastight joint between the 
two being made by a lubricated asbestos gasket. 
Winches, attached to the rear of the breaker, are 
provided for raising and lowering the tank. 

The terminal bushings are of the synthetic-resin 
bonded-paper condenser type and are wrapped 
directly on to the conductors, the oil-filled porcelain 
weather sheds being retained in position by spring- 
loaded mountings. The lower ends of the bushing 
earth layers terminate below the surface of the oil, 
thus eliminating any risk of corona. Special care 
has been taken to prevent the ingress of moisture 
and yet to allow the oil to expand without causing 
an undue rise in . The fixed-contact 
assemblies embody spring-loaded plungers, the lower 
faces of which engage with cylindrical moving con- 
tacts. These fixed contacts are connected to 
adaptors by flexible copper braids, the adaptors 
themselves being secured to the lower ends of the 
bushing conductors. 

The operating mechanism, which is housed in the 
top plate, consists of a system of levers so arranged 
that a vertical straight-line motion is imparted to 
each lifting rod. e travel and speed of the 
contact bars are controlled at the end of the closing 
stroke by a spring buffer and at the end of the 
opening stroke by oil-filled dashpots. The arc- 
control devices are of the cross-jet double-orifice 
compensated t; and are mounted on contact 
adapters at the lower ends of the terminal] bushings. 
Ring-type current transformers are clamped to the 





underside of the top plate, where an electric heater 
is provided for use in tropical countries or where the 
humidity is excessive. Operation can either be by 
solenoid or springs, the mechanism being housed 
in a sheet-steel kiosk, which also contains the 
necessary control contactors, auxiliary switches and 
accessories. The kiosk is also fitted with an electric 
nthe xhib ded by Messrs. 
The princi exhibit provi y 
Bruce wea Company, Limited, Edinburgh, 
is the 2,000-kVA transformer shown in Fig. 142, 
opposite. This is being shown without its tank and 
has a voltage ratio of 33,000/11,000/433 volts. Itis 
fitted with an off-load tapping switch for — 5 per 
cent. and +7-5 per cent. variations, and with an 
on-load tap changer to give a voltage variation of 
8-6 cent. in 12 steps. 
~The ian firm are - ln a 20-h.p. 440-volt 
three-phase squirrel-cage induction motor. This 
is fan-cooled and is designed to run at 975 r.p.m. 
It is suitable for operating in atmospheres where 
protection from dust, dirt, fumes, drips or splashes 
is necessary. Other exhibits, which allow the design 
and construction of the modern electric motor to be 
studied, are a 250-h.p. totally-enclosed induc- 
tion motor, with its control cubicle and pedestal, 
by the Metropolitan-Vickers Electrical Company, 
Limited, Manchester, and, at the other end of the 
scale, a }-b.p. squirrel-cage induction motor contri- 
buted by Hoover, Limited, Perivale, Middlesex. 
Examples of the equipment which will be used 02 
the 275-kV system mentioned in the first paragraph 
on page 133 are provided by the terminal bushings 
shown by the Micanite and Insulators Company, 
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Limited, Walthamstow, London, E.17, and the! 
Bushing Company, Limited, Hebburn-on-Tyne. In 
the first of these terminals, the main insulation 
consists of an interior bushing of paper, which is 
totally immersed in oil. This bushing is enclosed in 
a ribbed porcelain insulator at the oil end, and there 
is a metal flange in the middle with a shedded porce- 
laininsulator at the outdoor end. There is ample 
room for the oil to expand and the parts are held 
together through a spring by a brass tube, which 
carries the interior condenser bushing. The elec- 
trical connection to the top terminal is made through 
a flexible connector inside the cap, and the bushing 
is sealed against the ingress of water and the leakage 
of oil. An illustration of this bushing is given in 
Fig. 138, on Plate XII. 

_ The exhibit of the British Thomson-Houston 
Company, Limited, Rugby, consists of a working 
demonstration of a 350-ampere 600-volt mercury- 
arc rectifier. This is made from glass containing a 
high percentage of silica to ensure good heat- 
Tesisting properties, and may be regarded as a 
typical example of the firm’s designs in this class of 
equipment, 

_Electric industrial heating is represented by an 
alr-operated rivet heater and upsetting machine, 
made by Messrs. Holden and Hunt, Old Hill, 
Staffordshire, for heavy-duty work. Rivets from 
# in. to 1 in. in diameter can be handled and the 
transformer rating can be varied from 50 to 
350 kVA. By a slight modification to the tooling 
the machine can be converted into a projection 
welder, 

The Hall of Electricity also contains a number 





of examples of portable tools and domestic equip- 


ment. Among the former, mention may be made 
of the display of Messrs. Wolf Electric Tools, 
Limited, Hanger-lane, London, W.5. This consists 
of examples of the firm’s }-in. and #-in. heavy-duty 
portable drills, a pedestal grinder and a 4-in. heavy- 
duty electric grinder. The }-in. drill is driven by 
a 250-watt motor and runs at a spindle speed of 
290 r.p.m. on full load. The overall length is 
only 15 in., and the distance from the centre of the 
spindle to the outer casing is 1} in. The #-in. drill 
is slightly smaller, but is driven by a motor of the 
same capacity. The pedestal grinder consists of a 
4-h.p. totally-enclosed motor, which is mounted on 
dustproof ball bearings, and drives two 8 in. by 
# in. by § in. grinding wheels, one of which is coarse 
and the other fine. It is fitted with illuminated eye 
shields, the lamps for which are either wired to the 
motor switch or are supplied separately. The whole 
is mounted on a cast-iron pedestal with a built-in 
water-pot. 

On the weak-current side of the industry, Cinema- 
Television, Limited, Worsley Bridge-road, London, 
S.E.26, are showing equipment for automatically 
detecting the presence of both ferrous and non- 
ferrous metals in non-metallic material. This 
consists of a head in which there is a central aperture, 
so that a conveyor belt carrying the articles to be 
examined can be passed through it. This head also 
contains a former on which an oscillator coil and 
two pick-up coils are wound, the coil system being 
suspended in a metal casing and connected so that 
the mutual inductance between the oscillator and 
pick-up coils is zero. Any metal entering the fields 
of these coils disturbs this electrical balance, so that 
a very small voltage is induced in the pick-up coil. 





This voltage is then fed back to a contro] unit, 
where it is amplified and used to operate a relay 
connected to an alarm system. This control unit 
consists of a main amplifier and detector, stabilising 
transformer, main switch and relay unit. The 
valves in the amplifier are mounted on a cadmium- 
plated steel chassis, which is contained in a dust- 
proof casing carried on anti-vibration mountings. 

The application of electronics in industry is 
illustrated by the radio-frequency induction heater, 
which is being exhibited by Redifon, Limited, 
Broomhall-road, London, §.W.18. It is being 
shown in action heating 1-in. billets of stainless steel, 
and is fitted with push-button control so that visitors 
can operate a complete heating cycle at short inter- 
vals. The equipment consists of an oil-cooled 
transformer, and power pack and oscillator sections, 
the two latter forming self-contained units which are 
bolted together and enclosed in quickly detachable 
aluminium skins. The switchgear, which is of 
robust design, is grouped on a sub-chassis, which can 
be swung out for inspection purposes. Output 
loading condensers are provided under a removable 
panel and the power can be controlled by a hand- 
wheel on the front of the set. This wheel is fitted 
with a scale, so that it can be set for a pre-determined 
output. The application of power is prevented by 
an interlock until the cooling water for the coil is 
flowing freely. The unit only occupies 30 in. by 
30 in. of floor space, and is mounted on wheels 
so that it can easily be taken to a machine tool 
for heat-treating the articles as they are produced. 
The continuous output power of the equipment 
is 8 kW at a nominal frequency of 475 kilocycles, 
the maximum circulating current in the work coil 
being 350 amperes and the maximum voltage 
1,000 volts root mean square. 

A portable electro-medical short-wave therapy 
unit is being shown by Radio Heaters, Limited, 
Wokingham, and a portable diagnostic X-ray unit 
by General Radiological, Limited, Clipstone-street, 
London, W.1. 

The display in the Hall of Hydro-Electricity at 
Glasgow is designed to show the rapid growth in 
the use of water power during recent years; it 
may be noticed that the story told has a distinctly 
Scottish setting. As, before the coming of steam, 
water was one of the few sources of power readily 
available to industry, factories tended to be estab- 
lished on rivers. With the advent of the steam 
engine, cities grew up near the coalfields and the 
depopulation of the countryside, particularly in 
Scotland, began; this is illustrated in the first 
section of the Hall. The next section shows how 
this tendency was checked by the establishment of 
the Kinlochleven and Lochaber schemes of the 
British Aluminium Company and later by the 
Galloway power scheme ; and how the activities of 
the North of Scotland Hydro-Electric Board will 
have even more productive results in the same 
direction. 

The third section of the Hall deals with the 
tasks which have to be undertaken by engineers in 

ing out hydro-electric schemes. These include 
the building of dams to impound the water during 
the dry seasons, its diversion from many sources 
into the reservoirs thus formed, and the connection 
of these reservoirs to the power stations by tunnels 
and pipelines. A mural painting shows the tunnel- 
lers at work. The hall then opens into a lofty 
chamber, the roof of which is curved to suggest 
the lines of a dam. In th> far wall are recesses 
down which miniature waterfalls stream, and against 
these recesses are a number of displays showing 
various aspects of the work involved in carrying 
out a scheme, most of which are chosen from the 
Loch Sloy undertaking. 

The first recess deals with the preliminary work, 
such as the building of roads, railways and camps, 
the opening out of quarries and ths erection of 
temporary power stations, which has to be carried 
out before operations on the scheme proper ate 
started. The second, third and fourth deal with the 
construction of the dam, tunnel and power house, 
and the fifth illustrates the projects of the Board 
which have been completed already and the principal 
ones which are now under construction. Finally, 
examples are given of how the electricity generated 
will be used and, especially, how its availability 
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will affect the amenities of those living in the 
Hi and perhaps enable the unused raw 
materials of the north to be developed for founding 
new industries. 

The outer gallery of the hall is illustrated in 
Fig. 139, Plate XIII. It is dominated by a bronze 
and brass mural of the water horse or kelpie, the 
ancient legendary Gaelic creature of the Scottish 
rivers and lochs. A waterfall descends into the Hall 
of Civil Engineering. There are also alcoves in 
which the methods of preserving the beauty of the 
glens is illustrated by reference to the Glen Affric 
scheme of the North of Scotland Hydro-Electric 
Board, and how sport is protected by the provision 
of fish ladders. Future sources of power are dealt 
with in other alcoves, the possibilities of using 
wind and peat being illustrated. There is also a 
model of the Severn barrage, to indicate that there 
may be sites for utilising tidal power on the west 
coast of Scotland. 

Included among the exhibits are a J,th-scale 
model of the Loch Sloy power station, with one 
turbine and one alternator sectioned, which is 
shown by the English Electric Company, Limited. 
Further models, relating to the same scheme, are of 
a 45,500-h.p. water turbine and alternator, main 
transformer, and half the main switching station 
at Inveruglas, as well as of the landscape round 
Loch Sloy. This scheme was fully described on 
page 1 et seq of our 170th volume (1950), but it 
may be recalled that it consists of a reservoir with 
a capacity of 1,200 million cub. ft. from which water 
is taken through a 1}-mile tunnel and pipelines to a 
power station containing four 32-5-MW sets. 
Francis turbines, which form the prime movers of 
these sets, operate under a gross head of 900 ft. to 
710 ft., and current is generated at 11 kV when 
they are running at 428 r.p.m. The output is 
stepped up to 132 kV in an outdoor substation and 
controlled at a switching station at Inveruglas about 
a mile away by pneumatically-operated circuit- 
breakers with a rupturing capacity of 1,500 MVA. 

The cascades of water mentioned above and the 
various fountains and jets have necessitated the 
installation of five single-stage pumps with a total 
duty of 3,500 gallons per minute. These were 
supplied by the Harland Engineering Company, 
Limited, Alloa, and are driven by squirrel-cage 
motors manufactured by the same firm. Pumps 
are also represented in a typical station for indus- 
trial or public utility undertakings. This consists 
of plant also manufactured by the Harland Engineer- 
ing Company, as well as of auxiliary equipment by 
Belmos, Limited, Bellshill, Lanarkshire; Glenfield 
and Kennedy, Limited, Kilmarnock; and George 
Kent, Limited, Luton. The main exhibit is a 
vertical “ Electroglide” single-stage pump with an 
integral electric motor, a section of the pump casing 
being cut away to expose the impeller, neck rings, 
bearings and shaft. The fabricated casing is 
strengthened to support the motor and is designed 
so that radial thrust is minimised. It has axial 
suction branches, and its radial delivery branches 
enable the delivery take-off to be arranged in the 
most convenient position. The end cover, which 
may be of fabricated steel, cast iron or bronze, 
according to the duty, contains the stuffing box, 
neck ring, and sealing and balance connections. 

The single-entry overhung impeller is of cast 
bronze and is balanced dynamically. A long shaft- 
mounting boss is extended through the stuffing box 
and is fitted with a removable stainless-steel sleeve 
where it passes through the pump gland. The im- 
pelleris “ blind ” at the suction end, thus eliminating 
contact between the liquid and the driving shaft. 
Neck rings of leaded bronze are fitted on both sides 
of the impeller and the back neck-ring leakage is dis- 
charged to atmosphere or to the suction side of the 
pump, so that the gland operates against low 
pressure. The gland packing rings are retained in a 
housing in the end cover and a lantern ring is pro- 
vided for use where a grease sealing, clean-water or 
internal sealing is required. This gland is adequate 
for operation on a positive suction head and, in 
certain circumstances, it is possible to operate the 
pump without gland and packing. e high- 
tensile steel pump shaft is an extension of the 
motor driving shaft and is machined to receive the 
impeller, which is secured to it by a keyway, nut 





and impeller cap. The valve headstock is designed. 
to allow the manual operation of a 10-in. sluicé 
valve in the delivery pipe. 

The motor, which is also of Harland manufac- 
ture, is designed to operate as a common unit with 
the pump. Its end-cover is bolted directly to the 
casing, which acts as a stool in vertical units. The 
motor is controlled by an automatic air-break 
star-delta contactor switch, which is installed in a 
sheet-steel housing with a triple-pole isolating 
switch in a separate compartment. 

The set is provided with Telerecorder equipment, 
which includes a circular moving-coil milli-ammeter 
receiving indicator. The direct-reading flow inte- 
grators are in a circular case and are continuously 
in operation. Their movement consists of a watt- 
meter motor, which is provided with heavy jewelled 
bearings, spring-cushioned to prevent damage by 
vibration. In the strip chart recorders the pen 
tracing is on separate widths of chart for each 
point. The chart drawing unit is a slow-speed 
synchronous motor. 

The connection between the generation of electric 
power by water and agriculture is illustrated in the 
Hall by a number of examples of motor-driven 
equipment. These include milking, butter-making 
and shearing machines, as well as cream separators 
and portable tools of various kinds. Among these, 
mention may be made of the small hammer-mill for 
producing animal feeding stuffs and poultry foods, 
which is exhibited by Messrs. Christy and Norris, 
Limited, Chelmsford. This consists of a series of 
swing hammers of high-carbon steel with four cutting 
edges, the life of which can be increased by reversing 
them from side to side and end to end. They are 
carried on a spindle which is mounted in ball and 
roller bearings and are driven by a 3-h.p. motor, 
fitted on a pivot base and driving through a Vee- 
belt. The machine is provided with a suction feed, 
which incorporates an iron and stone trap. There 
is also a cut-out device which shuts it down auto- 
matically when the supply of corn from the grain 
hopper ceases. The meal is delivered into bins 
pneumatically by a fan, a two-way valve being 
fitted so that two or more bins can be dealt with 
simultaneously. 

Messrs. E. H. Bentall and Company, Limited, 
Maldon, Essex, are showing a root cutter consisting 
of a series of chopping knives which are mounted on 
steel slicer blades. Each blade and knife forms a 
separate detachable unit which can be replaced 
separately. The knives pass through slots which are 
designed to prevent choking and to assist the passage 
of the sliced roots into a delivery spout. The cutter 
is operated by a 1-h.p. electric motor and has an 
output of about 3 tons or 2 tons per hour, depending 
on whether a clearer is fitted or not. It can be 
mounted on rubber-tyred wheels. 


(To be continued.) 





IRON AND STEEL ALLOCATION SCHEME.—The Minister 
of Supply has made an Order calling for returns of iron 
and steel consumed during the first half of 1951, corres- 
ponding stocks, and estimated requir ements for the follow- 
ing nine months. The objectisto collect information on 
which the allocation of steel can be based, and two returns 
are called for. Return A is required if an undertaking 
consumed 25 tons or more of non-alloy iron and steel in 
the half year; a separate return is needed of all the iron 
and steel, including alloy iron and steel, consumed and 
held in stock in each of the undertaking’s works and 
stockyards. Return B is required if an undertaking 
consumed either 5 tons of alloy iron and steel or 1,000 Ib. 
of high-speed steel in the half year. A separate return is 
needed of all the alloy iron and steel, including high- 
speed steel, consumed and held in stock at each of the 
undertaking’s works and stockyards. Returns are not 
required from works using iron and steel only for the 
main processes of iron and steel manufacture ; for iron 
castings other than alloy-iron castings; or from scrap 
merchants, stockholding or distributing merchants; or 
from warehousemen. All returns must be made not 
later than August 22, on official copies of the forms set 
out in the second schedule to the Order. Copies of these 
forms are being sent directly to all steel-using firms whose 
names and addresses are known. Firms which have not 
received copies by August 8 must write immediately to 
the appropriate Regional Controller, Ministry of Supply, 
who will send forms at once. Copies of the Order—the 
Iron and Steel Utilization (Information) Order, 1951— 
are obtainable from H.M. Stationery Office. 





THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS. 


(Continued from page 117.) 


Tue technical sessions of the International 
Conference of Naval Architects and Marine Engi- 
neers were resumed on the morning of Thursday, 
June 28, when a paper on “‘ The Characteristics and 
Development of Naval Fuel Oils” was presented 
by Mr. M. Blanchier, of the Association Technique 
Maritime et Aeronautique. The chair was taken 
by the President-elect of the Institution of Naval 
Architects, Viscount Runciman of Doxford. 


Navat Fue. Ons. 


The purpose of his paper, Mr. Blanchier said, 
was to review certain fuel characteristics to which 
the technical aspects of fuel utilisation lent a special 
significance. Sulphur, for example, was one of the 
most undesirable elements to be found in any fuel, 
whether for combustion in Diesel engines or under 
boilers ; if its presence had to be tolerated to avoid 
undue restriction of supplies, nevertheless it was 
essential to ensure that the proportion of sulphur 
should not exceed a certain percentage—it was 
suggested, 2 per cent. Again, the adverse effects of 
introducing sodium into boilers was well known 
only a small proportion of sea water should be 
tolerated in fuels. Moreover, the ash content 
should be fixed. At the present time, however, the 
question which raised the most serious difficulties 
was that of pumping fuels at low temperatures ; 
there was no standard method for determining in 
advance the pour-point of a mixed-base fuel—i.e., a 
fuel with an asphalt-paraffin base—though investi- 
gations were proceeding, as a result of which it 
was hoped to develop such a method. Some 
modern cracking processes tended to leave in the 
fuel oil a certain amount of lighter hydrocarbons, 
an excessive quantity of which could be dangerous, 
especially when burners were being lighted; the 
explosibility of such vapours should be controlled, 
and should not rise above half the lower limit of 
explosibility of the natural gas. There was a 
tendency, too, in modern specifications, to ignore 
the asphaltic content of a fuel; but, for its com- 
plete combustion, asphalt required a fairly high 
temperature, and as fine a pulverisation as possible. 
As soon as the asphalt content rose above 10 per 
cent., the heating and pulverisation became insuffi- 
cient to ensure proper combustion, and small dry 
pellets were formed in the furnace. The use of 
heavy fuel oils in Diesel engines depended on their 
purity, the principal characteristics of which were 
a low ash content and a low sulphur content. 
Adequate arrangements for heating the oil to a 
suitable viscosity for injection were also necessary. 
No special technical problem was raised by those 
requirements. 

Commander (E) L. E. S. H. Le Bailly, R.N., who 
opened the discussion, said that, during the past 
two years, he had worked with Mr. Blanchier, 
trying to ensure that the fuels and lubricants used 
by the Western European Allies were interchange- 
able and, where possible, even to a standard 
specification. So far as the Royal Navy was con- 
cerned, thanks to the wisdom and foresight of Lord 
Fisher, Prince Louis of Battenburg, and the then 
First Lord of the Admiralty, Mr. Winston Churchill, 
Britain had pioneered the use of liquid fuel. In 
those days, and for several years afterwards, the 
navies did not have to worry very much about 
fuels, but, since then, the whole world situation had 
changed, and any navy which did not give very 
serious consideration to fuel problems would be 
guilty of something worse than short-sightedness. 
Some of those problems were purely combustion 
problems ; others, such as handling problems, both 
at sea from ship to ship and on board ship (and 
naval ships used fuel as an instrument to correct 
heel or trim, following enemy damage) were possibly 
purely naval problems. Ships had to be designed 
to suit the fuels which would be available in two or 
three or four years’ time, which was not made easieF 
by the vigour and speed with which the petroleum 
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industry moved; of all the great industries, it 
seemed to be the most relentless in the way that it 
discarded out-of-date techniques and processes. 
The British Admiralty, encouraged by a long and 
happy association with the Anglo-Iranian Oil 
Company, turned to the British petroleum industry 
as a whole with their problems, and the industry 
had met them wholeheartedly. The Admiralty 
Oil Quality Committee consisted of representatives 
of the industry, independent petroleum technolo- 
gists of note, and Admiralty representatives ; and 
the Admiralty felt that there was no better advice 
available than the industry was giving them. He 
disagreed with the author regarding the importance 
which he attributed to the effect of sulphur on per- 
sonnel. His own experience, in both peace and 
war, suggested that, if the ventilation systems 
of ships were such, or if the enemy damaged a ship 
so much, that funnel gases got into the machinery 
spaces, 1 or 2 per cent. of sulphur did not make much 
difference. 

A matter which should be brought into the 
paper was the effect of the compatibility require- 
ment on the availability of fuels. To tie down 
the fuels required in the Navy between the two refer- 
ence fuels that the author mentioned meant that 
there was, on either side of those fuels, a considerable 
margin of incompatible fuels which, in an emergency, 
might be needed. The author referred to the 
testing of fuel at a temperature of 200 deg. F.; 
future combustion designs envisaged a viscosity 
which appeared to require a temperature of 220 to 
230 deg. F., which meant that the test did not 
simulate future conditions. Fuel users would 
look forward to the petroleum industry’s answer to 
Mr. Blanchier’s statement, at the beginning of the 
paper, to the effect that the quality of fuel, by reason 
of present-day refining practice, was steadily 
deteriorating. 

Mr. H. F. Jones thought that all fuel suppliers 
would agree that there should be restrictions on the 
water content of the fuel, but that the overall aim 
should be no sea water in the fuel. However, that 
purpose was not achieved, nor were the restrictive 
limits of much use, so long as ballasting with sea 
water or displacement of the fuel oil by sea water 
continued. In connection with sulphur content, 
the author referred to trouble due to corrosion of 
the boiler drums, of the boiler tubes, and of the 
“platework.” The term “ platework ” was rather 
broad—perhaps due to translation—and the author 
did not specifically mention troubles in the low- 
temperature zones, such as the preheaters and 
economisers ; more information on that would be 
welcome. There was a reference to conditions 
where an ash content of 1 part per 1,000 corre- 
sponded to a wastage of 1,500 kg. of brickwork per 
ton of fuel consumed; the author corrected the 
latter figure to 1-5 kg. He spoke of two-thirds of 
the ash from the fuel being sulphate of soda, and 
perhaps he was assuming that all that sulphate of 
soda reacted on the alumina in the fireclay. That 
was highly improbable, particularly as a portion 
of the sodium was deposited on the water tubes. 
The author also stated that experiments to find a 
method suitable for breaking up emulsions on an 
industrial scale by the application of Sinnopon had 
been successful. Had its use facilitated the separa- 
tion of water by centrifuging, or had it made 
separation by centrifuging more difficult? It 
was also stated that ‘‘the general heating system 
must be capable of raising the temperature of all 
the fuel to 30 deg. C. (about 86 deg. F.) ‘‘ even under 
the most severe temperature conditions, which in 
Europe had been fixed as 1 deg. C. for sea water 
and 8 deg. C. for the atmosphere.” Surely, the 
atmospheric temperature under the most severe 
conditions would be below that of the sea water ? 
Perhaps the figure for the atmospheric temperature 
should be — 8 deg. C. ? 

In the final section of the paper, dealing with 
the use of boiler fuels in Diesel engines, the author 
had stated that, whenever the temperature at 
any part of the engine in contact with the combus- 
tion gases fell below the dewpoint—somewhere in 
the region of 175 deg. C.—sulphuric acid conden- 
sation with a solution of sulphur dioxide might take 
place; and he pointed out that the temperature 
in a crankcase was obviously much lower. Mr. 


Jones questioned that 175 deg. C. was the dewpoint 
of sulphuric acid ; but the crankcase derived some 
benefit from oil mist protecting the parts from 
attack by sulphur. Gas oil was mentioned as being 
contaminated with sulphur. Gas oil had a small 
amount of sulphur in it, which resulted from the 
crude and remained as a distillate; the author’s 
statement might give the idea that it was added, or 
was in the form of pollution. 

Mr. H. T. Lorne gained the impression that too 
much emphasis was being placed on the bad points 
of Middle East fuel oil; there were instances in 
which they were very satisfactory. Fuel cils were 
known to contain sulphur, and it was gratifying 
to note that 34 per cent. at least was tolerable. 
A good deal more than 3} per cent. was tolerable ; 
the specification of that figure by the French Navy 
was purely an interim measure. In a year or 
two, they would be saying that 4} per cent. was 
perfectly satisfactory. It was suggested that no 
more than 2 per cent. of sulphur should be allowed 
in fuels for Diesel engines ; fuels of much greater 
sulphur content had been used with complete 
satisfaction. Admittedly, with the increasing loads 
on boilers, the problem of deposits might arise 
in a different form in the future from that of the 
past; but a drive should be made to restrict the 
sea-water contamination. 

A lot of emphasis was placed—he believed, 
wrongly—on measuring the highest pour-point 
that could be obtained for a fuel. By proper heat 
treatment, the “ pumpability”” of fuels could be 
greatly improved; and the pour-point might not 
be an indication of the “ pumpability” or per- 
formance of the fuel. In most cases, with the waxy 
asphaltic types of fuel oil from Middle East crudes, 
the pumpable limit has been 20 deg. below the 
apparent pour-point. Rather than spend time 
fixing on the highest pour-point that could be got, 
more effort should be applied to handling the fuel 
under normal conditions. The author’s statement 
on the bad effect of modern oil-processing was far 
too sweeping. Undoubtedly, in the past, some 
processes caused fuel deterioration, but that was 
not true to-day. Only certain types of cracking 
processes caused deterioration of fuel oils, and there 
was strong reason to believe that other types 
improved them; the author might well find that 
great improvements would be effected by the intro- 
duction of modern cracking processes. With regard 
to vanadium in the ash: the author had quoted 
vanadium contents of up to 0-05 per cent. in heavy 
fuel oils from Iraq ; but Iraq fuel oil had a vanadium 
content of no more than about 40 parts per million ; 
so it seemed that the figure of 0-05 per cent. must 
be a misprint. 

Mr. C. W. G. Martin said that there had been 
much misconception about deterioration in quality. 
Admiralty fuels had become higher in viscosity, but 
there was good reason for it. Generally speaking, 
fuels had not deteriorated; in many cases, the 
major companies were quoting specifications 
superior to those they quoted before the war. 
Sulphur was not an “impurity.” The word 
“impurity” meant to him something introduced 
accidentally, or deliberately for some ulterior motive. 
Sulphur occurred not only in gas oil, but in the 
heavier fuels as well. It could be taken out of oils, 
but it was not possible economically to take it out 
of residual fuels. Of course, it could be burned. 

Some work at Thornton Research Station had 
given results jn which there was no evidence to 
suggest that conditions might worsen compara- 
tively suddenly with sulphur contents above 34 per 
cent.; he mentioned that work to follow up the 
remark of an earlier speaker, that there was no 
particular magic in 3} per cent. as the sulphur limit. 
He was also much concerned by the attempt to 
restrict the sulphur content of oils used in Diesel 
engines to 2 per cent. It was illogical that fuels 
should have 3} per cent. of sulphur when used in 
a boiler, and only 2 per cent. in a Diesel engine. 
There were 36 motorships in the Anglo-Saxon 
Petroleum Company’s fleet running on fuel oil 
with a sulphur content of between 2 per cent. and 
3 per cent., without any adverse effect as compared 
with ships in the same fleet running on marine 
Diesel fuel. 





There was a good deal to be said for the ash 


limitation of 0-1 per cent. in the fuel for warships, 
but the author seemed to be in error when he said 
that two-thirds of the ash was sodium sulphate. 
Mr. Martin doubted whether an ash content of 
0-1 per cent. was equivalent to sea-water con- 
tamination of 2 per cent. and he could not believe 
that the amount of natural ash present in any fuel 
oil could have the same deleterious effects on the 
refractories as had sea water. Teepol, as a means 
of separating water from fuel oil, was effective in a 
critical concentration ; beyond that, it might do 
more harm than good. A good deal of laboratory 
work had been done with additives, but so far 
it seemed inconclusive. The author appeared to 
be worried because people did not mention asphalt 
content in fuel oil specifications; that omission, 
however, was understandable, because the asphalt 
determination was a laboratory solubility test and 
had little to do with the burning properties of the 
fuel. Asphaltic bitumen would burn perfectly well 
with the proper equipment. 

Mr. H. Gamlen was of the opinion that sulphur 
in fuel oil, or in solid fuels, was undesirable in 
either a boiler or a Diesel engine ; and still more so 
in numerous other types of installation, such as 
steel furnaces and glass ing furnaces, etc. 
In commercial practice, it was difficult to set up 
arbitrary limits for sulphur and other constituents. 
Merchant ships, especially, must take such fuels as 
were available, consistent with the economics of 
fuel-oil production. Even the United States Navy, 
which had special Navy fuel, had not eliminated the 
problems of sulphur, combustion deposits or sludge. 
With regard to emulsified oil and water, the problem 
of de-emulsifying without danger of re-emulsifying 
was now being handled to the complete satisfaction 
of the user. In the United States and on the Conti- 
nent, many hundreds of ships were having their 
fuels treated at very low cost, and they were using 
both Diesel oil and boiler fuel. According to the 
majority of fuel-analysis certificates, sulphur was 
listed in its metallic form ; but sulphur could hardly 
exist in its metallic form in fuel oil. Its presence in 
oil was usually in a combination such as carbon 
disulphide, sulphates, etc. It had been shown in 
many papers and lectures over the previous 20 years 
that the dewpoint had a long range of temperature, 
depending on the amount of water present, for 
example. When starting a boiler from cold, the 
amount of sweating and deposition of sulphurous 
and/or sulphuric acid was dependent on the existing 
circumstances. The formation of sulphur com- 
pounds took place, for the most part, at quite 
normal temperatures ; for instance, at the boiler 
metal temperature. 

In the case of superheater tubes, Mr. Gamlen: 
continued, an entirely different set of circumstances 
prevailed, so that the sulphates could actually 
become plastic; and, as the spaces between tubes: 
became closed, impedance was offered to the flow 
of gases out of the boiler, to set up a new order of 
circumstances quite unrelated to the sulphur com- 
pounds. If the gases could not get out of the 
boiler, a reducing atmosphere, high in CO,, was 
created to cause a chain of reactions. There were 
many records of samples of fuel oil, taken from 
ships’ tanks, where the combined sulphur and 
sulphates averaged 8-8 per cent. for a whole year ; 
yet these so-called undesirables had been and were 
being successfully controlled by safe and simple 
chemical means, For instance, by correct treatment 
it was possible and practical to remove water- 
soluble sulphate by precipitation and centrifugal 
separation. The vanadium content of fuels was 
undoubtedly an excellent catalyst. Among thou- 
sands of samples of deposits of combustion analysed. 
over the previous 20 years, they had found vanadium: 
quite frequently, in amounts from 0-2 to 8 per 
cent., in the form of V,0,. Sulphates were usually 
water-soluble, though he would not recommend 
that water should be used, for obvious reasons. 
It was possible, however, that the water content of 
fuel served the purpose of dissolving soluble sul- 
phates, provided that the precipitated water was 
separated chemically from the fuel before it entered 
the boiler furnace or Diesel engine. 

Mr. Blanchier did not reply to the discussion 
orally. 





(To be continued.) 
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MIXED-TRAFFIC 2-6-4 TANK 
LOCOMOTIVES, BRITISH 


RAILWAYS. 


Tue photograph and drawings reproduced on this 
age are of the fourth type of British Railways standard 
ocomotive of which details have so far been published. 
It is a class-4 2-6-4 tank engine, corresponding in size 
and power to the class-4 4-6-0 locomotive of which a 
description was given in ENGINEERING for June 22. 
The dimensions, etc., on which the tractive effort 
depends are the same; thus, there are two outside 
cylinders, 18 in. by 28 in.; the coupled wheels are 
5 ft. 8 in. in diameter; the boiler pressure is 225 lb. 
per square inch; and the tractive effort is 25,100 lb. 
The adhesion factor is 4-73 and the braking power is 
44-2 per cent. Other principal dimensions, together 
with weights, are given in Figs. 2 and 3. The features 
of the new design which are characteristic of the British 
Railways’ family of standard locomotives are apparent : 
the taper boiler with top-feed, the foot-framing set 
high, the shape of the cab—and the chimney—and the 
arrangement of the motion; though, as it is a 2-6-4 
tank engine, a two-bar crosshead has been used in 
conjunction with a motion bracket which also supports 
the expansion link. On the class-4 4-6-0 engine a 
single-bar crosshead and \a separate expansion-link 
bracket have been used, and the radius rod is sus- 
pended from a link in frent of the expansion link. 
The new engine, No. 80,010, is the first of 44 which 
are being erected at the Southern Region’s Brighton 
works this year; 10 are also to be built by the London 
Midland Region at Derby. The manufacture of the 
details of the locomotives being built by the Southern 
Region is divided between the works of that Region— 
Eastleigh, Ashford and Brighton. The 54 locomotives 
will be allocated as follows :—Scottish Region, 21 ; 
Southern Region, 10; Eastern and North Eastern 
Regions, 3; and London Midland Region, 20. They 
have been designed and built under the direction of 
Mr. R. A. Riddles, C.B.E., member for mechanical and 
electrical engineering, Railway Executive. The parent 





17-95 
Total Empty Weight 69-4 Tons 


office for the design of this class is Brighton, but certain 
sections have been designed at Swindon, Derby and 
Doncaster. The work of designing the new locomotive 
has been carried out in the Brighton drawing office 
concurrently with the design of the class-4 4-6-0 
locomotive. The tank engine is intended for short- 
distance working, such as suburban and cross-country 
passenger trains, and the shorter distance freight 
workings, and will have almost universal availability 
over main and secondary lines throughout Great 
Britain. Many of the details of the two class-4 types 
are interchangeable, and various features of the design, 
including nearly all the fittings, are common with those 
of the other British Railways’ standard types. 

The boiler is of the same general design as that of 
the L.M. Region class-4 2-6-4 tank engine, except that 
the staying has been redesigned to accommodate the 
higher boiler pressure, which has been increased from 
200 Ib. to 225 lb. per square inch. The shell is of 
ordinary quality steel plate and the barrel is made of 
two rings, the second of which is tapered. The front 
barrel ring is rolled from # in. plate and the second 
ring from -in. plate, the outside ,diameter being 
4 ft. 9 in. at the front and 5 ft. 3 in. at the firebox end. 
The smokebox tubeplate is of the drumhead type, 
? in. thick. There are 21 large flue tubes, 5} in. in 
outside diameter, 7 s.w.g. thick, and 157 small tubes, 
1}? in. outside diameter, and 12 s.w.g. thick. The 
length between tube-plates is 12 ft. 3 in. The Belpaire 
firebox has outside dimensions at the bottom of 
8 ft. 6 in. in length and 4 ft. 0} in. in width. The 
grate area is 26-7 sq. ft. The inner firebox is of 
copper, the wrapper plate being y% in. thick and the 
tubeplate 1 in. thick. The outer steel wrapper plate 
is % in. thick. Throat and back plates are of the 
vertical and of the sloping type, respectively. All the 
firebox water-space stays are of Monel metal, fitted 
with steel nuts inside the firebox, but the roof, longi- 
tudinal and transverse stays are of steel. The super- 
heater elements, supplied by the Superheater Company, 
Limited, Haymarket, London, S.W.1, are 1} in. in 
outside diameter and 10 s.w.g. thick. The boiler 


17°75 20°5 





“ENGINEERING” 
Total 86-65 Tons 


heating surfaces are as follows: tubes, 1,223 sq. ft.; 
firebox, 143 sq. ft.; total evaporative, 1,366 sq. ft.; 
and superheater, 246 sq. ft. The free flue area is 
3-78 sq. ft. 

The grate consists of seven rocking sections, each 
fitted with 14 renewable firebar units. The front four 
and rear three sections of the grate can be rocked 
from the footplate independently, the arrangement 
being such that the full travel of the lever may be used 
for fire dropping wher. the locomotive is standing over 
a pit, or a limited movement used when in road service 
for disturbing the fire to eliminate ash and break up 
clinker. The self-emptying ashpan has two flap doors 
in the lower section, operated from ground level. 
Front and rear damper doors are provided, and are 
controlled by screw gear and handwheels mounted in 
the cab. The regulator is located in the dome and is 
of the vertical-grid type with an operating shaft placed 
transversely across the boiler and mounted in a stuffing 
box in the second barrel ring. An external rod is 
employed for the connection to the regulator handle. 
Feed water is delivered through two top-feed clack 
valves placed at approximately 30 deg. on each side 
of the vertical centre-line of the front barrel ring, and 
passes over two inclined trays which deflect it round 
the inside of the barrel clear of the tube bank. A steam 
manifold is fitted on the firebox top outside the cab, 
and two safety valves are located on the firebox top 
in front of the manifold. A blowdown valve is fitted 
at the front of the firebox throat-plate immediately 
above the foundation ring, for manual operation from 
ground level ; it is supplied by the Everlasting Valve 
Company (Gt. Britain), Limited, 125, Balham High- 
road, London, S.W.12. The smokebox is supported 
by a fabricated saddle, and has a self-cleaning arrange- 
ment which consists of plates and a wire-mesh grid 
arranged to prevent accumulation of ash and the 
emission of large particles of unburnt fuel. The blast 
pipe has a plain circular cap 4} in. in diameter, which 
also contains four Cardew-type blower nozzles. 

The engine has 1}-in. steel plate frames braced by 
horizontal and vertica: stretchers, the majority of which 
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are fabricated. The axlebox guides are steel castings 
riveted to the frame plates and are provided with 
manganese-steel liners. Lugs integral with the guides 
are provided for the pin-jointed cross-stays which 
maintain the correct distance between the frames. 
The boiler is carried in the frames by rigid attachment 
between the smokebox and the saddle, and by a down- 
ward extension at each back corner of the firebox 
foundation ring resting on shoes supported by a cross- 
stretcher, to permit longitudinalexpansion. E ion 
angles of the type fitted to the side of the totes are 
not employed. The foot-plating is carried at the 
forward end on brackets attached to the smokebox, 
and at the back end on brackets which also carry 
the mechanical lubricators. The engine is fitted with 
plain-bearing axleboxes to all wheels. The coupled- 
wheel axleboxes are steel castings, with pressed-in 
whitemetalled horseshoe brasses, and sliding under- 
keeps with pads supplied with oil from a mechanical 
lubricator. Guide wearing faces are provided with 
manganese-steel liners welded to the axlebox and 
lubricated by grease. The coupled-wheel springs are 
of the laminated type with carbon-steel plates. Under- 
hung spring brackets with solid tension links, cottered 
at the top and bottom, and rubber damping pads, are 
provided, weight adjustment being made by fitting 
cotters of suitable depths. 

The cylinders are of cast iron and are fitted with 10-in. 
piston valves, operated by Walschaerts valve gear, 
giving @ maximum travel, in 75 per cent. full forward 
gear, of OF in., with a steam lap of 14 in. and a lead 
of } in. The box-type piston head has two rings, 
with a bronze spring-loaded slipper on the underside 
to minimise wear of the piston head and cylinder barrel. 
Lubrication of the cylinders and piston valves is by 
atomised oil supplied from a mechanical lubricator. 
The valve gear is lubricated mainly by grease, and plain 
bearing joints are used, except for the return-crank 
rod big-end, which is equipped with a Skefko self- 
aligning ball bearing. Screw reversing gear of the 
conventional type is fitted, but for convenience in 
operation the cab handwheel is arranged with a bevel- 
gear drive at 45 deg. to the axis of the reversing screw. 
Steam-operated cylinder cocks are provided. 

The coupled wheels are 5 ft. 8 in. in diameter and the 
tyres have the lip fastening adopted for all B.R. 
standard locomotives ; 40 per cent. of the reciprocating 
masses are balan Steam sanding is provided to 
he leading and driving coupled wheels for the forward 
direction and to the driving wheels also for reverse 
running. The bogie employs laminated springs for 
compensating beams and side bolsters. Side-play 
control is effected by means of double helical springs. 
The wheels are 3 ft. in diameter and the axleboxes 
are whitemetalled bronze castings, lubricated with 
oil but not mechanically. The axlebox guide faces 
are grease-lubricated. Helical bearing springs are 
used in the pony truck, with two nests of springs, 
each nest consisting of two springs, one inside the 
other, arranged on either side of each axlebox. The 
load is transmitted to the axlebox by means of a yoke 
and shoe. Side-play control is effected by double 
helical springs, and helical springs are also employed 
for the side-movement retarding gear fitted fore and 
aft of the truck centre on the axle centre-line. 

The steam brakes may be operated by means of a 
separate steam brake valve or in conjunction with the 
vacuum brake. The coupled wheels only are braked, 
with a single block on each wheel. The water pick-up 
is provided for both forward and backward running on 
engines operating in the London Midland Region only, 
but provision is made for fitting the gear on all engines 
if required. The cab, although designed to suit the 
smaller of the B.R. loading gauges, follows the approved 
layout for all thé standard locomotives. All the 
driving controls are grouped for easy access and 
operation in the left-hand driving position, the vacuum- 
brake, blower and sanding valves being mounted on a 
pedestal, which also serves as a firehole screen, to the 
tight of the driver. Two live-steam injectors are 
fitted on the right side of the engine, under the cab, 
with steam and water controls grouped within easy 
teach of the fireman. The cab front windows are 
inclined at 37 deg. to the front plate, thus affording 
an improved outlook for forward running. The tanks 
and bunker are of welded construction. Each tank 
has curved sides and a pressed U-shaped bottom, form- 
ing a structure of considerable rigidity, and is supported 
at the forward end on the outside slide-bar bracket and 
at the rear on a frame bracket. 





CHEMICAL SocreTy RESEARCH FuNnD.—Applications 
for grants from the research fund of the Chemical Society 
should be submitted not later than Thursday, Novem- 
ber 1. Forms of application and information on the 
regulations may be obtained from the General Secretary, 
The Chemical Society, Burlington House, Piccadilly, 
London, W.1. Applications from Fellows of the Society 
will receive prior consideration. The fund is used for 
assisting research in all branches of chemistry. 


DEVELOPMENTS IN THE 
SHORT-CIRCUIT TESTING OF 
SWITCHGEAR. 


Tue Association of Short-Circuit Testing Authorities 
(ASTA), which was formed in 1938 for the purpose of 
co-ordinating the short-circuit testing and certification 
of British switchgear and other apparatus, has recently 
greatly developed the technique of this work, through 


operation with the Department of Scientific and 
Industrial Research and other technical associations. 
It may be recalled that the primary object of this body 
has been to establish common standards of performance 
and testing, with the result that the ASTA certificate of 
short-circuit rating is now recognised throughout the 
world as the hall-mark for certified apparatus 

Since 1938, the various testing stations have accumu- 
lated much information upon which the Association 
has drawn from time to time to secure uniformity in 
the form of the tests. It has also incorporated this 
information in booklets, which have been published for 
the guidance of its members. The technique of short- 
circuit testing has now, however, reached such a high 
state of vesinggs er that it feels that certain of these 
publications should be made generally available, 
especially since increasing interest is being taken in 
the work 

The booklets that have been published are :— 
“Interpretation of Standard Rules Governing the 
Short-Circuit Testing and Certification of Oil Circuit- 
Breakers”; “Interpretation of Standard Rules 
Governing the Short-Circuit Testing and Certification 
of Low and Medium Voltage Electric Fuses for Alter- 
nating Current Circuits”; “ Rules Governing the 
Short-Circuit Testing of Circuit-Breakers which are not 
included, or have features not provided for, in B.S. 116 : 
1937 and B.S. 936:1940”; “ Rules Governing the 
Short-Circuit Testing of High-Vol Electric Fuses for 
Alternating Current Circuits”; ‘“‘ Rules for the Short- 
Circuit Testing of Circuit-Breakers in Combination with 
Back-up Fuses”; and “ Rules for the Short-Circuit 
Testing of Power Transformers, Current-Transformers, 
Reactors and Resistors.” 

These publications fall into two categories : Inter- 
pretations of existing British Standards in relation to 
the short-circuit testing of apparatus to ensure uni- 
formity of test procedure and judgment of performance 
between test stations; and rules for the short-circuit 
testing of apparatus not yet covered by a British 
Standard to ensure uniformity of testing. In general, 
each contains: information required by the Testing 
Authority for the purpose of identifying the appa- 
ratus to be tested; the information and results to 
be recorded by the Testing Authority; permitted 
deviations from the strict requirements of the appro- 
priate specifications, such as may be necessitated by the 
test plant limitations ; and the assessment of perform- 
ance as judged by the behaviour of the apparatus during 
test and its condition after test. The “ Rules” 
publications also include fundamental terms, method of 
rating and criteria of severity. In publishing the 
“ Interpretations,” the Association wishes to emphasise 
that in no way do these modify or conflict with any 
British Standard. They do, however, amplify points 
which cannot, of necessity, be covered by a general 
standard specification. The “ Rules” publications for 
apparatus not covered by British Standards are not 
intended to be final and will be subject to revision on 
the issue of such standards. 

Copies of these publications are available on appli- 
cation to the secretary, Association of Short. 
Circuit Testing Authorities (ASTA), 36, Kingsway, 
London, W.C.2, price 5s. each, post free. 





RESEARCH FELLOWSHIPS.—A committee representing 
the Royal Society and the University of Sheffield have 
appointed Dr. B. A. Bilby as Sorby Research Fellow 
from October 1, 1951, to work in the Metallurgy Depart- 
ment of the University of Sheffield on martensitic 
transformation and deformation twinning in crystals. 
Also, a committee representing the Royal Society and the 
Armourers and Brasiers Company have appointed Dr. 
A. J. Kennedy as Armourers and Brasiers Company 
Research Fellow from October 1, 1951, to work at the 
Royal Institution of Great Britain on transient creep in 
polycrystalline metals. 

Peat PRODUCTION IN IRELAND.—Between 1941 and 
1947, the shortage of coal in Eire led to an increase in 
the production of peat from some 3} million to 6 million 
tons perannum. Plans for the development of 20 large bogs 
by electrically-driven or Diesel-engine drivey machinery 
were also made and some details of this equipment are 
given in a pamphlet received from Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Manchester, 
17. The 1950-60 programme envisages an extension of 
the scheme of peat-winning to produce another million 
tons per annum, of which the greater part will be used 
for the generation of electricity. 
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NEW VESSEL FOR THE 
HARWICH-ZEEBRUGGE TRAIN- 
FERRY SERVICE. 


THE ferryboat service between Zeebrugge and 
Harwich, which is owned and operated by British 
Railways, was inaugurated in 1924. The service is 
used exclusively for the conveyance of merchandise 
and enables to be conveyed rapidly and arly 
means of through wagons without off-loading at 
the sending stations on the Continent or the receiving 
stations in Great Britain. The advantages of through 
conveyance of merchandise, particularly perishable 
goods, are obvious, as refrigerated wagons can be used 
throughout and the packing cases can be considerably 
lighter than those used when the goods are transhipped 
at the British and Continental terminals ; in some cases, 
packing can even be dispensed with altogether. 

At the outbreak of war in 1939, three vessels were in 
service on the Harwich-Zeebrugge route, but these 
were soon requisitioned by the British Government 
and put into use for the conveyance of ambulance 
trains and military stores between France and England. 
They were employed on this class of work until 1940, 
when they were taken over by the Admiralty and 
converted for special naval duties. As a result of 
enemy action, two of the three vessels were lost and 
only the Essex Ferry remained at the end of the war. 
Subsequently, she was reconverted and resumed service 
on the Harwich-Zeebrugge run in August, 1946. With 
only one vessel in service, however, sailings had to be 
restricted considerably and it proved difficult to cater 
for the large tonnage of traffic to be conveyed. As a 
consequence a second vessel, the Suffolk Ferry, was 
constructed and entered service in September, 1947. 
With the two ferries available, it became ible to 
operate a more frequent service and daily sailings 
were resumed. 

The Essex Ferry is an oil-burning steamer of 3,000 
indicated horse-power, 363 ft. in length, with a beam 
of 61 ft. 6 in. and a gross tonnage of 2,755. The 
Suffolk Ferry, on the other hand, is a Diesel ship of 
considerably larger dimensions, the beam remaining 
the same at 61 ft. 6 in., but the length increased to 
405 ft., the gross tonnage, as a consequence being 3,134. 
Both vesseis are provided with four sots of railway 
track converging into two lines at the after end. On 
the Essex Ferry the two side tracks are 238 ft. in 
length and the centre tracks 316 ft., giving a total 
track length of 1,108 ft., but on the Suffolk Ferry, 
owing to her greater length, the two outer tracks have 
a length of 223 ft. and the two inner tracks a length 
of 340 ft., the total track length in this case being 
1,126 ft. The number of wagons that can be accom- 
modated varies, naturally, according to their size and 
type, but, on an average, the number conve on 
each vo is between 32 and 38. Both vessels have 
as of 134 knots and, owing to their wide beam, 
are steadier at sea than might be expected. Modern 
navigating devices, such as radar and a equipment, 
are installed and it is the operator’s proud boast that 
departures, as a consequence, are seldom interrupted 
as a result of bad weather. 

Since its resumption the train ferry service has 
become even more popular than before the second 
World War. It has been used for a variety of purposes, 
ranging from the transport back to England of British 
locomotives used on the Continent during and after 
the war, to the carriage of fruit in insulated wagons. It 
has also conveyed a large number of new goods wagons 
built in England for use on Continental railway sys- 
tems ; in fact, the demand for conveyance of goods by 
the train-ferry service has grown to such an extent 
that it has been found necessary to replace the third 
vessel operating prior to 1939, and on March 8, 1951, 
the Norfolk Ferry, a motorship and sister vessel to the 
Suffolk Ferry, was launched from the Clydebank yard 
of Messrs. John Brown and Company, Limited, this 
vessel subsequently entering the ferry service in the 
middle of July. Commissioning of the Norfolk Ferry 
will enable the number of sailings to be increased con- 
siderably and allow the vessels to be laid up at definite 
intervals for periodic examinations and overhauls. 

As a result of the experience gained with the Suffolk 
Ferry, the new ship has a similar form below water 
but the forward superstructure has been modified. 
A photograph of the Norfolk Ferry, taken during her 
trials on the Clyde, is reproduced in Fig. 1, on page 140, 
from which it will be seen that the upper deck extends 
almost the whole length of the vessel and serves, 
therefore, as a cover for the main deck on which the 
wagons are secured. The Norfolk Ferry has an overall 
length of 397 ft. 6 in., a maximum breadth, measured 
over the fenders, of 61 ft. 6 in. and a depth, measured to 
the upper deck, of 34 ft. 9 in. In view of the heavy 
load carried on the train deck, naniely, 1,200 tons, the 
construction of the vessel is exceptionally robust. The 
frames are spaced at 2 ft. throughout the length of 
the ship and consist mainly of standard bulb angles 
interspersed at regular intervals with heavier built-up 





sections. The train deck, or hangar deck as it is 
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usually referred to, is supported at the centre by 
H-section stanchions ; these are flanked at each side by 
longitudinal bulkheads stiffened by bulb-angles, while 
between each of these bulkheads and the ship’s side is a 
further line of H-section stanchions. The upper deck, 
or roof of the hangar, is also supported by a line of 
H-section stanchions spaced approximately at equal 
intervals along the ship’s centre line. The tops of the 
stanchions are joined by a heavy H-section girder to 
which the transverse members forming the supporting 
structure for the upper deck are connected. This form 
of construction will be clear from an examination of 
Figs. 3 and 4, on Plate XIV, the former illustration 
showing a general view of the hangar looking forward 
and the latter, part of the starboard side of the hangar. 

There is no double bottom but deep tanks installed 
at the fore and after ends of the vessel, together with 
the fore and after peaks, are arranged for the carriage 
of water ballast. Fuel oil is carried in a cross bunker 
situated forward of the engine room below the engine- 
room stores, and fresh water in tanks at the after end 
of the engine room and forward of the fuel-oil tank, 
respectively. Capacity is provided for 187-5 tons of 
fuel oil, 141-2 tons of fresh water and 742-7 tons of 
water ballast. The fuel ready-use tanks for the main 
engines and generators are situated in the hangar along 
the ship’s centre line and aft of the main uptake casing ; 
they can be seen together with the uptakes in Fig. 4. 
Refuelling the vessel is quite simple, as it only entails 
shunting a tank wagon on to the hangar deck in a 
position above the fuel tanks and connecting it to the 
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refuelling line disposed at the side of the hangar. 

The vessel is propelled by twin screws, each driven by 
a Brown-Sulzer Diesel engine of the trunk-piston type. 
They are six-cylinder units having a bore and stroke of 
480 mm. and 700 mm., respectively, and developing 
approximately 1,465 b.h.p. each at 200 r.p.m., 
with a mean indicated pressure of about 76 lb. per 
square inch. The two-stroke cycle is, of course, 
employed and the scavenge air is supplied by a double- 
acting tandem-piston scavenge pump situated at the 
forward end of the engine, the pistons working in two 
cylinders piaced one above the other. The bore of the 
cylinders is 960 mm. and the pistion stroke 400 mm., 
and the air is led to the working cylinders by a rect- 
angular scavenge trunk arranged over the full length of 
the engine. In general, the engines follow standard 
Brown-Sulzer practice, the engine frame and bedplate 
being iron castings suitably ribbed to give the requisite 
strength and rigidity and the crankshaft machined 
from a single mild-steel forging. The fuel-injection 
pumps are of the single-unit type operated by a cam- 
shaft in the normal manner and are arranged to deliver 
to injectors installed in the cylinder heads, there being 
a separate head foreach cylinder. Some of the injectors 





can be seen in Fig. 7, opposite, which shows the 
cylinder heads for the port engine. Lubricating oil is 
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used to cool the pistons, the oil being delivered to the 
piston crowns through stand pipes and returning 
through sight glasses arranged along the side of each 
engine. Normally, fresh water, circulated within a 
closed system, is used for cooling the cylinder jackets 
and heads, but provision is made for the circulation of 
sea water in an emergency. 

A feature of these engines is the simplicity of the 
control gear; that for the port engine is illustrated 
in Fig. 5, opposite. It is situated at the forward 
end of each engine and comprises in each case a fuel- 
regulating lever, together with a combined starting and 
reversing lever. The fuel-regulating lever is fitted with 
a small handwheel arranged to operate a bevel-gear 
assembly which, in turn, rotates a worm meshing with 
a fixed quadrant, thus enabling a specially accurate 
control of the engine speed to be obtained. Starting 
air is supplied by three Reavell two-stage air com- 
pressors, each capable of delivering 100 cub. ft. of 
air per minute against a pressure of 450 lb. per square 
inch. They are each driven at 600 r.p.m. by a 











Hanear Deck, Looking Forwarp. 


Laurence Scott 47-h.p. electric motor and the air is 
delivered into two large air-storage bottles arranged at 
the forward end of the engine room. 

Current for the engine-room auxiliary machinery 
and the ship’s services generally is provided by three 
Davey-Paxman Diesel engines coupled to Bruce- 
Peebles 220-volt generators, each set having a con- 
tinuous rating of 125kW. The engines are four-cylinder 
four-stroke units having a bore and stroke of 9-5 in. 
and 12 in., respectively, and a maximum governed 
speed of 650 r.p.m. One of the sets is illustrated in 
Fig. 6, opposite. Steam for the ship’s services is 
supplied from a Cochran boiler having a diameter 
of 4 ft. 9 in. and a height of 11 ft. 9 in., and designed 
for an evaporation of 1,000 Ib. an hour at a pressure 
of 100 Ib. per square inch. Ancillary equipment 
supplied in connection with the boiler includes two 
Weir reciporcating feed pumps, an air pump for 
the auxiliary condenser, and a Wallsend low-pressure 
oil-burning plant. Three Drysdale Vertoil pumps, 
each of 53 tons per hour capacity, are installed for 
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TWIN-SCREW MOTORSHIP FOR HARWICH-ZEEBRUGGE 
FERRY SERVICE 


JOHN BROWN AND COMPANY LIMITED, CLYDEBANK. 
(For Description, see Page 139.) 
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supplying oil under pressure to the forced-lubrication 
system, these pumps also circulating the oil through 
the piston-cooling system. Fresh-water circulation 
for the cylinder jackets and heads is maintained 
by two Drysdale vertical pumps of 120 tons per hour 
capacity, while two similar pumps of 180 tons per 
hour capacity circulate sea-water through the various 
Serck coolers used in connection with the engine- 
cooling system and through the auxiliary condenser. 
Other auxiliary machinery installed in the engine room 
includes bilge pumps, ballast pumps and general service 
pumps, a Victor oily-water separator and fuel-oil 
transfer pumps. Three De Laval centrifugal purifiers 
are provided, two of which are used for fuel and the 
third for lubricating oil. 


Although designed essentially for the transport of 
goods wagons across the North Sea, provision has been 
made to carry twelve passengers. They are accom- 
modated in two-berth cabins situated along the star- 
board side of the upper deck and, in view of the ample 
space available, the cabins are much larger than usual. 

he officers are accommodated in single-berth cabins on 
the opposite side of the upper deck, while the master’s 
cabin and day-room is situated at the forward end of 
the same deck. There is a large and comfortable 
dining saloon aft of the passengers’ cabins, and this is 
used by both the officers and passengers. The crew 
are accommodated in the after end of the deckhouse 
on the upper deck, the amenities including separate 
cabins, messrooms, etc. As already indicated, the 
navigational equipment is comprehensive ; it includes 
a Cossor radar set, a continuous depth recorder and 
the Decca navigating system. Good maneuvrability 
is ensured by fitting twin rudders. 


Four lines of railway track are provided for the 
accommodation of freight wagons on the hangar deck, 
the four lines converging into two embarkation tracks 
at the after end as shown in Fig. 2, opposite. Each 
outer track has a length of 219 ft. and each inner 
track a length of 347 ft., the total standage available 
for wagons, therefore, being 1,132 ft. At present, exist- 
ing facilities are being used at both terminals, but work 
has commenced on the construction of a new terminal 
in the outer harbour at Zeebrugge. When completed, 
this will dispense with the necessity for vessels to pass 
through the lock into the Bruges Canal, and the time 
taken for a round voyage will be reduced by about 
2 two hours. The new terminal is expected to be ready 
Fie. 7. CyxLinpEeR Tops, Port ENGINE. by the summer of 1952. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


SHIPBUILDING CONTRACTS.—There has been a slacken- 
ing in the demand for new tonnage from Scottish ship- 
yards recently, but shipbuilders report that the number 
of inquiries has not diminished. Shipbuilding contracts 
announced since the beginning of the year have amounted 
to about 1,400,000 tons deadweight. 

GrRass-DRYING AT FORRES.—A new industry for the 
town was begun at Forres recently when grass-drying 
plant at Plasmon Mills was put in operation. The new 
venture is expected to prove of considerable benefit to 
farmers in the counties of Moray and Nairn. Transport 
costs, for example, will be reduced, as, hitherto, grass for 
drying has had to be sent to Turriff, Aberdeenshire, 
where the nearest plant was situated. 

WasTE WATER AND EFFLUENTS.—The committee 
appointed by the Secretary of State for Scotland to 
consider on what conditions, and subject to what 
financial arrangements, industries should be permitted 
to discharge waste water and effluents into the sewerage 
systems of local authorities, has decided to seek evidence 
from all persons and firms interested. Those wishing to 
submit their views on this question should communicate 
with the secretary, Mr. T. B. Skinner, Department of 
Health for Scotland, St. Andrew’s House, Edinburgh, 1, 
before September 30, 





COKE FOR INDUSTRIAL UsE.—In an endeavour to 
maintain the supply of coal suitable for industrial coke, 
the Scottish Division of the National Coal Board is 
conducting an extensive programme of boring operations 
to ascertain whether the known seams of such coals are 
continued at greater depths. A bore was recently 
begun at Culross, on the north bank of the Forth, and 
the Divisional Board expect to sink others at Comrie and 
Blairhall Collieries in the near future. On the south 
of the river, two bores at Airth and Grangemouth are 
proceeding, the former having now reached 800 ft. and 
the latter 2,500 ft. 

ABSENTEEISM AT END OF HOLIDAY PERIOD.—Most 
steelworks in Glasgow and Lanarkshire reported poor 
attendances on July 16 and 17, the scheduled days 
for the resumption of work. The failure of their work- 
people to resume their duties was interpreted by the 
managements of most firms as a further indication of 
the unacceptability by employees of one week’s vacation 
as sufficient, under present-day employment conditions. 
Production during the ensuing week was restricted to 
about one-third of the works’ total capacity. Repairs 
and overhauls of plant, rendered necessary by the 
continuous working during the first half of the year, 
were completed, however, in sufficient time for full 
production to have been resumed on the scheduled days. 

POLLUTION OF RIVERS.—Lord Morrison, Parliamentary 
Secretary to the Ministry of Works, stated in the House 
of Lords on July 26, that the Gover t were consid 
ing the introduction of an amending Bill to deal with the 
pollution of the rivers Tweed and Esk. Speaking on 
the report stage of the Rivers (Prevention of Pollution) 
(Scotland) (No. 2) Bill, the Earl of Selkirk had objected 
that the rivers which flowed between England and 
Scotland were not provided for in either the English or 
the Scottish measures dealing with river pollution. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


NorTH-East Coast INDUSTRIAL SITUATION.—Con- 
ditions in the North-East Coast iron and allied trades 
continues to be disturbing and the prospect of any early 
change for the better cannot yet be reported. Business 
is very quiet, not owing to a lack of buyers, but because 
of the reluctance of sellers to increase their already 
extensive commitments. The position regarding raw 
materials is slightly more hopeful, but supplies are still 
insufficient to meet the large requirements of potential 
consumers. Imports of Cre from abroad are increasing 
steadily, but stocks in the hands of merchants are at 
low levels. Iron and steel scrap is still wanted in vastly 
larger quantities than are available. There are many 
complaints of the inconvenience caused by the shortage 
of pig-iron. Pressure for increased deliveries of semi- 
finished steel, to meet the needs of the re-rolling mills, 
continues, and there is a larger demand for all classes of 
finished steel products than seliers are able to meet. 

TRAINING SCHEME FOR APPRENTICES.—The Marshall 
Richards Machine Co., Ltd., have announced that they 
will soon commence the training of apprentices at their 
works at Crook, County Durham. Youths without a 
secondary-school education, as well as those possessing a 
general schools certificate, will be eligible for appren- 











ticeship with the firm, provided that they show a standard 
of ability sufficient to profit from the course. The 
company established the works at Crook about five 
years ago, and have since organised a staff of skilled 
technicians and draughtsmen, whose guidance, under the 
scheme, will be placed at the disposal of apprentices. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


SHEFFIELD HoLipay PERIOD.—Industrial employees 
in Sheffield take their annual holidays in the week 
preceding the Bank Holiday week and thus combine 
their annual vacation with the statutory holiday. These 
employees, some 50,000 in number, will resume work on 
either Tuesday or Wednesday next, and the interval will 
be utilised by the maintenance men in the firms concerned 
for the execution of much-needed repair and overhaul 
work on plant and machinery. The principal exceptions 
to the general rule regarding holidays are the works of the 
United Steel Companies, Ltd.; employees of Steel, 
Peech and Tozer have had their holidays already, while 
the operatives at Samuel Fox & Co., Ltd., will not 
commence their holidays until August 10. 

ITALIAN LABOUR FOR THE COAL MINEs.—It is esti- 
mated that, in all, about 46 Yorkshire collieries will 
require to employ some of the Italian men who have 
been recruited for service in British coal mines. The 
executive committee of the Yorkshire area of the National 
Union of Mineworkers has invited branches in its area to 
express their views regarding the admission of Italians 
to the union. The question of up-grading certain 
classes of miners, such as haulage men, to the coal face 
has yet to be settled. 

SouTH YORKSHIRE COALFIELD.—It is stated in the 
survey report of the West Riding County Council, made 
in connection with the Council’s development plan, 
that South Yorkshire coal will become increasingly 
dificult to work. Production in the rich thick seams 
declined between 1938 and 1944, but increased in the 
thinner seams. In order to maintain the present level 
of output, the decreased production in the thicker seams 
would have to be counteracted by increased workings 
elsewhere. 

BRITISH MINERS TOUR OF RUHR COALFIELD.—Twenty 
South Yorkshire miners left Britain last week for a 
fortnight’s tour of the Ruhr coalfield. Part of the time 
will be spent with German miners at a summer school at 
Bochum, where joint discussions on trade-union and 
industrial problems will be held. Ten of the men went 
at their own expense, while the other ten went as repre- 
sentatives of the Yorkshire area of the National Union of 
Mineworkers. 





THE MIDLANDS. 


New Iron FouNDRY.—Work has commenced on the 
preparation of the site for a new iron foundry at Tame 
Bridge, near Walsall, Staffordshire. The foundry, which 
is being built for W. and T. Avery, Ltd., Soho Foundry, 
Birmingham, 40, is on a 122-acre site. An ordnance 
factory was built at Tame Bridge during the war, and 
part of the area has been developed as a trading estate. 
The new foundry will be built on the eastern side of the 
estate on land which is to be levelled for the purpose. 
The firm will transfer their foundry work from Soho to 
the new plant when it is completed. The old Soho 
Foundry premises were built in 1795, and though greatly 
extended since that time, are now inadequate for the 
company’s needs. The new foundry will be completely 
mechanised. Labour will be transferred from the old 
works to the newand, as the majority of the 250 operatives 
at present employed live about half-way between the 
two sites, no difficulty is anticipated in this connection. 
Welfare arrangements willinclude a canteen and washing 
facilities similar to those provided at pit-heads. 

CoaL PRODUCTION IN NOTTINGHAM.—Prior to assuming 
his new office as chairman of the National Coal Board, 
this month, Sir Hubert Houldsworth, D.Sc., has arranged 
to visit each of the six areas of the East Midland Division 
and meet the officials, technicians and colliery workmen 
who have known him as their divisional chairman since 
the State took overin 1947. At a formal farewell to the 
pit consultative committees, at Bestwood, in the centre 
of the Nottingham pits which comprise No. 6 area, he 
referred to that area as a particular example of “ splendid 
achievement.” He stated that it was recognised as the 
“most productive area of the most productive division ” 
in the British ooalfields, 

DISMANTLING A BRANCH RatLway LINE.—The 
34-mile branch railway line from Hampton-in-Arden to 
Whitacre, Warwickshire, is being dismantled. This 
short line, which connects the Birmingham to London 
main line, via Rugby, with the main line between 
Birmingham and Derby, was built as a link between the 
old Midland and London and North Western systems, 





It was closed in 1917, and has since been used only for 
the storage of wagons. 

PROPOSED NEW RESERVOIR.—The town council of 
Wolverhampton has been recommended by its water 
committee to construct a new reservoir at Goldthorn 
Hill, within the borough boundaries. A reservoir already 
exists on the site, but it is about 100 years old, and 
besides having a capacity which is too small for present- 
day requirements, it cannot be relied upon to remain 
water-tight. It is proposed that the new reservoir shall 
be of the reinforced-concrete covered type, and it is 
estimated to cost 107,440. 

WOMEN EMPLOYED ON PERMANENT-WAY MaAIn- 
TENANCE.—Owing to the prevailing shortage of 
permanent-way employees in the Midlands, British 
Railways have engaged women for this work. There are 
at present, however, 300 vacancies for permanent-way 
workers in the Midlands, so that the engagement of 
these women is only a partial solution to the problem. 
They will be employed on lighter tasks, such as oiling, 
weeding, and trimming ballast, thereby releasing men 
for heavier duties. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


SHORTAGES OF Raw MATERIALS.—An assurance from 
the Government that industries in South Wales would be 
given some priority for supplies of raw materials, to 
enable them to carry on, was referred to by Sir Percy 
Thomas, the chairman of the Welsh Board for Industry, 
at last week’s meeting of the Board. A deputation from 
the Industrial Association of Wales and Monmouthshire 
which attended the May meeting of the Board, expressed 
its doubt regarding the ability of many Welsh industries 
to carry on, in view of the shortages of raw materials. 
Sir Percy stated that the arguments presented by the 
Association had been referred to headquarters in London 
and a reply had been received that the Government 
would pay due regard to the interests of firms in Wales 
and their problems. Although no definite promise was 
made, the Board had been assured that the Government 
would not throw away lightly all that had been achieved 
in the development areas during the past five years. 

ELEcTRIC MOTORS FOR THE UNITED STATES.—The 
first instalment of an order for small electric motors, 
valued at 500,000 dollars, was inspected by the Lord, 
Mayor of Cardiff, Alderman Robert Bevan, when he 
visited the local factory of the Hopkinson Electric Co., 
Ltd. He was informed that the order involved the 
manufacture of 6,000 motors of between 1 h.p. and 
7% h.p. and that they were required for pumping water 
in farms and rural houses in all parts of the United States. 
The factory was at present employing 500 operatives, 
and the management hoped to extend it to twice its 
present size, when some 1,500 people could be offered 
employment, 

EMPLOYMENT AT MARGAM STEELWORKS.—Provided 
that sufficient supplies of raw materials are forthcoming, 
the West Wales steel industry need have no fear that the 
inauguration of the new works of the Steel Company 
of Wales, Ltd., at Margam, Port Talbot, will cause 
serious unemployment, according to a statement by 
Mr. E. H. Lever, chairman of the company, last week. 
He pointed out that such a shortage of manpower existed 
in the tinplate industry that Italian labour had had to be 
imported. He was attending a conference at the Iron 
and Steel Corporation’s headquarters, convened at the 
request of the Swansea Corporation, to discuss measures 
to mitigate the effects of the closure of works in the area. 
The Iron and Steel Corporation expressed their anxiety 
that the volume of tinplate production in the hand mills 
should be maintained and that every effort should be 
made to keep the miils supplied with an adequate tonnage 
of tinplate bars. 

MINING DEVELOPMENT SCHEME.—Further details of 
the Mardy-Aberdare mining scheme, which will cost 
5,000,0001., have been given recently by Mr. Geoffrey 
Morgan, the general manager of No. 4 area of the 
National Coal Board. He stated that it was expected 
that the first connection with Mardy from Bwilfa would 
be made next September. The scheme would take more 
than 2,000 men from the Ferndale pit and some 800 more 
from the Aberdare pit. A preparation plant for washing 
and sorting the coal would be erected in due course at 4 
cost of about 500,000. 

FACTORY FOR CANADIAN FirM.—Protracted negotia- 
tions between the Fromson Construction Co. of Canada, 
Ltd., Manchester, and Cardiff Corporation have led to the 
conclusion of an agreement for building a factory for 
the company on the Corporation’s industrial estate. 
The factory will be constructed in three sections, the 
first of which will cover 35,000 sq. ft. and will be com- 





menced early next year. It will be engaged in the 
manufacture of light steel products. 
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NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, August 14, 
8.15 p.m., St. George’s Hall, St. George’s-road, Wimble- 
don. ‘‘Carbon Brushes for Electrical Machines,” by 
Mr. C. T. Lawrence. 





CONTRACTS. 


Guy Motors, Ltp., Fallings Park, Wolverhampton, 
have received an order from the Nizam’s State Railway, 
Secunderabad, Hyderabad, for 60 Guy ‘‘ Otter ” Diesel- 
engined road-vehicle chassis. 

VAUGHAN LIFT ENGINEERING, LTD., 5, Crompton-way, 
Crawley, Sussex, have obtained an order from the New 
Zealand Ministry of Works for two 10-ton overhead 
travelling cranes for Roxburgh Power Station, New 
Zealand. 

MuRAD DEVELOPMENTS, LTpD., Aylesbury, Bucking- 
hamshire, have secured an order from the United States 
for one thousand of the firm’s new 1-in. high-speed 
capstan lathes, to the value of approximately two 
million dollars. 

METROPOLITAN-CAMMELL-WEYMANN MOTOR BODIES, 
Ltp., Vickers House, Broadway, London, S.W.1, have 
received an order from the State of Cordoba, Argentina, 
for 150 Olympic Transit-type 40-seater *buses. These 
vehicles, Which are additional] to the 300 ’buses ordered 
by the Argentine Ministry of Transport as part of the 
Ministry’s contract with Leyland Motors, Ltd., referred 
to on page 79, ante, will be constructed at the Elmdon 
factory of the Metropolitan-Cammell Carriage and Wagon 
Co., Ltd. The 200 Metropolitan-Cammell-Weymann 
mark ITI 40-seater two-door ’buses, which also form part 
of the Argentine contract with Leyland Motors, will be 
constructed by WEYMANN’s LTD., Addlestone, Surrey. 

Among contracts recently awarded to the BrRUSH- 
ABOE GROUP OF COMPANIES, Duke’s-court, Duke-street, 
St. James’s, London, S.W.1, is one from the Argentine 
Ministry of Industry and Commerce for electrical equip- 
ment for 15 power stations in Argentina. This order 
includes 30 ‘Diesel engines, constructed by MIRRLEES, 
BICKERTON AND Day, Lrp., Stockport; 30 Brush 
533-KW alternators, complete with Brush switchgear ; 
water coolers, supplied by HEENAN AND FROUDE, LTD., 
Worcester; and power-station accessories, including 
motor-driven fuel-oil transfer pumps. The Electricity 
Commission of New South Wales has placed an order 
with the Group for ten turbo-charged Mirrlees engines, 
each driving a 920-kW alternator connected to a trans- 
former. An evaporative cooler and generator switchgear 
panel will be provided for each set. An order has been 
Placed by the Department of Naval Defence, Canada, 
with the VIVIAN DIESEL ENGINE WORKS, Vancouver, in 
which the Group has acquired a controlling interest, for 
33 Vivian 250-kW Diesel generating sets. 


A.C.V. Sales, Lrp., Southall, Middlesex, have 
obtained orders from overseas for a number of products 
of the A.C.V. Group, including one from their West 
Australian agents, Flower Davies and Johnson, for three 
Regal mark III chassis for Freemantle Tramways, and 
another, from their Australian distributors, A.E.C. 
(Australia), Ltd., for 316 chassis, comprising 76 Regal 
mark ITI, 48 Monarch, 102 Matador, 84 Mammoth Major- 
Six, and six Mammoth Major-Eight. Orders received 
through other distributors, include 25 Regal chassis and 
30 truck chassis, of different types, for various operators 
in the State of Sao Paulo, from Knowles and Foster, 
Sao Paulo ; 75 Regal chassis and 42 truck chassis, mainly 
of the Matador type, for Brazilian users, from Wilson, 
Sons and Co. ; 14 chassis, comprising two Regal mark III, 
four Monarch, six Matador, and two Mammoth Major- 
Six, for users in South Africa, from Dowson and Dobson ; 
and 14 Matador chassis, and two articulated Mammoth 
Major-Six chassis, all of which will be fitted with 
Bonallack cabs, from the Someta] Co., their distributors 
in Portuguese West Africa. The firm’s New Zealand 
distributors, Cory-Wright and Salmon, have booked an 
order for 39 *buses from the Christchurch Tramway 
Board. The chassis for these vehicles will be the A.E.C. 
Regal mark IV and the complete bodies will be supplied 
by CRossLEY Motors, LTp., Stockport, Cheshire. 





NEW DESTROYERS FOR VENEZUELAN Navy.—The keels 
of two destroyers for the Venezuelan Navy were laid at 
Vickers-Armstrongs shipyard at Barrow-in-Furness on 
July 24, in the presence of His Excellency the 
Venezuelan Ambassador. The vessels, which will be of 
2,600 tons each, will be named Nueva Esparta and 
Zulia. The contract for a third destroyer, also of 2,600 
tons, was signed at Caracas, Venezuela, on July 24. As 
in the case of the other two, the new vessel will be 
constructed at Barrow. 





BOOKS RECEIVED. 


Report Writing. By PROFESSORS CARL G. GAUM, HaROLD 
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Tutorial Press, Limited, Clifton House, Euston-road, 
London N.W.1. [Price, with answers, 8s.; without 
answers, 78. 3d.] 
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Hill, Surrey. [Price 32s. net., postage 10d.] 

The Railway Fuel and Traveling Engineers’ Association. 
Fourteenth Annual Proceedings. 1950. Offices of 
the Association, Room 1213, 139, W. Van Buren-street, 
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Wédrmelechnische Rechungen fir Industriedfen. By DR.- 
InG. WERNER HEILIGENSTAEDT. Third revised edition. 
Verlag Stahleisen, August-Thyssen-Strasse 4, Diissel- 
dorf, Germany. [Price 44 D.M.] 


PERSONAL. 


Sm Joun H. E. Woops, G.C.B., M.V.O., permanent 
secretary to the Board of Trade since 1945, is shortly 
taking up an appointment with the English Electric Oo., 
Ltd., Queen’s House, Kingsway London, W.C.2, and its 
associated companies. 

Mr. H. C. W. Roperts has been appointed by the 
Minister of Fuel and Power to be H.M. Chief Inspector of 
Mines, with effect from August 1. He succeeded Sir 
ANDREW M. BRYAN, B.Sc., M.I.Min.E., F.R.S.E., Chief 
Inspector since 1947, who has become a full-time member 
of the National Coal Board. 

Mr. G. R. PETERSON, B.A., M.I.E.E., technical 
executive assistant to Sir John Hacking, M.I.E.E., deputy 
chairman (operations) of the British Electricity Authority, 
has been appointed by the Authority to be generation 
operation engineer in the department of the chief 
engineer. In this position, he succeeds Mr. J. A. VICE, 
O.B.E., A.M.1.E.E., M.Inst.F., who retired recently. 

Mr. A. H. MarsH, A.M.I.E.E., senior assistant engineer 
(construction) of the South-East Scotland Division of the 
British Electricity Authority, has been promoted 
generation engineer (construction) of the Division, in 
place of Mr. J. HAGEN, A.M.I.E.E., who retired on July 1. 
Mr. Marsh’s appointment became effective on July 11. 

Appointments made recently by the Railway Execu- 
tive, with the concurrence of the British Transport 
Commission, include that of Mr. J. F. Harrison, 
M.I.Mech.E., M.I.Loco.E., previously mechanical and 
electrical engineer, Eastern and North Eastern Regions, 
as mechanical and electrical engineer, London Midland 
Region, at Derby. Mr. K. J. Coox, O.B.E., 
M.I.Mech.E., M.I.Loco.E., formerly mechanical and 
electrical engineer, Western Region, has been made 
mechanical and electrical engineer, Eastern and North 
Eastern Regions, at Doncaster. Mr. R. A. SMEDDLE, 
M.I.Mech.E., M.I.Loco.E., until recently deputy mech- 
anical and electrical engineer, Southern Region, has been 
appointed mechanical and electrical engineer, Western 
Region, at Swindon. Mr. J. BLam, previously carriage 
and wagon engineer, London Midland Region, has been 
appointed carriage and wagon engineer, Scottish Region, 
at Glasgow. Mr. H. RANDLE, M.I.Mech.E., carriage 
and wagon engineer, Western Region, has been appointed 
carriage and wagon engineer, London Midland Region, at 
Derby. Mr. G. T. SMrIrHyYMAN, A.M.I.Mech.E., assistant 
to the works superintendent for production planning, 
London Midland Region, has been promoted executive 
officer for carriage and wagon production on the head- 
quarters staff. He will be located at Derby. 

London Transport Executive has appointed Mr. 
C. E. Dunton, M.A.(Cantab.), M.I.C.E., formerly 
technical planning officer, as civil engineer, and LIEUT.- 
Cou. KEITH BRINSMEAD, D.S.O., M.1.C.E., M.I.Mech.E., 
previously permanent way engineer (railways) as 
assistant civil engineer (permanent way). Col. Brins- 
mead will be responsible for all matters relating to the 
design, construction and maintenance of the Executive’s 
permanent way. Mr. H. RAINE, until recently assistant 





to the chief engineer, has been promoted assistant civil 
engineer (general). 

Mr. A. J. BEANLAND, B.So.(Tech.), A.M.I.E.E., 
A.M.I1.P.E., has been appointed assistant general manager 
of the Trafford Park Works of Lancashire Dynamo 
and Crypto (Mfg.), Ltd., as from September 1 next. 

Mr. J. B. Soorr, D.F.C., A.IL.E.E., general sales 
manager of the plant division of Crompton Parkinson, 
Ltd., Aldwych, London, W.C.2, has been elected an 
executive director of the company and will take up a 
new appointment as assistant sales director (home) on 
October 1 next. On the same date, Mr. C. A. J. MarTIN, 
G.C., M.C., B.A., A.M.I.E.E., will become general sales 
manager of the plant division, and his present appoint- 
ment, as product sales manager F.H.P. motors, will be 
taken over by Mr. R. V. Powprros, 0.B.E., A.M.LE.E., 
who is now product sales manager for Nelson stud 
welding. 

Mr. B. E. Terry, A.M.I.Mech.E., A.M.I.P.E., has been 
appointed technical manager for the plastics division of 
E. K. Cole, Ltd., at Southend. 

Mr. P. OC. ALLEN, chairman of the company’s plastics 
division, Mr. A. T. S. ZEALLEY, chairman of the com- 
pany’s Billingham division, CapraIn R. C. TODHUNTER, 
purchases controller, and Mr. E. A. BINGEN, the com- 
pany’s solicitor, have been elected directors of Imperial 
Chemical Industries, Ltd., Buckingham-gate, London, 
8.W.1. 

Mr. R. A. HARDING has been appointed general 
manager to Macrome, Ltd., Wolverhampton. Mr. 
N. D. PENTLAND has been made sales manager to the 
company, and Mr. P. N. Rogers has been elected as the 
directors’ special representative. 

Mr. J. W. MarTIN, sales manager of Whessoe, Ltd., 
Darlington, has been elected a director of the company 
but will remain at the company’s London office, 25, 
Victoria-street, S.W.1. 

Mr. W. STRACHAN and Mr. C. H. TUCKER have been 
elected directors of the Bristol Aeroplane Co. (Housing), 
Ltd., a subsidiary of the Bristol Aeroplane Co., Ltd. 
Mr. Strachan, who was the company’s works manager, 
has become works director, and Mr. Tucker, formerly the 
secretary, has been made sales director. Mr. A. C. 
FuRSE-ROBERTS, A.C.A., has been appointed secretary. 

Caprain J. SumMERS, O.B.E., chief test pilot to 
Vickers-Armstrongs Ltd., has retired after 22 years’ 
service in that position. LieutT.-Com. M. Lira@ow has 
been appointed chief test pilot at the company’s Super- 
marine Works, and Mr. G. R. BRYCE has been made chief 
test pilot at Weybridge Works. 

Mr. F. N. PRANGNELL, of the company’s overseas 
staff, who has been in England on leave, has been 
appointed by A. Reyrolle & Co., Ltd., Hebburn, County 
Durham, as their representative for India, Pakistan, 
Burma, and Ceylon. His headquarters, to which he 
has now returned, are at 12, Misson-row, Calcutta. 

Mr. G. K. NIELD has been promoted public relations 
officer to the Canadian Pacific Railway, 62-65, Trafalgar- 
square, London, W.C.2, in succession to MR. CHARLES W. 
SroxeEs, who retired under the company’s age limit on 
July 31. 

The Cozy STovE Oo., LTp., 26, Nassau-street, London, 
W.1, has joined the selling organisation of RADIATION 
GRovuP SALES, LTD., solid-fuel division, 7, Stratford-place, 
London, W.1. The stoves are being manufactured at 
the Radiation Production Centre, Belper, near Derby. 

MATTERSON LTD., Shawclough, Rochdale, have trans- 
ferred their representation in the Midlands to the BARNOL 
ENGINEERING Co., LTD., 83, Newhall-street, Birming- 
ham, 3 (Telephone: Central 2760). This firm is a new 
associate company of Inspecting Engineers, Ltd., which 
has been Messrs. Matterson’s technical representative for 
a number of years. 

OLDHAM AND SON, LTp., Denton, Manchester, have 
concluded an arrangement with the DEWEY AND ALMY 
CHEMICAL Co., Cambridge, Massachusetts, U.S.A., for the 
Dewey Co. to manufacture Oldham Fibrak battery 
separatorsin the United States underlicence. Separators 
for American requirements will be manufactured at a 
new plant now being erected near Boston, which is 
expected to commence large-scale production in a few 
months’ time. They will be distributed by the Dewey 
Co. in the United States and Canada under the trade 
mark “‘ Darak.” 

POWELL DUFFRYN CARBON PRODUCTS, LTD., Hayes, 
Middlesex, a subsidiary of Powell Duffryn, Ltd., and the 
GREAT LAKES CARBON CORPORATION, New York, have 
formed in the United States a jointly-owned company, 
BRITISH-AMERICAN CARBON CORPORATION, for the 
manufacture and sale of carbon, graphite, and products 
made from these materials. The new company will be 
the sole producer in the United States of carbon and 
graphite manufactured directly from coal by the Powell 
Duffryn “Delanium” process. Mr. WimaM J. 
ORAWFORD, formerly of the Great Lakes Corporation, 
will be President of the new company, whose offices will 





be at 18, East 48th-street, New York. 
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NEW POWER STATIONS FOR THE 
B.E.A.: XXIIIL—PLYMOUTH ‘B.”’ 


’ THe Plymouth “ B ”’ station of the British Electricity 
Authority, the ultimate capacity of which is to be 
180 MW, adjoins the existing ‘‘ A” station on the west 
bank of the Cattewater, the estuary of the River Plym. 
The site covers nearly 154 acres, the landward side being 
the bed of a limestone quarry, while on the seaward 
side is a derelict timber wharf. An aerial view of the 
station in course of construction is given in Fig. 1. The 
main buildings, for which Messrs. John Laing and Son, 
Limited, London, N.W.7, are the principal contractors, 
are of steel frame construction with brick and concrete 
filling. The ancillary buildings are of reinforced 
concrete with brick cladding and, with the coal store, 
are founded on the bed of the old quarry. The initial 
installed capacity of the station is 90 MW and the 
present buildings, with one 300-ft. chimney, are being 
erected to house that amount of plant. 

Coal will be brought in by sea to a new reinforced- 
concrete wharf, 600 ft. long, covering the intake and 
discharge works for the cooling water. This wharf will 
accommodate two 2,500-ton colliers, as well as ash 
barges, and the berth and river approaches are being 
dredged so that berthing can be effected at any time 
between flood and half ebb tides. The coal will be 
taken either to the boile:-house bunkers or a store by 
conveying plant with a capacity of 350 tons per hour. 
Unloading facilities which, in an emergency, can supply 
the “ A” station with up to 150 tons per hour, will also 
be provided. The coal store will have a capacity of 
about 33,000 tons and fuel will be taken from it by | 
drag scrapers with a capacity of 200 tons per hour. 
The main contractors for this portion of the plant 
are International Combustion, Limited, Woburn- 
place, London, W.C.1. 

The steam-raising plant will ultimately consist of 
six Yarrow boilers, each with a capacity of 320,000 lb. ? , a 
of steam per hour at a pressure of 600 lb. per square | handling plant will be made by Babcock and Wilcox, |at Trafford Park, Manchester. Fig. 2 is a view ~~ 
inch and a temperature of 850 deg. F. They will be | Limited. Eventually, there will be six 30-MW turbo- | the turbine room showing No. | set being erected. he 
fired with coal-pulverising equipment installed by | alternators, three of which are now being constructed | high-tension and low-tension switchgear is also being 
International Combustion, Limited, and the ash- | by Metropolitan-Vickers Electrical Company, Limited, | manufactured by the same firm. 





Fie. 2. No. 1 Turso-ALTERNATOR UNDER ERECTION. 
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THE COSTING AND 
EVALUATION OF RESEARCH. 


Tur extent to which industry generally has 
become research conscious was illustrated by a 
recent conference organised by the Industrial 
Research Committee of the Federation of British 
Industries, The conference was attended by some 
130 research directors and managers. A few came 
from research associations, but the majority 
were connected with industrial firms. Engineering 
and chemistry were naturally strongly represented, 
but the range also covered glass, carpets, bricks, 
bottles, and metal and paper containers. The 


Per} conference, a report of the proceedings of which 


has just been published,* was held at Ashorne Hill, 
Leamington Spa, Warwickshire, from November 
10 to 12, 1950. As indicated by its title, this was 
the second conference of this type convened by the 
Federation. The first was held in March, 1949, and 
some account of its proceedings has appeared in 
these columns.t It was broadly concerned with 
the application of the results of research; the 
second conference was concerned with what, from 
the research manager’s point of view, is a more 
domestic matter : the costing and financial control 
of research, 





* Report of the Second Conference of Industrial Research 
Directors and Managers. The Planning and Financial 
Control of Industrial Research, Federation of British 
Industries, 21, Tothill-street, London, S.W.1. [Price 3s.] 

+ ENGINEERING, vol. 168, page 480 (1949). 





Dr. 8. Whitehead, the Director of the Electrical 
Research Association, who attended the conference, 
pointed out that a great many of the benefits 
derived from research go to the community as a 
whole. This is, of course, true and is the basic 
justification for grants of public money to the 
research associations. The results of research 
carried out by commercial firms also are of ultimate 
benefit to the community as a whole, but that is 
not sufficient reason for research work being under- 
taken. The duty of the directors of a company is 
to look after the interests of the shareholders and 
the justification for undertaking research is that 
it may add to the prosperity of the firm. Benefit 
to the community generally is not properly a first 
object, although an incidental advantage which 
that benefit may carry is that the operation of an 
active research department may add to the prestige 
of a firm and thus contribute to its commercial 
success. A number of speakers in the discussions at 
the conference referred to the necessity of convincing 
non-technical directors about the value of research, 
and clearly a demonstration that some particular 
research has shown a handsome financial return is a 
useful argument in cases of this kind. If, however, 
it is to be shown that a specific research has more 
than paid for itself, it is clearly necessary to know 


9! how much it has cost and one of the objects of the 


conference was to discuss methods of costing. 

The conference was divided into three main 
sessions. The first dealt with the planning and 
budgeting of research ; the second with the costing 
of research; and the third with the evaluation of 
research. These aspects of the matter are clearly 
all closely connected. The funds made available to 
a research department will normally be determined 
by the board of directors and unless the board is 
prepared to allot a round sum and leave its distri- 
bution to the research manager, as in many cases is 
probably done, it may be necessary to produce 
figures showing how the funds available have been 
distributed among the various research projects in 
hand. This will necessitate some kind of costing 
system, and is a matter on which very wide 
differences of opinion were expressed during the 
conference. A research department may, and 
probably will, have many matters under investiga- 
tion at the same time and many workers, particularly 
those of supervisory status, may well be occupied 
with a number of different projects in the course of a 
day. It will probably be difficult for them to report 
what proportion of their time was devoted to each, 
and they may well find the filling-up of time-sheets 
an irritation. Some speakers used such sheets ; 
others would have nothing to do with them. A 
point on which there was fairly general agreement, 
however, was that a costing system in a research 
department need not be very accurate; within 
10 per cent. appeared to be accepted as satisfac- 
tory. 
It was suggested by one speaker, and not contested 
by others, that in a typical budget for a research 
department some 65 to 75 per cent. of the total cost 
represented salaries, and 3 per cent. special appara- 
tus. Fresh figures were put forward in connection 
with chemical research and it would appear that in 
some branches of heavy engineering, apparatus 
might well demand a considerably higher proportion 
of the cost. In all cases, however, salaries must 
represent a very important item and in major and 
important researches, it would seem desirable that 
some method of determining the staff time spent on 
them should be used. A procedure of this kind is 
obviously necessary in connection with researches 
carried out for an associated company or for a 
Government department as part of a development 
contract. 

Cases of this kind must presumably be worked 
out in monetary terms, but as Dr. P. Dunsheath 
remarked, in a final address summing-up the results 
of the conference, the difficulties of expressing the 
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value of research in pounds, shillings and pence are 
practically insuperable. In the session devoted 
to the evaluation of research, it was pointed out 
that in attempting to work out the value of a piece 
of research which had ultimately been carried 
through to development stage and had taken its 
place in commercial manufacture, although it might 
be possible to estimate the value of the work that 
had been done, the decision about what part of that 
value should be attributed to the research depart- 
ment might be difficult or impossible to reach. 
Much of the credit for successful commercial appli- 
cation might be due to the development department, 
the works, or even the sales organisation. In almost 
all cases, the stage between the completion of a 
piece of research and the utilisation of its results by 
the firm’s customers would cover a number of years, 
so that any attempt to evaluate the value of the work 
of a research department, or of any particular piece 
of research, involved long-term considerations. 

One of the suggestions which was put forward as 
a means of evaluating research was that the number 
of patents which had resulted from the work of the 
research staff might be used as a measure. This 
is probably not very satisfactory. Extremely 
valuable work may be done in investigating diffi- 
culties which crop up in manufacturing processes or 
in assessing the value of new or substitute materials. 
Activities of this kind do not necessarily lead to the 
taking-out of patents. Another aspect of the 
work of a research department, the value of which 
it is probably impossible to assess, is that work on 
a certain problem may incidentally provide infor- 
mation which proves of great value in the solution 
of some quite different problem; in such a case, 
the charging of time to one or other particular 
investigation cannot be more than an approximate 
guess, although it may be within the 10 per cent. 
error which is apparently accepted as a satisfactory 
order of accuracy in working out the cost. 

Dr. Dunsheath, in the final summing-up referred 
to above, pointed out that in twenty minutes he was 
required to survey matter which was equivalent 
in extent to nearly 150 columns of The Times. It 
is not clear that this amount of matter appears in 
the report, but there is certainly far more than can 
be even mentioned in this article. Apart from 
working out costs from which the allocation of 
funds to a research department may be determined, 
and apart from the evaluation of particular 
researches for the purpose of convincing a board of 
directors that they are desirable, every director of a 
research department will desire that the funds with 
which he is entrusted are expended in the most 
efficient way. For this purpose, it is certainly 
desirable that he should have a reasonably accurate 
idea of the relative costs of the various activities of 
his department and some method of determining 
how much work and time is going into each piece 
of research is necessary. The very many sugges- 
tions, agreements and disagreements which appear 
in the report of the conference, constitute an exten- 
sive survey of this difficult subject from which a 
research director, who will probably find his particu- 
lar ideas both accepted and combatted, will certainly 
derive instruction and find interest. There was a 
good deal of discussion about the relative methods 
of costing small ad hoe researches, as well as those of 
a fundamental nature lasting possibly a number of 
years. This latter class is most likely to arise in 
scientific industries such as those concerned with 
some chemical and engineering problems. Research 
departments of such industries may also have to 
deal with small specific researches, but departments 
serving craft industries may find that all, or most, of 
their work is of the ad hoc class. The methods of 
costing and evaluation used will necessarily depend 
on the size of the department and the type of 
activity with which it is concerned, but managers 
of departments of any size or class will find much 
in the report worthy of study. 





NEW PROBLEMS FOR THE 
STEEL INDUSTRY. 


Mr. Huau Darron, the Minister of Local Govern- 
ment and Planning, in a speech made on Saturday 
last, is reported to have said that ‘“ My friend 
Gaitskell’s speech [on the limitation of company 
dividends], whatever else it has done, has thrown 
the Stock Exchange into complete disorder, and that 
is good fun, anyhow.” As an indication of the 
attitude of mind of one of His Majesty’s Ministers, 
the remark is interesting, though hardly reassuring ; 
but it must leave the ordinary elector, whatever 
may be his personal political views, wondering 
whether such open merriment at the discomfiture 
of others is quite the reaction appropriate in a 
Minister of the Crown. It also leaves a suspicion 
that the latest development in the management of 
the nationalised iron and steel industry may be 
regarded in a somewhat similar spirit of enjoyment ; 
and that the fact that Mr. S. J. L. Hardie, chairman 
of the Iron and Steel Corporation of Great Britain, 
has undoubtedly “scored off” some of those who 
had debarred his representatives from a complete 
participation in all the innermost councils of the 
British Iron and Steel Federation, may rank in 
political eyes as of more importance than any effect 
it may have on the industry. 

What has happened, briefly summarised, is that, 
at the recent annual general meeting of the Sheffield 
firm of Messrs. Thos. Firth and John , Brown, 
Limited, a representative of the Iron and Steel 
Corporation voted against the re-election of two of 
the directors, and gave an even clearer indication 
that five other directors ought to retire. Lord 
Aberconway, the chairman of the company, was 
asked to continue in office, but declined to do so 
in the absence of the seven directors who were 
being thus dismissed. All seven of these directors, 
as well as Lord Aberconway, are also on the board 
of Messrs. John Brown and Company, the Clydebank 
shipbuilders, and it is ostensibly an objection to the 
persistence, in the steel industry, of multiple 
directorships which prompted the Corporation’s 
opposition to their continuance in office on the 
board of the now nationalised, but formerly asso- 
ciated, firm of Messrs. Thos. Firth and John Brown, 
Limited. The seven directors affected are Sir 
Arthur Matthews, the managing director ; Mr. Eric 
Mensforth, deputy managing director; Sir Allan 
Grant, a former managing director for 15 years ; 
the Hon. Charles McLaren, son and heir of Lord 
Aberconway ; Mr. 8. W. Rawson, who was appointed 
recently to be Director General of Machine Tools ; 
Mr. J. Wortley Fawcett ; and Mr. Mark M. Firth. 
All of them have had a long association with the 
industry and, indeed, were commonly regarded as a 
very strong team, possessing between them an 
exceptional knowledge of the heavier branches of 
steel production, especially of heavy forgings. 

The matter is best explained, and its significance 
emphasised, by quoting verbatim Lord Abercon- 
way’s letter to Mr. S. J. L. Hardie, as it was com- 
municated to the Press. It was dated July 26, and 
read: “ Dear Mr. Hardie, In view of the fact that 
the representative of the Iron and Steel Corporation 
of Great Britain, who attended yesterday afternoon 
the annual general meeting of Thos. Firth and John 
Brown, Limited, voted against the re-election to 
the board of Sir Arthur Matthews and Mr. Mark 
Firth, and stated to the Board that the Corporation 
had decided that they wished Sir Allan Grant, 
Mr. 8S. W. Rawson, Mr. Eric Mensforth, the Hon. 
Charles McLaren and Mr. J. Wortley Fawcett to 
retire from their directorships, these gentlemen 
have sent in to the secretary of the Company their 
resignations from the Board. 

“You paid me the compliment of saying that 
you wished me to retain my chairmanship of the 
company. We all felt, and I myself felt and ex- 
pressed to you, our willingness jointly to remain 





with the company if we could be of any help to 
the Corporation. You do not desire the help of 
the above-mentioned of my colleagues, and I feel 
that, without their technical and business know- 
ledge, I should not be of any help to you. I, there- 
fore, am resigning my chairmanship and directorship 
of the Company. 

“T should add that I am in profound disagree- 
ment with the policy expressed in your action. 
To take three members of the Board only: Sir 
Arthur Matthews is one of the leading men in the 
country, probably in the world, on the manufacture 
and treatment of difficult forgings, such as those in 
which the company specialises ; Mr. Rawson has 
been connected with steel for 36 years and, because 
of his experience and ability, has been made Director- 
General of Machine Tools by the Government; 
Mr. Eric Mensforth is one of the most brilliant of 
our younger engineers. All these three have held 
executive positions with the company, have contri- 
buted greatly to its development, and have a 
special and detailed knowledge of its affairs. By 
your action you are depriving the company of their 
invaluable services. 

“Some of the directors mentioned above are on the 
Board of John Brown and Company. They were 
appointed to the Board of Thos. Firth and John 
Brown because of their knowledge and ability. 
They have never sought to influence the policy of 
Thos. Firth and John Brown in the interests of John 
Brown and Company. There never has been an 
occasion where such an action has been even 
contemplated. I may say that it is generally 
acknowledged that the company has been well 
managed, and that it is one of the leading and 
most skilled producers of the more difficult alloy 
steels, forgings and other products. John Brown 
and Company are the biggest customers of Thos. 
Firth and John Brown, and I will do all I can to see 
that such orders as we can give shall continue to be 
placed with the latter company, so that the friendly 
relations shall be continued. I propose to send this 
letter to the Press to-morrow, Friday. Yours very 
truly, Aberconway.” 

The policy of the Iron and Steel Corporation, 
to which Lord Aberconway alluded, had been 
revealed earlier, when it resulted in the resignation 
from the board of the English Steel Corporation 
(formerly an association of Vickers with Cammell 
Laird and Company) of five directors who were also 
directors of companies in the Vickers Group or of 
Cammell Laird and Company; and it may be 
expected that similar action will be taken in the 
case of other nationalised steel companies, if any 
of their directors have seats on the boards of 
concerns which are still privately owned. It is a 
truism that no man is indispensable, and, though 
there are instances in plenty of firms which have 
languished because some strong personality has 
died or, for some reason, has severed his connection 
with them, there are innumerable other cases in 
which the departure of some key man has brought 
to the top someone, previously little known outside 
of his own organisation, whose qualities have proved 
not less adequate than those of his predecessor. We 
do not recall, however, any parallel case to the 
present ; if, as seems probable, the policy of the 
Corporation, as now revealed, is a general one, to 
be applied throughout the industry. It was the 
declared intention of the Iron and Steel Corporation 
when it was constituted, that individual firms 
should preserve their independent identities in the 
interest of their goodwill: but goodwill is an 
intangible sort of asset at any time, very much 
bound up with the personalities of those in control. 
No such sweeping changes have been made in the 
other nationalised industries ; and it may well be that 
customers of the iron and steel industry, who have 
based their opinion of it on personalities known to 
them, may feel uneasy at the prospect of having to 
deal with new men in every steel firm. 
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NOTES. 


Tue TECHNICAL PERSONNEL COMMITTEE. 


IN the House of Commons, on July 26, the Minister 
of Labour (Mr. Alfred Robens, M.P.) stated, in 
reply to a question, that it had been decided “ to 
reconstitute the Technical Personnel Committee 
which, under the chairmanship of Lord Hankey, 
dealt so successfully with questions of scientific and 
technical manpower during the last war and during 
the immediate post-war period.” The new Com- 
mittee, which would have rather wider terms of 
reference than the old one, would review the require- 
ments for scientists and engineers, and especially 
those arising from the defence programme, in 
relation to the available supply ; and it would con- 
sider what more could be done to meet “certain 
important overseas needs for people of the same 
type.” Lord Hankey had agreed, the Minister 
continued, to serve as chairman, and the other 
members would be Sir Arthur Fleming, C.B.E., 
Sir Wallace Akers, C.B.E., and Captain A. M. 
Holbein, C.B.E., nominated by the Federation of 
British Industries ; Sir Edward Appleton, G.B.E., 
K.C.B., F.R.S., representing the Universities ; Sir 
Arthur Trueman, F.R.S., chairman of the University 
Grants Committee ; Professor S. Zuckerman, C.B., 
F.R.S., nominated by the Lord President of the 
Council as ‘‘ representative of Science”; Mr. S. L. 
Lees, of the Treasury ; Mr. E. A. Berthoud, C.M.G., 
of the Foreign Office; Mr. R. A. Whittle, M.C., of 
the Colonial Office; Mr. S. A. ff. Dakin, of the 
Board of Trade; Mr. A. C. B. Symon, C.M.G., 
0.B.E., of the Commonwealth Relations Office ; 
Mr. H. M. D. Parker, C.B.E., of the Ministry of 
Labour; Mr. W. D. Wilkinson, C.B., C.B.E., of the 
Ministry of Suppiy ; and Mr. E. D. T. Jourdain, of 
the Lord President’s Office. Mr. A. J. 8. James, 
of the Ministry of Labour and National Service, is 
to be the secretary of the Committee. The terms 
of reference are, firstly, “‘ To consider, make recom- 
mendations and deal with questions relating to the 
home and overseas demand for the available supply 
of scientific and technical personnel of professional 
or approximately professional standards, including 
the making of recommendations on its economic 
use and the need for increasing the available supply”; 
and, secondly, “In connection with the overseas 
demand for such personnel: (a) to make recom- 
mendations upon appropriate steps to promote the 
recruitment from the United Kingdom of persons 
Tequired to assist the economic development of 
under-developed countries; and (b) to consider 
any special steps which are required to provide 
opportunities for training in the United Kingdom 
of persons from under-developed countries.” It is 
stated that the Committee (though apparently 
without power to co-opt) will be empowered “to 
Invite representatives from other Government 
Departments or outside interests to be present when 
matters of concern to them are being discussed.” 


Apvisory Counocm, on ScrentiFic Poricy. 


The fourth annual report of the Advisory Council 
on Scientific Policy,.which has just been published 
by the Stationery Office (price 9d. net), covers the 
period April, 1950, to March, 1951. The Council’s 
function is “‘to advise the Lord President of the 
Council in the exercise of his responsibility for the 
formulation and execution of Government scientific 
policy.” Since its formation, the Council has been 
largely concerned with assessing what measures are 
necessary for ensuring an adequate supply of scienti- 
fically-trained persons to government service and to 
industry, and, in its previous report, had reached 
the conclusion that the post-war expansion of the 
universities sufficed to ensure that enough scientists 
were being trained to meet current requirements. 
Changing world conditions, however, and, in parti- 
cular, the rearmament programme, have altered the 
situation, and the Council now concludes that the 
demand for scientists will outstrip the supply. 
The Council also stresses the need for more tech- 
nologists in industry and holds that an expansion of 
the facilities for higher technological training is 
‘sential if the nation is to maintain a leading 
Position in industry. As an indication of the 
ea made, it is stated that there are now some 

1,000 students in the applied-science departments 





of British universities, compared with less than 
half that number before the war. The Council has 
also considered, as special problems, the measures 
which must be taken to safeguard the public against 
the increasing use of potentially-toxic substances 
in the preparation of foodstuffs, etc., and the possible 
uses and probable economic importance of atomic 
energy. In the second case, the Council concludes 
that there are reasonable prospects that atomic 
power can be developed on a large scale at a cost 
not widely different from that of the power derived 
from coal, but that a number of technical problems 
must be solved before this can happen. It stresses 
the importance, however, of improved methods of 
coal utilisation. On the subject of atomic power 
stations, it is thought that the initial costs of 
such installations would be considerably higher 
than those of coal-burning stations, but that the 
fuel costs might be less. In the Council’s view, 
however, it will be at least a generation before 
atomic power can contribute substantially to the 
nation’s power resources. 
ANTICIPATORY BREACH OF CONTRACT. 

A case which illustrates a possible danger of 
entering into contracts with local authorities has 
recently been reported sub nom. William Cory and 
Son, Ltd. v. City of London Corporation (1951) 2 All. 
E.R.85. We draw attention to it because, at first 
sight, the law as thtre applied appears to bear very 
harshly on the contractor, while a close examination 
shows that the matter may not be so serious. The 
facts were sufficiently remarkable. In 1936, the 
plaintiffs contracted with the Corporation of the 
City of London to remove refuse in lighters and 
barges “fitted with temporary coverings and 
coverings to be secured to the permarent coverings,” 
and to comply with the by-laws of the port health 
authority for the Port of London as to the removal 
of refuse. In April, 1948, when the contract had 
still some 20 years to run, the Corporation, as port 
health authority, altered their by-laws, the altera- 
tion coming into force in November, 1950. One of 
these by-laws required every vessel transporting 
refuse to be provided with permanent coverings 
and close-fitting hatches covered with waterproof 
sheetings. To comply with these by-laws of 1948 
would have been prohibitively onerous to the con- 
tractors, who would have had to spend 400/. or 
5007. on every barge, and could no longer have 
used the barges to load coal on their return up-river. 
In these circumstances, they informed the City 
Corporation in September, 1948, that they regarded 
the publication of the by-laws as a refusal by the 
Corporation to allow the contract to run its normal 
course, and as enabling them to treat the contract 
as at an end. It may here be interposed that, 
where there is a contract in force, one party may do 
something which the other is entitled to regard as 
an anticipatory breach of contract, and so enable 
the other to consider his obligation as terminated. 
A dispute having arisen, there was an arbitration. 
One of the questions which fell to be answered by 
the arbitrator was whether the publication of the 
by-law amounted to such a repudiation of the 
contract as to enable the contractors to treat the 
agreement as being at an end in September, 1948, 
although the by-law did not come into operation 
until November, 1950. This question came before 
the Lord Chief Justice, who held that the contract 
had not been repudiated. His decision has been 
upheld in the Court of Appeal. Lord Justice 
Asquith pointed out that, inasmuch as the City 
Corporation are an authority bound by statute to 
make such by-laws as may be necessary to prevent 
nuisance arising to the danger of the public health, 
they cannot divest themselves from the performance 
of that duty. Any contract having that object 
would be void and of no effect. Consequently, 
Messrs. Cory, having agreed to “ at all times observe 
and comply with” the by-laws made by the Cor- 
poration, could not be heard to say that a by-law 
which would have effect to render their contract 
more onerous in the future was enough to entitle 
them to act as if they were no longer bound. This 
is not to say, however, that Messrs. Cory became 
liable to carry out the contract after November, 
1950, on the terms agreed upon in 1936. It is a 
well-known principle of law that a man may be 
discharged from liability under a contract on the 





ground that its performance may be “ frustrated ” 
owing to the disappearance of a foundation which 
the parties assumed to be at the basis of their con- 
tract. For example, where performance of a con- 
tract has been rendered impossible by an Act of 
Parliament passed after the contract was made, the 
promissor is excused from performing his promise, 
unless it appears that he intended to bind himself 
with reference to the future state of the law, the 
presumption being that the parties intend to con- 
tract with reference to the law as exisiing at the 
time when the contract is made. In the case under 
notice, Messrs. Cory had no reason to suppose (in 
1936) that, by 1950, by-laws would come into force 
which would impose upon them a very heavy 
additional burden, and in Unger v. Preston Cor- 
poration (1941) 1 All. E.R.200, Mr. Justice Cassels 
held that frustration may occur where performance 
becomes virtually impossible owing to a change in 
the law. Such a change may be effected by statute 
direct or at the instance of a local health authority, 
making by-laws under powers conferred by statute. 
We have said that, at first sight, the decision 
appears to be a serious matter for the contractors ; 
but it is fairly obvious that they could not be held 
bound to perform their contract on the terms 
agreed in 1936 when the new by-laws came into 
force in 1950. The Court of Appeal, at any rate, 
has not said so; indeed, the question was not 
raised. Nor is it possible to imagine that the City 
Corporation would seek to impose such a heavy 
liability on the firm. 


Astrs ANNUAL CONFERENCE. 


The annual conference of Aslib is to be held from 
Friday, October 5, till Monday, October 8, at 
Ashorne Hill, Leamington Spa, Warwickshire. On 
Saturday, two sessions will be devoted to the 
efficient planning of special libraries. The first 
session, with Mr. F. H. Perkins, B.Sc., M.I.Mech.E., 
in the chair, will consider the selection of staff and 
the allocation of duties ; there will be three speakers, 
Mr. B. C. Vickery, M.A., Mr. C. W. Hanson, B.Sc., 
and Mr. J. J. Graneek, M.A., representing, respec- 
tively, small and medium industrial-research 
libraries, and a large university library. At the 
second session, Professor R. 8. Hutton, D.Sc., will 
be in the chair; the speakers are Mr. J. B. Reed, 
B.Sc., who will discuss planning the library for the 
user, and Mr. A. B. Agard Evans, M.Sc., who will 
speak on training the user. On Sunday, October 7, 
at the first session, Mr. E. J. Carter, B.A., A.R.I.B.A., 
will present a survey of post-war achievement in 
national and international bibliography; Mr. 
C. Le Maistre, C.B.E., M.LE.E., will be in the chair. 
Aslib subject groups will be discussed at the second 
session, the chair being taken by Miss Barbara Kyle, 
The final session will be in the form of “ Any 
Questions ?”” with Miss pr pean Couldrey, B.A., 
the chair; the 1 of experts answeri 
questions pH Ra D. V. Arnold, BSc, FLA. 
Miss Ruth Jacobs, B.S. in L.S., Miss Barbara Kyle, 
Mr. F. A. Sharr, B.A., F.L.A., and Mr. E. N. Simons. 
Further particulars of the conference may be 
obtained from the Director, Aslib, 4, Palace-gate, 
London, W.8. 

Lioyp’s Reoister SHIPBUILDING RETURNS. 


The returns of ships under construction during 
the quarter ended June 30, published by Lloyd’s 
Register of Shipping, show that, in Great Britain 
and Northern Ireland, during the quarter, 70 
steamers and motorships, totalling 346,211 tons, 
were completed; 79 ships, of 414,138 tons, were 
launched ; and work was begun on a further 79, 
of 382,478 tons. Work was suspended on five ships, 
but their aggregate tonnage only amounted to 1,350 
tons. At the end of June, 345 ships, of 100 tons 
gross and upwards, totalling 2,114,319 tons, were 
under construction; 95 of these were fitting out 
afloat, and 250 were still to be launched. Including 
those mentioned above (but excluding China, Poland 
and Russia), there were under construction in the 
world 1,214 vessels, of 5,331,214 tons gross; 181 
of these were tankers. It is noted that tankers 
represent 38-4 per cent. of the work in hand, on a 
tonnage basis: not far short of the total tonnage 
under construction in the British Isles, which is 
39-7 per cent. of the world total. Tankers building 
in the British Isles at the end of June numbered 
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101, of 1,181,755 tons—an increase of 29,432 tons 
over the total for the previous quarter, and 55-9 per 
cent. of the total tonnage in hand. Britain was 
building nearly four times the tonnage of any other 
country, Japan coming second, with 520,665 tons, 
and France third, with 439,363 tons. No other 
country had in hand as much as 400,000 tons, though 
Germany was approaching this figure, with 387,853 
tons—an increase of 126,568 tons over the previous 
quarter. Of the ships building throughoutthe world 
at the end of June, 24 steamers and 91 motorships 
were between 6,000 and 8,000 tons each ; 15 steamers 
and 51 motorships between 8,000 and 10,000 tons ; 
38 steamers and 112 motorships between 10,000 
and 15,000 tons; 20 steamers and 23 motorships 
between 15,000 and 20,000 tons; seven steamers 
and six motorships between 20,000 and 30,000 
tons; and there was one steamer of greater size— 
the United States, of 51,500 tons, the largest vessel 
built in the world since the war. Of the total under 
construction in Great Britain and Northern Ireland, 
steamers totalled 695,019 tons and motorships 
1,419,300 tons. The corresponding figures for 
vessels under construction abroad were: steamers 
898,852 tons and motorships 2,318,043 tons. 
Throughout the world, at the end of June, 63-3 per 
cent. of all new construction was under the inspec- 
tion of Lloyd’s Register; and, in Great Britain 
and Northern Ireland only, 92-4 per cent. 


@Izon anv Sreezt Consumers’ Counct. 


The Minister of Supply, Mr. G. R. Strauss, has 
made the appointments to the Iron and Steel 
Consumers’ Council, which has been set up under 
the Iron and Steel Act, 1949, to consider any 
matter, including prices, affecting the interests of 
consumers. The appointments are: independent 
chairman, Sir William Palmer, K.B.E., C.B.; 
members of the Council (eight representing iron and 
steel consuming industries), Sir Amos Ayre, K.B.E., 
Mr. Ralph Bennett, Mr. A. L. Shuttleworth, Sir 
Andrew McTaggart, Mr. C. M. Spielman, M.C., 
Mr. Robert Arbuthnott, M.B.E., T.D., Mr. W. 
Moray Lines, and Mr. W. D. Wilson, B.E.M.; 
(three representing iron and steel merchants and 
stockholders), Mr. M. C. Wade, M.C., Mr. J. W. 
Annetts, and Mr. H. Basil Darby; (three represen- 
ting workers in consuming Industries), Mr. W. B. 
Beard, O.B.E., Mr. J. Tanner, and Mr. F. Hayday ; 
and, representing nationalised industries, Sir John 
Hacking and General Sir Daril G. Watson, G.C.B., 
C.B.E., M.C. The Iron and Steel Corporation of 
Great Britain have nominated Sir John Green and 
Mr. W. H. Stokes, C.B.E., two of their members, to 
serve on the Council. The appointments were made 
by the Minister after consultation with appropriate 
bodies representing consumers. The Council may 
consider questions concerning any of the principal 
products of the publicly-owned industry and will 
report their conclusions to the Corporation. In 
particular, the Council must consider matters arising 
from representations by consumers or referred to it 
by the Minister or the Corporation. The Council may 
appoint committees, which need not include its own 
members, to consider local or sectional problems. 
The Minister has decided, after consultation with 
the appropriate organisations, that the private 
section of the iron and steel industry shall not be 
represented on the Council. These organisations 
will continue to discuss problems of common 
interest directly with the Iron and Steel Corporation. 
The offices of the Council will be at 1, Chester-street, 
London, 8.W.1. 





WORLD POWER CONFZRENCE.—At a meeting of the 
International Executive Council of the World Power 
Conference, held in Paris last month, it was decided to 
accept an invitation for a sectional meeting to be held 
at Rio de Janeiro in the period July to August, 1954. 
It will be the first time a World Power Conference has 
been held in South America. The topics to be discussed 
will centre round the special power and fuel problems of 
tropical and sub-tropical countries. The Council also 
decided to admit the German Federal Republic and 
Japan as members of the World Power Conference, At 
the recent annual general meeting of the British National 
Committee, Dr. A. Parker, O.B.E., Director of Fuel 
Research, Department of Scientific and Industrial 
Research, was elected to fill the vacant post of honorary 
secretary. 





OBITUARY. 


DR. J. T. BATEY. 


In last week’s issue, on page 116, ante, we recorded 
the death, on July 23, of Dr. John T. Batey, for 
many years the managing director of Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, 
Newcastle-on-Tyne ; and we now give below an 
outline of his exceptionally long connection with the 
shipbuilding industry on Tyneside. 

John Thomas Batey was born in Newcastle-on- 
Tyne on July 28, 1862, so that his death occurred 
only five days before his 89th birthday. He was 
educated at Newcastle Grammar School and also 
on the Continent, and then entered upon a five years’ 
apprenticeship to shipbuilding in the yard of 
Andrew Leslie, at Hebburn, which is now that of 
Hawthorn, Leslie and Company. It may be noted 
that this shipyard will attain its centenary in 
1953; the amalgamation with the engineering firm 
of R. and W. Hawthorn took place in 1885. John 
Batey spent nine years in the Hebburn yard. As 
an apprentice, he had attended evening classes at 
the School of Science and Art in Newcastle, and 
obtained first-class honours and a bronze medal in 
the naval-architecture examination at South Ken- 
sington. This brought him an appointment as 
lecturer in the school at Newcastle, and a position of 
responsibility in the drawing office at Hebburn, 
while he was still in his twenties. In 1889, however, 
he crossed the Tyne to Low Walker, to become 
chief draughtsman in the shipyard of William 
Dobson and Company, a post which he held for 
12 years. In 1901, he returned to Hawthorn, 
Leslie and Company as chief draughtsman; but 
only for a few months in that capacity, as he was 
made general manager before the end of the year. 
A directorship followed in 1907, and in 1921, on 
the death of Sir Herbert B. Rowell, he succeeded to 
the position of managing director, which he occupied 
with notable success until his retirement in 1936. 

Dr. Batey—who had received the honorary 
degree of D.Sc. from the University of Durham in 
1935—was one of the oldest members, and possibly 
the oldest, of the North-East Coast Institution of 
Engineers and Shipbuilders, to which he was elected 
in 1885, a year after its foundation. In 1924, the 
Institution elected him a Fellow in recognition of 
his services to Tyneside shipbuilding, and President 
in 1934, an office which he held for two years. He 
was also a member of 52 years standing of the 
Institution of Naval Architects, serving on the 
Council for many years and being elected vice- 
president in 1938. After four years as chairman of 
the Tyne Shipbuilders’ Association, he was elected 
in 1923 to the Central Board of the Shipbuilding 
Employers’ Federation, and subsequently to the 
Board of Trade Advisory Committee, the Merchant 
Shipping Advisory Committee, and the Technical 
Committee of Lloyd’s Register of Shipping. He was 
one of the earliest supporters of standardisation in 
shipbuilding and engineering, and was a member of 
the British Engineering Standards Association, now 
the British Standards Institution. His death, 
following on those of Mr. J. Denham Christie and 
Sir Rowland F. W. Hodge, may be fairly regarded 
as the end of an era in Tyneside shipbuilding in 
iron and steel, for he provided a direct link with 
those who built up the industry on the North-East 
Coast. 





EcONOMICS OF METALS.—In connection with a special 
general meeting, the Council of the Institute of Metals, 
4, Grosvenor-gardens, London, S.W.1, have arranged a 
whole-day discussion on ‘“‘ Metal Economics,”’ which will 
take place at the Park Lane Hotel, Piccadilly, London, 
W.1, on Wednesday, October 17. The morning session 
will be devoted to “‘ Primary Resources of Ferrous and 
Non-Ferrous Metals,” and the afternoon session to 
“ Scrap, Reclamation, Secondary Metals, and Substitute 
Materials.” Both ferrous and non-ferrous metals will 
be dealt with throughout the meeting, especially at the 
morning session, but the papers and discussions will 
have a strong non-ferrous basis, largely because the 
Institute is concerned only with non-ferrous metals, 
An informal conversazione and exhibition will be held 
in the evening of October 17 at 4, Grosvenor-gardens, 
and a series ef visits to works and laboratories in the 
London area has been arranged for the morning of 
Thursday, October 18, 





‘THE ROYAL AGRICULTURAL 


SHOW AT CAMBRIDGE. 


(Concluded from page 120.) 


PoTATO-HARVESTING machinery can be used far 
more efficiently if the haulm is destroyed first, as 
this prevents clogging of the mechanisms and makes 
the hand-pickers’ work much easier. Several 
machines designed for this purpose were being exhi- 
bited at the Royal Show, an outstanding example 
being furnished by that illustrated in Fig. 31, oppo. 
site, which was being shown on the stand of the 
manufacturers, Messrs. P. B. Bettinson and Com. 
pany, Limited, Holbeach, Lincolnshire. As will be 
seen from the illustration, it has been designed to 
fit on to the front of a standard tractor and is 
driven from the belt-pulley power take-off. There 
are two horizontal cutters fitted to a subframe 
bolted to the tractor, the design being such that the 
height of the cutters above the ground can be 
adjusted to suit local conditions. Both cutters are 
fitted at the lower ends of vertical spindles and the 
drive is transmitted to the top of one spindle by a 
single V-belt, further V-belts arranged across the 
front of the machine connecting the two spindles 
together. The mechanism is of strong but straight- 
forward construction, damage being prevented by 
the incorporation of an over-run safety clutch in 
the drive. Depth adjustment is accomplished by 
moving the cutters and their supporting framework 
on vertical guides, the actuating mechanism, which 
consists of a screw gear and attendant bell-crank 
levers, being arranged so that it can be operated 
from the tractor seat. The machine can, of course, 
be used for other duties, such as the removal of 
calrot tops, beet tops, etc., and the dispersal of 
weed growths. 

A somewhat different machine for destroying 
potato haulm was being demonstrated on the stand 
of Pest Control, Limited, Harston, Cambridge. 
This machine is known as the Rotoflail, and, as its 
name suggests, employs a number of flails to dis- 
integrate the haulm. It is illustrated in Fig. 32, 
opposite, from which it will be noted that the 
flails are mounted on a horizontal shaft; this is 
driven from the power take-off of the towing 
tractor and the flails strike the haulm and batter 
it to a fine mulch. Solid-rubber flails are used and 
they are connected to the rotor shaft so that they 
can be removed and replaced easily. The rotor 
shaft is mounted in sealed bearings and, when at 
work, rotates at a speed of 700 r.p.m., being driven 
from the power take-off through an extension shaft 
fitted with universal couplings, a bevel gearbox, a 
cross-shaft and a chain-and-sprocket assembly, the 
last-named transmitting the drive from the cross- 
shaft to the rotor. The frame is built up from 
welded channel-section steel members and, as will 
be seen from the illustration, the complete unit is 
supported by two landwheels fitted with pneumatic 
tyres. The width of working is 7 ft. and the height 
of the flails above the ground can be adjusted 
directly from the tractor seat. All moving parts 
ate suitably protected by sheet-steel covers, but on 
the machine illustrated the rotor cover has been 
removed so that the flails can be seen. Use of the 
Rotoflail is by no means limited to potato-haulm 
pulverisation, as it can be employed equally well 
for clearing long grass and rubbish in orchards, 
breaking up the straw left behind by combines, and 
the eradication of bracken. Furthermore, there 
appears to be no reason why it should not be used 
for topping such root crops as carrots and mangolds, 
and it is understood that such a use is envisaged by 
the manufacturers. 

The exhibits on the stand of Messrs. Haytets, 
Limited, Spellbrook, Bishops Stortford, included 4 
novel form of grass-cutting machine intended 
originally for use in orchards. This machine, which 
is illustrated in Fig. 33, opposite, is designed for 
attachment to the Ferguson tractor linkage and 
comprises three horizontal cutter heads arranged 
below a steel guard. The drive for the cutters 
is taken from the tractor rear power take-off by 
means of three V-belts, the flat pulley normally 
fitted to the belt-drive attachment being replaced 
by a three-groove V-pulley wheel. The three belts 
are connected to a countershaft arranged along the 
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Fic. 31. Porato-Havutm Cutrer; P. B. Berrrnson AND Fie. 32. Porato-Hautm PuLvEeRIsER; Psst Controxt, Liwrep. 
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Fic. 33. Rotary Grass Currer; Hayters, Limirep. 











Fic. 34, “ Revo.turion ” Smpe-Detivery Rake; A. B. Branca anp Company, Limirep. 


top guard plate and further V-belts transmit the | with the driving pulley and the lower end with a 
drive to the individual cutters. Each cutter | Duralumin plate having four cutting blades bolted 
assembly consists of a vertical steel shaft, running |to it. The complete machine is supported at the 
in heavy ball races, the top end of which is fitted |rear by two landwheels, fitted with solid-rubber 





tyres, mounted in ball-bearing castors, and although 
the forward end of the machine is connected to"the 
tractor linkage it is not designed to be raised by 
the hydraulic power lift. To enable the unit to be 
used either directly behind the tractor or towards 
one side, two drive pulleys are fitted to the trans- 
verse countershaft, the total offset available being 
22in. This is a valuable feature as in orchard work 
it can cut close to the trees without risk of damaging 
the machine. Although intended primarily for, use 
in orchards, it can be used for many other purposes, 
such as clearing thistles from pastures, topping 
marshland grass, and for grass cutting on aero- 
dromes, public parks, etc. 

A new form of side-delivery rake and swath turner 
was being shown by Messrs. A. B. Blanch and 
Company, Limited, Crudwell, Wiltshire. This 
machine, which has been designated the Revolution, 
is illustrated in Fig. 34, on this page, from which 
it will be seen that it is designed for towing behind 
a tractor. It is of simple but robust construction 
and as the tine wheels obtain their drive from con- 
tact with the ground and crop, there are no drive 
chains, sprockets or gears. The complete unit is 
mounted on pneumatic-tyred wheels and the tine 
wheels are independently sprung so that they can 
follow closely the contours of uneven or undulating 
ground. At the end of rows the tine wheels are 
lifted clear of the ground by the movement of a 
lever located near the tractor driver and although 
capable of covering two five-foot or two six-foot 
swaths, the transport width is only 7 ft. For swath 
turning, the centre tine wheel is replaced by a 
swathboard and to give adequate clearance between 
the swathboard and the wheels when turning a 
heavy hay crop, the second and fourth tine wheels 
are mounted on sliding bearings. 

A new light tractor capable of performing, on a 
reduced scale, all the duties carried out by heavier 
tractors was being exhibited at the Royal Show 
for the first time by Tractors (London) Limited, 
Bentley Heath, Barnet, Hertfordshire. This 
machine, which is known as the Trusty Steed, is 
illustrated in Figs. 35 and 36, page 150, which show 
it equipped with pneumatic-tyred rear wheels and 
half-track equipment, respectively. It is a compact 
but sturdy unit which, owing to its comparatively 
small size, is easy to maNceuvre in confined spaces. 
The power unit consists of a single-cylinder four- 
stroke air-cooled petrol engine having a capacity 
of 596 c.c. and developing a maximum of 14-5 
brake horse-power. The power is transmitted to a 
three-speed gearbox by a chain, the ratios of the 
various speeds being 2-32 to 1 in first gear; 1-565 to 1 
in second and 1 to 1 in top gear. The engine and 
gearbox are assembled as a single unit which is held 
to the chassis by four bolts, but means are provided 
for pivoting the gearbox in relation to the engine 
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Fic. 37. 
Fies. 37 anp 38. ‘“‘ Mowmotor” ATTACHMENT ; TRACTORS (Lonpon) Limrrep. 


so as to adjust the tension of the primary chain. 
A multi-plate clutch is used to transmit the drive to 
the gearbox and this is mounted on the gearbox input 
shaft, withdrawal being effected by a pedal in the 
normal manner. 

A roller chain is used to transmit the drive to the 
rear of the tractor, the chain being enclosed in a case 
located towards one side of the chassis. The chain 
is connected by a spocket to a countershaft which, 
in turn, is connected by two further chain and 
sprocket assemblies, to the final-drive units, the 
latter consisting of two spur reduction gears 
driving the rear wheels. To permit the drive to the 
rear wheels to be disconnected independently, 
the sprockets which transmit the drive to the rear 
wheels are connected to the countershaft through 
dog clutches which can be brought into and out of 
engagement at will by means of hand levers located 
one at each side of the driver’s seat. Brake drums 
are mounted on each final-drive pinion shaft and 
back plates with internal-expanding shoes are 
bolted to the transmission-casing base-plate, the 
linkage being designed so that the brakes can be 
applied independently by further movement of the 
dog-clutch operating levers or together by a pedal. 

The front-axle beam is of the centre-trunnion 
mounted type with bolted-on adjustable extensions 
fitted with the usual form of stub axles. Marles 
steering gear is fitted as standard and the track rod 
and drag link is locked at the different widths by 
quick-release clamps. The chassis is of welded 
construction and is designed so that mid-mounted 
tools can be used when required. The drawbar 


. 36. 
* TrRusty-STEED ”’ 





hitch is placed well forward of the back axle and 
is mounted on trunnion brackets which can be 
adjusted for height. A linkage system connects 
the rear end of the drawbar to the hand-lift lever, 
which is arranged so that both mid-mounted and rear 
tool bars are raised and lowered simultaneously. 
Lateral movement of the mid-mounted toolbar 
is restricted by the lifting arms but these in no way 
interfere with the floating action when at work. 
A belt-pulley power take-off is provided at the rear 
of the tractor, the unit comprising a 6-in. diameter 
pulley of 3} in. face width chain driven from the 
countershaft ; the normal speed of the pulley is 
1,100 r.p.m. when the tractor is in top gear. When 
fitted with pneumatic-tyred wheels, the weight of 
the complete machine is approximately 1,200 lb., 
the wheelbase 514 in., the overall length 78 in., 
and the height, to the top of the steering column, 
59 in. 

Tractors (London) Limited were also showing a 
neat little unit designed to convert hand-propelled 
implements, such as lawn-mowers and hoes, into 
power-driven machines. It is known as_ the 
Mowmotor and is illustrated in Figs. 37 and 38, on 
this page, in which it is shown fitted to a hand- 
propelled hoe and an ordinary roller-type lawn 
mower, respectively. It consists of a single-cylinder 
air-cooled two-stroke petrol engine, having an output 
of } h.p., which drives a friction roller through a 
roller chain and sprocket assembly. The unit is 
mounted on a pivoting bracket and the friction roller 
is brought into contact with either the driving wheels 
of the hoe or the roller of the mower by allowing it 


Fie. 36. 


Four-WHEEL Tractor; Tractors (LoNpoN) Loren. 





Fig. 38. 


to swing down about the pivot; the movement is 
controlled by a lever fitted to the handles. In the 
case of a side-wheel type of mowing machine, the 
bracket is clamped in the base of the handle in 
much the same way as for the hoe illustrated in 
Fig. 37. 

There were, of course, many more implements 
exhibited at Cambridge than have been referred to 
in our article; it should be emphasised, therefore, 
that those mentioned have been chosen because 
they were either new or have not been described 
previously in ENGINEERING. Like its predecessors, 
the show was very well organised, and there were 
certain improvements over last year’s arrange- 
ments, particularly in the signposting. The main 
avenues in the implement yard, however, were still 
only labelled at the ends, so that any visitor passing 
from one avenue to another at any intermediate 
point was confused as to his whereabouts. The 
wan on re-admission also is somewhat aggravating 
as it precluded visitors from returning to the 
car parks for any article left in their cars. Also, the 
organising committee might well review the arrange- 
ments for the last day. According to the 
programme, the show was due to close at 6 p.m., but 
many stands were totally dismantled early in the 
afternoon, and by 5 p.m. the show ground was filled 
with vehicles sent to collect the exhibits. This 
was unfortunate for those unable to visit the show 
until the last afternoon and should not be permitted. 
These criticisms are, however, small matters, and 
the Society are to be congratulated once again on 
the general excellence of the arrangements. 
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THE JOINT ENGINEERING 
CONFERENCE, LONDON. 
(Continued from page 72.) 


On Tuesday, June 12, the three sessions, at the 
Institutions of Civil, Mechanical and Electrical 
Engineers, dealt with road planning and safety, 
progress in radio for aviation, and radio masts and 
towers, respectively. 

Roap PLANNING AND SAFETY. 


Mr. G. T. Bennett, O.B.E., B.Sc., M.I.C.E., 
presenting his paper on “Road Planning and 
Safety,” said most people thought of the road 
system as having commenced with the Roman 
period, but the belief was growing that before that 
time there had been roads in England on quite an 
extensive scale and that our ancestors had not been 
quite such barbarians as the Romans purported them 
to have been. Nevertheless, the system which the 
Romans had left behind them had lasted very 
largely up to the present day, and it made one 
wonder why a similar thing could not be done now. 
The next great period of road building had come 
with the turnpike era. The steam locomotive was 
invented, however ; the railways were built,and the 
turnpike system had become bankrupt after some 
years. With the development of the internal- 
combustion engine there had been a tremendous 
awakening, since the motor car became a normal 
method of travel; but the road system had been 
entirely unsuitable because of its history. No one 
could say that, after the end of the First World War, 
no effort had been made to deal with the situation. 
Taxation of motor-cars had brought in a large sum 
of money, though, unfortunately, the whole of the 
money had not been used on the roads. The grant 
system of financing the roads, however, had led to 
the position in which 250,000,0001. were being 
collected every year and only about 70,000,000/. 
were being spent on the roads. 

Engineers believed that transport was so vital to 
the country, and that the reduction of the costs of 
transport would make such a tremendous contribu- 
tion to the cheapening of the goods which the country 
produced, that it was necessary to have the best 
road system in the world. This was more necessary 
in England than in any other country in the world ; 
the ports and the towns were all very close together. 
What engineers would wish to see would be a 
backbone system like the old Roman system or the 
German autobahnen system, a system of motorways 
specially built for vehicles and from which pedes- 
trians and cyclists would be excluded. Apart from 
that, they would wish to see all the main roads of 
the country fitted up with double carriageways, 
cycle tracks where there was considerable cycle 
traffic, and proper footways. They would wish to 
see through-traffic taken out of the towns and 
villages and carried by by-passes. They would like 
to see roads of lesser value treated according to their 
importance, made safe and made reasonably 
commodious for the traffic using them. 

He had suggested that it might be a good idea 
to build a single motorway and charge a toll on it. 
In making this suggestion, he had rather trailed 
his coat. He was quite sure that if the suggestion 
were put into effect, even with the present high 
taxation on road transport, people would flock 
to use such a road and it would pay for itself. 
If such a road were built, it would at least settle 
whether any roads would pay for themselves if 
they were made safe and commodious. Before 
concluding, he wanted particularly to mention the 
question of safety. The subject of road safety had 
been bedevilled always by a misunderstanding 
about the meaning of the word “ cause ”—the 
cause of accidents. In this matter it was common to 
say that the cause of any accident was the fault 
of some person who was involved. With that he 
would agree, as probably would most people; it 
was indeed very seldom that there was a road acci- 
dent in which one could not find one or both, or all 
the persons involved, to be to some extent to blame. 
On the other hand, it did not follow from this 
that there was nothing that the road engineer or the 
vehicle designer could do to prevent accidents from 
Occurring. If there was something lacking, if there 
was something that could have been done to 


prevent an accident, it could be called a cause just 
as much as could the absence of commonsense or 
carefulness on the part of the individual. However, 
the statistics on which most reasoning on this 
matter had been based so far were produced by the 
police, who could not be expected to say anything 
about the road. Thus, their figures showed 
that only 1 per cent. of accidents were due to road 
defects and 99 per cent. were due to human careless- 
ness. 

The chairman, Dr. W. H. Glanville, C.B.E., 
observed that it was a curious thing that the paper 
on “ British Mechanical Road Transport Vehicles, 
1851-1951,”’ by Mr. Shearman and Mr. Winter, had 
hardly mentioned the roads, and to-day, the paper 
had dealt with roads but it hardly mentioned 
vehicles. In a sense this illustrated the manner in 
which the road problem was sometimes regarded ; it 
was not looked upon as a complete whole. Road 
transport was responsible for spending about 10 per 
cent. of the national income, a very considerable 
slice, and therefore it was something that ought to 
be looked upon as a whole. 


Discussion. 

Mr. H. S. Andrew, who opened the discussion, said 
that he wished to make two quotations from the 
London and Home (Counties Traffic Advisory 
Committee’s Report to the Ministry of Transport 
on London traffic congestion. The first quotation 
was to the effect that there had been no major 
street improvement in inner London since 1905, 
when Kingsway and Aldwych had been completed 
and opened to traffic; and the second was to the 
effect that, notwithstanding the country’s present 
heavy commitments, especially on defence and 
housing, the Committee considered that certain 
works were essential and should be put in hand at 
the earliest possible moment unless the traffic of 
London was to be brought to a standstill. That 
was the London picture. The author had given 
the national picture extremely ably. The words 
with which the paper concluded could not be 
emphasised too strongly: ‘ Meanwhile, highway 
engineers should do everything in their power to 
demonstrate the vital contribution to prosperity 
which an adequate road system would represent.” 

Mr. J. Shearman said he quite appreciated the 
author’s remarks about the need for rubbing out the 
black spots on the roads, but he suggested that the 
author should not forget the wonderful work that had 
been done in providing an adequate and excellent 
surface for the roads over which people enjoyed 
their motoring nowadays. Mr. A. J. Samuel (deputy 
chief engineer, Ministry of Transport) observed that 
he did not know whether anyone had worked out 
what would be the cost of the author’s proposals. 
His calculation was that the first item, 3,000 miles 
of motorways, would cost 4501. million. The country 
had come out of a big war, and not only were the 
roads in a poor state, but the railways were in a 
position which was not much better, the country 
was short of electric power and there was a great 
deal of money being spent on rearmament, Mr, 
R. R. W. Grigson said that the author was not 
proposing anything more ambitious than had been 
embarked upon in Germany in 1933, and surely 
no one could say that we in this country were more 
impoverished than the Germans had been in the 
inter-war years. 

Mr. G. H. Lanchester, speaking as a motorist 
who had motored before the roads had been made 
for motors, suggested that, as the roads were 
improved, so the motorists would go on increasing 
their speeds, and there would always be the propor- 
tion of road aclidents that were due to misjudgment 
of the driver or some other person. 

Colonel M. J. P. O’Gorman considered that the 
principle on which traffic safety could be achieved 
was that of making all movement on the road 
predictable. If the movement of other traffic 
which the motorist saw before him was predictable, 
the motorist would predict and would take care 
not to get in the way of the other traffic. 


ProcReEss In Arr Rapio. 
The paper on “ Forty Years’ Progress in Air 
Radio’ was presented by Air Commodore C. 8. 
Cadell, C.B.E., M.A., A.M.IE.E., and Dr. B. J. 





O’Kane, B.Eng., A.M.I.E.E. Mr. H. Bishop was in 





the chair. Before 1918, medium-frequency tech- 
niques were, said the authors, developed in air radio 
to the stage of becoming operationally reliable. 
A period of consolidation followed during which 
commercial flying gradually began to emerge, and 
the tempo increased in the late "thirties with the 
introduction of the master oscillator and crystal 
transmitters; and aircraft bonding and ignition 
shielding became the standard practice. Tele- 
control of target aircraft in flight also became 
common; the “ voice from the air” was used 
operationally ; television transmission was success- 
fully demonstrated, but discarded; direction- 
finding was greatly developed ; the coastal radar 
chain was extended from Aberdeen, to Southampton 
by the outbreak of war; and a primitive air inter- 
ception radar equipment had been flown. 

Enormous advances were achieved during the 
1939-45 war, of which the most important was the 
experience gained in pulse techniques. This know- 
ledge had profoundly influenced air strategy and 
revolutionised air tactics. By 1945, few operational 
sorties were undertaken without the aid of air- 
borne radar or ground radar control and, while 
communication techniques in aircraft had changed 
much less in comparison, there was an increasing 
demand for very high-frequency speech channels. 
An equipment giving 336 channels at 90 kilocycles 
‘pacing was developed and was the first equipment 
to use “ crystal saving.” A further feature was the 
widespread use of ionospheric prediction to ensure 
that operators in the air employed the optimum 
available frequency. 

Although there had been no major advance in 
telecommunication systems since the war, new 
types of equipment had been introduced which 
showed marked technical and operational advan- 
tages. Perhaps the most striking change was the 
introduction of “‘ miniaturised’’ equipment. This 
considerably reduced the volume and weight of indi- 
vidual units, thus offsetting to some extent the 
increasing number required to meet the needs of 
present-day traffic control. The greater use of 
very high frequencies for this purpose made it 
necessary to employ multi-channel equipments. 
In addition to air-to-ground communication, inter- 
communication facilities must be provided and 
development work had been carried out to improve 
intelligibility and reduce the effect of aircraft noise. 
Technical progress on navigational aids had been 
hampered by lack of international agreement on 
the system to be adopted, but the direction-finding 
equipment was now fully automatic and in many 
cases bearings on two beacons could be taken 
simultaneously. 

Long-range navigation was a problem that had 
not been completely solved. Both the Loran and 
Consol systems were in use, the former operating at 
a frequency of about 2 megacycles and the latter 
at 250 kilocycles. Both systems suffered from the 
disadvantages inherent in those frequencies. Other 
aids in use were microwave early warning (M.E.W.) 
radar equipment and the airfield surface movement 
indicator (A.S.M.I.), as well as altimeters and air- 
borne primary radar. With the increasing speed 
of aircraft, however, the air traffic control system 
would have to be modified very considerably in 
congested areas ; and the new equipment, both in the 
air and on the ground, would inevitably be of greater 
complexity. A possible solution would be to cover 
a congested area with a “ carpet” of ground radar 
equipment, which continuously reported the position 
and height of all aircraft. The aircraft would carry a 
transponder which, when interrogated, would give 
the aircraft’s identity and possibly other information 
such as height. An automatic computer at the 
control centre would com the aircraft’s three 
dimensional track with the “ideal” track for the 
selected lane and would signal corrections auto- 
matically to the aircraft. It would also give 
warning of impending collisions and record all 
messages passed. Instructions would be given by 
an, impulse signalling system or pictorial displays. 
With this system the aircraft would have to carry 
an approved short-range navigational aid, a very 
high frequency impulse telephony transmitter- 
receiver and a transponder. In addition, a landing 
aid would be required and a long-range aid would 
be necessary on certain routes. Whatever system 
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of control was adopted, speed of communication 
would be essential and information from remote 
radar stations would in certain cases have to be 
relayed. 

Discussion. 

Mr. F. 8S. Barton, in opening the discussion, 
expressed the belief that there was much more 
drama in the early days than was stated in the 
paper. Very high frequencies had been adopted 
in order to enable a simple quarter-wavelength 
rod to be used; and their advantages, which were 
proved about 1933, were freedom from atmos- 
pherics and loss of side range. They had also 
enabled designers to capitalise on other subsidiary 
work, such as electromagnetic microphones. He 
thought that the Gee system had been dismissed too 
lightly as it did great service during the war. 

Air Vice-Marshal Addison said that the present 
dependency on aero-navigation meant a crowding 
of frequencies and consequently interference. That 
interference was being increased deliberately ; and 
the question therefore arose whether the use of 
electronics in air navigation, particularly military 
navigation, would not have to be reconsidered. 
There was a tendency nowadays to “clutter up” 
aircraft with “ black boxes ” to the detriment of the 
pay load or the number of bombs carried. 

Sir Victor Tait called attention to two matters 
which were at present of considerable importance 
to civil aviation. One was the greater use of higher 
frequency radio telephony, for which we had not 
got suitable equipment, and the other was the 
development of distance-measuring equipment. 

Major B. Binyon pointed out that the first 
operational artillery reconnaissance by radio took 
place in January, 1915, and not in 1916, as stated 
in the paper. Nor was the set used, which had an 
ordinary open spark gap, that which was illustrated. 
Among the difficulties of the early workers was the 
prejudice of pilots against having anything on the 
aircraft which could not be used directly for attack- 
ing the enemy. Another difficulty was that it was 
always the worse type of machine which was 
allocated for experimental purposes. 

Air-Commodore W. E. G. Mann, in dealing with 
air traffic control, said that they should be careful 
not to concentrate on a system designed to meet the 
most difficult conditions in the London area, but 
one which was flexible and capable of economically 
meeting requirements along the Commonwealth 
and Empire routes, where the weather was better 
and the traffic density less. 

Mr. R. H. Woodhall asked whether the saving in 
weight on the radar transformers was the only 
reason for using a 1,600-cycle instead of the standard 
400-cycle supply. Actually, the weight of the 
additional inverters would increase the weight of 
the power conversion plant. He also asked why 
the voltage and frequency of the supplies from the 
inverters to the radar equipment had to be con- 
trolled within + 1 per cent., as many radar installa- 
tions were operated from engine-driven alternators 
the output of which varied in a ratio of 1 to 2, 

Mr. C. Orde pointed out that with the increase 
in the speed of civil aircraft it would be necessary 
to increase the speed of communication throughout 
the system for tne sake both of safety and operating 
efficiency. Radio equipment was no longer merely 
an accessory and should be carefully considered 
from the outset. He believed that in future it 
would be necessary to justify not only the first cost 
of aircraft equipment, but the space and weight 
which had to be subtracted from the totals available. 

Air Vice-Marshal O. G. Lywood criticised the 
accuracy of the record of early work given in the 
paper. More had be2n done by the Royal Flying 
Corps than was suggested. The use of very high- 
frequency had been an important factor in winning 
the Battle of Britain. 

Dr. O’Kane, in reply, said that there was no 
doubt that Gee was a very valuable device and 
agreed that the high-range altimeter for pressure- 
cabin flying should have been mentioned. He did 
not think there was any particular reason for 
using 1,500 cycles for the radar equipment. The 
reason for installing radar equipment in civil aircraft 
was that it enabled a specific journey to be completed 

in the right time. 
(Zo be continued.) 





LABOUR NOTES. 


Repvorions in direct taxation are urgently needed 
to provide an incentive to industry, according to a 
memorandum presented to the Royal Commission on 
the Taxation of Profits and Income by the British 
Bankers’ Association. On this question, the Association 
states that beyond a certain point there is a direct 
conflict between the need to provide incentives and the 
attempt to redistribute the national income by means 
of progressive taxation. The opinion of the bankers 
is in no doubt that, ‘‘ with the present steep graduation 
of rates of direct taxation, that point has been reached 
and passed.” Ifa reduction in direct taxation cannot 
be achieved by economies in public expenditure, the 
Association continues, it is obvious that there should 
be a change “to some considerable extent” from 
direct taxation to indirect taxation. There might, for 
example, be a withdrawal of the subsidies, which at 
present overburden the budgets both of the Govern- 
ment and of the local authorities, and which may be 
regarded as indirect taxation of a negative character. 





The debt owed by British industry and national 
prosperity to the enterprise, initiative and vigour of 
individuals, who, from small beginnings, have built by 
great commercial and industrial concerns, can scarcely 
be exaggerated. As examples of such men, the Asso- 
ciation refers to Jesse Boot, Thomas Lipton and 
William Morris, and states that all the ability and 
enterprise of such industrial organisers would have been 
unavailing if they had been unable to accumulate the 
necessary capital, in growing volume, out of their 
retained taxed profits. The Association feels that, if 
leaders of this calibre cannot emerge in this country, 
British industry will become stereotyped and stagnant, 
and the prizes of industrial efficiency “ will pass to 
other nations whose taxation policy is less suicidal.” 





Wage increases granted to United Kingdom em- 
ployees during the first six months of the present year 
reached an pwd record. In all, 7,098,000 work- 
people, about one-third of the country’s total working 
population, received net increases in their full-time 
wages totalling 2,785,300/. a week, representing an 
average of very nearly 8s. a head. During the corre- 
sponding months of 1950, according to the Ministry 
of Labour Gazette for July, some 2,304,000 workpeople 
received net increases in their full-time wages amount- 
ing to 385,000/. a week. In the period between January 
and June this year, 1,102,000 persons in the building 
and contracting industry received weekly increases 
aggregating 562,000. net ; in the transport and com- 
munications industries, 1,114,500 persons received 
increases amounting to 486,000/.; in the distributive 
trades, 443,000 operatives obtained increases totalling 
175,0001.; and, in the textile industry, 625,000 work- 
people obtained increases of 237,000. in all. Increases 
received during the six months by employees in the 
engineering, shipbuilding and electrical-goods group of 
industries were comparatively small. A total of 182,000 
persons received increases aggregating 80,900/. In the 
paper and printing industry, 256,000 operatives 
obtained increases in their wages amounting to 102,0001. 
a week. 





During June last, the changes in the rates of wages; 
which came into operation in the United Kingdom, 
resulted in an aggregate increase that was estimated 
by the Ministry of Labour to amount to 314,000/. a 
week net in the full-time wages of 1,176,000 work- 
people. The principal increases in that month affected 
persons employed in retail distribution by co-operative 
societies, personnel in the iron and steel industry, 
employees in the printing industry, and manipulative 
grades in the Post Office nie pee outside the London 
area. Many other classes of workpeople also received 
increases, including persons engaged in rubber manu- 
facture, those employed in the retail food trades in 
Scotland, and operatives in rayon-yarn factories. In 
the iron and steel industry, there were small increases, 
— under sliding-scale arrangements based on the 
index of retail prices. In the printing industry, many 
classes of operatives obtained advances in their wages. 
In the London district, minimum rates were increased 
by amounts ranging from 10s. to 20s. 6d. a week for 
men in certain occupations, and by 8s. for women. 
Elsewhere, the increases were generally 10s. or 12s. 6d. 
for men, and 8s. for women. 





There were advances during June in the figures 
for each of the four categories into which the index 
of rates of wages is divided. At the end of the month, 
the index stood at a level of 119 for all employees, and 
at 118, 122, and 124, for the men, women and juvenile 
classes, respectively. These figures represented an 
advance of one point during June for each of the four 
classes. This index measures the movement, month 


by month, in the level of full-time weekly-wage rates 
in the principal industries and services in the United 
Kingdom, compared with their level on June 30, 1947, 
which is taken as 100. 





An advance, by one point, also took place in the 
figures of the interim index of retail prices during the 
month ended June 19. At that date, the level of the 
index was 125 for all items and 136 for food only, 
compared with figures of 117 for all items and 127 for 
food only in mid-January, 1951. This index measures 
the average changes, each month, in the United 
Kingdom prices of goods and services which entered 
into the expenditure of working-class households before 
the war. It was commenced on June 17,1947, the level 
at that date being taken as 100. 





There was a definite upward trend in the severity of 
industrial disputes in progress in the United Kingdom 
during June, according to the statistics issued by the 
Ministry of Labour. There were, in all, 184 stoppages 
in progress, of which 25 were in being before the month 
began and 159 were commenced during the month. 
Some 84,800 workpeople were involved in the 184 
stoppages and they lost a total of 304,000 working 
days. During the preceding month, there were 192 
strikes, but only 59,400 workpeople took part and the 
loss of working days as a result of them numbered 
rather fewer than 202,000. The comparative figures 
for June, 1950, show that there were 146 stoppages 
in that month and that 28,700 persons took part in 
them, with a loss of 95,000 working days. Of the 184 
stoppages in progress during June last, eleven were 
still in being when the month ended. Of the remaining 
173, the Ministry report that 94 lasted two days or 
less, 21 lasted three days, 27 lasted between four and 
six days, and 31 were in progress for more than six days. 





Trade disputes beginning during the period January 
to June last numbered 898, in which some 237,000 
persons took part and over 1,220,000 working days 
were lost. The corresponding figures for the first six 
months of 1950 show that 761 disputes were begun, in 
which 148,000 workpeople were involved and 588,000 
days were lost. During the first half of the present 
year, there were 50 stoppages in the engineering indus- 
try, in which 14,800 operatives were concerned and 
61,000 days were lost; and in the shipbuilding and 
ship-repairing industry there were 48 stoppages, with 
4,000 men involved and 25,000 days lost. 





Fresh demands by the three principal railway unions 
for a 10 per cent. increase in wages for operating, 
maintenance and clerical staffs were submitted to the 
Railway Executive on Tuesday last and a meeting 
between representatives of the two sides of the industry 
is expected to take place next week to discuss the 
joint claims. Similar claims were presented to the 
London Transport, Hotels, Road Haulage, and Docks 
and Inland Waterways Executives on behalf of mem- 
bers of the three Unions employed by these Executives. 
Well over 500,000 railway and allied employees belong- 
ing to the National Union of Railwaymen, the Asso- 
ciated Society of Locomotive Engineers and Firemen, 
and the Transport Salaried Staffs’ Association are 
affected by the demands, which, if conceded in full, 
would involve the Executives of the British Transport 
Commission in an addition of around 20 million 








pounds to their annual bill for wages and salaries. 





In addition to subscribing with the other two unions 
to the joint claims, the Associated Society of Locomotive 
Engineers and Firemen is asking for an increase in 
the rates of overtime paid to locomotive staffs who are 
employed at week-ends. In this connection, the 
Society’s demands amount to time-and-a-half payment 
for Saturday afternoons and double time for Sundays. 
Under present agreements, work on Saturdays is paid 
for at single time rate and that on Sundays at time- 
and three-quarters rate. Mr. J. G. Baty, the general 
secretary of the A.S.L.E.F., stated on Tuesday that 
these additional payments were “ absolutely essential, 
if adequate services were to be maintained. Locomotive 
men employed in the railway workshops are not con- 
cerned in the present claims, although separate demands 
on their behalf may follow at a later date. Some 
sections of the engineering staffs are affiliated to the 
Confederation of Shipbuilding and Engineering Unions. 
A claim for a 10 per cent. advance for supervisors 10 
railway workshops was submitted to the Railway 
Executive on July 30. Much stress is being laid by 
the unions on the labour shortage from which the railway 
service is now suffering and allege that many railway- 
men are leaving British Railways for service in other 
industries, where the remuneration is higher. The 
unions have requested that their claims should be 
given “ very early consideration.” 
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RESISTANCE EXPERIMENTS ON 
THE *“*LUCY ASHTON.’’* 
By Sm Mavrice E. Denny, Bt., K.B.E. 
(Concluded from page 123). 


_AccURATE measurement of thrust was, of course, of 
vital importance. Macklow-Smith hydraulic load- 
measuring capsulest were finally chosen. The capsule 
consists of a shallow cylinder and piston enclosing 
a small quantity of hydraulic fluid, with a pressure 
connection led to a remote-reading pressure gauge 
on the instrument panel in the engine control room. 
Instead of a gland between the piston and cylinder, 
however, the seal is made by an annulus of rubber, 
bonded to the walls of the cylinder and piston. 
When load is applied to the outer face of the piston, 
the pressure on the enclosed fluid rises; the rise is 
registered on the pressure gauge and is a measure of the 
applied force. The displacement of the piston under 
the maximum applied thrust is extremely small—less 
than a hundredth of an inch—with the result that the 
resistance set up by the rubber bonding is negligible 
and, in any case, is accounted for in the calibration of 
the device. The effect of the rubber-bonded seal, 
therefore, is to produce what is equivalent to a 

frictionless ” piston and cylinder and overcomes any 
doubt or difficulties that might arise due to friction or 
sticking in a conventional packed gland or lapped ram. 
Moreover, this type of capsule is very robust and 
accommodating in that tests have shown that its 





* Paper (comprising Part I—Full-Scale Measurements 
of a report by the British Shipbuilding Research Associa- 
tion), presented to the International Conference of 
Naval Architects and Marine Engineers, at a meeting in 
London, June 26, 1951. Abridged. 

t ; One of these capsules was illustrated and described 
in ENGINEERING, vol. 170, page 573, (1950). 
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operation is not adversely affected if the application 
of the load is not strictly axial, which was an important 
consideration in this shipborne installation. The 
pressure connection between the capsule and the 
pressure gauge was made with a flexible hydraulic 
tube, 4 in. bore. Each engine was fitted with its own 
thrust-measuring device on these lines. The capsules 
were rigidly mounted immediately in front of the 
forward cross-members of the engine cradles, and in 
line with the axis of the engines. 

The pressure gauges were 10 in. in diameter, gradua- 
ted in 10 lb. of thrust and were fitted with a high- 
quality copper-beryllium Bourdon tube and jewelled 
movement, designed to suit the range of thrust delivered 
by the engines. The gauges were fitted on the engine 
control panels in the lower compartment of the sound- 
resisting cabin. 

Each individual sealed thrust-measuring unit, com- 
prising capsule, flexible capillary tubing and pressure 
gauge, was carefully calibrated before installation in 
the ship. In the first place, this was carried out in the 
laboratories of the de Havilland Engine Company, and 
subsequently, to an accuracy of + 5 lb., in the dead- 
load calibrating machine at the National Physical 
Laboratory. This dead-load machine is a national 
standard. During the course of the trials, frequent 
calibrations were also carried out in situ by means of 
the calibrating gear, which is shown in Figs. 8 and 9, on 
this page, and also in Fig. 10, on page 154. This 
comprises a bell-crank lever mounted on a heavy cross- 
beam, some 2 ft. forward of the capsule. A vertical 
hanger with scale pans is attached to a horizontal yoke 
connected to the forward cross-beam of the engine 
cradle by two links. These links are in the same hori- 
zontal plane as the axis of the engine and, as the arms of 
the bell-crank are of equal length, the addition of dead 
weights to the scale pan will simulate an engine thrust of 
equal magnitude. The bell-crank pivot is mounted on 
a knife edge, as also are the connections to the arms. 





In this manner, an overall calibration of the engine 
suspension and capsule can easily be carried out at any 
time. The engine suspension is illustrated in Fig. 14, 
on page 155. 

In the course of the trials, the calibrating gear and 
scale pans remained permanently in position, the 
weight of the latter inducing sufficient initial tension in 
the system to maintain stability and alignment of the 
various links, etc. Experience showed that there was 
close correspondence between the standard N.P.L. 
calibration and those subsequently carried out in situ 
on the ship, after making due allowance for differences 
in the ship installation for items such as the scale-pan 
weights and the pressure head due to the difference in 
level between the capsule and the recording gauge in 
the engine control room. The de Havilland Engine 
Company supplied the thrust-measuring and calibrating 
equipment, and gave advice and assistance in the 
installation of the gear. 

Ship speed was obtained in the usual manner by 
sighting mileposts on shore, but, in addition to the 
usual visual sighting by observers with stop-watches, 
a novel photographic or “ photo-finish”” device was 

This instrument is a theodolite with a camera 
attachment which takes a film record of the observa- 
tions. A photograph showing the general appearance 
of the instrument is shown in Fig. 12, on page 154. Its 
use enabled the ship speed with respect to the land to be 
determined with a very high degree of accuracy. The 
instrument was trained on each ee! of mileposts, as 
they were approached, by means of a sighting telescope, 
and a moving film record was taken over a period of 
several seconds, to cover the transit of the front and 
back posts. On the film, most of the frame is taken 
up by an ordinary photograph of the front and 
back posts, but on the left-hand edge is a thin strip 
on which are simultaneously photographed various 
counters mounted on a small panel inside the theodolite. 
At the middle of this strip is the time counter, operated 
at half-second intervals by means of a contact clock. 
The camera speed was about 14 frames 7 second, so 
that there were generally seven frames of film between 
the half-second changes in the counter readings. It 
was possible to locate the alignment of front and back 
posts to within one frame of film ; then, by interpolation 
on number of frames, the time at which the transit took 
place could be very accurately determined—certainly, 
to an accuracy of one-tenth of a second. In general, 
it was found that there was good agreement between 
times recorded by the visual observers with stop- 
watches and the ciné-theodolite ; in the evaluation of 
speed, however, the latter times were always used as 
being the more accurate. 

A special mast was fitted on the ship to take the wind- 
measuring instruments, which consisted of a carefully- 
balanced wind-vane and a cup anemometer. These 
instruments were fitted on a small cross-tree at the 
head of the mast, as shown in Fig. 11, on page 154. The 
mast had been used as a portable wireless mast on 
aerodromes. It was constructed of laminated and 
resin-impregnated paper tubes arranged in telescopic 
form, and was extraordinarily light and robust, easily 
adjusted for height and, consequently, eminently 
suitable as an instrument mast. Both the mast-head 
anemometer and the wind vane had electrical trans- 
mission to indicating dials fitted on a recording panel 
in the wheelhouse. To insure against electrical break- 
down, wind speed was also measured by an observer 
with a hand-anemometer, stationed on the wings of 
the bridge as far away as possible from obstacles that 
might interfere with the airflow. This hand anemo- 
meter was also of the cup type. The wind vane at the 
mast-head was also read visually, for the same reason. 

Acontinuous record of rudder angles was taken during 
the mile runs, and here again both visual and automatic 
recording was adopted. With regard to the latter, an 
electrical transmitter was attached to the rudder head, 
which recorded rudder movement on a dial on the 
instrument panel in the wheel-house. Direct visual 
observations of rudder angles were also made by means 
of a pointer attached to the quadrant, in conjunction 
with a large graduated scale of degrees, which could be 
read through the windows of the wheel-house. 

An “ automatic observer ’’ was fitted in the wheel- 
house. This consisted of a panel of instruments which 
was photographed every 10 seconds during the mile 
runs by means of a specially-designed 35-mm. film 
camera. The panel included the remote reading dials 
for wind speed, wind direction and rudder angles, and 
a small magnetic compass and a centre-second clock. 
The latter, which also gave the time of day, facilitated 
correlation of the results. A typical photographic 
record showing the various dials is given in Fig. 13, on 
page 155. The wind direction is indicated by the dial 
in the top left-hand corner and the wind speed by that 
in the bottom left-hand corner. To the right of this is 
the rudder-angle indicator and in the bottom right- 
hand corner is the time clock. 

To explore the velocity distribution in the boundary 
layer, two Pitot logs were fitted in the ship’s bottom, 
close to the middle line, one 72 ft. 6 in. and the other 
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97 ft. 4 in. from the forward perpendicular. The 
position of these logs is indicated in the elevation, 
Fig. 2, 122, ante. These logs were of the type 
made by the British Pitometer Company and were 
supplied by that firm. The log consists of a hollow 
brass rod of streamline section, with a pressure orifice 
facing forward which measures the combined static and 
dynamic head, and orifices at the side which measure 
the static head only. These pressures are then con- 
nected to a mercurial] differential manometer, on which 
readings of dynamic head alone are obtained, which is 
a measure of the speed of the log through the water. 
The rod passes through a gland in the ship’s bottom 
and can be traversed to any position up to 3 ft. from 
the surface of the hull, thus enabling the velocity distri- 
bution in the boundary layer to be determined. It is 
necessary to calibrate these logs in the first place by 
making runs on the mile with the logs in the fully 
extended position, i.e., with the pressure orifice well 
clear of the frictional belt. An illustration of one of 
these logs in the extended position is shown in Fig. 15, 
opposite. 

As previously mentioned, when the vessel was docked 
in preparation for the trials it was found that, after 
scraping and cleaning, the steel bottom was pitted 
to some extent and quite rough to the touch. Bearing 
in mind the importance of surface roughness on skin 
frictional resistance, the bottom was carefully treated 
and prepared to make it comparable with that of the 
freshly painted plates of a new steel ship. First, two 
thin layers of rivet cement were applied to the bottom, 
with an interval of several days between the applica- 
tions to allow the layers to dry thoroughly. Two coats 
of ordinary red-oxide paint were then applied which 
was to be the basic surface throughout the trials. 
This treatment produced quite a good surface, which 
was considered comparable with, but not superior to, 
that of a freshly-painted new ship. 

With regard to the arrangement of the plating, there 
were three longitudina! overlapped seams per side below 
the waterline. The plates were } in. thick and the 
edges were sharpened somewhat to make the seams 
comparable with similur seams on a new ship. The 
butts of the plates were fitted with inside straps and 
were flush on the outside. The rivet heads had been 
worn almost flush in the course of the ship’s long service 
and what little was left of them was generally covered 
by the applications of rivet cement to the hull, referred 
to above. The only excrescences on the hull surface 
were the longitudinal overlapped seams of } in. thick- 
ness. 

In view of the importance of surface roughness, it 
was decided to make roughness measurements on the 
hull as far as possible before each trial. In some 
instances, where the trial had been unduly prolonged 
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ments were also made after the trial to confirm whether 
or not there had been any deterioration of the surface 
in the course of the experiments. Two types of 
gauge were used to measure the roughness, both of 
which had been developed by the Metrology Division 
of the National Physical Laboratory, Teddington. 
In the first place, the staff of this Division carried out 
the measurements and gave valuable assistance in the 
course of the trials. 

The wall-roughness gauge used consists of a steel 
probe of 0-125 in. radius and has a working traverse 
of about 12 in. The movements of the probe normal 
to the surface under examination are recorded auto- 

on a paper strip at a vertical magnification 
he horizontal traverse is full size. This 





Mast WITH WIND VANE AND ANEMOMETER. 


instrument is most useful for recording local unfairness 
in the plating, or long-period “ waviness.” Due to 
the relatively large size of the ball probe, however, it is 
not suitable for recording short-period roughness or the 
quality of paint surface. For records of this nature, 
an aerofoil gauge was used. This is a much more 
sensitive instrument than the wall gauge and was de- 
signed by the Metrology Division of the N.P.L. for the 
examination of the surface finish of aerofoil surfaces. 
In this case the probe has a radius of % in. and its 
vertical movement is magnified 18 times and trans- 
mitted to a scribing point which makes a record on a 
smoked-glass plate. The maximum traverse of the 
probe is 6 in., but this is reduced six times on the 
trace recorded on the smoked-glass plate. Subsequent 
optical enlargement of the record is made to facilitate 
the analysis. Comprehensive and systematic records 
were made with these gauges over the underwater 
surface of the hull; typical records for the red-oxide 
and aluminium-paint surfaces are reproduced in Figs. 
16 and 17, on page 156. Fuller details of these records 
and their implications will be given in subsequent 
rs. 

Tn the course of the trials, it became known that 
bituminous aluminium paint would probably give 4 
smoother surface than the ordinary red-oxide paint 
generally used. Sample plates were therefore prepared 
and tested in the Talysurf machine at the Royal 
Technical College, Glasgow, which showed that this was 
the case. These preliminary tests showed an improve- 
ment of the surface finish of the order of 40 per cent. 
in favour of the aluminium paint. It was then decided 
to add to the programme a series of tests in which the 
hull was treated with this paint to ascertain whether 
it had any beneficial effects on the resistance. When 
treated with this aluminium paint, the hull surface 
appeared to be smoother and harder than the red-oxide 
paint, and this was borne out by roughness records 
taken with the aerofoil gauge, a typical specimen of 
which is reproduced in Fig. 17, on page 156. The 
average values of the measured roughness for freshly- 
painted red oxide and aluminium paint were 0-009 in. 
and 0-006 in., respectively. Little comparative infor- 
mation exists on the roughness of the hulls of new 
vessels, but Dr. G. Kempf quoted a figure of 0-012 in. 
for freshly-painted ships in a paper before the 
American Society of Naval Architects and Marine 
Engineers in 1936. This is of the same order 
as that measured onthe red-oxide paint surface on 
the Lucy Ashton, a , 

After considering the measured mile facilities avail- 
able in the Clyde area, it was decided to run the trials 
on the measured course in the Gareloch, which is 4 
sheltered inlet off the Firth of Clyde. This had almost 
all of the desirable features for trials of this kind, 
including absence of strong tides, reasonably good 
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shelter from winds, and adequate depth of water. 
On the measured course and the approaches, the depth 
of water was nearly uniform and about 17 fathoms. 
In addition, there was very little traffic in the loch 
and it was conveniently placed as regards docks, slips, 
and Denny’s shipyard, where the ship was refitted. 
The course was one nautical mile in length and was 
equipped with posts at the half-mile and also at the 
quarter-mile at the southern end only. The mile was 
re-surveyed before the trials and the position of one 
of the posts was altered slightly to obtain the maximum 
possible accuracy. 

It was originally intended to run these trials only 
under ideal weather conditions. Owing to continuing 
inclement weather during the autumn of 1950, and 
bearing in mind the inevitable deterioration of the hull 
surface with the passage of time, it was occasionally 
necessary to run in natural winds of speeds up to about 
10 knots. The latter figure was regarded as a maximum, 
to be exceeded only in exceptional circumstances. On 
any particular day, the decision as to whether trials 
were possible or not depended on the special weather 
forecasts obtained from Renfrew Aerodrome, and 
observations on the spot of prevailing weather and 
water conditions. 

Many factors, such as the number of hours of daylight, 
the amount of fuel required, etc., had to be considered 
before deciding upon the number of runs, the thrusts 
and their appropriate engine settings, etc. The thrust 
gauges were calibrated before and after each day’s 
running, the automatic observer instruments and ciné- 
theodolite equipment were checked, and watches 
synchronised and tested. Immediately before and 
after trials the draughts were read, readings of water 
temperature and density were obtained, and samples 
of water were occasionally taken from which the vis- 
cosity of the water was determined. In general, the 
variation of viscosity with temperature was found to 
agree with the results published by Lyle and Hoskins. 

Double runs were made over the measured course 
(that is, with and against the tide) and the following 
observations taken :— 

(a) Time at start of mile. 

() Time over half-mile and mile by each of two 
observers using binoculars and stop-watches (each 
observer had two stop-watches, one recording the time 
of the first half-mile, and the other the time over the 
full mile). Photographic records of each crossing of 
the posts were also a by the ciné-theodolite. 

(c) Wind speed by an observer with a hand anemo- 
meter stationed on the wings of the engine gantry, 
taken at quarter-minute to half-minute intervals during 
the mile ; also by the electric anemometer at the mast- 
head, transmitting to the automatic observer. 








ON , THE 


23-2 °Sé 


ad 


Résistance Tacs 








Fic. 








Fic. 15. Prromerer Loa. 


(d) Wind direction, observed from a vane, which was 
also transmitting to the automatic cbserver. 

(e) The helm angle, which was transmitted to the 
automatic observer and also read continuously from a 
helm indicator at the stern by an observer in the wheel- 
house. The magnitude of helm angle was recorded to a 
base of time. 

(f) The Pitometer log was lowered and read at the 
end of the mile run, but before altering course for the 
turn, to obtain a check on the water speed for tidal 
analysis. 

(g) The required engine thrust settings were made 
during the approach to the mile and no further throttle 
adjustments were made until the mile was completed. 
The gauges were then read every quarter-minute during 
the approach and the mile run. 

(h) Photographic records were taken of the instru- 
ments on the automatic observer panel at intervals of 
approximately 10 seconds from the last quarter-mile of 
approach to the end of the mile. 


“LUCY ASHTON.” 
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(t) Visual records were taken of the sea surface 
conditions during the tests. 

(j) The amount of fuel consumed during each run 
was determined by tank soundings at the beginning and 
end of each run. 

(k) Change of trim during the mile runs was noted by 
means of a trim board. 

At the end of each day, all thrust gauges were 
calibrated, fuel was taken on board as required, and 
the main starting batteries were charged overnight. 

The times on the mile were taken at the half-mile as 
well as the full-mile posts, as a precaution to ensure 
that the vessel was fully up to speed when running over 
the mile. To ascertain the minimum length of run 
necessary in approaching the mile, acceleration trials 
were carried out ; the results of one of these in which 
the ship was accelerated from rest up to a speed of 
13-7 knots is shown in Fig. 18, on page 156. In this 
instance, steady speed was reached in about } mile ; 
generally, in the course of the trials, at least one mile 
of straight approach to the measured mile was obtained. 
In the acceleration trial referred to, the distance run 
and the speed were measured by means of a floating log 
or drogue. 

Experience showed that the ship could be handled 
and mancuvred without difficulty, and, in the pilot’s 
view, the behaviour of the ship did not differ to any 
appreciable extent from that of a normal ship. The 
whole technique of taking and recording the various 
observations described above and in the previous sec- 
tions worked quite smoothly and there were few teething 

troubles. The Rolls-Royce engines behaved extremely 
well, and experience during the mile runs showed that, 
for a given throttle setting, the delivered thrust 
remained remarkably constant. It will be noted that 
the precaution was always taken of supporting electri- 
cally-transmitted automatic records by corresponding 
visual observations, to insure against electrical break- 
down. Experience on a few occasions proved this to be 
a wise precaution. The trials were conducted by a team 
drawn from the staffs of the B.S.R.A. and from the 
experiment tank and engine works of Messrs. Denny, 
at Dumbarton. 

Analysis of all the data obtained is a lengthy process, 
and for this reason it is not possible to present complete 
resistance results at this stage. Moreover, the corre- 
sponding model experiments to complete the ship-model 
comparison are not yet available. Some resistance 
na are, however, given below. 

It is desirable to assess the accuracy possible in these 
experiments. Speed can be measured to a considerable 
degree of accuracy and at 10 knots this is of the order 
of one-tenth of one per cent. To determine the speed 
through the water necessitates correction for tide, and 





it is not a simple matter to resolve the separate effects 
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Fig. 17. AEROFOIL GAUGE RECORDS 





Fig. 16. WALL ROUGHNESS GAUGE RECORDS 
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of wind and tide. Thrusts delivered by the jet engines| per cent. Rudder angles were negligibly small, thanks | vessel to the buoy a Macklow-Smith capsule was 
were measured to an oy of approximately | to skilful course-setting and course-keeping on the part| fitted, and the gauge readings showed considerable 
+ 5 lb. for each engine. At low speeds of about! of pilot and quartermasters. fluctuations, as is to be expected, in natural winds 
5 knots, where only two engines are used, this error} The most difficult correction is that for the effect of | From an analysis of the many readings obtained in this 
would amount to about 1} per cent. on resistance, and| wind. Attempts were made to measure the wind| way, it was possible to arrive at a fairly reliable figure 
at top speeds of about 14} knots, where four engines | resistance of the hull when moored to a buoy in natural | for the resistance due to a wind blowing from directly 
are used, it would amount to about one-sixth of one| winds of various velocities. In the wire securing the| ahead. With relative winds at various angles to the 
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vessel’s centre line, the correction is not determinable 
from measurements on the ship, and to obtain further 
and more accurate information on this point a special 
model was constructed and tested in the duplex wind 
tunnel of the Aerodynamics Division at the National 
Physical Laboratory. With this combination of full- 
scale and model results, the wind and air resistance of 
the hull can be computed over a wide range of wind 
directions from dead ahead to dead astern. The 
accuracy of the corrections for the effect of wind and 
air resistance is a little difficult to estimate, but the 
maximum error involved is not more than about 1 per 
cent. of the ship resistance over the whole speed range. 

In view of their interest, however, and to give an 
indication of the general quality and accuracy of the 
results obtained, resistance curves for the four naked- 
hull conditions 1, 2, 5 and 6, enumerated earlier in the 
paper, are presented. These are: sharp seams with 
red-oxide paint; sharp seams with bituminous 
aluminium paint ; faired seams with red-oxide paint ; 
and faired seams with bituminous aluminium paint. 

In Figs. 19 and 20, opposite, the experimental obser- 
vations for the two sharp-seam conditions are plotted ; 
in Fig. 19, in the form of pounds resistance against 
speed in knots and in Fig. 20, in the non-dimensional 


R 
tp V’S 
nolds number pad S being the wetted surface ofthe hull, 

v 


and other symbols having the usual significance. In 

Vv 
Fig. 20, scales of ©), speed in knots and7/~ (knots 
and feet are also given. Figs. 21 and 22 give similar 
presentations for the two faired-seam conditions 
referred to above. The estimated wind and air 
resistance has been deducted from the experimental 
observations and they have been corrected to a standard 
temperature of 59 deg. F. and a mean displacement of 
390 tons. 

Referring to the curve for the sharp seams and red- 
oxide paint, shown in Figs. 19 and 20, it will be noted 
that the experimental observations refer to two separate 
trials carried out with an interval of seven weeks. The 
reason for this was that, after the first trial in this condi- 
tion, tests were subsequently carried out with dummy 
bossings and then dummy ‘“‘A” brackets, and then the 
naked-hull condition was repeated in order to confirm 
whether this basic curve of comparison had been 
maintained. The close correspondence of the two sets 
of observations shown in Figs. 19 and 20 shows that 
this was the case and is a striking confirmation of the 
accuracy of thrust measurement. 

To facilitate comparison between the results for the 
different conditions, the four resistance curves have 
been brought together in Fig. 23, opposite, in the 
non-dimensional form of presentation, and for clarity, 
in this instance, the experimental observations have 
been omitted. The following remarks refer generally 
to Fig. 23. Sy 

Comparing the curves for the sharp-seam conditions, 
it will be noted that the smoother aluminium-paint 
surface has slightly less resistance; on the a " 
about 34 per cent. less than the red-oxide paint. 
the basis of the estimated skin friction resistance, 
which is perhaps the better criterion for this effect, the 
average difference amounts to about 5 per cent. 
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Referring now to the results for the two faired-seam | difficulties in resistance and speed 


conditions, it will be noted that the smoother 
aluminium-paint surface has again slightly less resis- 
tance ; on the average, about 3 per cent. less than the 
red-oxide surface. This is of the same order as the 
improvement of 3} per cent. obtained in applying 
aluminium paint to the sharp-seams and red-oxide 
condition. 

Comparing next the sharp-seams and red-oxide curve 
with that for the faired-seams and red oxide, it will be 
noted that the seam fairing has reduced the resistance 


slightly and, on the average, the reduction amounts to | reduced by about 3} per cent., which is equivalent to 
about 3 per cent. The fairing consisted of a wedge of {about 5 per cent. on the estimated skin-friction resist- 
composition 3 in. wide, i.e., 12 times the thickness of the |ance; and that, when the seams were faired and the 
overlapped plating, which was } in. It has to be/hull painted with bituminous aluminium paint, the 
mentioned here that, when the ship was docked for | total resistance was reduced by about 6 per cent. The 
inspection after this trial, it was found that about |improvement in resistance with the aluminium paint 
ps | surface has been borne out by roughness measurements, 
were fairly evenly distributed throughout the length of | which have shown this surface to be smoother than that 
the ship. There was no evidence to suggest when the | of the red-oxide paint. 


25 per cent. of the seam filler was missing and the 


missing filler came away, but, assuming the very worst 


circumstances, i.e., that only 75 per cent. of the filler | aluminium-paint surface, after the ship had been laid 
was intact when the trial began, then, by simple |up for 40 days, showed that the total resistance had 
proportion, it seems not unreasonable to suggest that | been increased by about 3} per cent. On the basis of 
the complete filler might have improved the resistance | estimated skin-frictional resistance, this amounts to 
by 4 per cent. at the most. In other words, the|about 5 per cent. Subsequent docking showed that 
improvement would appear to lie between 3 and 4|there was no evidence of fouling apart from a thin 
per cent. and, as it is more likely that the missing filler | coat of slime, and the increase in resistance was to be 
came away late in the trial rather than early, the former | ascribed to this and to the deterioration of the paint 
surface. The results give definite proof of the sensi- 
The improvement due to seam-fairing can also be | tivity of full-scale ship resistance to small roughnesses 


figure of 3 per cent. is probably the more correct. 


with aluminium paint. On the average, the latter is 
about 24 per cent. less than the former, which is o 
the same order as the reduction obtained when the 
seams were faired in the red-oxide paint condition and 


referred to in the previous 


resistance by about the same amount. 
The combined effect of fairing the seams and apply- 


oxide and faired seams with aluminium paint and, on 
the average, the overall improvement amounts to 
about 6 per cent. This confirms the above statements, 
and is an important and interesting result. 

In the non-dimensional presentation given in Fig. 23, 
it will be seen that, apart from some local deviations, 
there is, in general, distinct parallelism between the 
various curves. This will tend to diminish somewhat 
the percentage difference between the curves at high 


speeds due to the rising resistance coefficient focee 


or ©. In the above discussion, however, only the 
mean percentage differences over the whole speed range 
have been quoted, which were considered to be the 
simplest and most convenient method of comparison 
at this stage. 
Also of interest are the results obtained with a 
deteriorated aluminium-paint surface due to the ship 
having been laid up at the buoy in the Gareloch for a 
riod of 40 days during December and January. 
fore putting the ship on the slip in preparation for 
the next trial condition, the opportunity was taken 
to make a few runs on the mile, and the increase in 
resistance due to the bottom deterioration was found 
to be of the order of 34 per cent. on the total resistance. 
On the basis of skin-friction resistance, this increase is 
of the order of 5 per cent. On slipping the ship, it 
was found that there was no visible evidence of fouling 
apart from the fact that the hull was covered with a 
light scum, which was slimy to the touch. There was 
also appreciable exfoliation of the top coat of alumi- 
nium paint, which was ascribed to the paint having 
been applied in frosty, weather. 
Thickness and velocity gradient of the boundary 
layer were recorded at two positions in the forward half 
length under the flat of bottom by means of the Pito- 
meter logs. Acceleration trials were also conducted 
in the Firth of Clyde to determine the minimum lengths 
of approach for the measured mile, and the virtual 
inertia factors. 

In conclusion, it has been shown that the direct 
measurement of the full-scale resistance of the Lucy 
Ashton has been achieved with a high degree of accuracy 
over the speed range of 5 to 15 knots. For the measure- 
ment of full-scale ship resistance, the trials have shown 
that propulsion by means of aircraft jet engines is 
eminently suitable in that the delivered thrust, and 
therefore the resistance, can be very accurately mea- 
sured ; and that the ship can be handled and mancuvred 
on the measured mile with the same facility as any 
other vessel with conventional means of propulsion. 
In the light of the above, it is considered that this 
method of carrying out full-scale trials overcomes the 
measurement 
inherent in towing, which has been the method adopted 
by previous experimenters in this field. 

The trials have emphasised the importance of the 
effect of the condition of the hull surface on the resist- 
ance. Using the resistance of the clean, naked hull 
with sharp seams and red-oxide paint as the basis of 
comparison, the preliminary ts have shown that 
fairing the seams reduced the total resistance by about 
3 per cent.; that, when the hull was painted with 
bituminous aluminium paint, the total resistance was 





Trials run with the naked hull with a bituminous 





independently assessed by comparing the curves for | and emphasise the importance of obtaining the smooth- 
Sharp seams with aluminium paint and faired seams | est possible surface on the finished ship. 


0 to confirm the lower figure of 3 per cent., 
ph. It is clear, 

therefore, that the effect of fairing the seams, taken 

by itself, is to reduce the total resistance by about : ss 

3 per cent. and the separate effect of the application of |°" auppeninately 300 tet ley Cap aieiiiine 

the smoother aluminium paint is to reduce the total 


THE HEAT TREATMENT OF WELDS 
IN PIPELINES.* 
By A. H. Goopesr, M.Sc.Tech., A.R.1.C. 
(Continued from page 127). 
In 1944, the Pipe-Line Committee of the Welding 
Research Council carried out a large number of tests 


welded 5 Benger firms. The pipes varied from 2 in. 
nominal bore and 10 s.w.g. wall thickness to 8 in. ‘ 
nominal bore and # in. thick, representing the usual 
range of heating piping. Normalising was found to 


ing the smoother aluminium paint is given by direct have little effect in most cases on the reverse-bend tests 
comparison of the curves for sharp seams with red | of sound welds, and showed a very slight improvement 


on slightly unsound welds. It was considered that 
soundness of weld had more effect on bend tests than 
normalising in the thicknesses tested. A number of 
notch-sensitivity tests were made on sub-standard 
impact test pieces in the welded and in the normalised 
conditions. Some of the results obtained are given in 
Table III, herewith. 




















TaBLe III. 
| Un- Centre 
Bore.| Wall. | Rod. | Treatment. welded of weld 
Average. | Average. 
In. In. | Ft.-Ib. Ft.-Ib. 
6 + A As welded 20-2 11-7 
6 | A | Normalised | 19-3 18-0 
6 B As welded 20-0 7°7 
6 B Normalised 20-2 11-7 
8 A As welded 18-2 10-3 
s A Normalised 18-5 18-3 
8 B As welded 18-2 10-3 
S B Normalised 18-2 16-3 


Some of the figures shown as averages contained 
some low results, two of these, making up the average 
of 7-7, being each 4 ft.-lb. They were not unsound. 
There is a distinct improvement shown by normalising, 
the improvement in each case being over 50 per cent. 
and in one case considerably more. The Committee 
considered that, with pipes of the maximum thickness 
tested, where the pressure and temperature conditions 
did not exceed 250 Ib. per square inch and 425 deg. F., 
the normalising of oxy-acetylene welds could be waived, 
in spite of the improvement in impact resistance. It 
was considered that pipe-lines carrying steam at higher 
pressures and temperatures had more arduous working 
conditions ; the pipes would be thicker, probably less 
flexible and certainly subject to much greater variations 
in temperature at times, resulting in much higher 
thrusts and consequently higher bending stresses. 

As the wall thickness increases, the improvement in 
notch-sensitivity after normalising is considerable, and 
still more so with low-alloy steels. For this reason, the 
draft British Standard for oxy-acetylene welding of 
pipe-lines recommends normalising of all pipe-line 
welds for service conditions over 250 lb. per square inch 
and 425 deg. F. (220 deg. C.). Admittedly, the dividing 
line is an arbitrary one, as with all heat-treatment 
requirements ; there is never a sharp change in physical 
properties, but the figures chosen have much to com- 
mend them. 

This requirement of normalising applies to all the 
steels except molybdenum-vanadium steel and austeni- 
tic steels which are not normally oxy-welded. Nor- 
malising, as will be obvious from the nature of the 
atomic re-arrangement, can only be carried out on 
metals with critical points; metals like copper and 
austenitic steels are not susceptible to normalising. 

Normalising obviously tempers heat-affected zones 
where they exist and, if the welded part is cooled uni- 

formly and slowly, also completely removes internal 

stress. It is usually only applied to oxy-acetylene 

welds ; arc welds can be normalised, and this is some- 

times done where it is more convenient than stress relief. 

The main effects of stress relief on arc welds are 

tempering and removal of internal stress. The pre- 

vention of stress corrosion naturally follows the removal 

of stress. In most metal arc-welds there is little reason 

for grain-refining as the cooling of the fused metal is 

rapid, leading to a fine grain size, and there is little 

overheating of parent metal. For this reason the 

heat treatment after welding is usually confined to 

relief of stress at temperatures below the lower critical 

point, so that no important structural change occurs, 

provided the time is not unduly prolonged. At the 

temperatures used, there is little serious scaling or 

distortion 

The temperature generally used is within the range 

600 to 650 deg C (1,110 to 1,200 deg. F.). In this 

range the metal is sufficiently plastic to allow the 

internal stresses to diminish by means of a process of 
creep. Reference to the British Welding Research As- 

sociation document FE14/14, from which the curve, 

















* Paper presentec at the summer meeting of the 
Institution of Heating and Ventilating Engineers held in 








Buxton, on June 19, 1951. Abridged. 
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Fig. 8, is taken, will show that stress relief is prac- 
tically 98 per cent. complete on carbon steels at 
650 deg. C. L. E. Benson has shown recently that, 
for low-alloy steels, a stress relief of over 80 per cent. 
is obtained in three hours at 650 deg. C. Increasing 
the time to six hours gave only a slight increase, and 
stress relief was practically complete at 675 deg. C. 

It is not necessary for a pipe or other welded construc- 
tion to be completely stress-free to reduce the tendency 
« to fracture to nil; complete stress relief is only neces- 
sary for fabricated machine parts requiring dimensional 
stability. There are serious objections to stress relief 
at temperatures approaching 700 deg. C. and over, as 
spheroidisation is likely to oecur and the creep resist- 
ance of most high-temperature steels would be much 
impaired. Some existing specifications advise the use 
of temperatures over the lower critical point, but 
metallurgists interested in creep-resisting steels take 
great exception to such a treatment. One specification 
calls for the heating of a low-chrome molybdenum pipe 
in the range of 1,325 deg. to 1,375 deg. F. (718 deg. to 
746 deg. C.) for one hour per inch of thickness. Such a 
treatment is likely to reduce the creep resistance to 
what it would be after completing its useful creep life. 

The ideal way of heat-treating pipe welds would be 
to heat-treat the whole pipe, but this would be expen- 
sive and unnecessary. A quite satisfactory and the 
least expensive way is to heat-treat (at a suitable tem- 
perature) a band embracing the weld. At 650 deg. C., 
stress relief will not be complete, but the creep pro- 
perties will not be seriously impaired as they would be 
at slightly higher temperatures. Normalising of a 
pipe weld is again a compromise. The maximum tem- 
perature reached is usually 900 deg. C. or over at the 
weld, but there is a steep temperature gradient on 
each side. The curve, Fig. 9, shows the gradient in a 
pipe 14 in. outside diameter and 1 in. thick. There is a 
zone approximately 4 in. long in which the pipe is 
heated between 700 deg. C. and the upper critical point. 
There will be a narrow zone in which damage to creep 
properties will occur, but, by keeping the time as short 
as possible, the effect will not be serious. A narrow 
band of relatively low creep resistance, supported on 





Fig. 9. TEMPERATURE GRADIENT IN A PIPE 14° OUTSIDE DIA., 1" THICK, 


DURING NORMALISING 


attacked in both cases is about 2} in. on each side of 
the weld centre. 

With oxy-acetylene welds, all that is required is to 
normalise the steel with enlarged grain size, and this 
will be accomplished if a band not less than } in. on 
each side of the weld reinforcement be included. The 
residual stress in an arc-welded pipe is usually deter- 
mined by cutting rings and seeing how much they open 
or close on slitting. This method gives an average 
stress through the wall, and the usual stress-distribu- 
tion diagram shows a high-tension peak at the weld, 
rapidly passing to compression on each side. It is 
probable that, in many cases, there may be tension 
on the inside of the wall and compression outside, or 
vice versa, depending on weld technique. Such a stress 


Fig. 8. PERCENTAGE STRESS RELIEF IN MILD STEEL 
- AT DIFFERENT TEMPERATURES 



































2 
= 
® 0 \ 
3 
a 
a 
v 
J eo 
E 
a 
8 
1 Rie. 
Oo 200 400 600 800 
(os0n.) Temperature, Deg. C. 








SL 





r 
(430.1.) Distance Along Pi 
each side by steel of satisfactory creep resistance, does 
not lead to any trouble. At Brimsdown, where all the 
joints were completely oxy-welded in a chrome-molyb- 
denum steel for service at 2,000 lb. per square inch and 
50 deg. F. (510 deg. C.), all the welds, some as much as 
1§ in. thick, were normalised. In 15 years the piping 
has been completely trouble-free. 

Any overheated structure produced by the welding 
of the oxy-base run is effectively normalised by the 
subsequent runs of are-weld metal ; so the heat treat- 
ment necessary is stress relief, not normalising. 

Stress corrosion is the name given to cracking or local 
corrosion, sometimes both, which takes place when a 
selective corroding agent attacks a metal containing 
a local area of residual stress. In such a class come 
season-cracking of brass and cupro-nickel tubes, 
nitrate cracking of steel, cracking of gas mains by gas 
liquors, caustic cracking and several allied forms of 
attack. It is a function of the magnitude of the 
residual stress and the particular corroding agent, 
and is not necessarily affected by temperature or 
working stress. It may occur at atmospheric tem- 
perature and pressure. Fiping carrying liquids liable 
to set up stress corrosion should have the welded-joints 
stress-relieved. 

Two examples of stress corrosion of arc-welded steel 
joints are given in Figs. 10 and 11, on this page. The 
first is a case of attack by concentrated sulphuric acid 
on the stressed areas near a weld, the wall thickness 
being jy in. ; here is both cracking and corrosion along 
Liiders lines. The second case is of caustic-soda attack 
near a weld on } in. material. In neither case would 
any attack have occurred if the welds had been stress- 
relieved. The attack in both cases was at zones of 





residual tension. It is to be noted that the width 
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Fie. 10. Stress 


distribution would account for the very wide zone of 
attack in each of the stress-corrosion specimens illus- 
trated; this attack is located in areas of residual 
tension. To be quite sure of freedom from stress in 
cases where stress corrosion is possible, the pipe should 
be stress-relieved over a band about 3 in. each side of 
the weld centre. For ordinary purposes of steam and 
power lines, it is usual to recommend heating a zone 
symmetrically over the weld centre equal in width 
to three times the width over the weld reinforcement. 
This seems to have worked quite satisfactorily. 

For preheating, the appliances used may be oxy- 
acetylene or other gas torches, gas muffle furnace or 
perforated gas rings, electric resistance preheaters, or 
induction heating coils. Whatever method is used, the 
heat input and the temperature reached should be 
under control and easily maintained. 

The preheating required to assist oxy-acetylene 
welding can often be done by a second operator, using 
an ordinary welding torch. It is more convenient to 
use special muffles, encircling the pipe, suitable ring 
furnaces, which can be supplied with propane or even 
acetylene from cylinders, are shown in Fig. 12, opposite. 
It is n to have the joint area raised to the 
required temperature before welding starts and to 
maintain the temperature at least until the first run is 
completed. It is usually advantageous to keep the 
preheating furnace going to maintain the temperature 
round the joint during the whole of the welding. 
Similar methods can be used for preheating thick-walled 
pipes where the bottom run is to be an oxy-base run, 
but, if desired, electric resistance preheaters or even 
induction heating can be used. Resistance preheaters 
may take the form of insulated coils, or the heating 
elements may be enclosed in sheaths like flat-irons, 
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using several of these wired in parallel to encircle the 
pipe (see Fig. 13). 

Similar methods and appliances can be used for 
preheating for arc welding ; induction heating from a 
coil has been used frequently. The current is supplied 
either from a transformer, working at 50 cycles from 
the normal supply, or from a motor-generator, which 
may be a welding generator. The heating effect is 
more readily obtained with higher periodicity, but it is 
more convenient to work from the mains through a 
transformer. The current required at 50 cycles for a 
pipe 1 in. thick and 10 in. outside diameter is about 
2,000 amperes at 12 volts, and the time taken to reach 
200 deg. C. from cold is about 15 minutes. Such a 





method, using an asbestos-covered coil of 0-5 sq. in. 
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cross section, is shown in Fig. 14, on the opposite 
page. 

For pipes up to 4 in. bore, oxy-acetylene welds 
can be readily normalised with ordinary welding 
flames. It is possible to normalise pipes of 6 in. bore in 
this way, but care is necessary and better results are 
obtained by using a muffle. For pipes up to 6 in. bore, 
and thicknesses not exceeding } in., the normalising 
can be done sectionally ; but it is inadvisable for larger 
or thicker pipes, owing to the stresses set up on cooling. 
The normalising of — pipes by a number of gas 
burners was described by the author in a paper pre- 
sented before the Institution of Mechanical Engineers.* 
Normalising with induction coils is not so easy, as the 
high temperatures required lead to breakdown of 
insulation. I. A. Rohrig has described a method of 
normalising using a coil of partly flattened and water- 
cooled copper pipe to carry the current. 

Stress relief is difficult to effect satisfactorily with 
separate flames, as one of the desirable features in 
stress-relieving is uniformity of temperature distribu- 
tion. Any of the other methods are satisfactory and a 
suitable muffle is shown in Fig. 15, on the opposite 


page. 
(To be continued.) 





NEw Towns.—The Central Office of Information have 
prepared for the Ministry of Local Government and 
Planning a leafiet on the 14 new towns being built in 
Great Britain. It is intended to serve as a preliminary 
guide for visitors. 





* “ Examination and Tests of Welded Parts for 
Steam Power Plant.” Proc. I.Mech.E., vol. 142, page 





261 (1940). 
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Fie. 12. Gas-Rinc Burners FOR PREHEATING WELDS. 





Fig. 14. InpucTion MetHop OF PREHEATING. 


TRADE PUBLICATIONS. 


Electro-Hydraulic Thrusters.—The application of 
electro-hydraulic thrusters is dealt with in a pamphlet 
received from the Metropolitan-Vickers Electrical Co., 
Ltd,, Trafford Park, Manchester. 


Neon Indicator Lamps.—Details of some additions to 
their range of neon indicator lamps are given in an 
illustrated leaflet issued by the Acru Electric Tool 
Manufacturing OCo., Ltd., 123, Hyde-road, Ardwick, 
Manchester, 12. 


Photo-Electric and Timing Equipment.—Elcontrol, 
Ltd., 10, Wyndham-place, London, W.1, have revised and 
extended their range of photo-electric equipment and have 
issued a leafiet describing the units available. The firm’s 
range of electronic timers, which has been extended also, 
is described in data sheet D.4. 


Hydrogen Coolers for Turbo-Generators.—Details of the 
hydrogen coolers they make for use with turbo-generators 
are given in a leaflet issued by the Metropolitan- 
Vickers Electrical Co., Ltd., Trafford Park, Manchester. 





Fic. 15. Gas Murrte ror Stress RELIEVING. 


| Electric Truck, Tractors and Forklifts Trucks.—A 
folder issued by Ransomes Sims & Jefferies, Ltd., Ipswich, 
gives leading particulars of the battery-powered trucks 
and tractors manufactured by them for industrial 
service, and thus forms a useful introduction to their 
complete catalogue on this subject. 


Time Switches.—Venner Time Switches, Lid., Kingston 
By-pass, New Malden, Surrey, have sent us three leaflets 
relating to their products. Leaflet M.5 gives details of 
asynchronous motor ; that numbered V.9, illustrates the 
mechanical arrangement and describes the principles of 
operation of the type E.R. clock; and leaflet T.S.26 
lists the “‘ B ” range of Venner time switches. 


Earth-Moving Equipment.—Full details of their Model 
462 14-cubic-yard earth-moving machine are contained in 
a brochure published by Ransomes & Rapier, Ltd., 
Waterside Works, Ipswich. The 462 machine is mounted 
on tracks and can be supplied with front-end equipments 
for operation as a shovel, dragline, grab or crane, all of 
which are readily interchangeable on the working site. 
The brochure, in addition to showing the various jobs 
on which the machines can be employed, contains useful 
information on its construction and method of 
operation. 


Commercial Vhicle Gearboxes.—An outline of their 
Model 437 gearbox is given in a leaflet published recently 
by David Brown & Sons (Huddersfield), Ltd., 
Huddersfield. The 437 gearbox is a new product 
intended for use on vehicles having a maximum laden 
weight of 5} tons and a maximum engine torque of 
1,600 Ib./in. There are four forward speeds, the ratios 
of which are: 5°72 to 1in first gear ; 3-17 to 1 insecond ; 
1-78 to lin third; and 1 to lin top gear. The leaflet 
contains a detailed specification and the illustrations 
include a drawing showing a sectional elevation and 





setting out the principal dimensions. 





TREATMENT OF PIPELINE WELDS. 
(For Description, see Opposite Page.) 





ELECTRICAL-RESISTANCE PREHEATERS FOR WELDS. 


TECHNICAL SERVICES AT THE 
RADIO SHOW, 1951. 


SEvERAL special technical services have been 
arranged in connection with this year’s Radio Show, 
which is to open at Earl’s Court, London, on Tuesday, 
August 28. They include a closed-circuit radio-fre- 
quency television distribution system, whereby either 
the normal broadcast programme, films or live pro- 
grammes picked up in an exhibition studio can be 
relayed; a sound reinforcement system for radiating 
musical programmes and announcements ; a medium- 
wave radio-frequency signal on a closed circuit of higher 
than average quality for the use of exhibitors in 
special demonstration enclosures ; the superimposition 
on this network of a high-quality audio-frequency signal 
for demonstrating magnetic tape recorders, amplifiers 
and loudspeakers ; a technical control room; and a 
service for preventing electrical interference to the 
services in the exhibition. 

The control room will be soundproof, but will be 
provided with glass panels so that it can be seen in 
operation. The television distribution system will 
enable any one of the three programme sources to be 
selected. After demodulation, these will be passed 
through faders and used to remodulate a small trans- 
mitter which, in turn, will feed distribution amplifiers 
through coaxial cables. An average signal level of 
one millivolt +3 decibels will be available at each 
output at an impedance of 70 ohms unbalanced. 
Carrier frequencies of 61-75 and 58-25 megacycles will 
be used for vision and sound, respectively, to enable 
programmes to be distributed inside the exhibition 
while Alexandra Palace is radiating. The film-scanning 
equipment will enable 35-mm. films to be employed 
and the results passed at radio frequency to the distri- 
bution panels. The sound reinforcement system will 
embody slot-type loudspeakers operated at a low level, 
and capable of being independently varied. 

The studio equipment, which will be designed to 
permit normal British broadcasting practice to be 
followed, will be arranged on a console whence pre- 
amplifiers, the main amplifiers and the loudspeaker 
networks will be fed. Arrangements will be made so 
that the public can hear not only the programmes, but 
also the producer’s instructions and other “ behind the 
scenes” activities. The radio demonstration rooms 
will be supplied through a coaxial system at 1,030 
kilocycles +150 cycles, so that normal broadcast 
receivers may be operated under conditions closely 
simulating those in the average home. The signal will 
be provided by modulating a local transmitter with 
programmes recorded on magnetic tape. The high- 
quality audio-frequency signals, mentioned above, will 
generally consist of musical programmes, the overall 
frequency response from input to any outlet being within 
+3 decibels from 20 cycles to 16 kilocycles. The 
harmonic distortion will be less than 1 per cent. at any 
frequency between 20 cycles and 3 kilocycles up to an 
output level of 1 volt root mean square. All forms of 
noise and hum will be —50 decibels at the same output. 
In this way it is hoped to provide a signal which will 
enable exhibitors to demonstrate high-quality apparatus. 
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NOTES ON NEW BOOKS. 


Tables for Conversion of X-Ray Diffraction Angles to 
Interplanar Spacing. 
United States National Bureau of Standards. Applied 
Mathematics Series No. 10. The Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., U.S.A. [Price 1-75 dols.] 
Tuis book of tables will be found useful whenever 
the methods of X-ray diffraction are being employed 
as, for example, in identifying chemicals or determining 
crystal structure. The interplanar s , d, may be 
obtained directly from the tables in terms of the 
wavelength, A, of the incident radiation and half-angle, 
6, between the incident and di rays, these 
quantities being related by the formula A = 2 dsin 0. 
The first six tables give the values of d for values of 6 
between 0 and 90 deg., at intervals of 0-01 deg. They 
were calculated by using the Ka, wavelengths for 
X-ray targets of molybdenum, copper, nickel, cobalt, 
iron and chromium, respectively, the wavelengths 
employed being those adopted at the international 
conference sponsored by the British Institute of 
Physics in London in July, 1946. The last two tables 
contain a re-arrangement of the data for copper and 
iron. In these, spacing values are given for the argu- 
ment 2 @ from 0 to 180 deg., at intervals of 0-02 deg. 
They are included for convenience in the use of diffrac- 
tion equipment calibrated in terms of the angle 20 deg. 
The Nomogram. 
By H. J. AtLcock and J. REGINALD JONEs. Revised 
by J. G. L. Micuer. Fourth edition. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 18s. net.) 
Tuis is the fourth edition of a book which first appeared 
in 1932 and which has established itself firmly in the 
intervening years as one of the best accounts of the 
subject available. Although nomography is by no 
means a new branch of mathematics, the use of nomo- 
grams seems never to have become widespread, possibly 
because those who would find them most useful have 
been wholly ignorant of the subject, or lacked the 
necessary mathematical background to construct them. 
Recently, however, the publication of new works on 
nomography seems to indicate a growing awareness 
and interest in the subject. There are, undoubtedly, 
many occasions in engineering design work estimating, 
etc., as elsewhere, where the labour of repetitive calcu- 
lations involving working formulz would be greatly 
eased were nomograms employed. In this new edition 
of the work, the earlier text has been revised and new 
material has been inserted, including a chapter on 
the connection between intersection and alignment 
nomograms, in which the theory is based on the well- 
known principle of duality, which is of such power and 
importance in projective geometry. It is not necessary 
to read and to understand all the book in order to be 
able to construct nomograms; as the beginner will 
find, much can be accomplished by mastering the first 
essentials. Those who wish to proceed further, how- 
ever, will find this book stimulating and helpful. 





Calculus. 

By PROFESSOR LYMAN M. KELLS. George Allen and 

Unwin, Limited, Ruskin House, 40, Museum-street, 

London, W.C.1. [Price 28s. net.) 
THERE are many good books on elementary calculus 
and several have enjoyed a well-deserved reputation 
among British Students for some time. Any new- 
comer to the lists, therefore, faces strong opposition, 
and must either be of outstanding merit or contribute 
something new if it is to succeed in a large way. The 
present volume, by a professor of mathematics at the 
United States Nava! Academy, is a second edition of 
an American book, and is, therefore, not entirely new, 
but it has not been published before in Great Britain. 
A perusal of its 500 pages shows that it covers the 
familiar ground in an efficient manner, starting with 
basic concepts and introducing in turn differentiation, 
simple integration, partial differentiation, multiple 
integration, infinite series and ordinary differential 
equations, interspersed with chapters on allied subjects. 
The author has evidently been at pains to make the 
subject clear to beginners, and the earlier chapters, in 
particular, are illustrated with numerous diagrams and 
sketches. All the chapters contain a very large number 
of examples for solution, and the student who solves 
them all will not fail to have grasped the theory. 
Much of the delight in mathematics belongs to the 
realm of zsthetics and there is no branch of science 
where the mode of presentation of the material on the 
printed page is more important. The present volume 
is clearly printed, but whether it is necessary or desirable 
in a book of the kind to illustrate the fundamental 
concept of a moment by a sketch depicting children on 
a see-saw, or harmonic motion by sketches of a tuning 
fork, a pendulum clock, a weighted spring and a 
dynamo, is a matter for readers to decide. 





AIR REGISTRATION BOARD. 


In setting airworthiness standards for the turbine- 
powered aircraft, it is necessary to know more about 
gusts and icing conditions at high altitudes than is 
known at present; careful testing is required, with 
the enormous powers available from jet engines, to 
ensure adequate safety margins ; and, since the working 
life of a civil aircraft is higher than ever before, and the 
working stresses are tending to increase, in relation to 
the fatigue strength of the materials in current use, it is 
necessary to guard against the possibility of fatigue 
troubles. These statements were made by Lord 
Brabazon of Tara, Chairman of the Air Registration 
Board, in the 14th annual report of the Board,* which 
has been published recently. 

It may be recalled that the Air Registration Board 
was incorporated in 1937, as a result of recommenda- 
tions by the Gorell Committee of 1933, to undertake 
certain of the functions relating to the airworthiness of 
civil aircraft, which prior to that date had been dealt 
with by the Air Ministry. The Board, which has offices 
in the United Kingdom and in many parts of the world, 
is made up of representatives from the air-line opera- 
tors, the constructors, the insurers, and the public ; 
its principal functions are, briefly, to compile and pub- 
lish national airworthiness requirements and to repre- 
sent the United Kingdom’s views at meetings of the 
International Civil Aviation Organisation ; to investi- 
gate the airworthiness of new types of aircraft, engines 
and equipment; to approve constructors of aircraft 
and equipment ; to examine maintenance engineers ; 
and to survey aircraft for the issue and renewal of 
certificates of airworthiness. Within the past year, 
it is stated in the report, the final arrangements have 
been made for the Board actually to renew certificates 
of airworthiness, and to issue and renew maintenance 
engineers’ licences ; hitherto, these functions have been 
carried out by the Ministry of Civil Aviation on the 
recommendations of the , 

The trend of airworthiness requirements is towards a 
closer linking with the operational use of the aircraft ; 
for example, performance requirements take into 
account runway lengths and local obstacles, the atmo- 
spheric temperature, etc. Maximum performance and 
maximum economy are required under widely varied 
conditions. To remove the dangers arising from 
potential defects in the complex equipment fitted in 
modern aeroplanes, the Board is requiring many more 
hours of flying before an aircraft is put into service. 
The International Civil Airworthiness Organisation 
(I.C.A.0.) has agreed to accord to the British proposals 
for performance requirements a status equal to that 
of existing I.C.A.O. requirements; ultimately, the 
Board hopes that the international standards finally 
agreed will be closely similar to the British proposals. 
The Board has, therefore, embodied the proposals in 
a new issue of the “‘ aeroplanes ” section of the British 
Civil Airworthiness Requirements, published in 
January. The newissue also includes new requirements 
on the reliability of windows in high-altitude aircraft, 
and in relation to fire risks and the provision of better 
protection in crashes. 

Recommendations for the issue of normal category 
Certificates of Airworthiness were made for the Handley 
Page Hermes 4 and de Havilland Heron air liners during 
the year; and investigations on the third Comet 
aircraft, which will be the first to qualify for a full 
normal category certificate, are well advanced; the 
first two Comets had been granted certificates in 
the special category during 1950. Fifteen piston 
engines, two jet engines, and five propeller-turbine 
engines, have been satisfactorily type-tested. It 
appears to be likely that the larger engines to be 
type-tested in the near future will all be gas turbines ; 
there are, however, no indications that the small 

iston engine will be replaced by the gas turbine. 

veral propellers with new types of blade construction 
are under development, and the Board expect to 
approve at least one of them in the near future. New 
propeller-control systems, associated with automatic 
feathering, are also under investigation. Three 
auxiliary-drive accessory gearboxes have been ap- 
proved. Considerable work has been done on the 
airworthiness of helicopter power-transmission and rotor 
systems, and some recommendations on _ testing 
procedure have been agreed with the Society of British 
Aircraft Constructors and the Ministry of Supply. 

The routine approval of instruments and equipment 
will be considerably simplified by the publication of 
British Standard specifications for instruments and 
electrical equipment ; some have already been issued, 
and others will be published in the near future. To 
attain higher standards of reliability, an increasing 
amount of work is being carried out on following up 
and analysing the behaviour of the equipment in 
service. On several civil aircraft prototypes, the elec- 





* Air Registration Board, Fourteenth Annual Report, 
Year Ended 31st March, 1951. Offices of the Board. 
Brettenham House, Strand, London, W.C.2. 





trical-system voltage has been raised to 110 volts to 
cater for the increased power requirements, which 
have increased about tenfold over the 6-kW 24-volt 
system of the immediate post-war civil aircraft; in 
conjunction with high-altitude operation, this has 
introduced many new problems. The use of electronic 
equipment is increasing rapidly, and the Board has 
persistently endeavoured to make the electronic. 
equipment manufacturers aware of the need for valves 
of a high standard of reliability. In radio, the increas- 
ing use of very high-frequency multi-channel equipment 
has led to the investigation of a number of major 
modifications. The Board has received an application 
for the approval of a radar-operated cloud and collision 
warning indicator installed in a York aircraft. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “* AGuILA.”—Single-screw tug and water-carrying 
vessel, built by Philip & Son, Ltd., Dartmouth, for the 
Compafiia Sud-Americana de Vapores, Valparaiso, Chile, 
Main dimensions: 110 ft. between perpendiculars by 
25 ft. by 12 ft. 3 in.; gross tonnage, 234; capacity of 
fresh-water tanks, 160 tons; carries two towhooks, each 
with a working load of 10 tons. Four-cylinder Diesel 
engine, developing 680 b.h.p. at 260 r.p.m., constructed 
by British Polar Engines, Ltd., Glasgow. Speed, 10} 
knots. Tria] trip, July 12. 

M.S. “ TaTry.”—Single-screw oil tanker, built by 
Bartram and Sons, Ltd., Sunderland, for the Gdynia- 
America Shipping Lines, Ltd., Gdynia, Poland. First 
vessel of an order for two. Main dimensions: 445 ft. 
between perpendiculars by 60 ft. 6in. by 34 ft. to upper 
deck; deadweight capacity, about 11,000 tons on a 
draught of 27 ft. 6 in. N.E.M.-Doxford four-cylinder 
opposed-piston airless-injection oil engine, developing 
4,250 b.h.p. at 110 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd. 
Sunderland. Speed on trials, 133 knots. Trial trip, 
July 16. (Ship requisitioned by British Government 
and renamed ‘‘ SURF PaTROL”’), 

M.S. “ Vansa.”—Single-screw oil tanker, built by 
the Furness Shipbuilding Co., Ltd., Haverton Hill, 
County Durham, for Skibsaktieselskapet Nordheim, 
Oslo, Norway. Main dimensions: 560 ft. between 
perpendiculars by 80 ft. by 42 ft. 3in. to upper deck; 
deadweight capacity, 24,700 tons on a summer draught 
of 32 ft. 34 in. Hawthorn-Doxford six-cylinder two- 
stroke single-acting opposed-piston oil engine, developing 
6,600 b.h.p. at 115 r.p.m. in service, constructed by 
R. and W. Hawthorn, Leslie & Co., Ltd., Hebburn-on- 
Tyne. Service speed, about 14 knots. Trial trip, 
July 19. 

S.S. “ NORMANNIA.”—Twin-screw vessel to carry 
1,400 passengers on the cross-channel service between 
Southampton and Havre, built and engined by William 
Denny and Brothers, Ltd., Dumbarton, for the Southern 
Region, British Railways, London, S.E.1. Main dimen- 
sions: 312 ft. overall by 48 ft. by 17 ft. 6 in. to main 
deck ; gross tonnage, about 3,800. Two sets of geared 
steam turbines of Pametrada design and two Foster 
Wheeler oil-fired boilers. Service speed, 194 knots. 
Launch, July 19. 

M.S. “* PaTaGOnis.”’—Single-screw cargo vessel, with 
accommodation for twelve passengers, built by the 
Nakskov Shipyard, Ltd., Nakskov, Denmark, for the 
East Asiatic Co., Ltd., Copenhagen. Main dimensions : 
445 ft. between perpendiculars by 61 ft. by 38 ft. 3 in. to 
shelter deck; deadweight capacity, 10,100 tons on a 
summer draught of 27 ft. lin.; cargo-carrying capacity, 
about 600,000 cub. ft. Six-cylinder two-stroke single- 
acting Diesel engine, developing 8,050 i.h.p. at 115 r.p.m., 
constructed by Burmeister & Wain, Copenhagen. Loaded 
speed, 16 knots. Trial trip, July 20. 

S.S. “Van Oost.”—Single-screw trawler, built by 
Cook, Welton and Gemmell, Ltd., Beverley, Yorkshire, 
for the Motorvisscherij, N.V., Ostend, Belgium. Third 
vessel of a series for these owners. Main dimensions: 
170 ft. by 29 ft. by 15 ft. 3 in.; gross tonnage, 580; 
fishroom capacity, 12,000 cub. ft. Triple-expansion 
engines and one oil-burning boiler, to develop 900 i.h.p. 
at 125 r.p.m., constructed and installed by Charles D. 
Holmes & Co., Ltd., Hull. Speed, 12 knots. Launch, 
July 20. 





EMPLOYMENT OF ELDERLY PERSONS IN INDUSTRY.— 
Dr. W. Hobson, Professor of Social and Industrial Medi- 
cine at Sheffield University, has urged that persons 
reaching pensionable age should be encouraged to remain 
at work, provided that the jobs they have are suitable 
for them. In his address to the annual provincial meet- 
ing of the Association of Industrial Medical Officers, at 
Sheffield, he stated that, in his opinion, the problem of 
finding suitable work was most difficult to solve in heavy 
industrial areas. Some firms had attempted to cope 
with it by setting up special workshops for the elderly. 
while other firms had tried redeployment policies. It 
was significant, he stated, that the proportion of elderly 
people to that of insured persons was increasing. 
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HOLLOW STEEL PROPELLER 
BLADES FOR AIRCRAFT. 


THE trend towards higher horse-powers in aircraft 
engines has now reached the stage where propeller 
diameters of 16 ft. or more, with wide blades, are 
required to absorb the power output from the 
larger engines. It is difficult, without incurring 
serious weight penalties, to provide solid aluminium- 
alloy blades of this size with the stiffness necessary 
to avoid setting up severe vibrational stresses in the | 
blades during flight, which may be excited by engine- | 


Fig. 1. 
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elliptically-turned or extruded ‘eared’ tube and 
swaging down the root end; by welding together 
the leading and trailing edges of two stiffened 
forgings, forming the face and camber aerofoil 
surfaces; and by brazing a forged-steel load- 
carrying core tube to a sheet-metal shell. The 
third method, which is that used by the Hamilton 
Division, has been chosen for development by 
de Havilland as being particularly suited to the 
technical requirements of the British aircraft 
industry and to the engineering resources of the 
country. 

Figs. 1 and 2 show the plan and elevation of the 
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undesirably low natural frequency—because the core 
tube is tapered in thickness, giving the outboard 
section a comparatively low section mass. It may 
be observed in Fig. 2 that the blade has a forward 
rake, which has been selected so that under cruising 
conditions the backward centrifugal bending moment 
on the blade is balanced by the forward bending 
moment due to thrust. Adjusting the vertical 
balance of the bades, however, is complicated by 
the forward rake; for this reason, the weight 
distributions of the core and shell are closely 
controlled during manufacture. 

The manufacturing process, which is complex and 
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propeller resonances, interference effects, or cycli- 
cally-varying aerodynamic loads on the blades. To 
obtain the necessary rigidity, it is desirable to use a 
material with a higher elastic modulus; de Havil- 
land Propellers, Limited, Hatfield, Hertfordshire, 
have therefore developed a method of manufac- 
turing hollow steel propeller blades, under licence 
from the Hamilton Standard Division of the United 
Aircraft Corporation, East Hartford, Connecticut, 
U.S.A, The de Havilland process is not, however, 
identical with that of the American company. 
Three methods of making hollow steel blades have 
been used in the United States: by flattening an 


core-tube and shell assembly of a de Havilland 16-ft. 
diameter hollow steel blade, and Fig. 3, typical 
end-on views. Fig. 4 shows the first complete 
de Havilland hollow steel propeller. The blade has 
a rectangular planform, with good root stiffness, 
and makes the utmost use of the outboard end of the 


the thrust, particularly under take-off conditions 
when the forward speed is low and most of the 
inboard section of the blade is stalled. The square 


without shifting the weight distribution along the 
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requires several special techniques new to this 
country, is dictated by three main factors: the 
development of the maximum strength properties of 
the core, the shell, and the joint; the maintenance 
of a smooth aerofoil profile; and the control of 
weight distribution. The blade consists of a 
tapered alloy-steel core tube formed to an oval 
cross-section, an alloy-steel sheet-metal covering 
brazed along its length to the top and bottom 
surfaces of the core tube over a width of 7 in., and a 
light-weight nylon-reinforced filling compound of 
rubber and synthetic resin in the cavities between 
the core and the shell, and in the tip end of the bore 
of the core tube, which serves to restrain the skin 
from local “ panting ”’ under air loads, and also aids in 
damping general vibrations. The hollow construc- 
tion makes it possible to incorporate the electro- 
thermal de-icing elements internally along the 
leading edge, thereby increasing the aerodynamic 
efficiency of the blade in comparison with that of a 
solid blade in which the de-icer must be mounted 
externally on the surface. The root end of the 
shell is finished by a moulded synthetic-rubber 
closure, formed simultaneously with the interior 
filling. The core tube extends beyond the root 
closure, and is formed with integral ball-race grooves 


blade, which contributes the major portion of| for carrying the blade in the barrel, which is simi- 


larly grooved. It is estimated that the use of 
integral ball races in place of separate races stacked 
on the root of the core tube gives a weight-saving 


tip can be adopted in this hollow construction | of 20 lb. to 25 Ib. on each four-blade propeller. 


The core tube is a 0-5 per cent. carbon nickel- 





blade towards the tip—which would lead to an|chromium-molybdenum steel to a non-standard 
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fatigue, in conjunction with its ultimate tensile 
strength, 60 to 65 tons per square inch. The alloy- 
steel sheet is similar, but with a lower percentage— 
0°35—of carbon. The material, as received, is in 
the spheroidised condition in order that it may be 
readily wo1kable. To develop the optimum proper- 
ties, it has to be heated above its critical point to a 
temperature of 900 deg. C., quenched, and tempered 
at a temperature of between 600 and 700 deg. C. for 
15 minutes. As far as possible, these treatments are 
ingeniously combined with the forming and brazing 
operations, and special precautions are taken during 
the main heating to control the carbon potential of 
the furnace atmosphere so that no carburising or 
decarburising can take place ; test pieces from the 
core and the shell are examined after each metal- 
lurgical operation. 

The core-tube forgings, as received from the 
suppliers, the Chesterfield Tool Company, have 
stepped diameters and a smaller bore over a length 
of about 12 in. at the root end. Each tube weighs 
400 Ib. In its final condition, betore hot-torming, 
the tube has a constant bore and a tapered outside 
p:ofile, the thickness ranging from § in. at the root 
end to 0-036 in. at about 2 ft. from the tip, after 
which it remains constant. Before being hot- 
formed, it passes through a series of machining 
operations, which may be summarised as follows. 
After turning the outside surface concentric to 
the rough bore and machining the root end of the 
tube to receive a chuck, the bore is machined 
on a gun-boring lathe. The outside diameter 
is turned roughly to size, a thread is cut in the 
root end of the bore to take a screw plug, and the 
bore is finished by honing to within a tolerance 
of 0-001 in. The outside diameter of the tube is 
then tapered by mounting the tube on a hydraulic 
mandrel and turning the profile on a cam-controlled 
contouring machine. This operation is illustrated 
in Fig. 5. Finally, the tube is polished on a linishing 
machine consisting of a motor-driven emery belt 
which is traversed along the rotating tube (Fig. 6) 
Measurements of tube thickness, and weight and 
balance checks are taken between each machining 
operation in order to control the weight distribution 
for balancing purposes. It may be mentioned 
here that de Havilland have found that the only 
practicable way of measuring the thickness of the 
closed sections of the propeller shell and core tube is 
by an ultrasonic thickness meter ; for this purpose 
they use a Reflectogage manufactured by Sperry 
Products Incorporated, Banbury, U.S.A. 

The tip end of the core tube is sealed by heating 
it locally in a small furnace, and crimping, followed 
by seam-weldng across the crimp, as shown in 
Fig. 7 opposite At the root end the screw plug is 
inserted, to which is attached a long handling pipe. 
A smaller pipe, which can be connected to a gas 
bottle, passes through the handling pipe. The 
core tube is prepared for heat-treatment by 
passing nitrogen through the inner pipe for several 
hours to eliminate any oxygen or moisture inside 
the tube. It is then soaked in an electric muffle 
furnace, supplied by the General Electric Company 
Limited, for 1} hours at 900 deg. C. Throughout 
the soaking period, nitrogen flows through the 
core tube to maintain an inert atmosphere. 

Then follows a spectacular combined forming and 
quenching operation, in the cold dies of a 2,000-ton 
hydraulic press The press dies, which were cut by 
de Havillands on a Keller die-sinking machine, are 
shown in Fig. 8, opposite, with a core tube in posi- 
tion. The tube is removed from the furnace by 
three men and transferred immediately to the open 
dies; Fig. 11, on Plate XV, shows a blade shell 
being transferred, but the technique is identical for 
the core tube. A fourth man at the other side of 
the press locates the tip end of the core tube and 
gives the signal to the press operator. As the press 
dies are closed, nitrogen at a pressure of 400 lb. per 
square inch is released from the nitrogen bottles to 
‘blow ” the tube to the required shape, against the 
resistance of the press. Since the steel cools rapidly, 
it is essential to the success of the operation that the 
tube should be transferred from the furnace to the 
press in the shortest possible time. For this reason, 
a horizontal muffle type of furnace was selected, as 
shown on the right of Fig. 11, with a vertically. 
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sliding door at the front. The furnace muffle is 
fabricated from Inconel sheet, 4 in. thick, and 
measures 3 ft. wide by 3 ft. high by 14 ft. 6 in. 
long. The muffle requires 180 kW for heating. 
It is supported on rollers to allow free expansion 
during heating, and it extends to the front face of 
the furnace, the door of which fits flush over the 
mouth of the muffle and is slotted so that the 
door can be closed with the handling tube pro- 
jecting from the mouth of the muffle. A con- 
trolled atmosphere is fed into the muffle at the back 
and escapes at the furnace door. From opening the 
furnace doors to the closing of the press dies and the 
application of pressure, the manceuvre is carried out 
by six men in less than 12 seconds. Steel screens 
protect the operators from the effects of a blade 
bursting under pressure, which could happen as a 
result of a leaking gas valve. The root end of the 
tube lies outside the dies, and therefore provision is 
made for quenching it by an external air blast. 
The formed core tube, shown in Fig. 9, is now in a 
hard and brittle condition, and, therefore, an inter- 
mediate tempering treatment is given at a tempera- 
ture of 500 deg. C., for one hour, to reduce the 
hardness to a safe value for subsequent operations. 

The controlled atmosphere to the muffle furnace, 
which eliminates any scaling or changing of the 
carbon content at the surface of the blade, is supplied 
by a gas reactor specially designed by the General 
Electric Company, Limited, to work in conjunction 
with the furnace. This may be seen in the back- 
ground of Fig. 11, between the press and the 





muffle furnace. It supplies a gas capable of 
maintaining a specified carbon content at the surface 
of the blade. It is necessary to purge the muffle at 
a high rate after the core tube or the shell has been’ 
inserted, since the burning of the controlled atmo- 


sphere in the muffle would produce gases which 
would decarburise the steel as the temperature was 
being raised. The reactor has therefore a maximum 
output of 1,500 cub. ft. per hour. The equipment 
consists of a gas generator, a gas cooler, and de- 
sulphurising towers. The generator comprises a 
series of heat-resisting vertical retorts containing 
a catalyst, heated by a 60-kW electric furnace ; the 
temperature of the retorts can be controlled auto- 
matically at any temperature up to 1,100 deg. C. 
Metered quantities of town gas and air are fed into 
the base of each retort, where they react over the 
catalyst to produce the required atmosphere. After 
being cooled and de-sulphurised, the atmosphere 
passes into the back of the muffle. A separate gas 
connection is provided t2 enable the same con- 
trolled atmosphere to be used, when required, for 
other scale-free beating operations, as, for example, 
tip crimping 

An atmosphere suitable for providing a constant 
carbon potential at the surface of the hot steel blade 
consists mainly of carbon monoxide, hydrogen, and 
nitrogen, with small percentages of carbon dioxide, 
water vapour and methane. The operator can 
control the composition of the atmosphere by 
regulating the output, the ratio of town gas to air, 
and the retort temperature. If the amount of air 
mixed with town gas before passing through the 
retorts is greater than that required to convert the 
hydrocarbons in the town gas to carbon monoxide 
and hydrogen, excess carbon dioxide and water 
vapour will be formed. On the other hand, too 
small a proportion of air would result in cracking of 
the hydrocarbons and soot-formation in the catalyst, 
which would lose its efficiency. The desired balance 
occurs at a ratio of air to town gas of about 0-7 to 1; 
in practice, to maintain a high carbon potential, 





"EL “Sl ‘SVS) ONIXOTY WOU INVIgG NOLLVOLINOgG “Zl “Sly ‘aaOy, HOD GANHOY ‘6 ‘DIY 





PLATE XV. 


‘ssauqd OL AOVNYNY WOdd TIAHY Gavig ONIMHAASNVYLT, 





"TIAHS AGVIg YOd LAAHY GAWHOA-Aad ‘OL “Ol 


SNiBBANISN 3 


























(191 avg aa8 ‘wondisoeeq 407) 


‘CTHIALVH ‘GQULINIT ‘SUATTAdOUd GNVTTIAVH Ud 


‘LAVUONIV YUOA SHAVIA AWHTTHdOAd THALS MOTION 


——_—$—$_$_—_———————— — 


ENGINEERING, Aveust 10, 1951. 


(.'0 face page 162.) 











AuG. 10, I9Q5I. 





HOLLOW 


DE HAVILLAND PROPELLERS, 





NEERING. 


STEEL PROPELLER BLADES FOR 








Fic. 7. SeaM-WELDING Tre oF CorE TUBE. 


’ 


a slightly “‘ sooty’ mixture is used, soot accumu- 
lation being prevented by periodically running the 
generator on a mixture containing a larger proportion 
of air, every few weeks. Raising the temperature of 
the retorts causes a reduction in water vapour and 
carbon dioxide content ; and decreasing the rate of 
flow through the retorts also produces a more 
carburising atmosphere, since the gas reactions over 
the catalyst are more complete. In the case of 
the core tube, the combined percentage of water 
vapour and carbon dioxide in the gas is held to 
2 per cent., whereas in forming the shell, which is of 
lower carbon-content steel, a less carburising 
atmosphere is required and the ratio of air to town 
gas is increased to give a combined water vapour 
and carbon-dioxide percentage of 3 per cent. 

A rough indication of the quality of the atmosphere 
is obtained by Orsat analyses ; and, as an accurate 
indication of carbon potential, a carbon gauge is 
used, consisting of a cylindrical jacket inside which 
is suspended a fine soft-iron wire, 12 in. long. The 
gas to be tested is passed through the cylinder, and 
the wire is heated to a temperature of, say, 
900 deg. C. by passing an electric current through it. 
The heating current is then switched off, and the 
wire, on absorbing carbon from the surrounding gas, 
undergoes a change of resistivity which can be 
measured and interpreted to determine the carbon 
potential of the furnace atmosphere. 

The first stage in the manufacture of the shell is 
to pre-form the 40-in. wide 20-s.w.g. alloy-steel sheet 
on a stretcher press, prior to folding it. The thick- 
ness of the sheet is first carefully checked for this 
operation, and since there is always some variation 
along the length of the sheet, the thicker end is 
arranged to form the root end of the shell. After 
stretch-forming, the shell sheeting has the form 
shown in Fig. 10, on Plate XV. It is thoroughly 
sanded by a rotary sanding machine, with frequent 
thickness checks by the ultrasonic thickness gauge. 
The formed sheet is then folded down the centre-line 
to form the leading edge. This cold-forming opera- 
tion is carried out on the 2,000-ton hydraulic press 
which is also used for the hot-forming operations. 
After folding, the shell sheet is placed in the same 
hot-forming dies that were used for forming the core 
tube, but in order to allow for the thickness of the 
shell, suitable packing pieces are placed between 
pads on the edges of the dies. A shaped aluminium 
bladder is inserted in the folded shell; the dies are 
closed, and the bladder is inflated with air at a 











pressure of 150 lb. per square inch to “distribute | 
the shell sheeting. The two edges of the sheet, 
which protrude from the side of the die, are lightly 
tack-welded together. The roughly-shaped shell is 
then withdrawn from the dies, and seam-welded 
round the tip and down the trailing edge, leaving the 
root end open. A steel bulkhead with a handling 
pipe is then welded to the open end. 

The blade shell is now given its first heat treat- 
ment, after purging with nitrogen, at a temperature 
of 900 deg. C. in the muffle furnace, but for half 
an hour only since the mass of material to be heated 
is much less than that of the core tube. The hot- 
forming and quenching operation is then carried 
out in exactly the same way as that for the core 
tube, except that the entire shell is enclosed by the 
dies. As already mentioned, Fig. 11 illustrates the 
transfer of the shell from the furnace to the press. 
The correct blade shape has now been impressed 
upon the shell, and the next stage is to seam-weld 
along the final seam-line where the pinch of the die 
has made its impression. The surplus metal is 
trimmed off by motor-driven hand shears, and to 
restore the ductility of the metal after the welding 
operation, the shell is given a }-hour light tempering 
treatment. Weight and balance checks and Magna- 
flux inspections for detecting incipient cracks are 
carried out after almost every stage of the shell- 
forming process. 

At the outboard end, the leading edge is provided 
with an internal stiffening fillet, 18 in. long with a 
6-in. run out. The blade is placed upon a rig with 
the leading edge down, and is purged with nitrogen 
to remove all traces of moisture and oxygen in 
preparation for brazing the fillet. Pellets, ¥;-in. in 
diameter, of 15 per cent. manganese-copper Wire, are 
prepared in a chopping machine; they are fed 
into the V-groove of a long ladle which is inserted 
in the shell and then inverted so that the pellets are 
deposited in the leading edge. 

The technique of the brazing processes used in the 
manufacture of hollow steel propeller blades is 
believed to be unique in this country. All internal 
brazing operations are carried out using a gaseous 
fluxing agent, since it has been found that the 
residue from solid fluxes cannot be entirely elimi- 
nated. Solid flux inclusions in a joint tend to act 
as stress-raisers, and, in the presence of even a 
small amount of moisture, can give rise to corrosion. 





For these reasons, boron trifluoride was selected ; it 
is a gas at normal temperatures, and it is equally | 
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suitable for the main-joint braze between the core 
tube and shell, which is carried out at 640 deg. C., 
and for the leading-edge fillet which requires a 
temperature of 1,100 deg. C. for fusion of the pellets 
Boron trifluoride presents considerable problems in 
handling, since it attacks many organic and syn- 
thetic substances. Two of the few materials which 
are satisfactory for flexible tubing, regulator dia- 
phragms, flowmeters, floats, etc., are unplasticised 
polythene and polytetrafluorcethylene (P.T.F.E., 
Teflon, or Fluon); unfortunately, the latter, which 
is completely inert, is scarce. 

The fluxing gas must be absolutely pure ; before 
being fed into the blade, therefore, it undergoes a 
cleaning process. It is passed into a heat-resisting 
cylinder, which can be seen on the left of Fig. 12 
on Plate XV: the cylinder is filled with steel-wool 
and is maintained at a temperature of 850 deg. C. The 
impurities—sulphur compounds, oxygen, or water 
vapour—react with the steel wool and form powdery 
solids, some of which pass out with the gas steam, 
through a cooling coil, into an electrostatic precipi- 
tator. The latter comprises a steel chamber in which 
is suspended an insulated steel rod held at a negative 
potential of 15,000 volts; the particles agglomerate 
in this chamber and fall to the bottom, the residue 
being cleaned out periodically. From the precipita- 
tor, the purified fluxing gas is passed through the 
handling tube into the shell at a rate of about 6 litres 
aminute. To prevent atmospheric contamination, 
the exhaust gas is fed into a pure-aluminium tank 
containing glacial acetic acid, in which it dissolves. 

To braze the manganese-copper fillet to the 
leading edge of the shell, the edge of the blade is 
traversed automatically through a pair of oxy- 
propane burners. A temperature of 1,100 deg. C. 
on the outside of the shell is necessary ; it is checked 
by an optical pyrometer. The arrangement of the 
burners and pyrometer is illustrated in Fig. 13, on 
Piate XV. Propane gas is used in the burners 
to give a diffused heat zone, and to provide an 
optically-clear flame for use with the pyrometer. 
Following the fillet-brazing operation, the shell is 
subjected to a prolonged nitrogen purge to remove 
all traces of boron trifluoride; the nitrogen is 
purified in the same way as the fluxing gas. The 
shell is then re-heated in the muffle furnace and 
re-formed in the press, in the same manner as 
before, to eliminate the distortions caused by the 
fillet-forming operation. 

(To be continued.) 
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The Friction and Lubrication of Solids. 

By F. P. BowpEN and I. TaBor. Oxford University 

Press (Geoffrey Cumberlege), Amen House, Warwick- 

square, London, E.C.4. [Price 35s. net.] 

AttuHovuas friction between solids is one of the most 
important of natural phenomena, its study has been 
curiously neglected by scientific men throughout the 
ages. For most persons with any knowledge at all 
of the subject, the science of friction consists of two 
laws, generally attributed to the French engineer, 
Amontons, who enunciated them in 1699, but 
probably known considerably earlier—there is 
evidence, for instance, which suggests that Leonardo 
da Vinci was aware of them almost 200 years earlier. 
That Amontons’ laws were received with surprise 
and scepticism is not surprising, for they are 
remarkable both for their form and for their sim- 
plicity. After they had been verified by Coulomb 
in 1781, however, who gave a plausible and relatively 
simple explanation of them, the temporary excite- 
ment occasioned by their discovery appears finally 
to have died down. The subsequent general 
neglect of the subject can be attributed to the 
success with which the unwanted effects of friction 
were overcome by lubrication. 

In more recent times, however, higher loads, 
speeds and operating temperatures in machinery 
have brought new problems in lubrication and, in an 
effort to solve these, attention has been turned to 
the basic causes of friction. The need for a 
thoroughly scientific attack on the fundamentals of 
the subject may be said to have been recognised 
more clearly in Britain than elsewhere and inspired 
the work of the late Sir William Hardy, whose 
researches on the lubricating properties of thin 
layers of hydrocarbon compounds shed so much new 
light on the subject. The extension of Hardy’s 
work, including solid friction as well as thin film, or 
boundary, lubrication is the main subject of the 
book. 

The first thing to be said of the book is that it is 
extremely well written and produced. It is, indeed, 
obvious that an immense amount of care has been 
lavished upon it. The result is an account which 
is a positive pleasure to read. As the authors state 
in their preface, however, the book is not to be 
regarded as a general text-book on lubrication, since 
it does not cover that part of the subject which, 
following Osborne Reynolds, is generally known as 
hydrodynamic lubrication. On the contrary, it 
deals almost exclusively with researches undertaken 
by the authors and their collaborators in Cambridge 
and elsewhere into the physical and, to a lesser 
extent, the chemical processes which occur when 
solids—particularly metals—slide on each other in 
the dry condition or when lubricated by extremely 
thin films of lubricant. The mechanism of friction 
and boundary lubrication are also discussed in 
detail. 

The first chapter is concerned with the nature, 
and in particular the area, of contact between 
solids. Even when surfaces are highly finished, the 
departures from regularity on them are large com- 
pared with their molecular dimensions. It follows 
that, in all cases when two solids bear on one another, 
the actual points of contact are relatively few and 
the intensity of loading at each of them is corres- 
pondingly high, even when the total normal force 
between the solids is small. As a result, the surfaces 
undergo elastic and plastic deformation at the points 
of contact until equilibrium is attained. The 
normal stress at the regions immediately surrounding 
each area of contact will then equal the yield strength 
of the softer materia], and the true area of contact 
will be determined by the ratio of the loading to the 
yield stress. Obviously, therefore, this area will be 
constant if the loading remains constant and 
independent of the nominal area of contact. 

In the case of metals, it appears that cold welding 
can occur at the points of contact and that friction 
represents the force required to shear the welds. 
Since this force must be proportional to the area of 
the welds, Amontons’ laws have a simple explanation. 
When the surfaces slide over each other, work is 
done at a rate proportional to the velocity of 
relative motion. Since the true area of contact is 





small, the resulting heat is localised and produces a 
rapid rise in temperature which may bring the 
surfaces to incandescence. Flashes of light origin- 
ating in these hot spots have been observed in 
experiments conducted by the authors. These 
matters form the subject of the second chapter. 

The subsequent chapters on dry friction are 
concerned with the effects of the motion on the 
surfaces. The heat generated during sliding results 
in surface flow and wear also occurs. The effects 
can be mitigated by thin films of soft metals 
deposited on the surfaces and are almost always 
reduced by the presence of films of oxide or con- 
taminant. The final chapter of this part of the 
book contains a brief account of the frictional 
characteristics of certain non-metals. In the 
chapters on boundary lubrication which follow, the 
mechanism of lubrication by films of long-chain 
molecules is discussed. The subject is a complex 
one, and the result in any particular case depends 
not only on the lubricant but also on the material 
of the surfaces and the nature of the adhesion 
between them and the lubricant. Since the range 
of possible materials and lubricants is very large, 
and the number of experimental arrangements and 
techniques extensive, the study of boundary 
lubrication affords an almost unlimited field for 
experiment. It is natural, therefore, that the 
authors should regard their conclusions in this part 
of the book as far from complete. 

The chapter on the nature of the contact between 
colliding solids deals with a subject of direct 
importance to engineers since the authors’ con- 
clusions are applicable to ball races and gears. It 
is shown that the forces transmitted through the 
oil film may easily cause plastic deformation and 
wear of the metals, though there is no direct 
metallic contact. A discussion of the nature of 
metallic wear is followed by a chapter on the 
adhesion between solid surfaces and the effect of 
liquid films on this adhesion. The final chapter 
deals with the chemical reactions frequently 
produced by impact and friction. 

As the authors state, the book is far from being 
an exhaustive treatise on the subjects of friction and 
lubrication. There are now several schools of 
thought and research in this field and those working 
in them are far from being unanimous in their 
opinions. There may be some who will question a 
few of the deductions made in the book, but no 
one will deny that the authors have marshalled a 
formidable array of evidence in support of their 
conclusions and presented it with admirable lucidity. 
If, at times, it is difficult to see any practical appli- 
cations for some of the work described, it should be 
borne in mind that, during recent years, important 
developments have taken place in extreme-pressure 
lubrication, and it may be that elsewhere also in 
the lubrication field similar important advances, 
made possible by basic research, are only round the 
corner. As an account of the work of an important 
research school, the book should be read by all 
interested in keeping abreast of developments in 
the subject. 


Lehrbuch der Bergwerksmaschinen. 
Arbeitsmaschinen.) 
By the late Dr. H. HOFFMANN. Fourth edition, 
revised and enlarged by Drpt.-ING. C. HOFFMANN. 
Springer-Verlag, Reichpictschufer 20, Berlin, W.35, 
Germany. [Price 36 D.M.]) 
Tuts finely-produced book, with its wealth of 
excellent drawings and diagrams, first appeared in 
1926 as a text-book for students at the well-known 
German school of mining at Bochum. The field 
which it covers is a wide one and, though this 
inevitably compelled the author to adopt a certain 
brevity of treatment throughout, in order to confine 
the whole within a reasonable compass, the descrip- 
tive matter is generally adequate and often quite 
detailed. British readers, it is true, will notice 
certain omissions as well as a few seemingly unneces- 
sary inclusions, which are wholly attributable to 
differences between British and German mining 
practice. The bulk of the matter, however, is excel- 
lent material for mining students everywhere and, 
though all, or most, of it can be found in English 
engineering text-books, we recall no single work 
in English which combines the essentials of the 
various branches of the subject in the same way. 


(Kraft und 


The book opens with a chapter on thermodynamics 
in which particular attention is paid to the function 
of entropy tables and charts. The flow of fluids in 
pipes is then discussed and followed by a chapter 
on fuels. Steam boilers are dealt with very fully 
in the three succeeding chapters, the construction 
of boilers and mechanical stokers of various types 
being clearly illustrated. Chapters follow on 
steam engines and turbines, in which fundamental] 
principles, design, governing, etc., are discussed 
in detail. Various uses of exhaust steam, the 
storage of heat and the interconnection of steam 
power units are then dealt with. What may be 
called the first part of the book closes with a 
chapter on internal-combustion engines, the develop. 
ment of which is described, and followed by a 
detailed consideration of the various types. 

The three chapters immediately following deal 
with winding. The first of them is concerned with 
cages and skips, and with the various methods of 
winding. The Koepe system, so much employed 
in the Ruhr but, apart from a notable exception 
at Murton, hardly known in Britain, is, of course, 
included, and there is some account, as well as a 
drawing, of the four-rope Koepe winder installed 
in 1948 at the Hannover mine, Bochum, where the 
first Koepe system was introduced in 1878. The 
design of drums and winding pulleys and the 
selection and arrangement of ropes are considered 
in detail, as are the problems of their operation. 
The number of types of rope illustrated, however, 
is surprisingly small, and there is no mention of the 
locked-coil variety, much used in Britain. Methods 
of attaching the rope to the cage might have been 
given more space. Steam and electrical winding 
form the subjects of the next two chapters. 

Four chapters are devoted to piston and turbo 
pumps and compressors, and the supply and distri- 
bution of compressed air are considered in detail. 
Chapters follow on compressed-air motors and 
tools, the operation of borers and cutters being 
well illustrated by drawings. Succeeding chapters 
deal with conveyors, underground locomotives, 
refrigeration and ventilation, and the book concludes 
with an account of the standard methods of measur- 
ing the flow, etc., of fluids, vapours and gases in 
pipes, taking indicator diagrams, making brake 
horse-power tests, and analysing flue and exhaust 
gases. In this new edition—the previous one 
appeared in 1941—the material has been revised in 
the light of recent developments and expanded where 
necessary. More than a hundred new drawings and 
diagrams have been added and the format has been 
changed so that the page isenlarged. The large page 
is a pleasing feature of the book which, though it 
remains primarily a text-book for students, should 
be a useful reference book for qualified mining 
engineers. 





CONGRESS ON INDUSTRIAL DESIGN.—The Council of 
Industrial Design, with the co-operation of the Federation 
of British Industries, the Trades Union Congress, the 
Royal Society of Arts, the Society of Industrial Artists, 
and the Design and Industries Association, are organising 
a@ congress on “‘ Design Policy in Industry as a Respon- 
sibility of High-Level Management,” to be held at the 
Royal College of Art, London, on September 19 and 20. 
It will be attended by about 250 invited guests, mainly 
chairmen, directors and managers from leading firms in 
Britain, Europe and the United States. The papers, 
which have not yet been given titles, will be discussed in 
three groups, one of which will evidently deal with trans- 
port equipment, including railway rolling stock, ships, 
motor vehicles and aircraft. The Council’s address is 
Tilbury House, Petty France, London, S.W.1. 





OPaciry OF PaPER.—The measurement of the opacity 
of printing papers has been facilitated by some work 
carried out by the Printing, Packaging and Allied Trades 
Research Association, Patra House, Randalls-road, 
Leatherhead, Surrey. Printing opacity is the brightness 
of a sheet of paper when backed with black ink, expressed 
as a percentage of its brightness when backed with 4 
number of similar sheets. Patra have prepared a set of 
papers, coated and uncoated, so that ‘‘ some idea of the 
significance of a printing opacity figure may be gained 
and the effects of surface texture and colour appreciated,” 
also to illustrate the relation between printing opacity 
figures and “‘ show-through.” In their laboratories, they 
have produced an instrument for the accurate comparisoD 
of brightness and measurement of show-through, and @ 





contro] instrument for routine checking of opacity. 
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THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS. 


(Continued from page 137.) 


Dr. S. F.Dorety, F.R.S., President of the Institute 
of Marine Engineers, occupied the chair during the 
second part of the technical session on Thursday, 
June 28. The paper presented dealt with ‘‘ Ship 
Motions,” and was contributed by Mr. John C. 
Niedermair, of the Bureau of Ships, United States 
Navy Department. 


Sure Mortons. 


The paper was based on a comparison of some 
“meagre experiments ” with models and recently 
published theoretical results ; in general, the author 
said, they were in agreement, though the indications 
were that the model wave heights used were exces- 
sive. At sea, too, regular series of waves were 
unusual, It was desirable, in rough-water model 
testing,, that there should always be at least one 
common sea condition; a wavelength of 600 ft. 
and a wave height of 27 ft. were suggested as a 
reasonable standard. The validity of arbitrary 
wavelengths and heights should be checked by statis- 
tical studies of the waves encountered on well- 
travelled ocean routes; some work of that kind 
had been done in the Pacific Ocean, but similar 
studies for other ocean routes were needed. Measure- 
ment of full-scale ship motions at sea, plus the 
simultaneous recording of all the essential informa- 
tion needed to relate those motions, was a problem 
of great difficulty ; but it ought to be done, to verify 
the validity of the assumed wave conditions in 
which models were tested, and the similarity of ship 
and model motions, given geometrically similar 
wave conditions. Information of value on the first 
of these subjects was on record, and more might 
be obtained by the statistical analysis of the logs of 
scheduled ships, travelling the same ocean route 
over a long period. The average speeds for any 
time of the year could then be compared with average 
wave conditions for the route. Rolling and pitching 
data also would be valuable. To cover the second 
subject was even more difficult, as it would involve 
instrumenting a ship fully, both to record the 
motions of the ship and to record simultaneously the 
surface of the sea. Instrumentation for the latter 
purpose had still to be developed, and would require 
the services of trained specialists ; yet such a ship 
and team could only fulfil their purpose on the rare 
occasions when regular seas were encountered. 
The exciting forces of cross seas and irregular seas 
should be studied in model size, in addition to the 
ahead seas normally studied ; but to simulate such 
seas would require new and extensive facilities, 
permitting complete six-degree freedom for the 
model. 

The discussion was opened by Mr. R. W. L. Gawn, 
0.B.E., who considered that there was much to be 
said for investigating ship oscillations by small 
models. The author’s models were nearly 5 ft. long ; 
some experiments of the same character were carried 
out at Haslar, and described in a paper by R. E. 
Froude in 1905. They were about the same length 
as those of Mr. Niedermair, but the later models 
were about 7 ft. long, experience having shown that 
larger models could safely be used; nowadays, 
still longer models were generally used. Ship 
oscillations frequently built up and died down in a 
cycle of phases, and, to represent the true motion, 
a definite number of cycles must be completed 
during an experiment. The length of the tank 
mentioned in the paper was only eleven times the 
length of the model, and the number of waves which 
the model could meet was limited accordingly. 
This applied particularly to the longer waves, which 
were of the greater interest because of their greater 
motion. An interesting point was that the experi- 
ments were made with a constant towing pull 
applied to the model. At Haslar, it was usual to 
arrange for the model to move ahead on to the waves 
at @ series of constant speeds of advance. The 
two methods were appropriate to the equipment in 
the respective tanks, but there might be something 


to be said for a constant pull as representing, 
perhaps, a closer approach to ship conditions. One 
consequence of a constant towing pull, however, 
was that the speed of advance varied during the test, 
and this departure from steady conditions was a 
disadvantag: from the strictly scientific point of 
view of comparing with theory. With that in view, 
he had tried to see how far the results of the two 
methods—constant pull and uniform speed— 
approached, and he found that there was some 
measure of agreement. 

One interesting confirmation was the author’s 
conclusion, which Mr. Gawn thought was important, 
that, in spite of some rather wide hull differences 
between individual models, all the models behaved 
substantially alike. It did seem to be a fact, from 
experience of testing models of different types, that 
quite large changes in hull form were insignificant 
as compared with changes in the distribution of 
loading, which, of course, affected the radius of 
gyration and, therefore, the period. The author 
included in the definition of natural pitching period, 
the virtual mass, and said that the matter was 
controversial. That was an under-statement ; for 
one thing, he assumed that the inertia coefficients 
could be calculated from the data for deeply sub- 
merged bodies. That was most probable; but the 
inertia coefficient of a floating body was vastly 
different from that of a submerged body, and no 
consideration had been given to the influence of 
damping or speed on the period. Would the author 
state whether any results were available for the 
still-water pitching period of the models, to deter- 
mine the influence of the various factors? The 
pitching period of the ship, as distinct from the 
period of forced oscillation, was also subject to 
variation with the size of wave which the ship met, 
and again by the size of the waves created by the 
speed of the ship. He suggested, therefore, that 
the basic period should not be complicated by 
including only one factor, namely, virtual mass, and 
neglecting all other factors. The natural period 
should be that which had always been recognised in 
the Admiralty, calculated from the fore and aft 
radius of gyration and the longitudinal metacentric 
height. 

Professor A. M. Robb thought that the presen- 
tation of the results had been affected considerably 
by the choice of an unpopular parameter; the 
graph dealing with the maximum pitching ampli- 
tude/maximum wave slope for individual models in 
seas of varying length, he suggested, was the vital 
figure in the paper. In fact, there was no such 
direct relation between maximum amplitude and 
maximum wave-slope. In the case of rolling, the 
maximum wave-slope was taken as a parameter ; 
but with it was the assumption that the breadth of 
the ship was small in relation to the length of the 
wave. The author, however, postulated a length 
of ship which ranged from a major fraction of the 
wavelength to a multiple of the wavelength; in 
that condition, maximum wave-slope ceased to have 
any direct significance. The point was that, in the 
case of rolling, the maximum wave-slope was also 
the maximum statical angle of equilibrium, and 
that was the basic quantity. In the case of pitching, 
the maximum angle of statical equilibrium would 
also be taken. In that case, instead of the angle 
decreasing with increase of length of wave, as 
shown in one of the tables, an angle was obtained 
which increased with length of wave. Using that 
more rational parameter, Professor Robb suggested, 
there would be a totally different result in the graph, 
and a more rational plotting. 

Dr. F. H. Todd observed that the problem of ship 
motions was intimately bound up with the sea- 
worthiness of ships. The progress of knowledge on 
that subject had languished because there had never 
been an adequate theory of the basic elements with 
which to interpret the results obtained, either from 
models or ships, and to serve as a guide in planning 
experimental research. Seaworthiness had been 
given high priority in the work of the David Taylor 
Model Basin at Washington, and a recent paper* by 
G. Weinblum and M. St. Denis, of the staff of the 
Basin, would, he thought, become a classic guide to 
the subject. Nr. Niedermair’s results of model 


Trans, 





* “On the Motions of Ships at Sea,” 





S.N.A.M.E. (1950). 





experiments in waves showed general agreement with 
the theoretical work of Weinblum and St. Denis. 
One of the points he brought out was the effect of 
freeboard at the fore end of a ship. Some model 
experiments which Dr. Todd had made with large 
trawler forms showed clearly the immense value of 
freeboard forward in ensuring good sea performance, 
and that, with the relatively high speed/length 
ratio of those trawlers, quite fine angles of entrance 
could be adopted, thus ensuring dryness of decks. 
There was opposition in the first instance by captains 
and owners, who were quite certain that such fining 
of the fore end would make a bad seaboat, which 
would not rise to the waves ; but they were proved 
to be wrong. 

Model experiments on rough-water performance 
had been in progress for many years, notably under 
Mr. J. L. Kent, at Teddington ; but they had been 
very restricted, the only tests possible being those 
in head-on and following seas, conditions seldom 
met in practice. Dr. Todd strongly endorsed the 
author’s proposal for new facilities in which models 
can be run under all conditions of waves. The 
models used by the author were quite small but, 
with suitable care and precautions, the use of small 
models should give reliable comparative results. 
The application of the results to predict actual ship 
performance, however, was another question. Some 
fundamental work was needed on ship model corre- 
lation, to which end two parties from the Model 
Basin had been sent across the Atlantic in winter, 
and another was to spend a month at sea on a coast- 
guard ship. The ships were not completely instru- 
mented, but they had obtained powers and speeds, 
pitching and heeling records and accelerations. 
Seaworthiness was a very live subject in the United 
States, and the American Tank Conference had an 
active committee working on it; that committee 
had agreed to do systematic experiments on a 
number of merchant-ship forms of block coefficients 
varying from 0-60 to 0-80. The Hydromechanics 
Sub-Committee of the Society of Naval Architects 
and Marine Engineers had endorsed the suggestion, 
and a co-operative scheme was being arranged 
whereby the different model basins would each take 
one of the parent forms and make changes in such 
factors as freeboard, flare above water-line, types 
of sections forward, etc. At the same time, similar 
experiments were being undertaken at the Taylor 
Model Basin with some simplified mathematical 
forms, to determine the various inertia and damping 
coefficients so as to assist Mr. Weinblum and Mr. St. 
Denis in the further development of their theoretical 
work. 

Mr. A. J. Williams said that, in the Department 
of the Director of Naval Construction, at the 
Admiralty, a considerable interest had been taken 
in ship motions in connection with the problem 
of armament control, and they had carried out a 
number of sea trials. The problem of weapon 
control was concerned primarily with angular 
motions, and, in particular, with the velocities and 
accelerations of angular motions. Curves had been 
derived, showing the variation of a measure of the 
amplitude of pitching motion with wavelength, and 
that the period of motion was equal to the period 
of encounter. From that information, other curves 
had been plotted, showing the variation of angular. 
velocity and acceleration with wavelength. It would 
be unwise to attempt to draw too precise conclu- 
sions from those curves, but some general inferences 
might be made. 

Professor A. J. Sims, 0.B.E., R.C.N.C., said 
that the subject of ship motions had become one of 
greatly increased importance. As Mr. Niedermair 
had said, the study of rolling had progressed farther 
than has the study of other ship oscillatory motions ; 
the time had come, however, when it was necessary 
to predict more accurately the characteristics of 
pitching, heaving and loss of speed in a head sea. 
There should be some standardisation of nomencla- 
ture for periods of pitching. There appeared to be 
three distinct periods. First, there wag, the basic 
period, to which Mr. Gawn had referred’; it might 
be defined in the same way as the author has 
defined it, but ignoring the coefficient of inertia and 
also the damping coefficient, so a8 to leave only the 
plain straightforward period which could be calcu- 
lated in any design office, given the longitudinal 
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weight distribution and the hydrostatic features 
of the design. That, however, was a period of very 
limited use. The second and third periods he would 
call practical periods. One could be defined as the 
“‘ still water at rest ’’ period—meaning “‘ at rest ” as 
regards ahead motion. That was a clearly defined 
period. The third period was the “under way ” 
period, in which changes took place in three com- 
ponents of the formula. One was the radius of 
gyration ; the second was the coefficient of inertia ; 
and the third was the damping factor. 

Dr. J. Lockwood Taylor, in reference to surging, 
recalled some sea tests that he had carried out some 
years previously. It might be assumed, from the 
paper, that surging was a little-understood subject ; 
but he would have said that it was the simplest 
motion and the one that was best understood, 
having in mind those particular sea tests. He had 
used the rather ingenious instrument of Professor 
T. B. Abell, namely, the recording short-period 
pendulum mounted on the long-period pendulum. 
The short-period pendulum had a stable platform 
and could record fore and aft accelerations. Using 
this on a cargo liner, he found that the observed 
surging accelerations could be correlated quite well 
with the calculated accelerations based on the 
orbital motion of the waves. There was a lot of 
scope for further work at sea on the subject of ship 
motions ; even, for instance, on the basic question of 
the height of waves likely to be encountered. 

Rear-Admiral C. D. Wheelock, United States 
Navy, referring to tests he had witnessed at the 
David Taylor Model Basin, recalled that, when the 
smal] models were towed, they were given a constant 
towing force and the wavelengths were varied. 
The wave heights were considerable, probably too 
high to be of real value in any analysis; Mr. 
Niedermair had recommended a series of tests with 
waves of half the height. It was probable that the 
whole range of conditions would have to be examined 
until it was possible to simulate in the model 
approximately what happened to the ship at sea ; 
so far as he was aware, no instance had occurred 
where the conditions resulting in the model corres- 
ponded with the natural period in a series of waves. 
It seemed that the wave amplitudes were so great 
that they forced the model] out of its own period 
into the wave period in all the tests; and he 
thought it would be necessary to reduce the wave 
heights to something very small indeed, to try to 
duplicate the experience at sea, where a ship would 
build up in pitching to a certain point, then steady 
and build up again. 

Might it not be, also, that most of the confusion in 
the mind of the observer at sea was due to the 
smaller waves, having all the appearance of rough- 
ness, covering up and hiding the waves that were 
really affecting the ship ? During his recent crossing 
of the Atlantic in the America, there was no time at 
which anyone could detect the waves which were 
influencing the ship in pitch, because the periods 
were too long. Only in the Pacific were there long 
waves to be seen; he had seen them on several 
occasions, waves of greater length than the ship, 
600 or 700 ft., the surface being otherwise so smooth 
that they could be picked out easily. Sea-keeping 
was tremendously important, and the work des- 
cribed in the paper arose from the need of naval 
ships to maintain speed in rougher and rougher 
seaways. One of the reasons why this particular 
kind of test was made, wherein the towing pull was 
constant, was to determine whether, with a given 
horse-power, or a given thrust, it was possible to 
maintain higher speed in rougher and rougher waves. 

Professor E. V. Telfer thought it rather significant 
that the two best forms tested were not those forms 
which had been reported on in practice as being the 
most seakindly ships. The curves graded the models 
in respect of low speed loss. On the other hand, it 
was quite usual for a captain to say that his ship was 
a good one, or seakindly, by reference to the amount 
of water taken on board. The tests on the two 
best model forms showed that the ships represented 
could quige easily keep up to the weather so far as 
holding speed was concerned; but they would 
probably be wrongly diagnosed by a captain because 
water was taken on board, and it would seem that 
the responsible naval architects might easily adjust 
the design to allow higher speed to be obtained. 


THE EXHIBITION OF 


With regard to absolute speed loss, the author 
stated that, whether starting from 20 or 30 knots, 
roughly the same amount of speed was lost. That 
was true, but it was an entirely wrong lesson to 
learn from the tests. To lose the same actual 
amount of speed meant that there was a greater 
relative loss when starting from the lower speed. 
His own opinion on that subject was that study of 
the motions, as such, would lead nowhere, but study 
of the effects on absolute power or thrust in facing 
given rollers was the most important line of attack. 
Finally, he thought that the pull necessary to move 
a particular form at a speed of 30 knots was a very 
insecure basis. It could easily be imagined that a 
vessel which needed a certain power for a speed of 
25 knots in smooth water and required a terrific 
increase of power at 30 knots would show a much 
better relative performance in holding speeds at 
lower power; so much extra power had to be 
provided to achieve 30 knots that it could be used 
much more economically at 20 knots. 

Mr. Neidermair said that he would prefer to make 
a written reply to the discussion. With regard to 
Mr. Gawn’s comments, he wondered whether, if 
the model were run for a greater length of time in a 
longer tank, it would make much difference to the 
results. The real reason why he had written the 
paper was the need to have more discussions on the 
problem and to encourage further tests, at sea, in 
the model basin, and the theoretical work of 
mathematicians capable of doing it. 

(T'o be continued.) 





TWIN-ARC METALLIC WELDING.—The Quasi-Are Com- 
pany, Limited, Bilston, Staffordshire, announce that 
arrangements are in hand whereby they will become 
sole concessionaires throughout the world for the General 
Electric Company’s twin-are metallic-arc welding 
process. This process will be demonstrated at the 
forthcoming Engineering, Marine and Welding Exhibition, 
using Quasi-Are twinned electrodes. 





WILBUR WRIGHT MEMORIAL LECTURE.—The 39th 
Wilbur Wright memorial lecture of the Royal Aero- 
nautical Society will be given by Mr. A. E. Raymond, a 
member of the Douglas Aircraft Corporation, California, 
U.S.A. The subject is “‘ The Well-Tempered Aircraft.” 
The lecture will be given on Monday, September 10, 
at 6 p.m., at the Royal Institution, 21, Albemarle-street, 
London, W.1; tea will be served before the lecture at 
5.30 p.m. Following the lecture, a reception will be 


held in the offices of the Society from 8 till 11 p.m. 
Further particulars may be obtained from the secretary 
}of the Society, 4 





Hamilton-place, London, W.1. 
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ENGINEERING IN THE 
FESTIVAL OF BRITAIN.* 


IX.—ExHIsiTion oF INDUSTRIAL PowEr, 
GLasGow. 


(Concluded from page 136.) 


AFTER leaving the Hall of Hydro-Electricity at the 
Glasgow Exhibition, visitors are enjoined to make 
their way to the Hall of Civil Engineering, a view 
of which is given in Fig. 147, on page 176. The 
exhibits in this hall are arranged to cover the 
subjects of public health, bridging and irrigation, 
as well as to show how the scope of the civil engineer 
has expanded from the days of Ancient Egypt to 
modern times. The centre of the hall is devoted 
to a pictorial display of steel-frame buildings and 
lock gates, and in the galleries there are examples 
of bridges and of the equipment, which goes to 
make up a modern water-supply system. At the 
far end, the contribution which the civil engineer 
can make to the increase of human welfare is 
demonstrated by illustrations of the Nile irrigation 
|works. As in the other parts of the exhibition, full 
bees is made of models, including one of the Sonning- 
|hill timber viaduct and another of the Keadby lift 
bridge. 

Among the individual exhibits mention may be 
| made of the model of the walking drag-line, which is 
being shown by Ransomes and Rapier, Limited, 
| Ipswich, and is illustrated in Fig. 143, herewith. 
|The actual machine is now under construction for 
Messrs. Stewarts and Lloyds, Limited, and will be 
used for stripping ironstone beds in Northampton- 
shire. It weighs 1,500 tons and consists of an all- 
tubular steel boom to which a 20-cub. yard bucket 
lis attached. The height from the ground level to 
the boomhead is 175 ft. and the diameter of the base 
It is supplied with power from two 
1,500-h.p. generating sets. 





| Another exhibit in the same category is the 


'‘*Super Ten” excavator shown by Messrs. Thos. 
This is an all- 
machine, having a [e- 


— 





* Articles in this series on the Dome of Discovery, 
the Royal Festival Hall, the temporary bridges, the 
“‘ Skylon,”’ civil engineering works, and exhibits at the 
South Bank Exhibition appeared in the previous volume 
of ENGINEERING (vol. 171) in the issues of April 13 and 
20, May 4, 11 and 18 and June 1, 8, 15, 22 and 29, 1951. 
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the extreme tail and carrying the power unit and 
other machinery. The standard method of driving 
is a three-cylinder Diesel engine, developing 33 brake 
horse-power at 1,000 r.p.m. Electric driving can, 
however, be fitted as an alternative, in which case 
a 25-h.p. squirrel-cage or enclosed ventilated com- 
pound-wound direct-current motor can be used. 
Power is transmitted through two-speed gearing 
and a duplex roller chain. There are two main 
horizontal shafts, one of which carries the reversing 
clutches and the other the rope barrels. All the 
controls are “ finger-light ”’ and are conveniently 
grouped for the driver, who is seated on an adjust- 
able seat in front of the house in which the super- 
structure, engine and machinery are enclosed. 

The superstructure rotates on a large-diameter 
“live” ring of 14 rollers, which are mounted on 
self-lubricated bushes. The roller path is supported 
on a circular turret which, in turn, is mounted on 
the all-steel one-piece welded carriage frame. The 
crawler pad tracks are of the interlocking type and 
are linked together by alloy-steel pins in multiple 
shear. The transmission drive to the tracks consists 
of manganese-steel bevels and forged-steel chains, 
the travelling speed being up to 24 m.p.h. in either 
direction, The bucket front is made of alloy steel 
with reversible inset teeth and its door is provided 
with cast-steel hinges and latch gear, which are 
easily renewable. The capacity of the standard 
ducket is 3 cub. yard. 

_ Models of cranes are being shown by Messrs. 
Butters Brothers and Company, Limited, Glasgow, 
and of road rollers by Messrs. Aveling-Barford, 
Limited, Grantham. 

A recent development in prestressed concrete is the 
Lee-McCall system, which is exhibited by McCall's 


Macalloy, Limited, Templeborough, Sheffield. In | 





this system high-tensile steel bars, varying in 
diameter from } to 1} in., are used instead of the 
more usual steel wires. These bars are stressed to 
about 42 tons per square inch by an hydraulic 
jack, the legs of which bear on a steel anchor plate 
embedded in concrete. An adaptor is serewed to 
the end of the bar and secured to the jack by a 
cotter. When the full pre-stress has been applied 
the bar is fixed by tightening the anchor nut. The 
jack and pump are both mounted on the same 
trolley, which also carries a smal] winch for raising 
the jack to the level of the bar to be stressed. 
Stressed Concrete Design, Limited, 54, South Side, 
Clapham Common, London, 8.W.4, are showing 
examples of their Magnel-Blaton tensioning jack 
and cable, as well as a model and section of a 
pte-stressed beam; and the Freyssinet system of 
post-tensioned pre-stressed concrete is demonstrated 
by P.S.C. Equipment, Limited, 123, Victoria-street, 
London, S.W.1, who are exhibiting typical jacks, 
anchorage cones and cables. Examples of the Bison 
type of pre-stressed floor and a model of pre-stressed 
cantilever floor form part of the display arranged by 
Concrete, Limited, 16, Northumberland-avenue, 
London, W.C.2. 

The last main hall of the exhibition is that in 
which the coal and water sequences converge and 
is jointly devoted to shipbuilding and railways. 
[t consists of a ship-like structure with galleries, on 
which the vast contribution that Great Britain has 
made to shipbuilding is initially told by calling 
attention to the work of such pioneers in the art 
as King Henry V and King Henry VIII, Hawkins, 
Drake, Matthew Baker, Pett, Watt, Parsons and 
Froude. Next, running the length of the hall, 
comes the life story of a ship from the initial stage of 
an idea, roughly sketched out on the drawing board, 





to the time when the vessel sails on her maiden 
voyage. Navigation is dealt with by illustrating 
the work of Norward and Harrison and by showing 
how the compass was evolved from the first primitive 
lodestone to the latest electronic equipment. Near 
the centre of the gallery is a three-deck structure, 
which shows the arrangement of the navigation 
instruments, a modern stateroom, and an engine- 
room in which both the main and auxiliary plant 
are installed. 

Working displays illustrating how echo-sounding 
and direction-finding equipments are used to assist 
in navigation are being exhibited by the Marconi 
International Marine Communication Company, 
Limited, Chelmsford. The echo-sounding display, 
which is shown on a panel 7 ft. long by 54 ft. 
high, is based on the Marconi Marine “ Seavisa ” 
and “ Seagraph” echometers, instruments which 
emit pulses of energy, measure the time taken for 
each pulse to reach the sea bed and return, and 
thus present the depth of water beneath the ship 
in an easily readable form, without any calcula- 
tion being necessary. A ship is shown moving 
across the panel, and at certain points in its 
travel a pulse, indicated by a light, is emitted, to be 
reflected as an echo from the seabed, and returned 
to the ship. At each pulse, the depth measured is’ 
shown by a light flash at the appropriate point on 
the graduated scale of the “ Seavisa.” The “ Sea- 
graph” traces on paper a contour graph of the 
variations in the sea bed, and a typical record 
obtained in this way is shown. 

The direction-finding display, which is exhibited 
on a record panel, shows how a Marconi marine 
‘“* Lodestone ’’ direction-finder is used to determine 
a ship’s position by radio when poor visibility condi- 
tions preclude celestial observation. In practice, 








168 


ENGINEERING. 








radio beacon stations ashore transmit at regular 
intervals, and by using the “ Lodestone ” to ascer- 
tain the direction from which these signals are 
coming, the navigator can discover the bearing of 
the station from his ship. The point of intersection 
of two or more of these bearings is the position of the 
ship. The display shows three stations, each of 
which, in turn, transmits a characteristic signal in 
flashing light and in sound. Off the coast is a ship, 
bearing a replica of the ‘‘ Lodestone ” dial marked in 
degrees. When a radio beacon “ transmits,” the 
arrow on the dial moves to the direction of the 
station, so that the bearing can be read. Cross- 
bearings on the position are then taken on the trans- 
missions of the other two stations, and a “ fix” 
obtained showing the vessel’s position. By pressing 
a button on each display, visitors can set them in 
operation. 

Messrs. Kelvin and Hughes (Marine), Limited, 
New North-road, Barkingside, Essex, are giving a 
demonstration of their marine radar system, using 
simulated signals from a model. The equipment 
employed consists of scanner, transmitter and 
display units, with the wave guides and cables 
necessary for their interconnection, as well as a 
motor-generator and starter unit and a monitor 
signal unit. The scanner comprises a weather- 
proof housing, which carries the revolving aerial. 
The latter is a truncated paraboloid with apertures 
of 5 ft. in the horizontal and 4 in. in the vertical 
directions, so that the beam width, measured as a 
full angle between the half-power points, is 1-6 deg. 
and 27 deg., respectively. The scan is in the clock- 
wise direction at a speed of 30 r.p.m. The scanner 
is connected to the transmitter unit, which is 
provided with a spark-gap discharge into a pulse 
transformer, giving a peak power of 7 kW with a 
pulse width of 0-2 microsecond and a pulse recur- 
rence of 2,000 per second. The receiver is of the 
superheterodyne type with a reflex klystron local 
oscillator and crystal mixer. The preliminary 
intermediate frequency-amplifier in the radio 
frequency head is coupled to the main intermediate 
frequency-amplifier in the display unit by a coaxial 
cable. The ground wave is suppressed by the 
injection of a lock pulse from the pulse transformer. 
The intermediate frequency is 60 megacycles and 
the intermediate frequency band width 10 mega- 
cycles. The first stages of the receiver are housed 
in the transmitter unit, which is arranged for bulk- 
head mounting and can generally be accommodated 
without difficulty in the smallest wheel-house or 
ohart-room. | 

The display unit, an illustration of which is given 
in Fig. 144, is designed for table mounting, but can 
also be fixed to brackets on the bulkhead. It is 
connected to the junction box by a flexible multi- 
core armoured cable, and the controls for operating 
the installation are fixed to panels in a recess below 
the display panels and are made accessible by 
lowering the “roll-top” cover. The unit contains 
the cathode-ray tube of the plan position indicator, 
as well as those parts of the receiver which are not 
housed in the transmitter unit, and various other 
circuits associated with the production of the dis- 
play. The main assemblies are fixed on hinged 
mountings and the control panel chassis can be 
withdrawn to facilitate inspection. The cathode-ray 
tube is 12 in. in diameter and operates at 9 kV. 
The motor-generator which supplies power to the 
equipment consists of a 110-volt or 220-volt direct- 
current motor, driving a single-phase inverter with 
an output of 0-45 kW at 180 volts and a frequency 
of 2,000 cycles; and a three-phase alternator with 
an output of 0-15 kW and a frequency of 50 
cycles. 

Messrs. S. G. Brown, Limited, Shakespeare-street, 
Watford, are showing one of their A.l gyro com- 
passes, complete with two bearing repeaters and a 
type E automatic helmsman. This equipment is 
arranged on a representation of a ship’s navigating 
bridge. 

A view in the Hall of Railways is given in Fig. 148, 
on page 176, in which, as a tribute to British 
Pioneering efforts in this branch of engineering, 
stress is laid on the early history of the subject. As 
before, the tale is told pictorially, beginning with 
the work of Trevithick and Stephenson. An 
example of the modern locomotive, shown in the 
illustration, is the 4-6-4 R-class built for the Victoria 











Government Railways by the North British Loco- 
motive Company, Limited, Glasgow. In the centre 
of the hall, the development of railway rolling 
stock from the days of primitive engines and open 
trucks to the streamlined expresses of to-day is 
demonstrated. 

A reproduction of the upper class portion of an 
electric trailer car, which forms part of a contract 
for the Indian Government Railways, is being 
exhibited by the Birmingham Railway Carriage 
and Wagon Company, Limited, Smethwick, Staf- 
fordshire. An actual car is illustrated in Fig. 146, 
on page 167. Two of these trailers form the centre 
of a four-car train, the pair consisting of an open 
lower class saloon car and an upper and lower class 
segregation car with a portion reserved for women. 
The first of these cars can accommodate 122 seated 
and 109 standing passengers, and the second 98 
seated and 95 standing passengers. The length over 
the body is 68 ft. 04 in., the width over the side 
panels 11 ft. 114 in., and the height from the rail 
12 ft. 64 in. The gauge is 5 ft. 6 in. Aluminium 
paint is used for the finish of both cars. 

Other reproductions include a lightweight non- 
driving motor car, embodying the latest develop- 
ments of aluminium-alloy construction, and a 
multiple-unit electric motor car for use on the 
Indian Railways, both of which are being shown by 
Metropolitan-Cammell Carriage and Wagon Com- 
pany, Limited, Birmingham. There is also a 
10-mm. scale model of a 1,600-h.p. Diesel electric 
locomotive for the Egyptian State Railways, being 
shown by the Vulcan Foundry, Limited, Newton-le- 
Willows, and the English Electric Company, 
Limited; a 2,800-h.p. gas-turbine electric loco- 
motive for the British Railways (Western Region), 
which is being exhibited by Metropolitan-Vickers 
Electrical Company, Limited, Manchester, and of a 
“River” class steam goods locomotive for the 
Nigerian Railways, as well as a number of smaller 
units. 

Mention may also be made of the 270-h.p. turbo- 
charged compression-ignition engine, exhibited by 
Henry Meadows, Limited, Wolverhampton, and 
illustrated in Fig. 145, on page 167. This is of the 
four-stroke direct-injection cold-starting type and is 
fitted with an exhaust-gas turbo-charger so that its 
full power can be maintained at altitudes up to 
3,000 ft. above sea level. This turbo-charger is 
water-cooled from the engine system and the air 
intake can be either through a filter-silencer or 
from a remote source of supply. The starting 
equipment includes two 24-volt motors and a 
dynamo. 

The Hall of the Future, which forms the last 
stage on the suggested itinerary through the 
Exhibition of Industrial Power, is on three levels. 
In a series of pits the great pioneers of the past are 
seen at work. Present-day work on atomic research 
is displayed at floor level, while the future is 
depicted as an illuminated cone the top of which 
pulsates and throws off flashes to a “sky” which 
is arranged above it. The pioneers celebrated are 
Watt, Trevithick, Faraday, Parsons and Rutherford. 
The process of releasing atomic energy is explained 
on a series of panels. The individual models 
include one of a beam engine and another of an early 
turbo-dynamo, while a Tesla insulation tester 
with a normal operating voltage of 750 kV and a 
frequency of 130,000 cycles, which is usually 
installed in the Research Laboratories of the Metro- 
politan-Vickers Electrical Company at Trafford 
Park, is exhibited by that firm. 





RaDAR IN MERCHANT SuHIps.—Notice No. M.352, 
which has been issued by the Ministry of Transport and 
replaces Notice No. M.317 of May, 1948, lays down the 
precautions which must be taken by owners, masters 
and officers of merchant ships before radar sets are 
installed. Care must be taken to avoid interference with 
compasses and the aerial unit must be sited so that 
“shadows” are not produced. The alternatives of 
placing a single display unit in the chart room or wheel 
house are considered and some useful information is 
given regarding the lengths of wave-guides and cableruns, 
accident prevention and interference with radio recep- 
tion. Copies of the notice are obtainable free of charge 
from the Ministry of Transport Marine (Navigational 
Aids) Division, Berkeley Square House, London, W.1, or 
from the Ministry of Transport Survey Offices at the 
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THE JOINT ENGINEERING 
CONFERENCE, LONDON. 
(Continued from page 152.) 

THE report given below of the paper and dis- 
cussion on “‘ Radio Masts and Towers ” is followed 
by a report on the morning meeting of Wednesday, 
June 13, which was devoted wholly to the education 
of engineers. 


Raptio Masts AnD TOWERs. 


The meeting held at the Institution of Electrical 
Engineers on Tuesday, June 12, was presided over 
by Sir Stanley Angwin, and a paper on “ Radio 
Masts and Towers ”’ was read by Mr. C. O. Boyse. 
The author pointed out that, when low frequencies 
were used, the higher the radiating wire could be 
raised above the ground the stronger became the 
received signal. This led to the use of wooden and, 
later, steel structures to support the aerial wires as 
high as possible, and it was also realised that the 
“centre of gravity” of current in the aerial could 
be raised by increasing the aerial height to approach 
half the wavelength. The height of aerial which 
was most effective in reducing fading was also half 
a wavelength. For broadcasting, the trend was 
therefore towards the use of such half-wavelength 
aerials employing slender masts supported by stay 
ropes. As the effect upon radiation of a large 
number of stay ropes was uncertain, masts sup- 
ported by only one set of stays were built and, to 
economise steel, were tapered from points at the 
top and bottom to a maximum width at the stay 
attachment point. It was found, however, that the 
advantages of only one set of stays were not all- 
important and that variations in the cross section of 
the structure over its height were undesirable. 
Later masts were therefore parallel-sided and 
usually stayed at several points, each stay being 
divided electrically into sections by insulators. 

To reduce high-angle radiation and its consequent 
fading effect, the radiator was divided electrically 
into two parts by insulation and by grading each 
part in a particular manner. With the increasing 
use of high-frequency waves directed into narrow 
beams, a suitable aerial for broadcasting was found 
to comprise a number of horizontal dipoles stacked 
in the form of a curtain of wires about two wave- 
lengths wide and two wavelengths high. These 
always required groups of masts of medium height. 
At still higher frequencies, such as those used for 
television and certain communication systems, the 
aerials required were quite small, but their height 
above the ground was of paramount importance. 
For ultra and super-high frequencies, the aerials 
were usually in the form of radiators and reflectors, 
and the principal requirement of the supporting 
structures was that they should be extremely rigid 
with the allowable deflections in azimuth and 
elevation limited to not more than 1 deg. Self- 
supporting towers were generally used, their height 
depending upon the desired range of the repeater 
stations and the profile of the route of the link. 

These points were illustrated by descriptions of 
typical British-built masts and towers. There was 
nothing to suggest that radio structures were likely 
to undergo any major change in form in the imme- 
diate future. Specific points, such as wind and ice 
loads on the aerial wires, would, however, need to be 
studied. Light alloys would come into use only if 
they led to cheaper structures. Welding might 
tend more and more to replace other types of 
connection. Above all, the aim would be to 
produce high-strength structural members having 
low wind resistance. 

Discussion. 

The discussion was opened by Mr. M. T. Tudsbery: 
who said that he still favoured the conditions for 
wind pressures on masts laid down by Elwell in 
1923 and the old factor of safety of four for the 
whole installation; or, nage the ate: 
Broadcasting Corporation’s specification. Exper'- 
ence over 1 ws 2 showed that these conditions 
could not be improved upon. He would therefore 
like to ask the author what advantage he would 
expect from the new basis of design advocated in 
the paper. It would seem that the saving would 
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Mr. C. D. Brown pointed out that the British 
Broadcasting Corporation’s specifications laid down, 
that there was to be an aerial pull of six tons in any 
direction. This raised a difficult problem for the 
structural engineer. It would pay to limit the 
amount of the deflection in the masthead and so 
keep the strength of the structure and the stays 
under control. An increase in the stay tension 
of 50 per cent., which was unthinkable, would only 
mean an increase in the maximum working load 
in the stay from 25 to 26} tons, so that the problem 
of what happened to the bending moment when the 
stays were incorrectly tensioned was not so serious 
as suggested by the author. 

Mr. A. Stewart said that the erection of masts 
called for close co-operation between the designer 
and erector. This would lead to panels of a more 
economic length being employed. A fitting might 
also be put on the structures to take the pennants 
and guides on the floating derrick. Built-in electric 
strain gauges would do much to solve tension 
problems. i 

Mr. E. Hall called attention to the difficulty of 
determining wind load, which was not steady but 
more in the nature of a turbulent stream. The only 
safe course was to assume the worst possible wind 
load and. design the structure on that basis. As 
masts could not be easily replaced, a good factor 
of safety was justifiable. The wind velocities 
recommended by the author seemed rather high. 
He would like to have heard more about the 
justification for staying in three rather than four 
directions, Mr. F. D. Bolt thought it was neces- 
sary that a mast should support a load in any 
direction, particularly in short-wave arrays where 
the direction of the wave would be changed. This 
caused difficulties with the structural engineer. 

Mr. H. W. Grimmitt said that the first require- 
ment was that the tower should support itself 
without any load on it at all and with a certain 
amount of rigidity. He was not alarmed at a 
six-ton, pull at the top of a 1,000-ft. tower, although 
he could not imagine how such a load occurred on 
these aerial arrays. 

The chairman pointed out that, when the first 
heavy insulated masts were erected in this country, 
one of the biggest problems was with the insulators. 
The difficulty was not mechanical but with the 
dielectric losses, which caused internal fusing. 
Porcelain, however, could now be produced which 
stood up well to both dielectric and mechanical 
stresses. This was another example of the neces- 
sity for the closest co-ordination, between electrical 
and mechanical requirements. 

Mr. C. O. Boyse, in reply, said he had not advo- 
cated a reduction in safety or an appreciable 
reduction in cost. The factor of safety was a 
delusion and it was evident that there was no 
agreement as to what wind pressures should be 
allowed. A number of the items in mast design 
were unknown and were a matter of guesswork. 
That was one reason for advocating a change in 
approach ; another was that it might be necessary 
toerect higher masts in future. The whole business 
of wind loading must be reduced to an empirical 
problem. He had not advocated ignoring ice on 
structures, but it was simpler to take a very heavy 
wind load without ice than to juggle with innumer- 
able combinations of different amounts of wind and 
ice. When it came to wires, the problem was still 
more difficult and a serious attempt should be made 
to evolve some general working rules. He would 
like to see a formula, which would give some 
idea of cost, but there were too many variables 
Involved. 


Universtry AND TECHNICAL COLLEGE 
EDUCATION. 

Dr. D. S. Anderson, B.Sc., M.I.Mech.E., took 
the chair at the meeting on June 13, at the Institu- 
tion of Civil Engineers, when Professor J. F. Baker, 
0.B.E., M.A., M.L.C.E., presented a paper on “ The 
Development and Trend of University Education in 

ineering,” and Dr. H. L. Haslegrave, M.A., 
Wh.Sc., M.I.Mech.E., M.LE.E., gave one on “The 
Contribution of the British Technical Colleges to 

ineering Education.” The papers were dis- 
cussed jointly. 

Professor Baker’s review of the history of engi- 
neering education in the Nineteenth Century was 





epitomised by his quotation, dated 1870, that ‘‘ it is 
not the custom in England to consider theoretical 
knowledge as absolutely essential.” Progress was 
slow, and even by 1851, by which time some of the 
nation’s greatest engineering achievements had 
taken place, there were only five schools of engi- 
neering in the United Kingdom. The early schools 
were at Durham University; University College 
and King’s College, London ; Glasgow University ; 
Dublin ; and Belfast. For 50 years, King’s College 
was the largest engineering school in the country. 
Owen’s College, Manchester, was founded in 185] ; 
a chair of engineering was established there in 1868, 
also in the same year at Edinburgh, and the 
Cambridge chair was established in 1876. About 
this time, the development of teaching laboratories 
in engineering began, the pioneering work being 
largely due to Professor A. B. W. Kennedy of 
University College. Meanwhile, chairs of engineer- 
ing were founded in colleges throughout the country, 
but staffs and buildings were generally inadequate 
for the needs, though 24,000]. were spent on the 
laboratories at Liverpool. 

By 1931, Professor Baker continued, the problem 
of engineering education appeared in another form:: 
industry accepted the graduate but did not know how 
to use him. The 1914-18 war had made industry 
realise the advantages to be gained from the appli- 
cation of science to production and design problems, 
though the universities generally were slow to 
respond. The 1939-45 war led to a definite modi- 
fication of the university attitude, and to a doubling 
of the number of students in applied science. 
Some universities were now questioning the value 
of formal experiments in the laboratory and were 
introducing small investigations and projects in the 
final year as a means of encouraging initiative and 
a methodical approach to new problems. In his 
conclusions, Professor Baker mentioned particularly 
the thorny question of the place of technology in 
the universities, and stressed that engineers should 
be taught by engineers, who must themselves 
maintain contact with industry either by engaging 
in applied research or by acting as consultants. 
Reference was also made to the value and poten- 
tialities of post-graduate courses. 

Dr. Haslegrave’s paper on ‘‘ The Contribution of 
the British Technical Colleges to Engineering 
Education ” consisted of a historical review and 
suggestions for future educational methods and 
financing. The principal early developments were 
the founding of the Society of Arts in 1754, which 
was to have a considerable effect on the growth of 
technical education; the establishment of night 
schools, starting with one at Third Lanark Mills in 
1784 ; and the founding of literary and philosophical 
societies and mechanics’ institutes, which were 
local and voluntary efforts. The lessons to be 
learned from the history of this period, Dr. Hasle- 
grave pointed out, were: voluntary effort was most 
important and valuable ; technical education could 
only be built on a foundation of good general 
education ; methods of teaching must be adapted 
to suit the characteristics of the students ; and no 
student should be prevented by lack of financial 
resources from obtaining educational facilities up to 
the limit of his ability to profit from them. 

From 1851 to 1870, Government financial assist- 
ance to night schools was inaugurated and de- 
veloped ; it had the disadvantage that the examina- 
tions reflected the experience of the officials who 
set them, in Government departments, dockyards 
and the armed services, rather than the needs of 
productive industry. An Act of 1890 authorised 
county councils to give funds for commercial and 
technical education, and 12 years later the power of 
the councils in this respect became complete. 
Meanwhile, several notable advances had taken 
place; the foundation in 1868 of the Whitworth 
Scholarships ; the formation of the Trade Guild of 
Learning in 1873, fostered by prominent trade 
unionists and others; the contributions of the 
City Livery Companies towards the founding of 
technical colleges; the incorporation in 1880 of 
the City and Guilds of London Institute; the 
formation in 1847 of the Union of Lancashire and 
Cheshire Institutes ; and the creation of numerous 
technical colleges, sometimes from the existing 
mechanics’ institutes. Evening classes, which 


imposed a strain on the youths and adults who 
had long working days in the factories, were the 
general rule, though part-time day release had been 
granted in one works as early as 1884. 

The four channels of development during the 
period 1905 to 1939, Dr. Haslegrave continued, 
were as follows : the formation of new colleges and 
extension of existing ones ; the provision of related 
subjects and the development of the course system ; 
the extension of part-time day releases; and the 
provision of courses in the engineering, and other, 
crafts. The 1914-18 war strengthened the ties 
between technical colleges and. the engineering 
industry, an indirect result being the formation of 
the National Certificate Scheme. Unfortunately, 
National Certificate courses were often followed by 
students who should have taken craft courses, just 
as external degrees were often taken in cases where 
National Certificates would have been more appro- 
priate. 

After the 1939-45 war,.which threw a tremendous 
load on the technical colleges, the developments in 
technical education which had been eagerly anti- 
cipated were prevented to some extent by the 
national economic conditions, though two of the 
recommendations of the Percy Committee were 
adopted, namely, the formation of national colleges 
and the setting up of regional advisory councils for 
further education. A scheme for the creation of a 
Royal College of Technologists was prepared with the 
object of attaining a higher standard of technical 
education. Concluding his historical review, Dr. 
Haslegrave mentioned two major problems of 
technical colleges—finance, and the fact that craft 
courses, and the technical sides of elementary, 
senior, and advanced grades are often carried out in 
the one institution, with some teachers taking 
classes in all the grades. 

Looking to the future, Dr. Haslegrave outlined 
his suggestions for improving the educational facili- 
ties in technical colleges for the three groups of 
engineering personnel—professional engineers, tech- 
nicians, and craftsmen. The courses for professional 
engineers would lead to the award of the Associate- 
ship of the proposed Royal College of Technologists. 
The courses would differ from the normal degree 
course, since it seemed, the author stated, that it is 
necessary for the young engineer to play an 
important part in actual production at an earlier 
age than is possible with students who take a 
full-time degree course followed by two years’ 
practical training. The proposed courses for tech- 
nicians and craftsmen were designed to meet the 
great diversity of needs. 

Dr. Haslegrave’s concluding suggestion related 
to a better method of financing at least part of the 
work of technical colleges. “‘ The present method,’ 
he stated, “‘of the financial load being shared by 
the local authority and the national exchequer has 
many disadvantages; direct grants from the 
national exchequer also have disadvantages. Can 
a method be devised of direct industrial contri- 
bution similar to that obtainable in France? If 
industry paid part of its tax into a technical educa- 
tion fund, instead of first into the general national 
pool, and from this fund grants were made to 
technical colleges on the governing bodies of which 
sit representatives of the contributing industry, 
some of the benefits of local patriotism would be 
preserved ; industry would see immediately the 
results from some of the taxes it had paid; and 
increased expenditure on a technical college would 
not depend upon the willingness of a local authority 
to increase its rate.” 


Discussion. 

Colonel B. H. Leeson opened the discussion. He 
said that there were two main roads along which 
a man might travel to become a professional engi- 
neer; he might approach it from the university 
end or from the other end. With the first, the under- 
graduate had very little, if any, real contact with 
industry. He was approaching his subject as a 
fundamental science, which later on he would 
apply. The man who took the other road had 
very little idea of the sciences at all; he started 
from the practical end, and was familiar with a 
side of which the university student might never 
have had any real appreciation. His whole ap- 
proach, therefore, was different ; and, whether he 
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went to evening classes or took part in ‘‘ sandwich ” 
courses, he could never have quite the same kind 
of training, although the training he received might 
in itself be even more effective in after life than the 
university training, depending largely on the man 

himself. Was it necessarily logical to say that 
where the two approaches overlapped, in the tech- 
nologist, the award should necessarily be the same 
without regard to the approach? Here, Colonel 
Leeson would put his case merely by a plea to retain 
unaltered, and not to extend, the university degrees 
which had been established in this country, and 
which had a nation-wide and world-wide reputation. 
He would prefer to see some other award created, 
which would be similar but which would be built 
up by its own merit, because then it would be 
something which was permanent and.stable. He 
would suggest that the emphasis in the report 
which proposed a Royal College of Technologists 
was in the wrong place. The first thing which should 
be done was to set up an administrative body which 
would have money to spend—so many million 
pounds a year—in the same way that money was 
spent on anything else to get services for industry. 
This body should be empowered to set up regional 
technical colleges—not a great number; they 
would have to grow, like everything else, but at all 
events a few regional technical colleges—with the 
most up-to-date equipment and also with the most 
up-to-date teachers, paid adequate salaries, and 
generally on the level which they would like to see 
if the provision made were to take its place along- 
side the level set by the universities. The colleges 
would be independent of local education authorities 
and under an administration under which they 
could develop and flourish. 

Dr. S. Livingston Smith remarked that it had 
been said that in America the output of university 
graduates was rising exponentially, and thus keeping 
pace with the country’s increasing productivity, 
whereas in Great Britain the rate of output was not 
keeping pace with the increased productivity of our 
industries. Professor Baker had said in his paper 
that the most striking change brought about by the 
1939-45 war had been the doubling of the number 
of students in university departments of applied 
science. It was comforting to know, however, that 
the rate of output from the National Certificate 
scheme in mechanical engineering was rising 
exponentially. He was convinced that it would 
be far better for the university courses up to first 
degree standard to be very general indeed, and to 
teach the fundamentals of engineering science, on 
which could be built afterwards the specialised 
knowledge which the students might require after 
they had gone into industry. There was the contro- 
versial question of whether the universities laid too 
much emphasis on training a particular type of 
mind. The university curriculum in engineering 
science, and a large amount of the last few years at 
school in such subjects, was almost entirely based 
on the assumption that the individual taking the 
course had a mathematical and analytical type of 
mind. He had always been struck by the number 
of students who came to the university who he knew 
instinctively would make good engineers of a certain 
type—not designers, not scientific men to work in 
research, but men who would get things done. 
There was a place, he felt, for the training of people 
with that type of mind, which was able to deal 
with methods of manufacture, with production, with 
getting things done. 

Mr. P. E. Sleight said there was an increasing 
demand in technical colleges for courses designed 
specifically to meet »he needs of the civil engineer. 
With regard to the proposed Royal College, he 
would prefer a college diploma in civil engineering 
which would be of a sufficiently high standard 
academically to be worthy of recognition by the 
Institution of Civil Engineers for examination or 
exemption purposes, not on a subject-for-subject 
basis, but as offering complete exemption on 
its own merits and on the reputation of the college 
and the college teachers. 

Major E. Thomas, delegate of the Société Royale 
Belge des Ingénieurs et des Industriels, in a contri- 
bution to the discussion read by the chairman, 
gave a brief account of what was being done by the 
Society to provide engineers with a means of improv- 


ing and widening the knowledge which they had 
acquired in the universities. Special committees 
had been set up. The first was the research com- 
mittee, which strove to have highly technical 
subjects, most of which were in the vanguard of 
progress, expounded by Belgian and foreign experts. 
It arranged for their discussion, and arrived at 
conclusions which were finally passed on, in the 
form of resolutions, te the competent authorities. 
Secondly, there was the lectures committee, which 
organised lectures in the form of general expositions 
of technical and industrial problems. Thirdly, there 
was the section for the study of industrial economics, 
which investigated the main problems in the field 
of economics. Fourthly, there was the committee 
for the study of technical problems in the Congo and 
engineering opportunities abroad. There was also 
a committee on publications, a library committee 
and a junior committee. 

Professor R. L. Lickley referred to one of the 
national colleges, the College of Aeronautics. That 
college had not been formed as Dr. Haslegrave 
suggested, as a result of the Percy Report, but as a 
result of a committee set up by Sir Stafford eg 
under the Chairmanship of Sir Roy Fedden, to 
discuss the provision of specialised training in 
aeronautics. At the College of Aeronautics they 
took students from the universities and the tech- 
nical colleges, so that they got an idea of how both 
systems of education were running and of the type 
of man which they turned out. The man from the 
technical college was much more self-reliant; by 
virtue of his part-time course, he had had to build 
up, probably, a greater strength of character, and 
his connection with the shops had made him 
appreciate the necessity of relying on himself. 
From the teaching point of view, however, he suffered 
from a weakness in fundamentals. The university 
man, on the other hand, knew the fundamentals 
and knew a good deal of mathematics, but often 
had extreme difficulty in expressing himself on 
paper, either drawing paper or report paper. 

Dr. J. E. Richardson said he had gathered that 
there was a strong “ caste-feeling’’ abroad, with 
pure science in the superior caste position and 
technology occupying a somewhat lower place. 
The fact of the extreme usefulness of technology in 
industry would appear to be the cause of its con- 
demnation. He could not understand that attitude. 
The first thing that he would ask for all colleges was 
@ greater degree of academic freedom. Some of 
the technica] colleges had so conducted their affairs 
that they had gained the right to a much greater 
degree of academic freedom than they in fact 
enjoyed. In one London polytechnic, for example, 
there were 1,062 internal engineering students of 
the University of London; but what academic 
freedom did the polytechnic enjoy ? Far less than 
was found in many a provincial university, handling 
one-quarter of the volume of university work. 

Mr. R. H. Coates observed that technical educa- 
tion was for the most part given by men who had 
been trained as engineers and who had, by and large, 
received no training at all in how to impart their 
knowledge to others. Taking engineering know- 
ledge as the basic phenomenon, teaching was the 
first differential. What he (Mr. Coates) was talking 
about was the second differential, the rate of 
improvement in the art of teaching. He suggested 
that that would give greater returns to-day than 
anything else. The greatest problem was not the 
teaching of the young at all; it was the teaching of 
the men between 35 and 65 years of age. The 
medical profession had a method of teaching in 
their great teaching hospitals whereby the men 
who were practising were also teaching. It would 
be interesting to know whether both the authors 
considered that the best solution was to leave 
education where it was at the moment, as far as it 
went, but also to take education into industry, 
and whether the large organisations in particular 
should not endeavour to develop some form of 
teaching within their organisation. 

Mr. F. C. Mead expressed his conviction that the 
undergraduate stage was rather too early for specific 
training in management, and he thought that the 
immediate post “graduate stage was also too early. 
The first step in acquiring management skills was 





cerned with human beings, was very different from 
physical science, which was concerned with 
materials and mechanical systems. The behaviour 
of human beings depended far more on teleological] 
factors than on the causal factors with which engi- 
neers were more familiar. That was the sort of thing 
that the undergraduate engineer could profitably 
study at the university, and Mr. Mead suggested 
that an elementary study of scientific methodology, 
or even philosophy, would best supply the need at 
that stage. The poor quality of technical reports 
and papers was probably not due to ignorance of 
language at all, but to lack of precision in thought, 
and the study of methodology or philosophy would 
do much to correct this fault. Training in an 
applied field of social science, namely management, 
must, like other training in applied science, go hand 
in hand with practical experience. Unless the mind 
of the engineer had beer matured by some experience 
in handling people, he would not appreciate the 
special nature of the problems in this field and be in 
the right frame of mind to benefit by specific 
instruction in the techniques of management. For 
that reason, it would be better not to attempt any 
instruction in management at the undergraduate 
stage or the immediate post-graduate stage, either 
in the universities or at similar stages in the technical 
colleges. Such instruction would be most valuable 
after some experience of engineering work in the 
field. 

Mr. I. L. Holmes, who mentioned that he came 
from New Zealand, felt that instead of directing 
their attention to Government departments and 
committees, they could perhaps direct it to the 
public itself. They wanted a great deal more 
publicity for engineering education. It was to be 
hoped that the technical Press would give the 
Conference in this instance a little more than the 
half-inch of space which it seemed to be getting in 
the national Press. The national Press, it appeared, 
was concerned only with sensation, and even the 
senior daily papers had given more attention to an 
armed man-hunt and to social misfits than they had 
to the Conference. It might, therefore, be desirable 
to provide the Press with the sensation which they 
seemed to want. If it was desired to impress on 
the public the consequences of an inadequate 
expenditure on engineering education, something 
might be done, perhaps, to provide a sensation, and 
he suggested that ‘‘ Engineering Faculty Closes 
Doors—Dean Refuses to Allow Overcrowding” 
might make a good headline. Public money was the 
first necessity, and its lack had been the principal 
cause of the slow developments in the past. 

Professor Baker, in reply, said that Colonel Leeson 
and Dr. Livingston Smith seemed to approve of 
what was done at Cambridge and of his view of the 
function of the university, at least in its first degree 
course, namely, to keep the course as general as 
possible and not to bave undue specialisation. 
He felt that since the war there had been some 
tendency in the universities to depart from that. 
It had to be resisted, however, and it could be 
resisted without the feeling that anybody was being 
hurt if the general scheme which he had outlined 
in the conclusion of his paper were borne in mind. 
Personally, he was not in sympathy with the idea 
of doing any specialised work after the three-year 
undergraduate course. Three years in an academic 
atmosphere was long enough for an impresssionable 
young man. What such a young man should do 
after that was to go out into the world and find out 
something about engineering and become enthused 
by it in a way which could not be done in the 
universities, and then he could be brought back. 
He said quite seriously that if industry was not 
prepared to take these opportunities of higher 
education then, as far as the universities were 
concerned, the best plan would be not to go on 
striving to do anything for engineering but to take 
the line of least resistance and return to academic 
mathematics and so on. 

Dr. Haslegrave, in reply, said he thought that 
Dr. Richardson was too pessimistic. The technical 
colleges could make their own status. It must be 
remembered that of nearly 300 technical colleges 
in the country there were very few that could claim 
to be doing work equivalent to that of a university. 
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“ NICOLINE MARSK.” 





THE DANISH M.V. ‘“ NICOLINE 
MAERSK.” 


On page 128, ante, we recorded that the shelter-deck 
motorship Nicoline Mzrsk had been delivered to her 
owner, Mr. A. P. Moller, of Copenhagen, by the builders, 
Messrs. Burmeister and Wain, also of Copenhagen. 
By courtesy of the builders, who were also the con- 
tractors for the main propelling plant, we are enabled 
to illustrate the vessel herewith, and to append the 
following details of the ship and her machinery. 

The Nicoline Mersk is a single-screw cargo vessel 
of 9,210 tons deadweight carrying capacity, with 
machinery amidships, and has the following dimen- 
sions: length between perpendiculars, 445 ft.; beam 
63 ft. 6 in.; depth at side, to upper deck, 41 ft. 6 in., 
and to second deck, 31 ft. 6 in.; summer draught, 
loaded, 27 ft. 8 in. She has a total cargo capacity of 
630,000 cub. ft., of which 9,000 cub. ft. is refrigerated, 
for the carriage of meat or fruit, the temperature being 
adjustable between 12 deg. and —12 deg. C. Of the 
five holds, Nos. 1, 3 and 4 are provided with extra 
‘tweendecks, and the lower parts of Nos. 3 and 4 form 
four deep tanks for the transport of vegetable oil. The 
vessel has two continuous decks. She has been built 
under the survey of Lloyd’s Register of Shipping. 
Welding has been used to a considerable extent in the 
hull. The vessel has three masts and ten derrick posts. 
The equipment for working cargo comprises one 50-ton 
and one 15-ton derrick, twelve 5-ton derricks, and 
eight of 3 tons lifting capacity, served by sixteen 3-ton 
Winches and four of 7 tons capacity. All the winches, 
and the anchor windlass, are electrically operated and 
were supplied by De Forenede Maskinfabrikker, of 
Nakskov, Denmark. The steering gear, also electric, 
was supplied by Thomas B. Thrige, of Odense. 

The propelling machinery consists of a Burmeister 
and Wain direct-reversing single-acting two-stroke 
Diesel engine of the airless-injection erosshead type, 
having ten cylinders with a bore of 740 mm., a stroke 
of 1,100 mm., and an output of 9,200 brake horse-power 
at 115 r.p.m., giving a loaded speed of 17} knots. 
The auxiliary machinery is all electric, power bei 
Provided by three six-cylinder four-stroke Diesel 


engines of the airless-injection trunk type, each driving 
a dynamo of 200-kW capacity at 200 volts at 425 
r.p.m. The cylinders of these engines have a bore of 
245 mm. and 400 mm. stroke, and each engine is 


of 300 brake horse-power. The larger pumps are of 
the vertical type, directly coupled to their respective 
motors. They include two screw pumps, each with a 
capacity of 340 cub. m. per hour, for circulating the 
lubricating and piston-cooling oil to the main engines ; 
two centrifugal pumps with a capacity of 370 cub. m. 
each, to circulate salt water for cylinder cooling; and 
one of similar capacity for fresh cooling water. Two 
pumps, each with a capacity of 30 cub. m. per hour, 
are fitted to supply cooling water to the auxiliary 
engines ; one of these pumps salt water and the other 
fresh water. The ammonia refrigeration plant was 
supplied by Thomas Sabroe. 

The lubricating oil is drawn from a double-bottom 
tank under the main engine and is delivered through 
filters and oil coolers. The fresh-water pump, men- 
tioned in the preceding paragraph, is used to maintain 
a closed circuit from the main engine to the fresh-water 
coolers and back to the main engine; an expansion 
tank for this circuit is fitted in the engine-room casing. 
The salt-water pumps draw from the sea and discharge 
through the oil coolers and the fresh-water coolers, and 
thence overboard. All the coolers are of generally 
similar design, with steel bodies, cast-iron covers, and 
yellow-brass tubes and tubeplates. In addition to the 
pumps mentioned above, there is a vertical-spindle 
self-priming centrifugal ballast pump, with a capacity 
of 150 cub. m. per hour; a two-cylinder reciprocating 
bilge and sanitary pump with an output of 40 cub. m. 
per hour; and a fuel-oil pump of 50 cub. m. per hour 
capacity. Starting air for the Diesel engines is pro- 
vided by two electrically-driven two-stage compressors, 
each capable of compressing 5 cub. m. of free air per 
minute to a pressure of 25 atmospheres. There are two 
starting-air receivers, each of 15 cub. m. capacity. In 
the engine room there is also an auxiliary boiler for 
space-heating, steam heating being used throughout 
the accommodation for both crew and passengers ; 


being | this boiler has a heating surface of 70 sq. m. and works 





at 7 atmospheres pressure. It is oil-fired. 





Accommodation is provided on the bridge deck for 
12 passengers in four single-berth and four two-berth 
cabins, with separate bathrooms and lavatories; and 
the deck officers also have their quarters on this deck. 
The engineers and the stewards have single-berth 
cabins round the engine-room casing; and the deck 
and engine-room ratings occupy single-berth cabins on 
the poop. The general equipment includes four 25-ft. 
lifeboats, carried in Welin-McLachlan gravity davits ; 
and a full outfit of radar, wireless, and direction- 
finding instruments, a gyro-com » and an echo- 
sounding machine. The hatchways measure 31 ft. 6 in. 
long by 18 ft. wide; 44 ft. 74 in., 34 ft. 14 in., 39 ft. 
4} in., and 31 ft. 6 in. long by 20 ft. wide. Of the 
five holds, Nos. 1, 3 and 4 have extra ’tweendecks, the 
lower parts of Nos. 3 and 4 forming four deep tanks 
for the carriage of vegetable oils. A combination of 
natural and mechanical ventilation is provided in all 
holds, and there is mechanical ventilation in all the 
living spaces. 





COURSES ON ROAD MATERIALS AND CONSTRUCTION,.— 
Lecture courses dealing with the fundamental properties 
of road materials and their application in modern practice 
will be held at the Road Research Laboratory, Harmonds- 
worth, West Drayton, Middlesex. Courses on concrete 
will be held from October 23 to November 1, and 
January 1 to 10, 1952 ; on tar and bituminous materials 
from November 6 to 22 and from January 15 to 31, 1912 ; 
and on soil mechanics from December 4 to 14 and from 
February 5 to 15, 1952. A special course, on road 
traffic and safety, of about one week’s duration, will 
be held in the week commencing February 18. It will 
take place in the Traffic and Safety Division of the 
Laboratory at Langley Hall, near Slough. If sufficient 
entries are received, a special intensive course will be 
held for senior officers, from November 26 to 30. This 
course will include a survey of the most recent develop- 
ments in road construction and usage. A fee of 71. 7s. is 
charged for each course and will cover tuition and regis- 
tration fees; the Laboratory does not provide living 
accommodation. Further particulars and forms of 
application may be obtained from the Director of the 
Laboratory at Harmondsworth. 
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DIESEL-ELECTRIC LOCOMOTIVES 
FOR CEYLON.. 


Ercut Diesel-electric locomotives for shunting and 
freight working on the Ceylon Government Railways, 
of which the track gauge is 5 ft. 6 in., have been built by 
the North British motive Company, Limited, 
110, Flemington-street, Springburn, Glasgow, N. One 
is illustrated in Fig. 1, herewith. The locomotives 
have been designed by the builders to the requirements 
of Mr. K. Rampala, chief mechanical engineer of the 
Ceylon’ Government Railways, and of the Crown 
Agents for the Colonies. The electrical equipment, 
main and auxiliary generators, traction motors and 
control , were designed and built by the General 
Electric Company, Limited, and the 12-cylinder 
V-t; Diesel engines, type 12 RPHX, developing 
625 brake horse-power at 1,250 r.p.m., were made by 
Messrs. Davey, Paxman and Company, Limited, Col- 
chester. 

The locomotive is carried on two four-wheel bogies, 
one of which is shown in Fig. 3, opposite. The total 
weight in working order is 54 tons; the axle load was 
restricted to 13 tons 10 cwt. The tractive effort is 
35,000 lb., and the maximum speed is 20 m.p.h. Other 
dimensions are as follows: length over buffers, 
37 ft. 9 in.; bogie wheelbase, 8 ft.; total wheelbase, 
25 ft.; wheel diameter, 3 ft. 7 in. ; and reduction-gear 
ratio, 17-14 to 1. 

The main frames and bogie frames are welded struc- 
tures of steel sections and plates, as light as possible 
consistent with strength. Side bearers with rubbing 
faces of manganese steel, each backed by a damping 
pad of rubber, are mounted on the bogie frames to 
carry the weight of the body. The spherical seat of 
each bearer sleeve is supported on a helical spring. 
The bogie centre pins carry the traction forces only, 
and have spherical collar mountings in the bogie cross- 
stretchers to allow for variations in track aspect. 
Each double-reduction drive from the four traction 
motors is housed in a single gearcase, the intermediate 
shaft running in bearings in the gearcase itself. The 
bogie suspension springs are slung above the axleboxes 
on adjustable links supported by shock-absorbing 
helical springs. §8.K.F. double roller-bearing axle- 
boxes with grease lubrication are mounted outside the 
wheels, and manganese-steel liners are fitted to the 
axleboxes and their guides. 

The radiators are located on each side of the super- 
structure at the forward end, the fan motor drawing 
air through the radiators and expelling it through the 
roof. By suitable screening, the air passages of the 
radiator system are completely separated from the rest 
of the locomotive. The fan motor is connected across 
the auxiliary generator so that it runs up with the 
engine when the power unit is startea. It is arranged to 
run at reduced speed on the first six controller steps and 
at full speed, by means of a field tap, on the last six 
steps. These speeds are selected entirely automatically 
by means of contacts on the master controller. 

One main fuel tank is placed at the front end of the 
engine compartment and a second at the rear end of the 

erator compartment, the two being connected by a 
a amnreed pipe. A fuel service tank, mounted over the 








Fig. 1. Generat View oF Locomotive. 


front tank, is supplied while the engine is running by a 
fuel transfer pump, driven by a }-h.p. electric motor 
connected across the auxiliary generator. The motor 
can be operated from the battery if there is insufficient 
fuel in the service tank for starting the engine. The 
filling connection is at platform level, with a low- 

ressure compressed-air service line for transferring 
Fuel oil to the locomotive tanks. Special attention has 
been paid to filtration of air and oil services: fuel oil 
passes through a gauze and two fabric filters, while the 
engine lubricating oil passes through a magnetic filter 
as well as a mie ge ad fabric filter. The locomotive 
superstructure embodies hinged side doors, easily 
removable for access to the engine and generator 
compartments, and removable roof sections over the 
engine and generator. A bulkhead separates the 
generator from the Diesel engine. Cooling air for 
the generator enters the generator compartment 
through panel filters on the sides. A portion of this 
air is used for the traction motors on the rear bogie, 
while cooling air for the front bogie motor is drawn in 
from a panel filter unit mounted behind the front 
door of the superstructure. 

The Diesel engine and main generator, with an 
overhung auxiliary generator, as shown in Fig. 2, 
opposite, are mounted on a light-weight welded under- 
bed, supported on the main frame at four points. 
Adequate distribution of load is provided by a four- 
point mounting system, which incorporates Neo-K-Tex 
shock-absorbing pads in conjunction with the holding- 
down bolts to give insulation from shocks and frame 
flexure. The engine, which drives the generators 
through a Wellman-Bibby flexible coupling, has a 
bore of 7 in. and a stroke of 7? in. It develops 625 
brake horse-power at 1,250 r.p.m., with a brake mean 
effective pressure of 110 lb. per square inch. The 
combustion system is the Ricardo Comet Mark III. 
Twin Brown-Boveri gas superchargers are fitted, 
producing a normal increase in rating of 25 per cent. 
Exhaust piping connects with the two turbine inlet 
ports of each supercharger, the outlets being through 
ducts up through the roof of the locomotive. The air 
intakes are fed through circular Vokes five-ply filters 
integral with the superchargers. 

The lubricating system is primed by a Roloid oil 
pump driven by a 14-h.p. motor. In this locomotive, 
the fuel-pump control is operated by the lubricating-oil 
pressure, and an increased fuel supply is provided 
when the priming pump for the lubricating oil is in 
operation before the engine governor has taken charge ; 
this provides excess fuel at starting. The priming- 
pump motor is stopped automatically and the normal 
engine lubricating pump takes over well before idling 
speed. An oil-operated relay prevents the engine being 
started until the lubricating-oil pressure has reached 
a suitable value, and will stop the engine should the 
pressure fail. Engine speed is governed by a centrifugal 
hydraulic servo-governor, driven by bevel gearing 
from the end of the camshaft. In addition to controlling 
the fuel supply, the governor is linked to a valve which 
can admit oil to the servo-motor of the automatic 
load-control rheostat if the engine speed varies from 
that selected by the speeder bar. The engine speed 
is set by pneumatic pistons, operated by electro- 
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pneumatic valves energised through the master con- 
troller, which act on the speeder bar. Eight speeds 
are obtained with only three pistons by means of a 
linkage between the piston rods and the speeder bar. 

The main and auxiliary generators are built as a 
compact unit, attention being paid to providing maxi- 
mum accessibility in a design suitable for installation 
in a confined space. Excitation for the main series 
winding of the main generator is provided by the 
auxiliary generator, no separate exciter being employed. 
In addition, the main generator has a. self-excited 
winding which assists the separately-excited field; a 
series winding arranged to give a drooping characteristic 
to the generator output and to limit the maximum 
current ; and a starting winding to enable the generator 
to be motored for starting the Diesel engine. 

The locomotives are being delivered with a removable 
stop fitted on the ninth controller notch, the three 
remaining notches, giving engine speeds up to 1,250 
r.p.m., being unnecessary for the class of service on 
which the locomotives are to be employed at present. 
Alternatively, steps are being provided so that the 
controller may be limited to any of the top three steps 
to suit any service conditions which the locomotives 
may have to undertake at a later date. Constant 
engine loading is obtained through adjustment of the 
main-generator field by means of an oil-operated 
rheostat under the control of the engine governor. 
This feature does not operate on the lower notches, 
where full engine output is not absorbed. When it is 
operative, it also safeguards the engine from being 
stalled and permits the locomotive to be worked safely 
for short periods even if an engine fault has reduced 
the engine output far below normal. The action of 
the automatic control is quite simple. Should the 
Diesel engine be overloaded by a change in gradient, 
it will slow down, causing a change in the governor 
setting, which operates the rheostat in such a way 
that the voltage on the main generator is reduced. 
This, in turn, reduces the supply voltage to the traction 
motors and the speed of the locomotive. When the 
gradient eases and the tractive effort falls off, the 
locomotive speed will be increased, absorbing constant 
output. 

The auxiliary generator is a 25-kW machine giving 
an output of 110 volts for all auxiliaries, battery charg- 
ing and control circuits. Voltage is maintained within 
+ 3 per cent. by a carbon-pile regulator. Normally, 
the auxiliary generator is excited from the battery, but 
in the event of the battery being completely discharged 
and a road start being necessary, contacts on the 
battery isolator provide for self-excitation of the 
generator. In addition to the fan motor and oil- 
priming pump, the auxiliary machines comprise 4 
Westinghouse DH 25 compressor for the control 
equipment and locomotive braking, and two Westing- 
house 3V73 Westex exhausters for the train brakes. 
Both machines are supplied from the battery. Normally 
one or both exhausters, according to the type of trail, 
are run at low speed in order to maintain a vacuum. 
When the driver’s brake handle is placed in the release 
position and a trigger switch in the handle is depressed, 
the exhausters run up to full speed for rapid release 
of the brakes. Application of the train brakes by 
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DIESEL-ELECTRIC LOCOMOTIVE FOR CEYLON. 


NORTH BRITISH LOCOMOTIVE COMPANY, LIMITED, GLASGOW. 

















Fic. 2. Diesen ENGINE AND GENERATOR. 








Fia. 3. 


means of the vacuum-brake handle causes automatic 
application of the locomotive brakes to a corresponding 
degree by the action of a vacuum-air proportional 
valve. All the lighting and control circuits are con- 
nected across the battery, and are run normally at 
110 volts, 

The master controller and the two brake valves are 
mounted in the driver’s desk. They are provided with 
duplicate operating handles for convenient operation 
from either side of the cab. The master controller 
is locked in the “ off” ition, and the locomotive 
immobilised, by means ofa reverse key lock operated 
by a key removable only in the “‘ off” position, The 
reverse key lock also has an “‘ engine-test’’ position 
which, while keeping the reverse drum in the “ off” 
Position, permits the accelerating drum to be operated 
to test the Diesel engine through its full operating range 
of speed without moving the locomotive. Also mounted 
on the desk is a control key switch, the key of which is 
removable only in the “‘ off ” position, when all the con- 
trol current is cut off. Two dead-man’s pedals are 
provided, one on each side of the desk in a recess near 
the floor; there is a time delay on the operation of 
this control, so that the driver can move from one 
driving ‘position to the other without stopping the 
locomotive, All switches and controls which are not 
in frequent use are housed inside the control desk. A 
Comprehensive range of instruments is mounted on a 
sloping panel at the back of the desk. This panel 
also carries the push-buttons for starting and stopping 
the engine, the exhauster switches and most of the 
lighting switches, A voltmeter and ammeter are 
provided for the main generator and the battery. The 
meena for the battery has a centre-zero scale to show 

rge or discharge, An Elliott electric speedometer, 
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operated from a generator on the rear axle of the rear 
bogie, is fitted in the centre of the panel. Other 
instruments include two exhaust temperature indi- 
cators, an engine revolution indicator, air-pressure 
gauges, and the usual gauges for the vacuum and 
Westinghouse braking systems. In addition, the 
locomotive is equipped with a mi counter, with 
compensation for reduction in wheel diameter, and 
with a recording instrument showing the time during 
which the locomotive is running or stopped, or standing 
with the engine idling. 





“New POWER STATIONS FOR THE B.E.A.: XV.— 
BLACKWALL Point”: ERRATUM.—Our attention has 
been drawn to an error, which we regret, in the article 
on Blackwall Point power station, on page 692, in our 
issue of June 8. It was stated that one of the coal 
conveyors is being supplied by Messrs. Robert Dempster 
& Sons, Ltd., which is correct ; but their address should 
have been given as Elland, Yorkshire, not Manchester. 





BRITISH MINESWEEPER FOR BELGIAN Navy.—H.M.S. | kg.) 


Fancy, a minesweeper of the Algerine class, has been 
transferred to the Belgian Navy. The ship was formally 
handed over at Portsmouth on August 9 by Rear- 
Admiral J. P. L. Reid, C.B., Chief of Staff to the Com- 
mander-in-Chief, Portsmouth, and accepted on behalf of 
the Belgian Ministry of National Defence by Lieut.-Col. 
E. Delelienne, the Belgian Military Attaché in London. 
The Fancy is the fourth ship of this class which the 
Belgian Navy has acquired. H.M.S. Liberty was handed 
over at Portsmouth in November, 1949, H.M.S. Cadmus 
at Chatham in January, 1950, and H.M.S. Ready about 
a month ago at Portsmouth. 


FRENCH TURBO-JET ENGINE 
ATAR-101. 


We have received recently a brochure issued by 
La Société Nationale d’Etude et de Construction de 
Moteurs d’Aviation (S.N.E.C.M.A.), 150, Boul, Hauss- 
mann, Paris (8e), France, in which, in addition to 
numerous photographic reproductions illustrating their 
facilities for development work and manufacture, there 
is a description of the first large axial-flow turbo-jet 
engine, the ATAR-101B, of French ign and con- 
struction, which has undergone successfully the official 
cprapere test. During the test, which was carried 
out in February at the Centre d’Essais de Moteurs et 
Hélices, the static-thrust rating at sea level was 
5,300 Ib. (2,400 kg.). The engine has since been 
developed, and a similar unit tested at the Société’s 
own test beds at Melun-Villaroche achieved a static 
thrust of 5,750 lb. (2,600 kg.) during a 15-hour run. 
Thrusts of 6,600 Ib. (3,000 kg.) have also been recorded 
on several occasions. The lowest specific consumption 
attained up to the present was 0-96 lb. per pound- 
thrust per hour. The engine, installed in a Glen Martin 
Marauder aircraft, has also carried out about 100 hours 
of flight testing up to a maximum height of 24,500 ft. 
(8,000 m.). 

The ATAR-101 engine, which has some unusual 
features, has a seven-stage axial-flow compressor with 
a compression ratio of about 4-5 to 1 at the maximum 
static r.p.m. The yo which is carried in a front 
deep-groove bearing and a rear roller remy is 
coupled to the single-stage axial flow turbine M a 
hollow shaft. The turbine guide vanes are of hollow 
steel and are air-cooled ; the turbine blades, of a nickel 
chromium alloy, are solid. The walls of the combustion 
chamber, which is of the annular type, are double. 
Primary air is fed directly past 20 burners with duplex 
injectors; secondary air flows through the annular 
space between the combustion-chamber walls and enters 
the flame chamber through a series of orifices. The 
combustion chamber is equipped also with ten special 
starting burners and two sparking plugs. In order to 
prevent ice formation, hot air from the final compressor 
stage is led back to the air inlet. 

An interesting feature of the ATAR-101 is the 
variable-area exhaust nozzle, which is automatically 
controlled by a regulator unit to maintain a constant 
gas temperature at the entry to the turbine, in accord- 
ance with the engine-r.p.m. emg selected by the 
pilot on his single-lever control. The temperature is 
measured indirectly from the rate of fuel flow and the 
pressure drop across the compressor. The regulator 
unit also includes a centrifugal engine-speed governor 
which varies the rate of fuel flow to maintain the engine 
revolutions at the value selected by the pilot. The 
fuel supply comprises a constant pilot flow and a 
variable main flow which is contro by the fuel- 
metering mechanism in the regulator. Fuel is fed to 
the burners by a composite fuel pump consisting of a 
centrifugal feed pump discharging through a filter into 
a high-pressure gear pump, all encl in the same 
housing. An electrically-driven booster pump supplies 
fuel to the starting burners when starting the engine. 
Dry-sump lubrication is provided by an oil-pressure 








pump and three scavenge pumps, housed in a single 
unit; the pressure pump feeds to a distributor and 
thence to spray nozzles on the main bearings, the inter- 
mediate gears, and the regulator unit. 

Power for the aircraft auxiliary systems is furnished 
either by two lateral or two vertical take-off shafts in 
front of the compressor. The total power available for 
driving the accessories is 250 h.p. From the take-off 
shaft, a universally-jointed intermediate shaft carries 
the drive to a remote auxiliary gearbox carrying a 
starter motor, a generator, a hydraulic pump, an air 
compressor, and a vacuum pump. An engine change 
can, therefore, be carried out without interfering with 
the auxiliaries. 

The ATAR-101 engine has been designed as a 
compact and row mpaerte light weight unit, so that 
it can be completely brried in a wing installation. The 
maximum diameter over the turbine casing flange is 
34-9 in. (886 mm.), an additional local allowance of 
1} in. being required to accommodate certain acces- 
sories, The overall length is 112 in. (2,845 mm.) ; 
the net dry weight of the versjon which will go into 
production, the ATAR-101C; without the starter and 
the remote auxiliary gearbox, is about 1,975 lb. (895 
.). This mark of engine has a static thrust of 
6,170 Ib. (2,800 kg.), a maximum continuous thrust of 
5,070 lb. (2,300 kg.), and a specific consumption of 
1 Ib. per pound-thrust per hour under maximum 
continuous thrust conditions. It is — to develop 
the engine for higher thrusts, firstly by injecting water 
into the hollow guide vanes of the turbine, and subse- 
quently by using after-burning in conjunction with 
water injection. It is estimated that maximum static 
thrusts of 7,300 Ib. and 8,800 Ib., respectively, may thus 
be attained. Engines with the first cation will 
be designated ATAR-101E and those with the second 
will be ATAR-101F. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 

ScoTTIsH DIVISION, NATIONAL CoAL BoarD.—The 
number of areas in the Scottish Division of the National 
Coal Board is to be raised to eight as from January 1, 
1952, by the splitting of the Fife and the Ayr and 
Dumfries Areas into Kast and West Fife and Hast and 
West Ayr respectively. Mr. F. M. T. Bunney, at present 
area production manager in No. 4 Area, East Midlands 
division, is to take charge of the East Fife area, and Mr. 
Campbell Parker, area production manager, Central 
East area, Scottish Division, will take over East Ayr. 








SHOT-FIRING IN COAL Mines.—Mr. H. R. Houston, 
Divisional Inspector of Mines for Scotland, said at Cow- 
denbeath on August 2 that more explosives were being 
used to extract a ton of coal to-day than ten years ago, 
and he thought too many shots were being fired in 
relation to the coal produced. 

ScoTtisH MINERALS.—A display of some Scottish 
minerals and rocks which have been the subject of 
technical or commercial development, or study, in recent 
years, is being presented during the next few weeks in 
the Engineering Centre, Glasgow, by the Mineral 
Resources Panel of the Scottish Council (Development 
and Industry). The examples include, inter alia, 
serpentine, tale, garnet, dolomite, barytes, diatomite, 
silica, and quartzite. 

EARLY MINING Finps.—Parts of a simple pump, a 
large wooden shovel, and some iron wedges were among 
items of primitive mining equipment recovered from 
re-opened workings in an area of the Ell Coal seam, pre- 
viously worked from the Quarter Oolliery, near 
Hamilton. This pit was originally opened by the Duke 
of Hamilton early last century. Other relics included a 
length of guide rail believed to be for a sledge track, 
and old footwear, both men’s and women’s. 

LEaD-Zinc ORES IN SCOTLAND.—An option on the 
mineral rights for the lead-zino ore deposits at Leadhills 
and Wanlockhead, which have been unworked for from 
15 to 20 years, has been negotiated by the Siamese Tin 
Syndicate, Ltd. The mines are expected to be re-opened 
if the results of a geological survey now being undertaken 
by the company prove favourable. 

BRICKS FROM BELGIUM.—A shipment of, 250,000 
Belgian bricks has been landed at Leith to ease a shortage 
of Scottish bricks which is threatening to delay building 
work. Of common-clay quality, they will be used in one 
of Edinburgh Corporation’s schemes. At a landed 
price of about 220s. per 1,000, they stand at about the 
same level as English bricks. 

Woman LABOUR FROM ITALY.—As an alternative to 
a scheme to recruit 200 girls from the Greenock area to 
work in the Ferguslie Mills, Paisley, a proposal has been 
made to bring about 150 girls from the neighbourhood 
of Lucca, Italy, where there is a thread mill associated 
with the J. and P. Coats organisation. 





PRIORY COLLIERY, BLANTYRE.—The question whether 
the Priory Colliery, Blantyre, which has been idle 
since April because of an overflow of water into the work- 
ings, should be re-opened, as suggested by the National 
Union of Mineworkers, or become a pumping station, 
as the National Coal Board consider it should from 
the point of view of safety, has been submitted to the 
Divisional Inspector of Mines for decision. Normal 
production at the pit amounted to about 600 tons a day. 

FACTORIES FOR HERRING PRODUCTS.—Sir Frederick 
Bell, chairman of the Herring Industry Board, has 
announced in Edinburgh that a quick-freezing factory 
will be brought into commission at Port Glasgow in a 
few weeks’ time. Reduction factories at Ayr and Peel 
(Isle of Man) are other projects of the Board to deal 
with the herring surplus. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


SUPPLY AND DEMAND OF NORTHERN PRODUCTS.— 
Conditions in the North-East Coast iron and steel pro- 
ducing areas continue to be disturbing, but movements 
that encourage the hope of a considerable increase in the 
supplies of commodities wanted in very large quantities 
are not absent. A check to industrial expansion is 
primarily attributable to the shortage of raw materials 
and scrap, and an appreciable increase in the deliveries 
of these commodities is expected. Already, in fact, the 
increase of foreign-ore imports is fairly large and the 
improvement promises to be more than maintained. 
Stocks, however, are at low levels. The enormous 
demand for iron and steel scrap is much greater than 





sellers can cope with, but deliveries are well maintained 
at the recent higher levels. Energetic efforts to secure 
larger quantities of scrap from home sources of supply 
are meeting with considerable success and a promise of 
the resumption of substantial imports from Germany is 
a very welcome announcement. Steel producers still 
experience great difficulty in dealing satisfactorily with 
their extensive commitments as they become due for 
delivery, but the feeling is growing that the fear of 
consumers regarding unavoidable huge restrictions in 
supplies may be exaggerated. 

Barrow IRON AND STEEL Works.—The Iron and 
Steel Corporation of Great Britain, Chester-street, 
London, S.W.1, have agreed to take over the Barrow 
Iron and Steel Works from the Ministry of Supply, and 
have arranged for the works to remain under the manage- 
ment of the United Steel Companies, Ltd., Sheffield. 
The hoop rolling mills at the works, which are believed 
to have good prospects, are being modernised and an 
experimental pilot plant is being installed to try out a 
new process for the continuous casting of steel billets for 
the mills. Owing to the shortage of raw materials, steel 
production is expected to be limited to the mills’ require- 
ments, with the result that two out of seven open-hearth 
furnaces may be shut down and a number of employees 
permanently displaced during the next few months. The 
timing and application of this change is being discussed 
with the trade unions concerned. There are, however, 
several vacancies in the Barrow area and the Corporation 
hope that new jobs will be found for all the men involved. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 

STEEL RESEARCH STATION.—The first two buildings 
of the steel research station, at Sheffield sponsored by the 
British Iron and Steel Research Association, are in 
the skeleton-steelwork stage, and it is expected they will 
be ready for use by the end of the year. They include 
the mechanical-working division’s building, where heavy 
plant, including a high-speed 14-in. cold strip-rolling 
mill and wire-drawing plant will be housed, and a melting 
shop where steel melting will be carried out in a 10-cwt. 
electric arc furnace. The buildings are estimated to cost 
250,000. 

RE-INTRODUCTION OF STAGGERED Hovurs.—Last 
winter, in Sheffield and district, the working of staggered 
hours was abandoned in favour of load-spreading, to 
give a 10 per cent. power reduction. It is probable that, 
this winter, staggered hours may have to be re-introduced 
in view of the vital necessity to avoid power shortage. 
Regional boards of industry are to submit plans to the 
Joint Advisory Council’s meet in October. 

SHEFFIELD WATER ENGINEERING.—During the local 
holiday week, the Sheffield Corporation Water Depart- 
ment pursued the novel course of opening, for public 
inspection, their filter stations at Redmires, Rivelin, 
Ewden, Bradfield and Langsett. Advantage was freely 
taken of the invitation, visitors coming from as far as 
Cambridge and Buxton. A lighted filter, which was open, 
gave viewers an opportunity of seeing the process at work. 

RECRUITMENT OF CRAFTSMEN FOR REGULAR ARMY.— 
There are some 4,000 notified vacancies in various 
branches of Sheffield industry, but recruiting for the 
Regular Army is being well maintained in the city. 
The number enlisting would have been much higher had 
it not been that as many as 40 per cent. of the applicants 
failed to meet the high educational standards now re- 
quired. It is pointed out that the Army now has 99 
recognised trades, and civilian employers are willing to 
accept ex-Service tradesmen as fully competent crafts- 
men. 


THE MIDLANDS. 

STEEL CONSUMERS’ CouNcIL.—The Iron and Steel 
Consumers’ Council, set up under the Iron and Steel 
Act, 1949, includes several Midland industrialists among 
its members. They are Mr. Ralph Bennett, chairman and 
managing director of Smethwick Drop Forgings, Ltd. ; 
Mr. W. D. Wilson, chairman and managing director of 
George Wilson Gas Meters, Ltd., Coventry; Mr. M. C. 
Wade, of Charles Wade & Co., Ltd., Birmingham ; and 
Mr. Basil Darby, senior partner of Darby & Co., of 
Birmingham. Mr. W. H. Stokes, who was for a long 
period chairman of the Midland Regional Board for 
Industry, and who recently resigned from that post 
when he was appointed a member of the Iron and Steel 
Corporation, is also a member of the new Council. 

WEsT MIDLAND MininG.—Following the decision of 
the National Union of Mineworkers to lift the ban on 
Saturday morning working, which was to have remained 
until September 1, 54 pits in the National Coal Board’s 
West Midland Division were at work on July 28. The 
number of men who reported for the morning shift was 
11,300, and the estimated output of coal was 18,000 
tons. 


THE MIDLAND REGIONAL BOARD FOR INDUSTRY.— 
The chairman of the Midland Regional Board for Industry 
is Major C. R. Dibben, who succeeds Mr. W. H. Stokeg 
with effect from August 1. Major Dibben is well known 
in Midland industry as a director of J. Brockhouse & (o,, 
Ltd., of West Bromwich, chairman of several Midland 
manufacturers’ associations, and a member of the Grand 
Council of the Federation of British Industries. Major 
Dibben was a member of the Regional Board throughout 
the war, and has continued to serve on it since it wag 
reconstituted as an advisory body. 

BLasT FURNACE DISMANTLED.—No. 3 blast furnace at 
Round Oak Steelworks, Brierley Hill,is being dismantled, 
At present, about half the work has been done, and the 
site will be cléared in the course of the next few months, 
No. 3 is a large hand-charged furnace, built in 1941, and 
two earlier and disused furnaces were removed to accom- 
modate it. The furnace was built with Government 
assistance as an emergency stand-by in case of damage 
by enemy action to other plants. It was dried out and 
was ready for use, but it was not needed, and so was 
never blown in. The auxiliary plant, including hot- 
blast stoves, is being dismantled at the same time, and 
a considerable quantity of valuable iron and steel scrap 
will be recovered. Thomas W. Ward, Ltd., Albion 
Works, Sheffield, are the contractors for the demolition. 
COLE VALLEY DRaInaGE.—Birmingham Corporation 
have applied to the Minister of Local Government and 
Planning for authority to borrow 627,0001. for recon- 
struction work in the Cole Valley. The money is required 
for the construction of a new sewer between Hay Mills 
and Yardley sewage works. There are two existing 
sewers, but they were built in 1875 and 1877, and are 
too small for present-day needs. An inquiry has been 
conducted by Mr. I. H. Hainsworth, an inspector ap- 
pointed by the Ministry. Mr. H. J. Manzoni, engineer 
and surveyor to the City of Birmingham, said at the 
inquiry that the overflow of untreated sewage into the 
River Cole was almost continuous, and many complaints 
had been received. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


REFUSE TIP AT NANTGARW COLLIERY.—Manufacturers 
on the Treforest Trading Estate, near Cardiff, are taking 
steps to oppose the National Coal Board’s intention to 
place a tip for waste on the east side of the Estate, and 
in close proximity to their factories, to dispose of the 
refuse from the new Nantgarw Colliery. They point out 
that many of the factories depend upon a dust-free 
atmosphere. In a statement, Mr. John Partick, secre- 
tary of the Treforest Estate Manufacturers’ Association, 
said that the Board, having spent 4,000,0002. on modern- 
ising the Nantgarw Colliery, were now proposing to revert 
to outworn methods in the disposal of waste. The 67 
firms on the Estate employ more than 10,500 hands and, 
in the event of the establishment of the tip, many would 
be compelled to transfer elsewhere. 

SATURDAY SHIFTS AT THE MINES.—South Wales 
miners have been urged by their leaders to abide loyally 
by the national decision and to work the Saturday shifts 
in August ; the district, with Scotland, had voted against 
a resumption. It is not expected, however, that the 
response to the appeal will be on a large scale unti 
towards the end of the month, when the staggered 
holidaysin the coalfieldend. Onthe first Saturday, when 
the voluntary shift was re-introduced, only four collieries 
worked, allin the Aberdare area, and they produced less 
than 1,000 tons of coal between them. 





Barry Docks Or SToraGE.—Oil-storage capacity at 
Barry Docks, at present being constructed by Cory 
Brothers, Ltd., is being greatly extended. Making 
reference to this at a luncheon last week, Mr. Tom 
Carpenter, the docks manager, said that the company 
would bring the total storage capacity in the area up to 
120,000 tons of oil. 

Hm. Farmine ScHEME.—A recent report by the 
Welsh Department, Ministry of Agriculture, states that, 
up till June 30, approval had been given to 803 schemes, 
costing 1,094,5981., submitted by farmers in Wales for 
improvement of their land under the Hill Farming Act, 
1946. “ Live ” schemes totalled 2,459, representing an 
estimated cost of 2,970,5581. 

MINISTRY OF LOCAL GOVERNMENT AND PLANNING.— 
The Minister of Local Government and Planning (Mr. 
Hugh Dalton), has decided to set up in Cardiff a Welsh 
Office of his Department to administer the planning 
functions in Wales, and also the housing and local 
government functions hitherto carried out by the Welsh 
Board of Health. Mr. William Thomas, formerly ® 
member of the Welsh Board of Health, will take charge 
of the Welsh office, which will be in the Welsh Board of 
Health building at Cathays Park, Cardiff. 
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NOTICE OF MEETING. 


ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, August 14, 
8.15 p.m., St. George’s Hall, St. George’s-road, Wimble- 
don. ‘Carbon Brushes for Electrical Machines,”’ by 
Mr. C. T. Lawrence. Manchester Branch: Wednesday, 
August 15, 7.30 p.m., The Engineers’ Club, Albert-square, 
Manchester. “‘ The Swann Diploma,” by Mr. W. Langley. 





CONTRACTS, 


CRAVENS RAILWAY CARRIAGE AND WaGON Co., LTD., 
Darnall, Sheffield, 9, have been awarded a contract by 
the Railway Executive for the supply of 1,000 four-ton 
steel containers of a new type for carrying ground lime- 
stone, dolomite, fluor spar, cement and similar products. 


THE NORTH BRITISH LOCOMOTIVE Co., LTp., Spring- 
burn, Glasgow, N., have received an order from the 
South African Railways and Harbours Administration 
for 25 S1-class light locomotives and tenders. 


THE BURNTISLAND SHIPBUILDING Co., LTp., Burntis- 
land, Fife, have secured a contract to build a cargo motor- 
ship of 4,610 tons deadweight, for the Dundee, Perth and 
London Shipping Co., Ltd., Dundee. The vessel will 
have a length, between perpendiculars of 315 ft., a beam 
of 47 ft. 10 in., and a depth moulded of 26 ft.3in. The 
propelling machinery will consist of 1,900-b.h.p. Ailsa- 
Doxford Diesel engines constructed by AlLsa SHIPBUILD- 
Ina Co., Ltp., Troon, Ayrshire. 


During July the British Electricity Authority placed 
contracts for equipment for power stations, transforming 
stations and transmission lines amounting, in the 
aggregate, to 3,237,0521. The principal contracts include 
orders for one 30,000-kW turbo-generator set for Acton 
Lane ‘** B ” power station, Willesden, and one 52,500-kW 
turbo-generator set, feed-heating and condensing plant 
for Brighton “‘B’” power station, with RICHARDSONS 
WESTGARTH AND Co., Ltp.; jetty and river works at 
East Yelland power station, Barnstaple, with Cuas. 
BRAND AND SON, LTD. ; structural steelwork for Tilbury 
power station, with ALEXANDER FinpLay & Co., LTD. ; 
boiler feed pumps for Meaford “‘ B ’” power station, near 
Stone, Staffordshire, with MATHER AND PLATT, LIMITED ; 
circulating-water intake and discharge works for Usk- 
mouth power station, Newport, with HoLLoway Bros. 
(LONDON) LTD. ; generator transformers for Ince power 
station, Cheshire, with the GENERAL ELECTRIC Co., LTD. ; 
generator transformers for Roosecote power station, 
Barrow, with the METROPOLITAN-VICKERS ELECTRICAL 
Co., Lp. ; high-pressure pipe work for Braehead power 
station, Renfrew, with BABCOCK AND WILcOx LTD.; a 
75-MVA 132/33-kV. transformer and earthing trans- 
former for the Bedford National Aeronautical Establish- 
ment, with the ENGLISH ELEcTRIC Co., LtTp.; 132-kV 
2,500 MVA switchgear and extensions for Kirkby sub- 
station, Lancashire, with FERGUSON Pain LtD.; 
20-MVA 132/11-kV transformers and earthing trans- 
formers for Fawley substation, Hampshire, with the 
GENERAL ELEcTRIc Co., LTp.; and 75-MVA 132/66-kV 
transformers and auxiliary transformer for the Dunston 
substation, Newcastle-upon-Tyne, with FERRANTI LTD. 





ELECTRICAL INSTRUMENT TRAINING COURSES.—For 
many years Messrs. Elliott Brothers (London), Limited, 
Century Works, Lewisham, London, 8.E.13, have pro- 
vided training facilities for the staffs of the users of their 
electrical measuring and other instruments. These 
facilities have now been extended by establishing regular 
training courses, which will last three weeks and will be 
available free to employees of instrument users. The 
courses are intended for engineers with a basic knowledge 
of instruments and will cover the theoretical and practical 
aspects of maintenance and repair. Particulars of the 
scheme can be obtained from the Service Training 
Department of the firm. 





SHEET METAL WORKING MANUAL.—A little work, 
entitled “ The ‘ Besco ’ Pocket Manual for those engaged 
in Sheet-Metal Working,” has been published by F. J. 
Edwards, Limited, 359-361, Euston-road, London, 
N.W.1. It has been compiled by Mr. J. W. Langton, 
M.B.E., B.Se., M.I.Mech.E., and contains data on the 
bending, drawing and shearing of metal; succinct 
descriptions of shget- and plate-working and tin-plate 
machinery, mechanical presses, and hand tools; and 
tables of various quantities, dimensions, factors, and 
“quivalents. Many line drawings and half-tone illustra- 
tions are included. Copies of the manual are obtainable 
from the firm, price 3s. each. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ CORNWALL.”—Single-screw refrigerated-cargo 
vessel, built and engined by Alexander Stephen & Sons, 
Ltd., Linthouse, Glasgow, for the New Zealand Shipping 
Co., Ltd., and associated companies, London, E.C.3. 
Main dimensions: 460 ft. by 62 ft. 6 in. by 40 ft. 3 in.; 
deadweight capacity, 9,800 tons on a draught of 
26 ft. 6in.; gross tonnage, 7,600. Two Stephen-Sulzer 
Diesel engines working in conjunction with British 
Th H slip couplings. Sea speed, 16 knots. 
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Launch, June 21. 


8.8. “Van Eyoxk.”—Single-screw trawler, built by 
Cook, Welton and Gemmell, Ltd., Beverley, Yorkshire, 
for the Motorvisscherij, N.V., Ostend, Belgium. Second 
vessel of an order for three. Main dimensions: 170 ft. 
by 29 ft. by 15 ft. 3in.; gross tonnage, 580; fishroom 
capacity, 12,600 cub. ft. Triple-expansion engines and 
one oil-burning boiler, developing 900 i.h.p. at 125 r.p.m., 
constructed and installed by Charles D. Holmes & OCo., 
Ltd., Hull. Speed, 12 knots. Trialtrip, July 18. ~ 


M.S. “* SAINT-GERMAIN.” —Twin-screw vessel, carrying 
500 passengers, built and engined by the Elsinore Ship- 
building and Engineering Co., Elsinore, Denmark, to the 
order of the French National Railways, Paris, for the 
train-ferry service between Dunkirk and Dover. Main 
dimensions : 380 ft. by 62 ft. by 35 ft. 9in.; deadweight 
capacity, about 1,300 tons on a draught of 13 ft. 54 in. 
Two Elsinore-B. and W. nine-cylinder two-stroke single- 
acting trunk-piston Diesel engines together developing 
9,600 i.h.p. at 180 r.p.m. Speed, 18 knots. Trial trip, 
July 20. 


8.8. “‘ CanaDa.”—Single-screw tug, built by Cochrane 
& Sons, Ltd., Selby, Yorkshire, for Alexandra Towing 
Co., Ltd., Liverpool. First vessel of an order for three. 
Main dimensions: 99 ft. between perpendiculars by 
26 ft. 6 in. by 13 ft.; gross tonnage, 230. Triple- 
expansion engines, developing 1,000 i.h.p., constructed 
and installed by Chas. D. Holmes & Co., Ltd., Hull. 
Trial trip, July 20. 


M.S. “ British GuIDE.”—Single-screw oil tanker, 
built by the Furness Shipbuilding Co., Ljd., Haverton 
Hill, County Durham, for the British Tanker Co., Ltd., 
London, E.C.2. Tenth tanker built for these owners, 
Main dimensions: 490 ft. 10 in. overall by 61 ft. 9 in. by 
33 ft. 11 in.; deadweight capacity, 12,135 tons on a 
summer draught of 27 ft. 64 in. Hawthorn-Doxford 
four-cylinder opposed-piston reversible heavy-oil engine, 
developing 3,300 b.h.p. at 108 r.p.m., constructed by 
R. and W. Hawthorn, Leslie & Co., Ltd., Newcastle- 
upon-Tyne. Service speed, 11} knots. Trial trip, 
July 23 and 24. 


8.8. “‘ Groreios.”—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 
pool, for Mr. N. G. Livanos, Pirwus, Greece, First 
vessel of a series of four. Main dimensions: 457 ft. 6in. 
overall by 57 ft. 84 in. by 38 ft. 3 in. to shelter deck ; 
deadweight capacity, 10,185 tons on. a draught of 
26ft.54in. Triple expansion steam engines, developing 
2,580 i.h.p. at 77 r.p.m., and three oil-fired forced- 
draught boilers. Service speed, 11} knots. Trial trip, 
July 26. 





DuNLOP RUBBER COMPANY PLANS.—Two developments 
for increasing the output of tyre fabric have been intro- 
duced by the Dunlop Rubber Company, Limited, St. 
James’s-street, London, 8.W.1. In two years’ time 
they hope to begin production of rayon tyre cord in the 
new building about to be constructed near Londonderry 
by the Government of Northern Ireland. Labour 
there will be exclusively male, and, although the plant 
will be mostly new, some machinery is to be transferred 
to Londonderry from the company’s main mil] at Roch- 
dale. In Dunfermline, the Victoria mill, one of Dunlop’s 
two factories there, is being extended for the increased 
production of rayon tyre fabric and of cotton fabric for 
colliery conveyor belting. An extra 120 employees are 
to be taken on, and the same number of men will be 
employed when the Londonderry mill is in full production. 





PRESERVATIVE TREATMENTS FOR TIMBER IN BUILD- 
1ngs.—The Council for Codes of Practice for Buildings 
have now issued for comment Code 112-100, ‘* Preserva- 
tive Treatments for Timber in Buildings,’ prepared for 
the Council by a Committee convened by the Institution 
of Structural Engineers. It deals with the preservation 
of timber by means of wood preservatives against fungal 
and insect attack and sets out recommendations for the 
structural use of preserved timber in buildings. Guidance 
is given in assessing the factors affecting the choice of 
preservative, on the preparation of timber for treatment 
and the methods of treatment and conditioning after 
treatment. The Code is in draft form and is subject to 
amendment in the light of comments, which should be 
submitted by September 11, 1951. Copies may be 
obtained from the British Standards Institution, 24-28 
Victoria-street, London, S.W.1, price 2s., post free, by 
quoting reference CP(B) 1020. 





PERSONAL. 


Sm Harry Ratna, of the General Electric Co., Ltd., 
London, and Mr. R. G. D. RypDrErR, of Thomas Ryder and 
Son, Ltd., Bolton, have been appointed members of the 
Iron and Steel Consumers’ Council, by the Minister of 
Supply. 


Smr JAMES SWINBURNE, F.R.S., who was chairman of 
Bakelite Ltd., 18, Grosvenor-gardens, London, 8.W.1, 
from the inception of the firm until 1948, has resigned 
his directorship. He has been appointed honorary 
President of the company. Mr. P. HurrmMan, Mr. N. H. 
DOcKER, and Messrs. C. C. Last and G. W. Hopps, 
joint general managers, have been elected to the board. 

Wine-Compr. H. P. Powe, D.F.C., A.R.Ae.S., 
joined the Lockheed Hydraulic Brake Co., Ltd., Leaming- 
ton Spa, on August 1, to promote a closer liaison between 
the firm’s aircraft division and the aircraft industry and 
Services. 

The British Electricity Authority announce that Mr. 
W. Wipe, B.Sc. (Eng.) (Lond.), A.M.I.E.E., 
A.M.I.Mech.E., Group II generation engineer (operation), 
London Division, has been appdinted chief generation 
engineer (operation) of the London Division. Mr. R. E. 
CornisH, A.M.I.E.E., senior assistant enginecr, 
system operation branch, chief engineer’s department, 
has been appointed system operation engineer of the 
Midlands Division of the Authority. Mr. J. WHITFIELD, 
A.M.I.Mech.E., A.M.I.E.E., A.M.C.T., station superin- 
tendent at Stuart-street, Manchester, has been made 
generation engineer (operation) in charge of No. 3 sub- 
division of the Authority’s North-Western Division. 
He succeeds Mr. O. S. Woops, who has been appointed 
to the East Midlands Division as chief generation 
engineer (operation). Mr. ERNEsT LONG, deputy chief 
accountant (finance) has been appointed secretary of the 
Authority in succession to Mr. H. F. CARPENTER, who, 
as stated on page 787 of our issue of June 29, is retiring 
in the autumn. 

Mr. R. H. Cuiron, for many years associated with 
L.C.I. (Alkali Division) Ltd., Northwich, has joined the 
firm of G. F. Ward and Partners, consulting engineers, 
Old Colony House, South King-street, Manchester, 2, 
as a partner. 

Mr. A. J. BOURNE, who has been works manager of 
Earle Bourne and Oo., Ltd., for 27 years, has been 
elected a director of the company. 

Mr. W. R. HEROD, who is now a co-ordinator of the 
North Atlantic Defence Programme, has tendéred his 
resignation as a director of Associated Electrica] Indus- 
tries, Ltd. 

Mr. G. F. Sty, formerly chief designer to United 
Ebonite and Lorival, Ltd., Little Lever, near Bolton, has 
been promoted to the position of assistant to the works 
manager of the firm, Mr. F. E. Lowg. Mr. J. Kirk- 
PATRICK, formerly Mr. Sly’s assistant, has been appointed 
chief designer in his stead. 


Mr. J. Pease has been made technical sales manager 
of Guy Motors Ltd., Wolverhampton, and ofits subsidiary 
concern, the Sunbeam Trolleybus Co., Ltd. 

Mr. A. CHENEY, B.Sc., Northern Counties engineer 
of Acheson Colloids Ltd., 18, Pall Mali, London, 8.W.1, 
has moved to a new office at 7, Hunters-lane, Rochdale, 
Lancashire. 

Mr. DONALD MacKInNON, manager of David 
MacBrayne, Ltd., Glasgow, retired on July 31 after a long 
association with the company. 

Mr. H. M. Musrii1, secretary, and Mr. E. JONES, 
sales manager, have been appointed directors of Towler 
Brothers (Patents) Ltd., Rodley, Leeds, manufacturers 
of hydraulic pumps and valve. 

Mr. I. 8. HoraBin has been appointed sales manager 
of Scottish Mechanical Light Industries, Ltd., ScotMec 
Works, 42-44, Waggon-road, Ayr. Mr. J. A, CULLEY 
has been appointed liaison officer to ScotMec dealers. 

Joy-SuLLIVAN, LTp., manufacturers of mining machi- 
nery, have removed from Battery Park, Greenock, to 
their factory in the new industrial estate at Cappielow, 
Greenock. The premises vacated at Battery Park 
have been taken over as temporary headquarters by 
INTERNATIONAL BUSINESS MACHINES CORPORATION, of 
New York, U.S.A. 


Bririso INSULATED COALLENDER’S CABLES, LTD., 
announce that the telegraphic address of their Liverpool 
branch is now Bicalbest Liverpool 1. -The telephone 
number of their branch at 48, Stoke-road, Shelton, 
Stoke-on-Trent, is now Stoke-on-Trent 44256-7. The 
telephone number of the BriTisH INSULATED CALLEN- 
DER’S CONSTRUCTION Co., Lp. office at Clarence Cham- 
bers, Kingsway, Stoke-on-Trent, is now Stoke-on-Trent 
44368. 

The headquarters of the BOARD OF TRADE are being 
transferred to Horse Guards Avenue, Whitehall, London, 
8.W.1. (Telephone: TRAfalgar 8855.) 


LESLIE TURNER AND PARTNERS, consulting engineers, 
have removed their offices to 6, Grove-road, Sutton, 





Surrey. (Telephone: Vigilant 0042.) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to ‘“‘ ENGINEERING ”’ Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


£5 5 0 
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post free. 
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If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
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334 per cent. for fifty-two insertions. 
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THE BRITISH ASSOCIATION 
MEETING AT EDINBURGH. 


THE 113th annual meeting of the British Associa- 
tion for the Advancement of Science opened in 
Edinburgh on Wednesday, August 8. At a cere- 
mony held in the University’s M’Ewan Hall in the 
evening of that day, H.R.H. the Duke of Edinburgh, 
K.G., F.R.S., who is this year’s President, received 
the honorary degree of Doctor of Laws from the 
University of Edinburgh. An inaugural general 
meeting followed, at which members of the Associa- 
tion were officially welcomed by the Lord Provost 
of the city, the Rt. Hon. James Miller, and ‘the 
Principal of the University, Sir Edward Appleton, 
after which His Royal Highness delivered his 
presidential address on ‘“‘ The British Contribution 
to Science and Technology in the past Hundred 
Years.” As the seating accommodation at the 
M’Ewan Hall was inadequate, an overflow meeting 
was held in the Usher Hall where another large 
audience was able to follow the proceedings in the 
M’Ewan Hall on a large television screen. The 
President’s address was also broadcast by the 
British Broadcasting Corporation. Present indica- 
tions are that, apart from the Association’s centenary 
meeting in London in 1931, the attendance this 
year will prove to be a record one. The previous 
highest record for meetings was that established at 
Manchester in 1887, when the official attendance was 
3,838. 

In view of the spectacular advances in science 
during the past two decades, and the rapidly 
expanding interest in the subject among the general 
public, it may seem surprising that the attendances 





at the post-war meetings of the Association have 
not, before now, surpassed a record established more 
than 60 years ago, which itself testifies to the great 
scientific curiosity of the Victorians. In recent 
years, rapidly rising costs of travel and accom- 
modation have undoubtedly acted as a deterrent to 
many who, otherwise, would have attended these 
meetings. The attendance, however, is always 
governed largely by local factors and, Edinburgh 
being a city with a long and distinguished association 
with science, as with literature and the arts, it is 
not surprising that about half of those attending the 
meetings are local inhabitants. To mark the year 
of the Festival of Britain, the Association has 
included in its programme a series of reviews of | 
progress during the past century, without departing 
substantially, however, from its usual practice of 
discussing mainly items of current interest and 
importance. This year’s president of the Engi- 
neering Section is Sir Claude Gibb, F.R.S., whose 
presidential address on ‘‘ Two Thousand Years of 
Engineering” is due to be delivered to-day. 

Before commencing his address, the Duke of 
Edinburgh read to the meeting a message from 
the King, in which His Majesty said: ‘I shall be 
glad if you will express to the members of the 
British Association for the Advancement of Science 
my appreciation of their having once more honoured 
a member of my family by inviting him to be their 
President. I trust that this year’s meeting of the 
Association will further the development of Science 
for the benefit of mankind throughout the world, 
and prove an encouragement to all those men and 
women who are so devotedly working to that end.” 
In acknowledgment, said the Duke, he proposed to 
reply that ‘“‘ The Members of the British Association 
for the Advancement of Science assembled at Edin- 
burgh send Your Majesty their humble duty and 
their loyal thanks for Your Majesty’s Patronage of 
the Association and your gracious message of 
encouragement. I am to assure Your Majesty that 
the development of Science for the well-being of 
Your Majesty’s Realm and for the general welfare 
of mankind is the constant object of the Association. 
We will strive with all humility and with the grace 
of God to apply the blessings of scientific and 
technological improvement to the problems which 
face us all to-day.” The proposal was received 
with acclamation. 

The address which the President then proceeded 
to deliver, and which we reprint on page 182 of this 
issue, was a notably comprehensive, and yet concise, 
review of a field more varied and much more 
extensive than is customarily surveyed in a presi- 
dential discourse ; and not less noteworthy was the 
clarity and forthrightness of its delivery. It is 
probably not too much to say that many of those 
who listened to the broadcast of it received, not 
merely a new insight into the contributions that 
Britain has made to scientific thought and achieve- 
ment, but a new mental concept of the vigorous 
personality of the President himself; a concept of 
a kind not to be gained from the newspapers, 
especially of the more popular sort, through which 
alone that personality has been presented to a large 
part of the people of this country. His was not an 
easy task, by any standard, but it was carried 
through in a thoroughly seamanlike manner, as 
Sir Harold Hartley, chairman of Council of the 
British Association, observed in his speech of 
thanks. The reception of the address by the 
meeting left no doubt of their appreciation of the 
fact, though it may be that not many of the audience 
were historians enough to reflect, on the spur of 
the moment, that the Prince Consort, to whose 
address at the Aberdeen meeting in 1859 the Duke 
referred, had the advantages, at that time, of 
20 years’ experience of public life and public 
speaking, and of being by no means a stranger at 
British Association meetings, whereas the Duke had 
not attended them before. 
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The present meeting, as stated above, is the 
113th since the British Association met, for the 
first time, at York in 1831; the missing meetings 
in the sequence were, of course, those of the war 
years, when both considerations of the members’ 
safety and the urgent claims of war upon the activi- 
ties of scientists in all fields, made the holding of 
meetings impracticable. That it should have been 
possible, over so long a period of years, to produce 
such comprehensive programmes, and for the 
successive Presidents, of the Sections as well as of 
the Association, to maintain so high a standard of 
freshness and vitality in their addresses, is a testi- 
mony at once to the sheer volume of scientific 
work constantly in progress and the high sense of 
responsibility with which the preparation of these 
addresses has been consistently approached. Their 
character is, necessarily, in some respects, different 
from that of an ordinary presidential address to a 
technical or scientific institution, just as the 
character and purpose of the Association itself 
differ from those of such specialised bodies. There 
is, in fact, no organisation in this country, on 
anything approaching a national scale, which 
corresponds even approximately to the “ B.A.” ; 
the nearest equivalents are, perhaps, the relatively 
few “literary and philosophical ” societies, such as 
that in Newcastle-on-Tyne, which aim primarily to 
cater for that section of the public which, while 
not being actively engaged in scientific and cognate 
pursuits, finds in the study of them a mental satis- 
faction akin to that of the art-lover who is not a 
practising artist. 

It is significant that most of these societies had 
their origins in the Eighteenth and early Nine- 
teenth Centuries, when applied science, as a result 
of industrial expansion, began to be a matter of 
general interest to the thinking public. In the 
course of years, the appeal of the British Association 
to that section of the public undoubtedly has been 
intensified, but this is a development which, appar- 
ently, was only one of the initial objects in the minds 
of its founders, and not then the most important. 
The resolution formally proposed by the Rev. 
William Vernon Harcourt, F.R.S., for its foundation 
submitted that it should be established “to give a 
stronger impulse and more systematic direction to 
scientific inquiry, to obtain a greater degree of 
national attention to the objects of science, and a 
removal of those disadvantages which impede its 
progress, and to promote the intercourse of the 
cultivators of science with one another, and with 
foreign philosophers.” 

For most of these purposes, other organisations 
and media now exist, though the majority of them 
operate in’ more or less specialised fields. The 
active interest of successive Governments in the 
practical applications of science, and in the promo- 
tion of scientific research, has resulted in a much 
closer co-ordination and direction, and has done 
much to remove the chief disadvantages which 
impeded progress, namely, the provision of adequate 
training, equipment and finance ; though it should 
be remarked that private, and often personal and 
individual, generosity and foresight set the example 
in this respect. International organisations in 
great profusion now exist to promote co-operation 
with “foreign philosophers.” There remains the 
purpose of obtaining “a greater degree of national 
attention to the objects of science,” which has thus 
become the primary aim, the realisation of which 
depends so greatly upon the quality of the inaugural 
address of the President at each annual meeting. 
The innovation at this year’s meeting, due to Sir 
Edward Appleton, of relaying the proceedings by 
television to a second audience in another hall is 
an advance of the highest significance in this regard, 
opening up possibilities for the future influence 
of the British Association, upon the public awareness 
of scientific achievement and potentialities, beyond 
anything that its founders can have hoped. - 





WELDING RESEARCH. 


THE employment of welding for joining the ma- 
jority of the metals used in engineering, though not 
unknown from the earliest days, received consider- 
able impetus in the course of the 1914-18 war. 
During the following 20 years, too, a great deal 
further was done to consolidate the position by 
carrying out detailed examinations of the scientific 
aspects of the subject and thus providing evidence 
to convince those who were doubtful of the sound- 
ness of this method. By 1935, in fact, sufficient 
progress had been made for it to be possible to hold 
an International Welding Convention in London. 
This gathering was attended by some 800 delegates 
from 20 different countries and, perhaps the most 
useful results of its deliberations were a recognition 
of the fact that research into the various aspects of 
welding must: be organised on broad lines and that 
it was necessary to lay down the principles upon 
which this work should be carried out. From the 
international point of view, a setback was inevitably 
brought about by the 1939-45 war. Nevertheless, a 
meeting was held in Brussels in 1948 which was 
attended by representatives of 14 countries. As a 
result, the International Institute of Welding was 
formed and a number of commissions were appointed 
to deal with technical matters. This body met 
again in London and in Oxford in July. Its pro- 
gramme is sufficient indication of its usefulness and 
of the advances that are being made. 

As far as the part played by this country in these 
developments is concerned, it may be recalled that 
as long ago as 1936 welding research was inaugurated 
in this country by a Welding Research Council under 
the gis of the Institute of Welding ; it continued 
to operate until early in 1945, with the assistance of 
a grant from the Department of Scientific and 
Industrial Research. This aid may be taken as 
some indication that the importance of the work 
was recognised in official circles, since the policy of 
the Department is to make grants only to autono- 
mous associations. In the meantime, however, 
history had repeated itself and the 1939-45 war 
had given a stimulus to the use of welding, as is 
shown by the statement that, during the six years 
of hostilities, the number of welders was trebled, 
the number of welding machines trebled, and the 
output of welding material multiplied by four. It 
was therefore possible to form a British Welding 
Research Association to take over the functions 
and programme of the earlier Welding Research 
Council. Since that date, a great deal of useful work 
has been carried out by that body under the adminis- 
tration of a number of committees and good progress 
has been made in equipping laboratories and work- 
shops at Abington, near Cambridge. Finance has 
not always been easy, for the amount contributed 
by industry—upon which, of course, the size of the 
Government grant depends—has neither been as 
large as is desirable nor has it been distributed over 
a wide enough membership. Moreover, the report 
for the year ended March 31, 1951, shows that only 
one-quarter of the members contribute more than 
the minimum subscription. 

Nevertheless, it is clear from this document that 
much progress is being made. Not the least 
important of the researches now being conducted 
is the investigation, at Birmingham University, 
into the fundamental factors which cause cracking 
in the hardened zone adjacent to welded joints. For 
this purpose, measurements are being made of the 
internal stresses in martensite and of the effect of 
high-temperature heating on the transformation of 
austenite. The work has advanced sufficiently for 
the conclusions to be reached that the magnitude of 
the internal stresses depends mainly on the carbon 
content, and that the very high stresses associated 
with a 0-3 per cent. carbon steel may be due to a 
tetragonal structure in the martensite. The internal 
stresses which have been recorded are very high, 


and, in some cases, exceed the yield point. In 
general, the tests show a rough correlation between 
hardness and tensile properties. 

A new test of weldability, which can be employed 
for specification purposes, has been approved. In 
this the severity is controlled by the rate of heat 
flow away from the weld. Members of the Associa- 
tion are being asked to give the new test a thorough 
trial so that its value can be assessed. In the course 
of developing weldable structural steels of higher 
strength, a further examination was made of the 
mechanical properties of certain 2-ton casts. As a 
result, it is satisfactory to be able to record that 
success has been attained in developing steels which 
have both good weldability and good mechanical 
properties in thickness up to 4} in. Work on the 
weldability of a low-alloy steel with a yield strength 
of 25 tons per square inch has also been continued. 

An investigation on the pressure welding of light 
alloys, which has been carried out at the Royal 
School of Mines, has shown that it is easier to make 
joints between aluminium and some of the heavier 
metals, particularly copper, than between aluminium 
and aluminium. The reason for this is believed to 
be that the harder metal acts as an “ice breaker” 
of the aluminium-oxide film. According to theory, 
tin should react in a similar way to aluminium, 
but it welds to the heavier metals only at high 
deformations. Under the heading of fusion welding 
it has been found that, when welding aluminium 
alloys containing 5 per cent. of magnesium with a 
metal arc, it is possible to obtain a considerable 
increase in strength by employing a particular 
sodium-free flux of a type used in foundries. Rods 
coated with this flux are, however, difficult to 
handle, and a problem is thus presented for the 
consideration of the electrode manufacturers. 
Investigations into the argon-are welding of alu- 
minium alloys has continued in conjunction with the 
British Electrical and Allied Industries Research 
Association. In these a 600-ampere manual torch 
has been used for welding plate up to 1 in. thick. 
Work is also being carried out on the metal-arc 
process, using an inert-gas shield. 

The increasing use of welding in all branches of 
engineering has naturally raised a number of 
problems. Among these mention may be made of 
the behaviour of rigid-frame structures, work on 
which is being carried out in the Engineering 
Laboratory at Cambridge. During the year, experi- 
mental and theoretical investigations on the bending 
of simply-supported rolled-steel joists have been 
completed. One of the objects of these researches 
was to provide information for the structural analy- 
sis of full-scale portal frames on which collapse 
loading tests had already been carried out, with 
particular reference to the calculation of deflections. 
The problems of the lateral instability of structural 
members, loaded beyond the yield point of the 
material, received further attention, and work was 
also continued on the behaviour of stanchions when 
loaded to collapse. In the first series of tests, 
frames were used in which it was possible to develop 
the full plastic moment in the stanchions by loading 
only the beams on the major axis. In a further 
series, the stiffness of the beams on the minor axis 
was reduced from frame to frame. In this way, 
failure was produced by the stanchions collapsing 
about the minor axis before the full plastic moment 
about the major axis was attained. 

As regards the behaviour of welded structures 
under dynamic loading, further experimental work 
with registering strain gauges of the electrical indue- 
tance type was undertaken, “ push-pull” fatigue 
tests on welded bridge members were also continued, 
and a series of ad hoc fatigue tests on welded mild 
steel and welded magnesium alloy specimens were 
made. The investigations of the committee charged 
with this branch of the work seem, however, to have 





been hampered by the lack of equipment, @ disability 
which it is hoped to overcome without delay. 
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NOTES. 


Tue SoraP PrRoBLEM IN EvROpE. 


Te future of the steel industry throughout 
Europe is bound up with the problem of a sufficient 
supply of scrap, and one of the more practical 
activities of the United Nations Economic and 
Social Council (Unesco) has been the investigation 
of the international scrap situation in the light of 
post-war difficulties. In November, 1950, the Steel 
Committee of the Economic Commission for Europe 
decided that their Panel on Scrap should resume its 
inquiries into the scrap resources of the European 
countries and the use that was made of them. 
The Panel was also charged with the collection of 
relevant statistics, and the organisation of a system- 
atic documentation of the use of scrap. Those 
were its original terms of reference, but the Steel 
Committee, in resolving that the Panel should 
resume this work, extended the survey to cover 
“ countries not hitherto covered . - but which 
would in the future express interest in them.” A 
report by the Panel to the Steel Committee, recently 
issued, reviews the situation as it appeared down to 
the end of June. Until the end of the third quarter 
of 1950, the report states, scrap supplies had been 
adequate, though there were “‘indications of an 
unbalance ” which subsequently became more acute. 
This had four main causes, namely, a sharply 
increased demand for steel, a-considerable reduction 
in scrap exports from Western Germany, the 
resumption of scrap imports from Europe by the 
United States and other American countries, and 
delay by “certain countries, in view of changed 
circumstances,” in developing to the maximum the 
collection of scrap and its distribution to the steel- 
works. The reduction in supplies from Germany, 
of course, was to be expected, and was the natural 
result of the diminishing availability of scrap that 
could be easily recovered, and the raising of the 
authorised level of German steel output. The 
principal factor, however, was adjudged to be the 
greater demand resulting from increased steel pro- 
duction, and the inability of pig-iron producers to 
increase their output correspondingly, either because 
of lack of blast-furnace capacity or shortages of 
rich iron ore and of coke. It will be necessary, the 
Panel state, to increase the consumption of iron ore 
considerably if a continuing scrap shortage is to be 
avoided. For some years, the consumption of iron 
ore per ton of steel produced has been falling; it 
was 1-52 tons in 1938, but 1-42 tons in 1948, and 
only 1-34 tons in 1949, as a world average, though 
the world production of steel, in millions of metric 
tons, was 110, 153 and 157, respectively. Steel 
production in the world was 185 million tons in 
1950 and is planned to reach 224 millions in 1952, 
so that an increased rate of scrap collection is 
essential. 


AnGLO-AMERIOAN AERONAUTICAL CONFERENCE. 


More than 500 delegates, of which 95 are from 
the United States, are to attend the Third Anglo- 
American Aeronautical Conference which is being 
organised by the Royal Aeronautical Society and is 
to take place in Brighton from Monday, September 3, 
to Friday, September 7. The Brighton Corporation 
have placed the Dome and the Corn Exchange at 
the disposal of the Society for the reception on 
Monday evening and for the lectures to be given on 
the four following days. The programme of lectures 
to be given is as follows : on Tuesday, September 4, 
“Infusion of Safety into Aeronautical Curricula,” 
by Mr. Jerome Lederer; “ Flight Development of 
a Thick Suction Wing,” by Mr. T. S. Keeble ; ‘‘ Ad- 
vances in Aircraft Structural Design,” by Professor 
G. T. R. Hill; and “Structural Problems of 
Future Aircraft,” by Professor Nicholas J. Hoff; 
on Wednesday, September 5, “‘ Plastics and Plastic 
Structures,” by Mr. J. E. Gordon; “ Performance 
Characteristics of Jet Nozzles,” by Mr. George 8. 
Schairer ; ‘‘ Propellers for High Powers and Tran- 
sonic Speeds,” by Mr. George W. Brady; ‘‘ Some 
Problems of Turbine Transport Operations in 
Europe,” by Mr. K. G. Wilkinson ; “‘ The Reduction 
of Drag by Distributed Suction,” by Professor Sir 
B. Melvill Jones, F.R.S., and Squadron-Leader M. R. 
Head; and “A Review of High-Speed Hydro. 





dynamic Development,” by Mr. Ernest G. Stout ; 
on Thursday, September 6, “‘ Heat Transfer Studies 
Relating to Rocket Power Plant Development,” by 
Mr. Louis G. Dunn; “Some Aerodynamic Ad- 
vances,” by Mr. A. Fage; ‘‘ Material Properties for 
High Altitude Operation,” by Dr. T. P. Hughes 
and Mr. H. W. Hall; and “The Aerodynamics of 
Low Aspect Ratio Wings and Wing-Body Combina- 
tions,” by Mr. A. H. Flax and Mr. H. R. Lawrence ; 
on Friday, September 7, “‘ Engineering Problems of 
Aircraft Operation,” by Mr. B. 8. Shenstone ; 
“Some Experimental Deformations of Swept Wing 
Models,” by Mr. A. H. Hall; ‘‘ Dynamic Stability 
and Control Research,” by Mr. William F. Milliken, 
jun.; ‘Some Research Relating to High-Speed 
Flutter,” by Mr. I. E. Garrick; “‘ The Influence of 
Size on the Performance of Jet Engines,” by Mr. 
8. J. Moyes and Mr. W. A. Pennington ; and “ Ex- 
perimental Methods for Transonic Research,” by 
Mr. John Stack. The Mayor and Mayoress of 
Brighton are to give a supper and dance for delegates 
and their ladies on Wednesday, September 5. The 
Conference dinner will be held on Friday, Septem- 
ber 7. 


Sm Isaac Newton Exurtsirion. 


In connection with the Festival of Britain, the 
Royal Society have arranged a small exhibition in 
their apartments of items concerning Sir Isaac 
Newton. It will be open from Monday, August 13, 
to Friday, August 31, from 11 a.m. to 4 p.m. daily 
except Saturdays and Sundays, and admission will 
be free. Newton was the Society’s greatest 
President. Born in 1642, he was elected a Fellow 
in 1672, and was President from 1703 to his death 
in 1727. The exhibits include the Society’s Journal 
Book, open at the page recording his election as 
Fellow, and a reproduction of the Society’s Charter 
Book, also open at the appropriate page, where 
Newton, in accordance with custom, signed the 
“‘ obligation.” Some other signatures of particular 
interest are those of Charles II, Robert Boyle, 
Samuel Pepys, Joseph Priestley, Sir Humphry Davy, 
Michael Faraday and Charles Darwin. A solar dial, 
cut in stone by Newton when a boy, is preserved 
and shown in a glass-fronted case ; it was taken in 
1884 from the wall of his birthplace, the manor house 
at Woolsthorpe, Lincolnshire. The Principia is 
represented by the manuscript from which the first 
edition was printed (it was written out by an 
amanuensis, but contains corrections in Newton’s 
hand), and by copies of the three editions, the 
ordinary, the large-paper, and the extra large-paper 
copies of the third edition. The tercentenary of 
Newton’s birth was celebrated in a modest way, 
owing to the war, in 1942, but formal celebrations 
were held in 1946 ; copies of the volumes recording 
these occasions are displayed, as well as the trans- 
lations into Russian of the Principia, Lectiones 
Opticae, Mathematical Works, and Opticks, which 
were presented to the Royal Society by the Russian 
delegation to the 1946 celebrations. Other exhibits, 
the total number of which is 31, include Newton’s 
watch, a lock of his hair, the reflecting telescope, 
made by himself, which he presented to the Royal 
Society in 1671, a rough sketch by Newton of the 
telescope, and various portraits, engravings, etc. 


Tue Coat UTiLisaTion Jornt CounciL. 


The annual report for 1950 of the Coal Utilisation 
Joint Council, published recently from their office at 
3, Upper Belgrave-street, London, 8.W.1, devotes 
considerable attention to the finance needed to 
enable the Council to carry out their plans to pro- 
mote, on a national scale, the better use of solid fuel 
for domestic purposes. The programme that they 
have in mind, which was prepared by a special 
planning committee in 1949, is stated to require an 
annual income of about 250,000I., or four times the 
actual income at the beginning of 1950. It is now 
stated that the National Coal Board have offered to 
contribute three-fifths of this amount if the otber 
members of the Council—the coal merchants, and 
the makers and distributors of appliances—would 
make up the balance, which they have agreed to do. 
Following the establishment of an information 
centre in Manchester, the Council propose to set 
up others in the various Regions. Offices have been 
opened in Cardiff, Bristol and Leeds, and suitable 
premises are being sought in Nottingham; Birming- 





ham, Newcastle and Cambridge. An office and 
showroom to serve as a centre for Scotland have 
been acquired in Bath-street, Glasgow. A start 
was made during the year, through the regional 
committees of the Council, to promote local liaison 
between the distributors of coal and of coal-burning 
appliances. 


CLayTon Fre.LowsuHirs anD Grants, 1951. 


Under the Clayton Bequest the Institution of 
Mechanical Engineers has made eleven awards, 
comprising eight Fellowships and three grants, for 
post-graduate training or research in mechanical 
engineering. The awards amount, in all, to about 
3,8001., for the year 1951. The successful candi- 
dates for the eight Clayton Fellowships are all 
graduates of the Institution, and the Fellowships 
have been awarded to Mr. B. E. L. Deckker, B.Sc., 
of Birmingham, for research on the wave action 
occurring in the exhaust pipe of a two-cycle oil 
engine ; Mr. F. Ellis, B.Sc., of London, W.9, for an 
experimental and theoretical examination of stress 
distribution in hot and cold rolling; Mr. J. Halling, 
B.Sc., of Mitcham, Surrey, for an experimental 
investigation of rolling friction in relation to surface 
finish and loading; Mr. J. Houghton, B.S. (Eng.), 
of Coventry, for an experimental and theoretical 
investigation of the effect of end constraint on thin- 
walled and solid cylinders of hyperbolic .aerofoil 
shape with special application to turbine blades ; 
Mr. D. Howe, of Lanchester Hall, College of Aero- 
nautics, Bletchley, Buckinghamshire, for an investi- 
gation reviewing certain existing knowledge on 
loads and stresses in swept-back aeroplane wings ; 
Mr. G. Moss, B.Sc, (Eng.), of London, E.5, for an 
experimental and theoretical investigation of a 
method of continuous filtration; Mr. H. Naylor, 
B.Sc., of Baildon, Yorkshire, for research on lubri- 
cation in wire drawing ; and Mr. M. Ruddick, B.Sc. 
(Eng.), of Grays, Essex, for research on heat trans- 
mission in the cooling of gas-turbine blading. 
Clayton grants have been awarded to Mr. J. 
Huddart, A.M.I.Mech.E., of London, W.4, for an 
investigation of high-amplitude pulse transmission 
in pipe lines, with special reference to internal- 
combustion engine exhaust systems; Mr. D. R. 8. 
Rabley, B.Sc. (Eng.), A.M.I.Mech.E., of Plymstock, 
Plymouth, for a post-graduate course in photo- 
elastic methods; and Mr. N. D. Thomson, B.Sc., 
G.L.Mech.E., of Sheffield, for a tour of observa 
tion of steelworks and rolling mills ir this country 
and on the Continent. 





LETTERS TO THE EDITOR. 


. ‘*HIGH-SPEED SMALL CRAFT.’’ 


To THe Eprror oF ENGINEERING. 

Sm,—In the review of my book, “ High Speed 
Smali Craft,” which appeared in your issue of 
June 8, on page 680, and in the reference to Chap- 
ter III, detailed criticisms were put forward on 
specific and minor, though none the less, interesting 
technical points. I feel that some, at least, of these 
criticisms are not altogether justifiable beyond 
possibility of doubt, but are based upon theses 
generally applicable to craft running in the lower 
speed/length range. This type of criticism was 
expected, but it is hoped you will forgive my 
further explanation. 

It is particularly pleasing, however, to note that 
your reviewer, in referring to “ hard chine ”’ craft, 
says that “a great deal of propaganda has been 
published about such boats, but very little informa- 
tion has been given that is of technical or scientific 
value. Commander Du Cane’s book is, therefore, 
especially welcome and meets an undoubted need.” 
The comment in the final paragraph is, therefore, 
surprising, in that your reviewer overlooks the fact 
that photographs of the products of some of the 
firms mentioned are incorporated; but, in fairness, 
it must be doubted if this book could really be con- 
sidered an appropriate medium for the type of 
publicity or propaganda it is suggested should have 
been incorporated. Incidentally, in any list of 
names distinguished in the world of high-speed craft, 
it would be wrong to omit those of Mr. R. W. L. 
Gawn, the Superintendent of the Haslar Tank, or 
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Mr. W. J. Holt, of the Department of the Director 
of Naval Construction at the Admiralty. Also, 
I suppose, to be consistent, one should mention a 
number of foreign workers in this field. 

I would like now to deal with the technical points 
raised by your reviewer. ferring to my dis- 
cussion of the relative qualities as regards rolling 
inherent in the hard chine and the round form 
types of craft, my script is loosely worded and was 
the subject of a corrigendum which was too late for 
publication, though I submit your reviewer is 
similarly guilty in referring to “ rolling proclivities.” 
He interprets “undesirable rolling qualities” as 
referring to violence in roll, whereas I consider the 
unpleasant feature in certain types of round-form 
craft to arise from ‘‘ tenderness,” involving large 
amPlitude of roll combined with relatively slow 
recovery. He infers, inter alia, that the hard chine 
form achieves greater transverse metacentric height 
by virtue of greater beam. I suggest that the form 
of section greatly influences matters here, apart 
from considerations of beam. It is true that, in the 
case of the larger and more conventional types of 
ship, a naval architect will endeavour to keep the 
metacentric height within strict limits, both as 
regards the maximum as well as the minimum 
figure. In the case, however, of smaller craft, of 
either the round-form or hard-chine type, it is 
difficult to incorporate features such that the meta- 
centric height is excessive. The reason is that, in 
small craft, the practical seaman will prefer safety 
to theoretical comfort. 

Turning now to another point: although it is 
known that the centre of pressure in the case of 
“normal” rudders moves away from the leading 
edge with increasing angles of helm, it is submitted 
that this refers to normal] types of ship, speeds and 
rudder. It is suggested that, where relatively high 
speeds are concerned, more data could well be made 
available before authoritative statements as to the 
behaviour of the centre of pressure are justifiable, 
It is suggested that, where high speeds are con- 
cerned, some element of cavitation may well be 
present, which may result in unorthodox behaviour 
of the centre of pressure, similar to that experienced 
in the case of aircraft controls at, near, or beyond 
the speed of sound. Pressure patterns for front and 
back faces at varying speeds and angles would be 
valuable, but I venture to doubt whether your 
reviewer has available to him such data on which to 
base his assertions. My remarks as to a “ reversal ” 
taking place could, perhaps, have been prefaced by 
the word “ effective,” though it is agreed that if, for 
instance, a rudder possessing 20 per cent. balance 
could be increased in angle to 90 deg., it is not 
difficult then to agree a substantial move of the 
centre of pressure away from the leading edge. It 
has been found that the limiting factor, so far as this 
question of balance is concerned, is the amount of 
balance which can be used without running the risk 
of involving excessive forces to return from the 
“hard over” position. No hand gear, including 
the Mathway, good as it is, can offer really acceptable 
performance at the higher speeds in an M.T.B. type 
at appreciable angles of helm; at least, without 
involving an excessive number of turns from “ hard 
over ” to “‘ hard over.” 

Thirdly, I agree that the depth of rudder is not 
the only factor influencing the matter of heeling 
inwards in a turn; I think your reviewer has read 
more than is justified into my script when he suggests 
that the inference is that the rudder position is the 
one and only factor influencing inward heel. 
Experience leads me to suppose this is a very impor- 
tant point, but of almost,equal significance is the 
underwater shape, to tae effect that a well-Veed 
transverse section, especially in the after body, will 
greatly assist that banking up of water on the outside 
of the turn, referred to by your reviewer. Inciden- 
tally, in referring to depth of rudder, the length 
from the highest point on the rudder to the lowest 
is also referred to. 

Fourthly, the reagon that the Vosper steering 
gear depicted does, in fact, relieve the coxswain ti: 
some extent at substantial angles of helm, is that, 
for a given angular movement of the steering wheel 
near the “‘ hard over ”’ position, the resulting angular 
movement of the rudder stock is reduced in com- 
parison to what would occur at the midships position, 


thereby resulting, in effect, in an increased mechani- 
cal advantage. 

Finally, your reviewer’s remarks on the subject of 
“ponderous propeller calculations ” would appear 
to overlook the brief statement, made earlier in the 
text, that ‘“‘ there are several useful tables available 
from which the propeller dimensions can be deter- 
mined quite rapidly.” Such data, at the best, 
however, can only give approximate dimensions ; 
the accurate design of a propeller for a high-speed 
craft is of necessity a lengthy and involved process, 
and, in many cases, would be even more involved 
than the example given. The definition of quasi- 
propulsive coefficient is incorrect and requires 
correction as suggested. 

I welcome such intelligent criticism of technical 
points arising in the world of high-speed craft, and 
must concede that your reviewer has, at least, taken 
the trouble to read the book with some care. It is 
all too seldom that the naval architect will condes- 
cend to turn his talents to these specialised problems, 
while, even now, many still appear to be left to the 
engineer to solve. 

Yours truly, 
Peter Du Cane. 
Vosper, Limited, 
Portsmouth. 
July 10, 1951. 





PRECISION MEASUREMENT OF 
ROCKWELL HARDNESS DIAMOND 
PENETRATORS, 


To THE Eprror OF ENGINEERING. 


Sm,—Mr. F. R. Tolmon and Mrs. Jill G. Wood 
present, in their article on page 89, ante, a number 
of interferograms taken from Rockwell diamond 
penetrators, but, in their Figs. 6 to 9, all the points 
shown are defective. They fail to show a Rockwell 
point which approaches the regular shape of the 
steel ball given in their Fig. 10. Why do they not 
show a good Rockwell point for comparison ? 

In the writer’s laboratory, attempts have been 
made to produce Rockwell cones of better shapes, 
by a special technique which consists in grinding 





the cone on an impregnated diamond grinding wheel, 
and then polishing it on an Arkansas wheel to 
remove the finest inaccuracies. In another tech- 
nique, the diamond cone is produced first from a 
16-facet diamond pyramid by polishing on a cast- 
iron lap, using diamond powder. The facets are 
later on broken into 32 and then the cone is treated 
again on an Arkansas wheel to break the small 
facets. The interferogram reproduced herewith 
(magnification 720) shows one of the cones produced 
in this way. It is not claimed, of course, that the 
shape is perfect, and the polish is not free from 
blemishes, but the laboratory method seems to 
indicate the possibility of producing improved 
diamond penetrators. 
Yours faithfully, 
P. Gropzinsk1, A.M.I.Mech.E. 
41, Tudor-close, 
Belsize-avenue, 
London ,N.W.3. 
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THE REMOVAL OF SULPHUR 
COMPOUNDS FROM INDUS- 
TRIAL GASES. 

By Wiurrip Francis, M.Sc., Ph.D., F.R.1.C. 


THE question of the recovery of sulphur from 
indigenous sources had not received the attention 
it deserved, until the recent announcements of 
shortages of sulphur and sulphuric acid in the Press 
had brought home to all concerned with the welfare 
of the State the importance of this question. As 
has been pointed out by the author and his colla- 
borators in several publications during the past 
few years,* more than 30 million tons of coal, 
containing nearly 400,000 tons of sulphur, are 
consumed yearly by electricity-generating stations 
in Great Britain, and this sulpbur is recoverable by 
various flue-gas washing processes, although at the 
present time no power station in the country is 
equipped for this purpose. Considerable quantities 
of oxides of sulphur are also emitted from other 
large fuel-consuming sources, employing eitber indus- 
trial coal or oil, in addition to the multitude of 
small users whose aggregate consumoution is still 
greater. If the larger users of fuel alone recovered 
the sulpbur in the flue gases as sulphur, ammonium 
sulphate or sulphuric acid, we should be largely 
independent of external sources of sulphur. That 
such a recovery is possible, technically, is agreed by 
all authorities on the subject and, indeed, at two 
of the largest power stations in the London area, 
namely, Battersea and Fulham, plants have been 
in operation for the removal of oxides of sulphur 
from the flue gases by washing with suspensions 
of lime or chalk, the efficiency of removal being in 
excess of 92 per cent. 

Details of flue-gas washing processes that may be 
applied to practically all industrial fuel-burning 
installations have been described in the publications 
mentioned above. More recent examination of 
these processes has shown that their cost can be 
greatly reduced by simplification in the design of 
the plant and by the use of modern processes for the 
conversion of the primary products of flue-gas wash- 
ing into useful by-products that are both efficient 
and economic. Contrary to many expressions of 
opinion that have appeared in technical literature, 
the costs of these modified flue-gas washing processes 
are not unduly high, and it has been calculated 
that the cost of recovering products such as calcium 
sulphate, sodium sulphate or ammonium sulphate 
from flue gases will not exceed 30s. per ton, provided 
due allowance is made for the necessary cost of 
removing grit from such gases by the more usual 
appliances, such as electrostatic precipitators or 
banks of cyclones. When it is considered that 
these chemicals can be produced conveniently in 
industrial areas, where products in the form of 
sulphur, sulphur dioxide or sulphuric acid, or by- 
products such as cement, find ready markets, it will 
be seen that there is little justification for the present 
apathy towards such processes in spite of the grave 
difficulties in which the country finds itself due to 
the shortage of sulphur and sulphuric acid. 

Up to date, notwithstanding the fact that these 
points have been raised from time to time, official 
blessing has not been given to any project for the 
recovery of sulphur from flue gases, except in the 
case of the ammonia process, which is only applicable 
in a limited number of cases. On the other hand, a 
number of schemes are contemplated for the 
recovery of sulphur from coke-oven and refinery 
gases, in addition to the existing normal gasworks 
practice of recovering sulphur from town gas by 
using iron-oxide boxes. Since the consumption 
of coal in coke-oven practice exceeds that in gas- 
works, it is evident that a large untapped source of 
sulphur is available in coke-oven and refinery gases. 
The actual production of coke in coke ovens during 
1948 was in excess of 16 million tons, representing 
some 21 million tons of coal. Assuming that this 
coal contains an average of 1-2 per cent. of sulphur 


* Boiler House and Power Station Chemisiry, 
W. Francis; Edward Arnold and Company, 1948. 
“ Flue Gas Washing Processes,” W. Francis, Power and 
Works Engineer, January to March, 1946. “ Recovery 








of Sulphur from Flue Gases,” W. Francis and G. H. 
Lepper, ENGINEERING, page 36, ante. 
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and that 50 per cent. of the sulphur appears as 
volatile sulphur compounds in the gases, it is evident 
that some 120,000 tons of sulphur per annum is 
available from this source alone. Since the standard 
iron-oxide method of purification is unsuitable for 
coke-oven practice, it may be useful to review 
briefly a number of scrubbing processes that have 
been developed abroad in recent years for the 
recovery of sulphur from coke-oven and refinery 
gases. The better known of these processes are: 
(1) the IG. active-charcoal process; (2) the 
Girdler Corporation, Girbotol process; (3) the 
Koppers Seaboard process; (4) the Standard Oil 
Ferrox process; (5) the Koppers Thylox process ; 
and (6) the caustic wash process. These are briefly 
described below. 

The I.G. active charcoal process is based upon 
the low-temperature oxidation of hydrogen sulphide 
in the presence of active charcoal, according to the 
equation : 

H,S + 30, = H,0 +8. 

This equation requires one volume of oxygen to 
two volumes of hydrogen sulphide in the gas to be 
treated, which is mixed with a trace of ammonia 
and passed with air, in slight excess, over active 
charcoal. The optimum concentration of ammonia 
is five volumes of ammonia to 100 volumes of 
hydrogen sulphide. Cylindrical vessels, similar to 
normal active-charcoal absorbers, are suitable for 
this process, in which the gas enters in the centre 
of an annular space containing active charcoal and 
is removed at the top and bottom of the outer 
cylinder. The maximum satisfactory operating 
temperature is 140 deg. F., and at temperatures 
below this almost complete removal of hydrogen 
sulphide is accomplished with gas velocities of 
0-2 ft. per second. A typical plant consists of a 
cylindrical vessel 4 m. in diameter by 4 m. high 
constructed of mild steel in which the active 
charcoal is supported on two grids or trays. The 
coarse particles of active charcoal are placed on the 
first few inches of each grid, with normal grain- 
sized active charcoal placed above, to a depth of 
1:3m. The absorbers have a volumetric through- 
put of 350 to 400 cub. ft. of gas per hour, per cubic 
foot of active charcoal. Each vessel will handle 
6,000 cubic m. of gas per hour, with a pressure drop 
of 60 milli-atmospheres. The maximum permissible 
inlet sulphur content without causing excessive 
rise in temperature is 8 grammes per cubic metre. 
Absorbers run for between 2 and 3 weeks before 
becoming saturated with sulphur and absorb a 
total of 10 tons of sulphur from 3-4 x 10° cub. m. 
of gas. When saturated, the carbon contains its 
own volume of sulphur and the rise in temperature 
is equivalent to 5 deg. C. per gramme of sulphur 
removed. A charge of active charcoal will normally 
last about two years, though occasionally a batch 
lasts more than three years. 

The sulphur is recovered from the active charcoal 
by washing with a solution of ammonium sulphide. 
This is sprayed over the carbon in the saturator and 
is drawn off at the base. The carbon is never 
flooded with liquor, but is sprayed three or four 
times, each batch of spray taking about 1} bours 
to pass through the carbon. Approximately 30 cub. 
m. of solution is used for each treatment, com- 
mencing with liquor nearly saturated with sulphur 
and finishing with fresh liquor. The fresh liquor 
contains approximately 170 grammes of ammonia 
per litre and 80 grammes of hydrogen sulphide and 
will take up approximately 250 grammes of sulphur 
per litre. The strong liquor taken from the absor- 
bers is decomposed by steam in continuous stills at 
1-5 atmospheres gauge pressure. The vapours 
leaving the top of the still, at 90 deg. to 95 deg. C., 
contain all the ammonia and the hydrogen sulphide 
from the liquor. The vapours are cooled in heat 
exchangers and are condensed to give liquor con- 
taining approximately 300 grammes of H,S per litre. 
The water and sulphur are run from the bottom 
of the still into a pressure vessel lined with bricks. 
This is heated to 120 deg. C., when the sulphur melts 
and it is tapped off into a settling vessel every few 
hours. After settling and skimming off impurities, 
sulphur is poured into metallic trays to solidify. 
Following extraction of the sulphur from the 
carbon, the ammonium-sulphide solution remaining 
in the absorber is removed, first by washing with 





hot water and then by steaming. During the 
steaming process, the vapours are condensed and the 
surplus mixture of water and sulphur returns to the 
vessel containing the weakest solution of ammonium 
sulphide. 

The active charcoal used in the I.G. process in 
Germany was prepared from low-temperature brown 
coal coke. This is ground and sieved and the 
fraction containing particles of 1 to 4 mm. in dia- 
meter is heated with combustion gases and steam 
at 800 deg. C. for two to three hours before use. 
This process of activation may also be used for 
the re-activation of carbon exhausted after long 
use in the absorption plant. The activated carbon 
is stored in airtight drums ready for use. The 
sulphur produced is of excellent quality, being almost 
entirely pure in favourable circumstances, so that it 
may be used medicinally. The process is applicable 
to many types of gas, and the only limitation appears 
to be that the maximum concentration of H,S 
that may be permitted is equivalent to 8 grammes 
per cubic metre, or 4 grains per cubic foot. 

The Girbotol process, developed by the Girdler 
Corporation in the United States, is another physical 
process in which a solution of triethanolamine is 
used as the scrubbing medium. The gas is washed 
by passing up a scrubber, down which passes a 
50 per cent. solution of triethanolamine in water 
at a pressure of about three atmospheres. Stronger 
solutions are difficult to circulate owing to viscosity 
troubles, and weaker solutions tend to froth. The 
normal circulating rate required for the removal of 
more than 95 per cent. of the sulphur is 1 gallon of 
solution to 1,000 grains of hydrogen sulphide 
removed. These circulation rates cover a range 
from 300 to 2,400 grains of hydrogen sulphide per 
100 cub. ft. of entering gas. With the triethanol- 
amine, the hydrogen sulphide forms an unstable com- 
pound which may be decomposed by the use of live 
steam. The solution from the scrubber passes 
through a system of heat interchangers to a second 
still at atmospheric pressure and a temperature of 
about 101 deg. C., which is the boiling point of the 
50 per cent. solution of triethanolamine. The gases 
evolved are cooled to condense the steam and to 
recover the triethanolamine. 

When treating pure hydrocarbon gases, or gases 
containing little carbon dioxide, the gas from the 
still contains more than 90 per cent. of hydrogen 
sulphide and is very suitable for treatment by any 
controlled oxidation process. At least two plants 
have been installed on an experimental basis in the 
United States, one at Baton Rouge and one at 
Bayway. The triethanolamine solution has a long 
life and no deterioration may be observed after 
several months’ operation. The simplicity of the 
process is extremely attractive and it is of con- 
siderable advantage to obtain a gas containing such 
high proportions of hydrogen sulphide. This can 
be readily converted into sulphur, by controlled 
oxidation, or into sulphuric acid by complete 
oxidation followed by the normal catalytic sulphuric- 
acid process. 

The Seaboard process was developed by the 
Koppers Company, in the United States, primarily 
with the object of removing the hydrogen sulphide 
from coke-oven gases, without recovery of the 
sulphur. It is applicable to coke-oven gases, water 
gas, natural gas and refinery gases, and is described 
here since the Ferrox and Thylox processes, in 
which recovery of sulphur is normally practised, are 
based upon the use of sodium carbonate, the alkali 
used in the Seaboard process. In this process, the 
gas is passed up a scrubbing tower, down which 
passes a dilute solution containing between 2 per 
cent. and 4 per cent. of sodium carbonate. The 
hydrogen sulphide is dissolved by the sodium 
carbonate to form sodium-hydrogen sulphide and 
sodium bicarbonate. Carbon dioxide is also ab- 
sorbed to produce sodium bicarbonate, according 
to the following equations :— 

H,S + Na,CO, = NaHS + NaHCO, 

CO, + H,O + Na,CO, = 2 NaHCO, 


After stripping the gas, the above reactions are 
reversed by passing large volumes of air up the tower. 
The foul gas was formerly released to the atmosphere 
but may now be processed to recover the sulphur. 
Secondary reactions take place in the scrubbing 


constituents, such as sodium thiosulphate. This 
increases the gravity of the solution and represents 
a loss of soda, which must be replaced. The rate of 
ciculation of liquor depends upon the concentration 
of the hydrogen sulphide in the gas. The richer 
the gas, the greater the rate of circulation, which is 
limited by the rate of formation of fixed salts. 
Fixed-salt formation is increased by increasing the 
strength of the solution and by raising the tempera- 
ture. When hydrogen cyanide is present, sodium 
thiocyanate is also formed. The optimum cir- 
culating temperature is about 70 deg. F. and 100 to 
200 grains of hydrogen sulphide are dissolved per 
gallon of solution, with a scrubbing efficiency of 
between 85 and 95 per cent. The normal air rate 
corresponds to a stripping of 2 to 3 grains of hydrogen 
sulphide from fouled liquor per cubic foot of air. 
The amount of make-up soda is checked by deter- 
mining the alkalinity of the solution, and the pro- 
portion of rejected liquor is determined by controlling 
the gravity of the solution. The principal difficulties 
of operation are due to the use of dirty gas and the 
corrosion of metal parts, including the spray 
nozzes. These difficulties are not serious with 
properly designed plant. 

The Ferrox process, by the Standard Oil Company, 
is a development of the Seaboard process and is 
applicable to the same range of gases. In this 
process, the hydrogen sulphide is removed by 
scrubbing with a dilute solution of sodium carbonate 
containing a fine suspension of iron oxide. In 
addition to the reactions mentioned in the Seaboard 
process, the following reaction also takes place 


of | with the iron oxide:— 


3H,S + Fe,0, = Fe,S, + 3H,0 


As in the Seaboard process, aeration causes reversal 
of the first equations and a revivification of the iron 
oxide, according to the equation :— 

2Fe,S, + 30, = 2Fe,0, + 6S. 


The liquor from the scrubbing chamber passes over 
a succession of cloth bags through which air is 
diffusing under slight pressure. The rising air 
carries the resultant sulphur slurry to the surface 
and the reactivated liquor returns to the absorber 
tower. The sulphur is recovered from the slurry 
by passing through filter presses. Side reactions 
again occur, which are not eliminated in the 
aeration process. The formation of these salts is 
more rapid than in the case of the Seaboard process, 
and it is therefore necessary to operate with a lower 
concentration of soda ; for example, a 1 to 2 per cent. 
solution. The quantity of oxide in suspension 
varies from about 0-1 to 0-2 lb. per pound of 
circulating liquor, and from 20 to 50 grains of 
hydrogen sulphide are removed per gallon of 
circulating liquor. 

In the aeration system, the depth of liquor 
through which air is bubbled has a direct bearing on 
both the soda consumption and the heating effi- 
ciency of the system. Too great a depth results in 
the excessive formation of fixed salts and in excessive 
soda consumption: too low a level results in 
insufficient aeration, so that the depth is usually 
kept between 4 ft. and 6 ft. The decanting con- 
ditions are important, since too low a concentration 
of sulphur in the slurry results in the filter presses 
being overloaded. Too high a sulphur concen- 
tration results in excessive amounts of sulphur 
remaining in the circulating system. The amount 
of air used is usually such as to accomplish recovery 
of 10 to 20 grains of hydrogen sulphide per cubic 
foot of air used. Iron oxides as well as soda are 
added from time to time to maintain the proper 
concentrations of these ingredients. The principal 
difficulties of this process reside in the aeration 
system, since the bags require regular cleaning and 
replacement when faulty. There is also the diffi- 
culty of handling the oxide suspensions in an 
efficient scrubbing system. The sulphur product is 
of poor quality, containing 80 to 85 per cent. of free 
sulphur contaminated with iron oxide. Its most 
likely application is for combustion to sulphur 
oxides for use in a contact sulphuric-acid plant. 

The Thylox process, also developed by Koppers, 
is similar to the Ferrox process, except that arsen- 
ious oxide is used in solution in place of iron oxide 
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culties associated with the use of a suspension of 
iron oxide are eliminated by the use of the soluble 
arsenious oxide. The quality of the sulphur may 
be improved by heating in an autoclave, with 
steam, at moderate temperatures and pressures. 
An additional difficulty in operation is, however, the 
introduction of the poisonous arsenious oxide, since 
it is difficult to dispose of effluents which are 
poisonous in nature. The sulphur and waste 
liquors may be used for insecticidal purposes, and 
here this difficulty becomes an advantage. 

In the caustic-soda wash process, caustic soda is 
used and this removes the hydrogen sulphide as 
sodium-hydrogen sulphide. The process may be 
used where high concentrations of hydrogen sulphide 
are present and generally, in the presence of organic 
gases, organic sulphur compounds are also formed 
during the absorption. These organic impurities, 
which are chiefly mercaptides, may be removed by 
passing excess of gas through the solution, which 
may then be sold as a concentrated solution of 
sodium-hydrogen sulphide or may be converted to 
sodium sulphide by neutralisation with a further 
quantity of caustic soda. Alternatively, carbon 
dioxide may be blown through the solution to 
release hydrogen sulphide. The caustic-soda solu- 
tion used contains from 25 to 30 per cent. of caustic 
soda and absorption takes place in two vessels in 
series at 40 deg. C. One vessel only is used for 
purification, the remaining vessel being charged and 
filled with fresh solution. After one vessel has been 
filled, the order of absorption is reversed, so that 
the last drum always contains fresh caustic soda. 
The chief difficulty in this process is to remove the 
mercaptides completely from solution, which is 
necessary in order to sell the solution of hydro- 
sulphide readily. 

All the above processes have been tried out on a 
large scale in industrial practice, and some of them 
have been operated continuously over a period of 
many years in Germany and in the United States. 
They are all much more convenient in coke-oven 
practice than iron-oxide boxes and represent a 
ready means of recovering much of the sulphur 
now being wasted in coke-oven and refinery gases. 





LIGHT-ALLOY CRANE JIBS. 

HIGH-STRENGTH aluminium alloys, with their low 
weight (one-third that of steel), and almost complete 
resistance to corrosion, are being used for heavy 
engineering structures to an increasing extent. In 
particular, they are used for crane jibs and dragline 
booms, a class of work where low weight and good 
resistance to corrosion are specially desirable. Drag- 
line booms were, it is believed, the first heavy engi- 
neering job in the world to be constructed of light 
alloy, and although aluminium has since been applied 
to many types of structures, it is only in the last few 
years that it has found its way back to jibs. The 
dragline booms referred to are those which were used 
on the Mississippi's embankments in 1930. One at 
least of these is still in existence, having found its way 
to this country under lend-lease and been acquired 
by Messrs. George nine ay! and Sons, Limited, who are 
still using it. Recently it came into the works of 
Messrs. Head Wrightson Aluminium, Limited, 
Thornaby-on-Tees, for repairs; it was found to be in 
good condition and only needed repairing because it 
had been accidentally dropped. The buckled sections 
have now been replaced and it is back in service again. 

Twelve high-duty 10-ton derricks recently supplied 
to Sir Robert McAlpine and Sons, Limited, 80, Park- 
lane London, W.1, all have light-alloy jibs, one 
being 150 ft. long and the other eleven 120 ft. The 
jibs were designed and fabricated by Messrs. Head 
Wrightson Aluminium, Limited, and the rest of each 
crane was made by Messrs. John M. Henderson and 
Company, Limited, King’s Works, Aberdeen. The 
long jid is constructed of extruded angles of the alloy 
HE 10-WP (B.S. 1476-1949) connected with steel 
rivets. Its total weight is 34 tons. In general design 
the only difference from normal steel practice is a slight 
increase in the overall depth of the centre section in 
order to provide for the low value of Young’s Modulus, 
and the use of thinner members for some of the bracing 
members made possible by the fact that corrosion is 
not a factor. In 1930, when the Mississippi jibs were 
made, aluminium was much more expensive than steel. 
Since then, however, while the cost of steel per pound 
has risen considerably, that of aluminium alloy has 
stayed almost constant, and the present disparity in 
price is such that for long jibs the extra cost of using 
alloy ° more than offset bv the improved performance 
and life. 


THE BRITISH CONTRIBUTION TO 
SCIENCE AND TECHNOLOGY.* 


By H.R.H. Tuz Duke or EDINBURGH, K.G., F.R.S. 


Tue Prince Consort had very much less reason to 
be modest about addressing you at Aberdeen in 1859 
than I have, because this year we celebrate the anni- 
versary of the Exhibition which was his greatest 
achievement, and an event which had an untold value 
to Science. Let us hope that this year’s Festival will 
be judged a worthy successor and an inspiration for 
the future. I am proud to pay tribute to this man 
who saw so clearly the part Science was destined to 
play in the future of this country, and my address to 
you to-night is largely the story of the fulfilment of 
his hopes. 

In a review of British science and technology, 1851 
is a convenient starting point for two reasons. Firstly, 
the Exhibition of that year can be regarded as a 
gigantic stocktaking of the national resources and 
technical skill. Secondly, because it marked the end 
of the Industrial Revolution and the conversion of 
Victorian England to the policy of industrial expansion 
on which our future still depends. The period as a 
whole saw the climax of our industrial supremacy and 
its inevitable decline when countries with greater 
resources and population learned from us the lessons 
of the mechanisation of industry. It also covers the 
birth and growth of the new concepts of modern 
science. a * 

Social conditions of a hundred years ago were, 
generally speaking, the outcome of the Industrial 
Revolution, but with all the traditions of the England 
of agriculture, cottage industry and small market 
towns. The population of 20 millions was growing 
fast, but still small compared to our 50 millions of 
to-day. Education was limited to a minority and was 
almost entirely classical, so the new profession of 
engineering had to draw its recruits from a different 
sphere, that of self-educated men. A new wealthy class 
was growing up in the commercial world to rival the 
old aristocracy. There was unbounded optimism about 
the future, and ample scope in commerce and industry 
to attract all intelligent and enterprising men. The 
number of poor was on the increase and their condi- 
tions were deteriorating because, as yet, no social 
conscience had grown up to replace the patriarchal 
responsibility of the landowners and master craftsmen. 

In the domestic field, lighting wae by candle and oil 
lamps, cooking and heating by coal or wood in ranges or 
open fires with the consequent enormous waste of 
energy. Food had to be fresh or crudely preserved, 
and thus needed to be produced locally. In health 





and hygiene the figures speak for themselves. In 
1851 the infant death rate was 150 per 1,000 living 
births, compared with 25 per 1,000 to-day. Anzsthe- 
tics, antiseptic surgery, biochemistry, tropical medi- 
cine, were all virtually unknown or in their infancy. 
Psychology had not yet achieved independence from 
philosophy on the one hand and physiology on the 
other. ‘ 

This was the age of the practical engineer and of 
processes arrived at by intuition born of experience 
and by trial and error. Technology was concerned with 
the application of steam power, with metallurgy and 
the working of metals for various purposes, and with 
the production of machine tools and precision machi- 
nery. Men were already turning their minds to other 
types of engines and the internal-combustion engine 
was in the process of development. 

Scientists, while continuing their search for the 
secrets of Nature, were beginning to turn their attention 
to exploring the empirical developments of industry. 
Their numbers as yet were small, the endowments for 
research were negligible and much of their work was 
carried out in the watertight compartments of the 
different sciences. But the seed had been sown and 
it was not long before scientists and engineers were 
preparing the way for the great technological harvest 
of the Twentieth Century. 

The changes brought about in the lives of men and 
women in the past hundred years have been greater 
and more rapid than during any other period in history, 
and these cha have been almost entirely due to the 
work of scientists and technologists all over the world. 
They have not only affected the way of living of all 
civilised peoples, but have also vastly increased our 
knowledge about ourselves, the earth we live on and 
the universe around us. I cannot emphasise too much 
that the sum total of scientific knowledge and tech- 
nological progress is an international achievement to 
which every civilised country has made some contri- 
bution. 

The great stimulus of the 1851 Exhibition created 
a growing interest in technical edncation and research, 


followed by a widening of the scientific horizon which 
was soon to find expression in borderline subjects. In 
most fields, there was a wide gap between science and 
industry. Electricity was an exception and the 
groundwork was already being laid for the electrical 
revolution of the Victorian age. 

Between 1851 and 1870, practice, in many industries, 
was ahead of science, and in that period the large 
number of inventions of the industrial revolution were 
progressively improved and widely applied. These 
inventions were mainly the work of British genius, 
They were of great economic advantage to this country 
and were quickly exploited commercially. New 
factories and plants were built to include the latest 
ideas, and with the expansion of industry came the 
demand for more and more new ideas and greater 
efficiency. We are still struggling with the social 
results of this vast expansion. 

From 1870 to 1890 the high-water mark of British 
industrial expansion, as compared with other countries, 
had been reached and the competition of the United 
States and Europe was just beginning to be felt. But 
the lack of serious competition hitherto had bred a 
feeling of over-confidence and satisfaction in the 
methods and processes employed. The result was a 
conservative attitude towards technical change and, 
particularly in the older industries, neglect of scientific 
research. Concurrently, a subtle change occurred 
in the type of British exports. So far, the products of 
our machinery had been shipped abroad for immediate 
use, but now machines themselves were exported. The 
result was to intensify foreign industrial competition 
between 1890 and 1914, but, with the increasing 
demands from the Colonies, the volume of British 
exports was not greatly affected. 

Then came the critical years of the First World War. 
For the first time in history, a real attempt was made 
to enlist the services of science in the war effort, and 
the Department of Scientific and Industrial Research 
was founded to further the application of science in 
industry through Government laboratories and research 
associations. The effects appeared clearly in the inter- 
war years, when there was a marked swing of education 
from classics towards sci Scientific pro was 
no longer confined to the work of a few brilliant individ- 
uals, but came also from teams of research scientists, 
each working on different parts of the same problem. 

The war had also shown a great weakness in our 
dependence on foreign production for many vital 
articles, such as dyestuffs, scientific instruments and 
optical glass, in the manufacture of which scientific 
research played an essential part. It is true that 
manufacturers in some of the older industries still 
clung to traditional methods, in spite of the pressure 
of competition from America and other countries. 
It is significant that the history of production engineer- 
ing after 1890 is almost entirely confined to the United 
States. 

It was, however, a period of rapid development in 
Britain. The invention of the internal-combustion 
engine and the pneumatic tyre had opened new branches 
of industrial engineering, and the demand for fuel for 
motor cars and aircraft gave birth to the new tech- 
nology of oil. In the electrical, chemical and aircraft 
industries, science was fully enlisted in the fields of 
electronics, synthetic fibres, plastics, aerodynamics and 
light alloys. Consequently, the outbreak of war in 
1939 found us in a much stronger position to meet the 
immense demands it made on all branches of technology 
for new ts, machines and weapons. It was only 
the intimate partnership of science and engineering 
with the staffs of the fighting Services that enabled us 
to meet the menace of total war. 

The tremendous demands on’ our industries had 
some good after-effects. Once again these demands 
revealed weaknesses where our industrial capacity was 
out of date. The realisation of this has initiated com- 
prehensive reconstruction on most modern lines. Our 
industry and productivity have shown a wonderful 
improvement, but there is still a lot more that can be 
done. Our physical resources have dwindled, but the 
intellectual capacity of our scientists and engineers is 
as great as ever and it is upon their ingenuity that our 
future prosperity largely depends. 

I would now like to make a brief survey of the 
British contribution’ to natura] knowledge and tech- 
nology and pay a tribute to some of the great men of 
science of the past hundred years. In some branches 
almost the whole story can be told, since one problem 
after another has been solved by British scientists. 
There can be no doubt that during this period the 
contribution of the British Commonwealth has been of 
outstanding importance. 

Chemistry has fascinated man from the earliest 
times, and vast progress has been made in the past 
hundred years, both in knowledge and theory. Much 








* Presidential address, entitled ‘‘The British Contri- 
bution to Science and Technology in the past Hundred 
Years,” delivered to the British Association for the 
Advancement of Science at Edinburgh on Wednesday, 





August 8, 1951. Abridged. 





fresh ground was broken by Crookes by his work on 
spectra, his discovery of thallium and of “ radiant 
matter,” known later as cathode rays. Long after 
everyone was quite sure of the composition of the air, 
Rayleigh found another ingredient which he called 
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argon and so started the hunt for other inert gases. 
In organic chemistry, Perkin and Robinson added 
enormously to our knowledge of the structure of carbon 
compounds, and to our power to copy natural products 
synthetically. The development of X-ray analysis by 
the two Braggs, father and son, has given us a means 
of finding the actual arrangement of the atoms in the 
molecule. This is a most striking example of the 
power of the theoretical and practical scientist to 
penetrate Nature’s secrets. Thomson’s discovery of 
the nature of the electron was the first attack upon the 
integrity of the atom. Next, thanks to Rutherford’s 
brilliant research and keen intuition, came the nuclear 
theory, which revolutionised our ideas of matter. 
He was the first man to succeed in the transmutation 
of an element. 

Paralle] with this activity in the physical sciences, 
there occurred a technological revolution of even 
greater scope and variety. The Darbys of Coalbrook- 
dale were the lineal ancestors of Bessemer, Thomas and 
Siemens, and the whole technology of metals. First, 
cheap cast iron, followed by cheap steel, then steel 
from phosphatic ores, completely changed the materials 
available to engineers, shipbuilders and architects. 
Scientific metallurgy can be said to have started when 
Sorby first applied a microscope to the surface of 
metals. The way was opened for the investigation of 
the metallic alloys which came in quick succession from 
developments in which Hadfield and Rosenhain made 
outstanding contributions. The great majority of the 
mechanical developments of the period were due to 
new alloys which could withstand bigher stresses. 
But, before these materials could be fully used, 
Maudslay and Whitworth had to lay the foundations 
of production engineering, and Mushet had to do 
pioneer work in developing tungsten steel as the first 
high-speed cutting tool. 

The réciprocating steam engine was the main source 
of power until Parsons invented the steam turbine, 
which revolutionised large-scale power production on 
land and sea. The internal-combustion engine, in 
which Dugald Clerk and Akroyd Stuart were among the 
early pioneers, has proved to be a formidable challenger 
in many fields. In marine engineering, Froude’s work 
on hull forms and propellers enabled the full benefit of 
the new prime movers to be reaped at sea. 

Restrictive legislation drove the development of the 
motor car abroad, until the repeal of the speed limit 
in 1903 gave scope to the genius of Royce, Lanchester 
and Ricardo. In place of the motor cap, however, we 
have Lawson to thank for the invention of the safety 
bicycle ; and all wheeled vehicles, except those running 
on rails, owe their rapid development to Dunlop’s 
invention of the pneumatic t The material 
required for this started the vast natural and synthetic 
rubber industry, and has made famous the name of 
Wickham for a brilliant feat of smuggling, when he 
brought the rubber seeds from Brazil to Kew, from 
which sprang the rubber plantation industry of the 

In flying, more than in any other mechanical science, 
the development of aerodynamics has been shared by 
many nations, but Lanchester’s vortex theory was one 
of the stepping stones to powered flight, and the 
achievement of Alcock and Brown in making the first 
Atlantic flight in 1919 speaks highly for the tremendous 
scientific and technological background of flying in this 
country. Of outstanding importance and consequence 
was the genius which Mitchell brought to aircraft design, 
and, more recently, Whittle’s pioneer work has given 
us the lead in jet-engine production. 

The most far-reaching development of the period has 
been that of electricity and electronics. Although the 
key discovery belongs to Faraday in an earlier period, 
the second founder of the science is undoubtedly 
Clerk Maxwell, with his classic treatise on electro- 
magnetism. The use of electricity for domestic and 
industrial purposes was helped by Wilde’s development 
of the dynamo and then by Swan’s incandescent lamps. 
Wheatstone and Kelvin pioneered the use of electricity 
for communication by their work on line and cable 
telegraphy. Wireless telegraphy soon followed and the 
work on tuned circuits by Lodge, and Marconi’s many 
brilliant developments, made in this country with the 
General Post Office and the Navy, soon made radio a 
practical proposition. Heaviside and Appleton made 
further contributions on the propagation of radio 
waves. The technique used by Appleton was later 
developed by Watson-Watt into radar, which is now 
almost indispensable to airmen and seamen all over the 
world. Randall’s development of the magnetron for 
high-frequency radar was one of the major contributions 
to the Allies’ equipment for war. Television has a wide 
parentage, but Baird’s name will always be linked with 
the first successful pictures. 

Another great innovation of this hundred years was 
the discovery and development of ic and synthetic 
materials. The story starts with Parke’s discovery of 
celluloid, and Cross and Bevan’s manufacture of viscose, 
which gave birth to the rayon ind and the many 
later types of synthetic fibre. Perkin’s mauve, first 





of the aniline dyes, and Kipping’s new silicon com- 
pounds were, however, disregarded by industry in this 
country. We see to-day a change of heart in the 
development in our industrial laboratories of two new 
plastics, Perspex and lythene, with almost an 
unlimited range of applications in the air, on the 
ground, and at sea. 

The effect all this has had upon the citizen varies, 
naturally, with where and how he lives, but basically 
it has given him reliable light and heat in his home, 
push-button communication with almost any part of 
the world, and home entertainment of a high quality. 
His transport on land, at sea, and in the air is wid, 
comfortable and clean. In addition, he has a vast 
range of materials with which to clothe himself and to 
furnish and embellish his home. Almost more impor- 
tant, these developments have brought about a com- 
plete change in his conditions of work, 

If Lister was the father of modern surgery, then 
Manson was the father of tropical medicine, and in 
this field the British contribution has led the world. 
The discovery by Ross that malaria is carried by the 
anopheles mosquito and, much later, the work of 
Fairley in Australia on its prevention and cure, have 
been of the greatest benefit to mankind. Bruce will 
always be remembered for his discovery of the part 
played by the tsetse fly in the transmission of sleeping 
sickness, and his work on Malta fever. Finlay, Adrian 
Stokes and Hindle stand high among the names linked 
with the study and prevention of yellow fever. 

These were all vital efforts towards the prevention of 
sickness, but there is another aspect of medical practice 
in which the Commonwealth has taken a leading part 
—the promotion of health. It was Sir John Simon, 
the first medical officer appointed to a central 
authority, who made a careful statistical study of the 
causes of sickness, with a view to taking effective 
measures for the health of the community at large. 
Through his leadership, health services have been 
provided in regular stages throughout the country. 

There are two other fields in which the biological 
sciences play a major part. The first is in the preser- 
vation of food and in nutrition, which has had the most 
profound economic and social effects. The ability 
through freezing, drying and canning to import large 
quantities of food has enabled a rapidly increasing 
population to maintain and increase its standards of 
living, which would have been impossible had it been 
dependent on British agriculture alone. Mort had the 
first freezing works in the world at Sydney, and was a 
pioneer in refrigeration, but success in transporting 
meat to Britain had to wait for the development of 
more reliable refrigerating plant. Since 1918, the Food 
Investigation Laboratories of the Department of 
Scientific and Industrial Research, of which Sir William 
Hardy was the first director, have established the basic 
biological knowledge on which the storage, and trans- 
port of meat, fish and fruit are now largely based. 

The second field is in agriculture. Lawes discovered 
how to make and use superphosphate, and started the 
great fertiliser industry. He founded Rothamsted, 
now the oldest agricultural research station in the 
world, and there he and Gilbert carried out the first 
scientifically controlled field experiments, which laid 
the foundation of agricultural science. Later, Biffen’s 
pioneer work in plant breeding at Cambridge became 
one of the greatest contributions to the problem of 
feeding the world’s growing population. The mechani- 
sation which was to revolutionise farming in all parts 
of the world was also under way and Britain was 
playing a leading part. The reaping machine, for 
instance, was invented by Patrick Bell in 1826, although 
it was not manufactured until 1853. 

There is one science which I have not yet mentioned. 
It is both the youngest science and the oldest problem. 
The study of man’s mind was the province of the 
philosopher until the middle of the Nineteenth Century, 
when it separated from him and began its independent 
existence as the science of psychology. The founda- 
tions were not laid in this country, but important 
contributions were made. Probably the most out- 
standing figure in this country was Galton, who was 
the first to develop an interest in the mental differences 
between individuals—a field in which British psycho- 
logy has made some of its greatest contributions. 

The concrete measurement and indirect effect of 
all scientific effort is the general improvement in the 
condition in which people live and work ; it is in the 
improvement in health, in the expectation of life and 
standards of living. Much has been due to the poli- 
ticians and administrators, and behind them to religion, 
morals, education, art and the complex influences 
which we call culture; but even there science has 
stood beside the authors of progress to advise, to help 
and sometimes to guide. 

Now, as science and technology are so vital to the 
future strength and prosperity of the British Common- 
wealth, the great problem is to discover the conditions 
under which they are most likely to flourish. The 
records show that both depend very much on co-opera- 
tion, and upon the linking up of a long chain of dis- 


coveries, one with another; so that it is quite excep- 
tional for the credit of a great advance to belong to 
one man or even to one country. For many reasons, 
but principally because of the increasing complexity of 
research and its cost, teamwork is becoming more and 
more the rule. We need not repine at this, but it 
would be a disaster if the individual inquirer, working 
in his own laboratory, were discouraged out of 
existence. 

While the quality of scientific work is determined 
by the quality of the scientist, the quantity of scientific 
output is determined by the money available. The 
rapid progress of science in Britain has owed much 
to the growing support and sympathy of Government 
and individual benefactors, and to the endowment of 
research by industrial corporations ; though the basic 
discoveries that mark the great advances depend on the 
accident of individual-genius and are not at our com- 
mand. The scope and intensity of the progress of 
applied science and technology, on the other hand, bear 
a close relationship to the circumstances of the time. 
Technology, as the combination of scientific knowledge 
with the practical ability of the inventor to apply that 
knowledge to the solution of particular problems, comes 
into play with any new discovery of scientific fact. It 
is a sad reflection that the urgent demands of modern 
war can produce advances that might otherwise take 
many years to develop, especially in the costly and 
uncertain experimental stages. 

The rivalry between large commercial undertakings, 
using science to improve their products or processes as a 
direct means of competition, has produced a steady 
flow of improvements and developments. However, 
the fruits of this form of scientific work are sometimes 
open to considerable misuse. The discoveries of these 
commercial laboratories may be kept secret and, in 
some cases, a number of teams may be working on the 
same problem, which may have already been solved 
elsewhere. The buying up and suppression of patents 
and discoveries to protect equipment from becoming 
obsolete has also been known to happen. 

It would seem that science has become so well 
established that nothing can stand in the way of its 
natural growth. This is far from the truth. Since the 
earliest times, the natural conservatism of laymen has 
acted as a powerful brake to the adoption of new 
ideas, which do not rigidly conform to his notion of the 
correct order of things. The resistance towards any- 
thing new or unexpected is balanced, on the other hand, , 
by bursts of enthusiasm that some particular discovery 
or invention will see the end of all our troubles. The 
belief in the philosopher’s stone seems to be just as 
great as ever. 

As the front of pure science has advanced, so its 
lines of communication to practical exploitation have 
got longer and longer. A great army of scientists, 
technicians, inventors, designers and production 
engineers are required to keep the lines of communica- 
tion open. How important some of the members of 
this follow-up team have become is not always appre- 
ciated. In his presidential address in 1948, Sir He 
Tizard emphasised this point when he said: “ All 
depends on good design and production. Our weakness 
in the war was not to be found in what was best to do, 
nor in the scientific work of how to do it. It was when 
the stage of design and production was reached that we 
fell short of the best standards.” 

A more general and far-reaching matter for concern, 
and possibly the most vital factor affecting the industrial 
application of scientific research, is the lack of a co- 
ordinated system of scientific and technological educa- 
tion in this country. Excellent as they are, the existing 
institutions, which have grown up to meet particular 
circumstances, do not produce anything like enough 
trained technologists to meet the urgent needs of 
scientific development in a and to provide 
leaders for the future. It is to be hoped that the new 
and rather uncertain science of education will develop 
sufficiently quickly to point the way to a speedy 
solution of this problem. 

The shortage in Britain of ‘‘ personnel trained and 
eager to apply scientific knowledge and scientific 
methods to practical ends ”—as Sir Ewart Smith said 
last year—is only one of the many shortages which the 
world is now facing. Among them are food, non- 
ferrous metals, steel alloy metals and sulphur. These 
very shortages are due to the scientific compiexity of 
present-day life and it is only by science that they can 
be overcome. Naturally, there are many ways of tackl- 
ing this problem; but the most obvious are, firstly, 
by improved design to secure economy in production 
and the minimum use of scarce materials. Secondly, 
by the development of substitutes made from raw 
materials which are still abundant. Thirdly, by the 
reclamation of scrap and improved methods of using 
low-grade ores. Finally, the development of renewable 
raw materials, such as timber to satisfy the world 
demand for cellulose. 

It is only by an accurate knowledge of the world’s 





resources that we can foresee the scope and magnitude 
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of the future problems that science and technology 
have to meet, and that only they can solve. It is, 
therefore, good news that the Economic and Social 
Council of the United Nations has resolved ‘‘ to promote 
the systematic survey and inventory ”’ of those resources 
which are not already covered by the Food and Agri- 
culture Organisation. 

The pursuit of truth in itself cannot produce anything 
evil. It is in the later stage, when the facts dug up 
enter the process of application, that the choice between 
the beneficent and destructive development has to be 
made, It is quite certain that it is an exception if any 
particular discovery cannot be used equally well for 
good and evil purposes. Happily, the beneficent exploi- 
tation of scientific knowledge has kept pace with its 
destructive application. 

It is vital that the two sides of scientific development 
are fully and clearly understood, not only by the re- 
search scientist, inventor, designer and the whole 
scientific team, but also by alllaymen. The instrument 
of scientific knowledge in our hands is growing more 
powerful every day; indeed, it has reached a point 
when we can either set the world free from drudgery, 
fear, hunger and pestilence, or obliterate life itself. 

in almost every form of human activity 
depends upon the continued efforts of scientists. 
Superiority, or even our ability to survive in war, is a 
direct measure of the excellence and capacity of the 
scientific team. 

This team of research workers and engineers has a 
dual responsibility, one for its work and the other as 
informed citizens, and it can only fulfil its proper 
functions if its members have a sound general education 
as well as a thorough training in science. It is no less 
important that the people who control the scientific 
machine, both laymen and scientists, should have a 
pops understanding and appreciation of what science 

as grown into and its place among the great forces 
of the world. It is clearly our duty as citizens to see 
that science is used for the benefit of mankind. Of 
what use is science if man does not survive ? 





CIVIL AVIATION. 

REVIEWING the progress in British civil aviation 
during the past year at a meeting of the National 
Civil Aviation Committee on July 26, the Minister of 
Civil Aviation, Lord Ogmore, said that the planning 
.of helicopter services was Pi ing. At London 
Airport, plans were in hand for the passenger-handling 
buildings. the control tower, and the freight building 
in the central area; large permanent hangars were 
being built for the national Airways Corporations, and 
work on the tunnel linking the central terminal area 
with the Bath-road had begun. At Prestwick, the 
main runway was expected to be complete this 
autumn ; construction of the a Regie could 
not be started before 1953. New black nae | white 
markers along the runways of the larger airports had 
helped to solve the problem of informing 1" how far 
ahead they could see when landing in weather. 
The national airways system, brought into operation 
last winter, was working smoothly and was being 
continuously improved. The Decca Navigator system 
had shown i to be superior to all other medium- 
distance navigational aids; the International Civil 
Aviation isation had recommended that the 
system should be thoroughly evaluated in Europe, and 
it was therefore receiving strong official support from 
this country. British European Airways were testing 
it in Europe, and the British Overseas Airways Cor- 
— were to test a long-range development of the 

a Navigator in the de Havilland Comet air liner. 
A memorial to Sir, John Alcock and Sir Arthur 
Whitten-Brown, who made the first trans-Atlantic 
flight in a Vickers Vimy aircraft in 1919, was to be 
erected at London Airport. 





REPORTS ON RAILWAY ACCIDENTS AT GREENFORD AND 
AT ALLOA.—The Ministry of Transport have now pub- 
lished, through H.M. Stationery Office, the reports of 
the Inspecting Officers of Railways on the accidents 
which occurred at Greenford, Middlesex, on December 20, 
1950, and at Alloa Junction, Clackmannan, on 
January 10, 1951. At Greenford, an “ auto-car ” train, 
consisting of a single coach propelled by a 0-6-0 tank 
engine, left the bay platform at Greenford station 
against a starting signal that was at danger and ran into 
a spur line, demolishing the stop blocks. Brigadier 
C. A. Langley, who held the inquiry, found that the 
driver was to blame for passing the starting signal. In 
the Alloa accident, an express passenger train from Perth 
to Glasgow ran into a light engine, the position of which 
was ob d by ke and steam from another engine. 
The inquiry was held by Colonel R. J. Walker, who 
found the driver of the express to blame, in that he was 
travelling at a speed which was excessive in the circum- 
stances, and so was unable to pullupintime. The price 
of the reports is 6d. each. 





LABOUR NOTES. 


RESTRICTIONS on strikes and lock-outs, which were 
imposed during the war and have been in force ever 
since, are to be completely removed. Mr. Alfred 
Robens, the Minister of Labour, announced in the 
House of Commons on August 2 that the Conditions of 
Employment and National Arbitration Order, generally 
known as Order 1305, would be rescinded on August 14, 
and its place would be taken, as from that date, by a 
new Order, to be known as the Industrial Disputes 
Order, 1951, No. 1376 (H.M. Stationery Office, price 
4d. net). In the course of his statement, Mr. Robens 
referred to the existing Order as a war-time measure, 
which had remained in operation after 1945 with the 
agreement of both sides of industry and on the under- 
standing that it could be revoked at any time at the 
request of either side. In his opinion, the time had 
arrived for the Order to be reviewed. Experience had 
shown, for example, that the enforcement of penal 
sanctions against persons taking part in strikes and 
lock-outs gave rise to extreme difficulties. Mr. Robens 
paid a tribute to the public spirit and statesmanlike 
approach to the problem, which had been shown by 
the British Employers’ Confederation, the General 
Council of the Trades Union Congress and the repre- 
sentatives of the nationalised industries, during discus- 
sions lasting for several months. He reported to the 
House that a large measure of agreement existed 
between the two sides of industry for the replacement 
of the existing Order. 





Under the terms of the existing measure, strikes and 
lock-outs were illegal unless 21 days’ notice of the 
intention to take such action had been given to the 
Minister of Labour and he had neither referred the 
dispute to arbitration nor taken other action to settle 
the difficulty. Compulsory arbitration, as previously 
understood, will not exist under the new Order, which 
has been designed to remove entirely the atmosphere of 
penal restraint. It is intended to encourage and, where 
necessary, assist free negotiations between employers 
and trade unions in the settling of industrial disputes. 
The existing National Arbitration Tribunal will be 
replaced by an Industrial Disputes Tribunal, consisting 
of five members. The chairman of the new tribunal 
and two other members will be appointed by the 
Minister of Labour, and the remaining two members 
will be chosen to represent employers and workpeople 
respectively. A panel of appointed members of the 
Tribunal will be constituted by the Minister, and panels 
of persons chosen to represent employers and work- 
people will also be constituted by the Minister, after 
consultation with the British Employers’ Confederation 
and the Trades Union Congress, respectively. 





The new Order provides that all disputes must be 
referred to the industry’s own collective bargaining 
machinery, where such exists, before they can be 
reported to the Minister, and reporting to the Minister 
before strike or lock-out action is taken will not be 
compulsory. When a dispute is reported to the 
Minister, he will refer it to the Industrial Disputes 
Tribunal within fourteen days, but the Minister may 
extend the period if he so desires. He is empowered 
to take no action if it appears to him that either party 
to the dispute is causing a stoppage of work by attempt- 
ing to compel the acceptance of terms and conditions 
of employment. If a strike or lock-out commences 
after a dispute has been referred to the tribunal, all 

roceedings may be suspended. The award of the 
Tribunal will be final and binding, but no sanctions 
will be taken against those who, being dissatisfied with 
the award, cease work. 





The new measure is likely to substantially discourage 
the formation of breakaway unions and such-like 
bodies. Mr. Robens informed the House of Commons 
that the provisions of the new Order were framed to 
develop and strengthen the voluntary systems of negoti- 
ation and to uphold the sanctity of agreements and 
awards. With this in view, access to the Industrial 
Disputes Tribunal would be limited to employers, 
organisations of employers and trade unions that 
habitually took part in the settlement of terms and 
conditions of employment through voluntary machinery 
established in the industry, where such machinery 
existed. If such machinery did not exist, access would 
be limited to the employer concerned and the union 
that represented a substantial proportion of the 
employees. 





Mr. Robens stated that such matters as the employ- 
ment or non-employment of a person and claims for 
reinstatement had been excluded from the Order, as 
experience had shown that such matters were not suscep- 
tible to settlement by compulsory arbitration. There 
would be no possibility of using the new measure as 
an appeal against an award under the Industrial 
Courts Act or settlements reached through the volun- 





tary machinery. While there would be no longer a 














general obligation on all employers to observe recog- 

ised terms and conditions of employment, the Order 
provided the means for settling issues of this kind in 
respect of particular employers. The Order would be 
experimental and it would be reviewed immediately, 
Mr. Robens announced, if at any time either side of 
industry expressed a wish for the Order to be dis- 
continued. 





Many wage claims are now pending, a number of 
which will involve very substantial sums of money, 
In addition to the claims of the three principal railway 
unions, reported on page 152, ante, demands have been 
put forward on behalf of agricultural employees, miners, 
and workpeople in the building, transport, and elec- 
tricity industries.: Many grades of Civil Service 
personnel are concerned in other demands. In connec- 
tion with these claims, much importarice may be 
attached to the decisions of the annual conference 
of the Confederation of Shipbuilding and Engineering 
Unions, which will be held at Swansea from Tuesday 
to Friday next week. Almost half the motions on the 
Confederation’s agenda, issued on August 2, are 
connected in some way with demands for more wages. 
Although the demands of the unions making claims 
vary considerably as to the amounts of the increases 
requested, and the methods of payment, many of the 
37 unions affiliated to the Confederation have made it 
clear in their motions that they will press the Con- 
federation very strongly to take prompt and active 
measures to obtain the increases for which they ask. 





Wage claims to be presented to the Confederation 
on behalf of 2,500,000 manual employees in the engi- 
neering and shipbuilding industries would add at least 
125 million pounds annually to the nation’s wage bill, 
if they were conceded in full. In addition to the request 
for an increase of 20s. a week for these workpeople, 
the Amalgamated Engineering Union will propose that 
the extra 20s. shall be added to the existing basic rate, 
and that the new consolidated rate shall form the 
basis for the calculation of overtime and piecework 
rates. The A.E.U. will also urge that the prices for 
piecework shall be such as to enable employees to earn 
at least 334 per cent. above the plain time rate, and 
that the existing differential rates between skilled and 
unskilled operatives, and between district and district, 
shall be fully maintained. 


The Amalgamated Union of Foundry Workers has 
sponsored a motion demanding an increase of 20 per 
cent. on the consolidated time rate for all its members, 
and the payment of 334 per cent. above the new con- 
solidated rate to employees engaged on piecework. 
Motions put forward by the Electrical Trades Union 
and the United Society of Boilermakers ask for a 
** substantial’ increase for all their members. The 
Iron and Steel Trade Society has requested an imme- 
diate advance for pieceworkers and the Transport and 
General Workers’ Union wants a ‘ substantial” in- 
crease for all male employees. The motion of the 
National Union of Vehicle Builders puts forward a 
claim for an increase of 22s. a week for workpeople in 
the vehicle-building industry. The opinion is held in 
some quarters that, with all these rather varying 
demands before it, the Confederation may well decide to 
advocate an all-round increase of 20 per cent. 





Towards the end of last week, it was reported that 
some sections of the employees at Marylebone and 
Battersea power stations had decided to impose a ban 
on overtime, as a protest against the rejection by the 
British Electricity Authority of a demand for an 
increase of 10 per cent. on behalf of the 12,000 manual 
employees of the Authority. The demand was sub- 
mitted in April. By Tuesday last, bans on overtime 
and working-to-rule methods were in operation at 
12 of the 48 power stations in the London area and, 
in all, nearly 4,500 workpeople were involved, although, 
at some of the stations, the proportion of employees 
banning overtime was not large. The men’s action is 
unofficial and has not received the support of the five 
unions catering for the electricity industry, which 
sponsored the claim for an increase of 10 per cent. 





A counter offer by the B.E.A., which would have 
had the effect of increasing the pay of the Authority's 
employees by 5 per cent., was rejected by the trade- 
union side at a meeting of the National Joint Industrial 
Council for the Electricity Supply Industry (Manual 
Workers) in July. Shortly afterwards, the employers’ 
side of the Council requested the trade unions to agree 
to joint terms of reference, in order that the claims 
might be submitted to an industrial court for decision. 
It is understood that no reply was received, possibly 
owing to intercommunication between the five unions 
concerned, and, at the beginning of this month, notice 
was given by the employers’ side to the Minister of 
Labour, in accordance with the terms of the Conditions 
of Employment and National Arbitration Order, that 
a dispute existed. 
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WATER TURBINES FOR 
HYDRO-ELECTRIC PROJECTS.* 


By R. W. Weekes, M.I1.C.E., and A. FErNEr, 
A.M.I.E.E., Assoc.I.Mech.E. 


Tue fundamental basis of the transformation of 
hydraulic energy into electrical energy by driving an 
electric generator with a water turbine is well known, 
and the system appeals, at first sight, because of its 
inherent qualities for the production of electrical power 
at very low running costs. But the capital cost of 
harnessing nature’s bounty in the form of “ white 
coal”? can be high and the opposition of landowners 
difficult to overcome. Also, despite the advantages 
accruing from hydro-electric power generation, a 
number of countries have found it more economical 
to produce electrical power by using the more compli- 
cated, less efficient, and more costly to operate heat 
engine as prime mover. There are, however, areas 
as in New Zealand, Norway, Canada and Switzerland, 
where the natural resources allow water power to be 


Fig. 1 


a. | 
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used more economically than, and almost to the 
complete exclusion of, other forms of electric power 
— In territories where there has previously 

difficulty in justifying the utilisation of water 
power, the demand for hydro-electric power is growing 
due to industrialisation, with its attendant improved 
standard of living, high costs of labour, increasing 
world population, the opening up of hitherto uninhabit- 
able parts of the world, made ible by medical 
science, and the increasing difficulties in gaining from 
the earth its rapidly exhausting mineral content for 
use as fuel. 

One of the main difficulties in utilising the more 
economic sites is that, by the very nature of things, 
they are quite often far removed from centres of 
population capable of absorbing the power. Develop- 
ments which have taken, and are taking, place in the 

mission of electrical current over a distances 

at higher and higher voltages are meeting this dis- 
advantage, as is the setting up of new industrial 
centres in the vicinity of the power sites. Other 
lds of human endeavour have made hydro-electric 
generating stations economic ay econ as subsidi- 
7s of the main purpose as, for example, in schemes 
flood control, irrigation, navigation and water 
supply, and general advances in Ste of engi- 





the Paper read before Section G of the British Associa- 
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neering have contributed to the attractiveness of 
hitherto uneconomic sites. 

While this paper is, of necessity, primarily restricted 
to the water-turbine aspects of hydro-electric projects, 
the application of a hydraulic turbine to a specific 
project must take account of all sections of engineering 
science connected with the scheme as a whole. Of a 
large number of different types of turbines employed 
during the last century, three remain in almost 
universal use, namely, (1) the Pelton wheel or tan- 

ntial-flow impulse turbine ; (2) the Francis or mixed- 

ow reaction turbine; and (3) the propeller or axial- 
flow reaction turbine. In the third case, the blades 
may be permanently fixed or capable of rotation, and 
hence such turbines are further sub-divided into fixed- 
blade and adjustable-blade (or Kaplan) machines. 

In the impulse turbine the potential energy of the 
water in the pipeline is entirely transformed into 
kinetic energy in a nozzle from which a jet of water 
issues at a velocity of approximately 0-98 4/29 H, 
where g is the gravitational acceleration, and H is the 
effective head of water, using the same system of 
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units. Since, throughout this paper, the ft.-lb. system 
is used, g is expressed in feet per second per second and 
H is expressed in feet. The rotating element, or runner, 
consists of a central disc to which buckets are attached. 
The jet impinges on each bucket in turn (Fig. 1). The 
buckets may be cast integrally with the disc or bolted 
thereto either singly or in segments of greater number. 
Modern practice favours integral buckets since : (1) the 
bucket attachment is onc om Sy and there is no 
question of loosening of the buckets due to the frequent 
and high impact forces of the jet or otner vibration ; 
(2) the prime cost of the complete runner is a minimum ; 
and (3) if excessive wear occurs its effects will apply to 
all the buckets and not merely one or two; it would 
then be more economical to replace the complete runner, 
if the occasion demanded it, rather than provide a set 
of separate buckets requiring considerable skill and 
care in fitting. 

Water enters and strikes each bucket with a minimum 
of disturbance because of the bucket outcut, is divided 
equally by a splitter, and is finally diverted ——— 
almost 180 deg. by the bucket (Fig. 2). In theory, the 
peripheral speed of the buckets, measured on the pitch 
circle of the wheel, should be half that of the jet; in 
practice it is limited to approximately 0-46 of the 
free spouting velocity ~/2g H. The ratio of the peri- 
pheral velocity of the wheel to the free spouting 
velocity is denoted by ¢. 

As the peripheral speed is given by w>— ft, 
per second, where D is the pitch circle diameter of the 
wheel in inches, and N is the speed of rotation in 

N 


r.p.m., 7 2° ¢ V/ 29H, where gis in feet per second 





per second and H is in feet. Hence, D = mney, 


Thus, it is seen that the diameter of the runner is 
fixed by the effective head and speed of rotation. As 
will be shown later, N may be raised by increasing the 
number of jets. With multi-jet machines it is impera- 
tive to ensure that the jets do not interfere with each 
other. Jets of up to 14 in. diameter have been used, 
but normally diameters are restricted to 10 in., and the 
number of jets increased if necessary. 

The diameter of a jet is derived as follows :-— 
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where d is the jet diameter in inches, Q is the water 
quantity in cusecs, H is the effective head in feet, 
P is the horse-power developed and 7 is the efficiency 
of the machine. 

Impulse turbines may be arranged with either hori- 
oom or vertical shafts, most machines installed, 
however, being of the former type. On horizontal 
machines more than two jets are seldom allowed to 
act on one wheel, and thus where higher speeds are 
desirable, the number of wheels is increased, but only 
in exceptional cases have more than two wheels been 
used; thus, in effect, the maximum number of jets 
is limited to four. If one wheel is used it is normally 
overhung on an extension of the generator shaft, as 
shown in Fig. 3(a), if all the flywheel effect required for 
speed regulation is in the generator rotor. This 
makes for a very simple unit having only two bearings. 
A twin-jet 8,500 brake horse-power 500 r.p.m. Harland- 
Morgan Smith turbine with this arrangement is to be 
installed in the Livishie power station of the North of 
Scotland Hydro-Electric Board. 

Sometimes an outboard bearing is used for the 
runner, Fig. 3 (b). Where a separate flywheel is neces- 
sary, it is usually placed between the turbine and 
generator, a third bearing installed between the fly- 
wheel and turbine, the runner being attached to a 
shaft fixed to the flywheel and either overhung, 
Fig. 3 (c), or provided with an outboard bearing, 
Fig. 3 (d). Where two runners are used, both may be 
disposed at one end of the generator, usually with an 
outboard bearing, Fig. 3 (e), such as one by Dovies at 
Dolgarrog, North Wales; or there may be one runner 
at each end of the generator, such as the 8,500 brake 
horse-power four-jet (two jets per wheel), 428 r.p.m. 
Harland-Morgan Smith machine for the North of 
Scotland Hydro-Electric Board’s Allt-na-Lairige power 
station. Where a se te electric motor-driven 
exciter is permissible, he semeen may be overhung, 
Fig. 3(f); otherwise an outboard bearing is inevitable, 
Fig. 3 (g). The impingement of the jet on the bucket 
should produce no hydraulic end-thrust, but to cater 
for any which may occur in practice, a small thrust 
bearing suitable for taking load in either direction is 
combined with one of the journal bearings. 

The ease with which water is e led from the 
buckets without interfering with the jets enables more 
than two jets to be used on a vertical-shaft runner, 
and up to six jets have thus been employed, as, for 
example, in the Peltonwheel Company’s 62,000-brake 
horse-power Bridge River machines in British Columbia, 
Canada. In this way only one runner is necessary, 
giving results equivalent to two or more runners. The 
turbine is located below the generator and, depending 
upon the importance attached to ease of access to the 
turbine and lower regions of the generator, the runner 
may be carried by the extended generator shaft, 
Fig. 3 (A), or by a turbine shaft solidly coupled to the 
generator shaft with the addition of a bearing, Fig. 3 (7). 
Any small axial hydraulic thrust is simply taken by 
the axial-thrust bearing which is, in any case, required 
for supporting the generator and turbine rotating parts. 
Despite a number of advantages accruing from the 
use of multi-jet vertical impulse machines, including 
simpler control and an overall saving in total cost, 
some operators prefer the horizon’ arrangement, 
mainly for its slightly better accessibility. 

The most important characteristic of the impulse 
turbine is its high efficiency over a wide range of load, 
as is evidenced by Fig. 4. It has been found that the 
best efficiency is usually obtained with a runner to jet 
diameter ratio of about 10. Only slight ch occur 
with higher values, but efficiencies drop rapidly below 


this value, and normally the minimum > is fixed at 7 


because a lower value makes it difficult to provide a 
sufficient number of buckets with proper clearance of 
water from the buckets. It is evident that there is 


an advantage in adopting a low 5 since the speed of — 








ENGINEERING. 








the turbine varies inversely as the diameter of the 
runner. 

In the case of reaction turbines, the pressure energy 
of the water is only partly transformed into kinetic 
energy before entering the runner, the flow through 
the runner taking place under a varying pressure, the 
passages remaining full. The forces on the rotating 
parts are due to changes in pressure and in the direction 
and velocity of water flow. The water enters the 
turbine either through a pressure casing of the volute 
or cylindrical type, or from an open flume, and is almost 
universally regulated in quantity before the runner 
by a set of movable wicket gates arranged in a circle. 
In the Francis turbine the runner inlet is set level with 
the gates so that water flows through the runner 
radially inwards and is then guided through 90 deg. to 
discharge axially. In propeller turbines the runner is 
set below the level of the gates and flow through it is 
axial. After passing through the runner the water is 
led through a sealed, slowly expanding draught tube 
which partly recovers the kinetic energy remaining in 
the water issuing from the runner, and, by creating a 
suction below the runner, can permit the turbine to 
be placed above tailwater level without loss of head. 
It may not always be possible to utilise this latter 
feature, since, to avoid cavitation of the turbine, the 
runner outlet pressure must be maintained above 
vapour pressure. 

n Francis turbines, the runner inlet peripheral 
velocity coefficient ¢ varies between about 0-65 and 
0-9, depending upon the optimum speed of the runner 
adopted. The minimum outlet diameter D, is restricted 
since the runner exit water velocity must be kept 
reasonably low to prevent serious vacuum conditions 
and consequent vaporisation at the outlet of the 
runner. If the ratio of runner discharge velocity to 
the free spouting velocity is ¢,, the runner outlet dia- 
meter is given by 
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The coefficient ¢, usually varies between about 0-20 
and 0°35. Similarly, the vertical height at the runner 
entry is also determined by the velocity of the water 
through the wicket gates. Thus, for a given velocity 
the inlet height varies directly as the water quantity 
and seine as the diameter. Fig. 5 compares dia- 
grammatically three Francis runners of the same 
power output, (a) being a low-speed type for operating 
under: a high head with a small quantity of water, 
while (c) is a high-speed type for use under a low head 
with a large quantity of water. The efficiency charac- 
teristics of such runners are shown in Fig. 6. It will 
be observed that the higher the speed of the runner 
the more peaked is the curve so that the corresponding 
part-load efficiencies are lower. 

In propeller turbines, the inlet and exit diameters 
of the runners are identical. The peripheral coefficient 
¢ varies between about 1-45 and 1-85, which means 
that the peripheral speed of the runner is greater than 
the free-discharge velocity of the water. This is 
understandable since the runner is in a contraction 
where the water velocity may be greater than the 
spouting velocity. This increase in velocity shows 
that for a given diameter the propeller runner can handle 
greater quantities of water than a Francis wheel. The 
runner outlet velocity coefficient ¢, is usually not 
greater than 0-7. 

Fig. 7 indicates the form of a fixed-blade propeller 
turbine, and Fig. 8 shows a section through an adjust- 
able-blade turbine. The blade-operating servomotor 
is usually located within the shaft between the turbine 
and generator coupling, but is sometimes housed in the 
runner itself, though this results in mechanical compli- 
cation. The blades, under certain conditions, may be 
arranged for hand operation with the machine at stand- 
still or running, or electrically by Selsyn motor. The 
advantage gained in varying the pitch of the runner 
blades will be understood by reference to Fig. 9. For 
each angular position of the blades, the runner is, in 
effect, a fixed-blade propeller with its own efficiency 
characteristic. The envelope of the peaks gives an 
exceedingly flat curve, so that the machine produces 
a greater output for the same water quantity at part 
loads. The position of the wicket gates is synchronised 
with the runner blade angle to give the best efficiency. 

For mechanical and hydraulic reasons the propeller 
turbine is almost universally set vertically, even though 
it may be sited well above flood-water level in the 
tailrace. If the speed and output are low, it may be 
economical to drive a horizontal-shaft generator through 
a bevel-gear speed-increasing unit. More than one 
runner is never used in an attempt to increase the speed 
because of the great depth of excavations required and 
the difficulty of solving the mechanical problems satis- 
factorily. The general form of arrangement is as 
given in Fig. 3 (j), which was adopted in the cass of 
the Bonneville power station units in the United States, 
where ten 74,000-brake horse-power Morgan Smith 
Kaplan turbines are in operation under heads from 
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45 ft. to 70 ft. and running at 75 r.p.m. The runners 
are 23 ft. 4 in. in diameter and when in running order 
each weighs about 200 tors. 

Francis machines may be arranged either horizontally 
or vertically, the latter being the most favourable 
hydraulically. When horizontal, the arrangements 
are usually as in Fig. 3 (a) and (c), because outboard 
bearings entail shafting through the draught tube 
restricting and disturbing the discharge flow at a 
critical point ; furthermore, the small-diameter shafts 
which have to be used under these conditions do not 
materially assist the mechanical stability, despite the 
additional bearing, and rubbing of rotating and 
stationary parts sometimes results. In Scctland, 
Harland-Morgan Smith horizontal Francis turbines, 
each of 4,250 brake horse-power, are installed at the 
Loch Striven power station using the arrangement in 
Fig. 3 (a), whereas a typical horizontal-flywheel arrange- 
ment will be installed at the Storr Lochs power station 
in Skye, using 1,150-brake horse-power Gilbert Gilkes 
and Gordon turbines. For similar reasons, where 
more than one runner is used to increase the speed of 
the set, the arrangement of Fig. 3 (f), which involves 
separately-driven exciters, is much to be preferred over 
Fig. 3 (e) and (g). The multiple-runner vertical Francis 
turbine has been almost universally replaced by the 
arrangement shown in Fig. 3 (j), because of the latter’s 
compactness of design and savings in the excavation, 
foundation, and building works. The most powerful 
Francis turbines in the world are those at Grand 
Coulee in the United States, where nine 150,000-brake 
horse-power Newport News 120-r.p.m. turbines are 
thus arranged. Six further machines, each of 165,000 
brake horse-power, have yet to be installed. Nearer 
home, the largest output machines in Scotland are the 
four 45,500-b.h.p. English Electric turbines at the Loch 
Sloy power station, which, together with those by 
Boving at Clunie power station and those by the 
Harland Engineering Company, Limited, at Grudie 
Bridge power station, are forerunners. of a number of 
large-capacity vertical Francis turbines planned by 
the North of Scotland Hydro-Electric Board using the 
arrangement of Fig. 3 ()). 

The means adopted for feeding water to Francis 
and propeller turbines depend upon the head, general 
topography and other site conditions, and economic 
considerations. Sometimes the setting is fixed by the 
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experience. An open-flume casing, as in Fig. 10, 


opposite, may be constructed of concrete, stone or 
wood. It is limited for use with heads up to about 
25 ft. where the relationship between size of turbine 
and head is such as to provide a sufficient depth of 
water over the turbine to avoid air being drawn into 
the runner. The water surface above the turbine is 
open to atmosphere, and the generator must be set 
high enough to prevent flooding at maximum head- 
water level. The casing is ideal from the hydraulic 
standpoint, since, if the dimensions are ample, the 
water flows from the forebay to the turbine with 
virtually no loss of head. The wicket-gate linkage 
mechanism is submerged in the water. 

Cylindrical pressure casings for low heads, up to 
about 50 ft., are necessary when the turbine is fed by 
a pipeline or a free headwater level immediately above 
the turbine is impracticable. The gate linkage 
mechanism may be immersed or arranged in a dry pit 
as shown in Fig. 11, which, being more accessible, allows 
proper inspection to be undertaken without having to 
dewater the turbine. Furthermore, the linkages are 
kept clear of any abrasive matter in the water. 7 
casing may be constructed of concrete or plate stee 
of riveted or welded construction. 

_ The spiral casing is the type in most common ” 
to-day. Below about 100 ft. head it may be formed : 
concrete, but above that figure cast iron, cast steel, 
or riveted or welded plate steel become necessary. 
The shape of the case when formed in the pew 
sub-structure of the power house is usually rectangular 
with chamfered corners. Fig. 12 indicates a meta’ 
spiral-cased turbine, and it will be seen that concrete 
formwork is completely eliminated and that the = 
pact design reduces the size of the power beet. ro 
straight conical draught tube as included in the skete 
is used for small sizes of machines, but to minimise 
excavation a concrete elbow tube is essential = 
larger outputs (Fig. 13). | Open-flume, ee 
pressure cased, and spiral-cased turbines may be ei a 
vertical or horizontal. The semi-spiral casing U f 
on heads below about 60 ft. where large volumes 0 
water are involved is invariably formed in concrete. 
The upstream half is similar to a cylindrical pressure 
casing, but the remainder is spiral shaped. ail 

For very low heads (from about 7 ft. to 18 ft. ye 

a sufficient depth of water cannot be provided a 
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the gates to prevent ingress of air to the turbine, the 


vacuum flume setting is adopted (Fig. 13). At stand-| h 


still, the level of water in the flume is the same as the 
headwater. Before starting, air is evacuated, and 
while the unit is running the highest point of the casing 
is connected to the draught tube to guard against 
breaking the syphonic effect. The casing may be 
rectangular in shape, but quite often a semi-spiral 
casing is used to reduce overall dimensions. The 
advantage gained from this setting is that the depth 
of excavation is curtailed, and one large machine may 
be used instead of a number of small units in an open 
flume to give the same output. 

As has already been shown, the chief items affecting 
the design of a turbine are the head H, quantity Q, 
power P, and speed N. For turbines of the same 
design and diameter 


Qae4/H, Pa H?, and Na 1/5, 
and designating these quantities in terms of unit head 
(one foot) : 


Q, (unit quantity) = » - ; 


Vi 
P, (unit power) = = $ 
H? 
and 


N, (unit speed) = je 
VH 
All the effective areas of runners vary directly as the 
Square of the diameter, hence with constant head 


Qe D?; and Pe D?, 


and the speed is inversely proportional to the diameter, 
ie. N o a 
D 
In order to classify turbines and indicate the design 
of the runners, the specific speed ng is ysed. This is 
defined as the speed at which a water wheel would 
run if it were so reduced in size as to develop unit 
power under unit head. From the previously given 
relationships of geometrically similar runners :— 
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Reducing N and +/P to unit head 
N P 
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where N is expressed in revolutions per minute, P in 
orse-power, and H in feet. Hence, knowing ,;, P 
and H, the speed N of any given turbine may be deter- 
mined. 


It is evident that with a fixed n, and H, the speed of 
any turbine may be increased by dividing the power 
between more than one jet in the case of an impulse 
turbine, and between more than one runner in the case 
of a reaction turbine. Since the specific speed thus 
becomes proportional to the square root of the power 


Na / number of jets, for an impulse turbine, and 








Na« V number of runners, for a reaction turbine. 
Thus, for a two-jet impulse wheel or twin-runner 
reaction turbine, there is a 41-4 per cent. increase of 
speed, as compared with a single-jet or runner machine. 
Three-jet, four-jet, five-jet, and six-jet turbines are 
73°2 per cent., 100 per cent., 123-6 per cent., and 
145 per cent. faster, respectively. 

Specific speed may be expressed in terms of runner 
dimensions and velocity coefficients, thus :— 

For any turbine :— 


1840 H 
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where Q is the water quantity in cusecs, and H is the 
effective head in feet. 
For impulse turbines :— 
_ dds 29H 
4 x 144 
where ¢; is the velocity coefficient of the jet. 
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Therefore, 
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For Francis turbines :— 
_ 7 D3 bo /29H 
4x 144 
where D, is the outlet diameter of the runner in inches, 
and 
¢, is the water velocity coefficient at the runner 
outlet. 
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For Francis and propeller turbines :— 
At the gates, at diameter D in., 
_7Dh by V20H 


Q 12 x 12 , 








187 
where h is the gate height in inches, and ¢g is the water 
velocity coefficient through the wicket gates. 








N+P te LO SL” 29H 
n= —— = = ° 
: Hi D Hi 12 x 12 x 8-81 
Therefore 


h 
ng = 260 6% bo »- . - (5) 


It is evident by reference to Fig. 5(a) and formule 
(4) and (5) that there is a lower limit to the specific 
speed of a Francis turbine, since the inlet blade heights 
become very small, and the blades become long, making 
for poor hydraulic conditions and difficulties in casting 
and processing the runner. The lower limit is usually 
fixed at about 13, but in actual practice the normal 
economical limit is about 20. Expression (3) shows 


D 
that, for a range of = between 7 and 12, the corres- 


ponding specific speeds are 7-83 and 4-57 per jet. 

In settling the design of a turbine, one of the first 
duties of the designer is to choose as high an operating 
speed as possible, for in so doing, the dimensions of the 
turbine, generator, and buildings (and hence the cost 
of these items) should become a minimum. However, 
this is not always the case, for, by increasing the 


speed :— 

(1) If the flywheel effect required from the generator 
is high, generator diameters may have to be increased 
to the point of having to change from a bolted-on pole 
construction, which is simple and cheap, to a dovetailed- 
pole construction, which is complicated and expensive. 

(2) By using multiple jets for impulse and multiple 
runners for all types of turbines, the turbine itself 
would not be cheapened. In the latter case the sizes 
of foundations and buildings increase, inlet pipes have 
to divide to feed each runner, and a separate valve is 
usually advisable for each runner. 

(3) Onerous conditions in the draught tube may 
result, necessitating a very low setting of turbine 
runner relative to the tailwater level. The use of 
special turbine materials, such as stainless steel, may 
become imperative. 

(4) The normal speed may exceed 1,000 r.p.m. for 
50-cycle operation or 1,200 r.p.m. for 60-cycle genera- 
tion. Due to the high runaway speed as compared 
with other prime movers this may entail uneconomic 
methods for generator rotor construction and cooling. 

(5) There may be a general reduction in turbine 
efficiency due to the machine not working at its best 
speed. This results from the fact that most manufac- 
turers have a series of standard runners covering the 
whole range of specific speeds for the type in question, 
and there is obviously one particular speed at which 
the runner produces the best results. If a higher 
speed is absolutely essential and the standard runner 
cannot be adapted, special designs and model tests 
become necessary, thereby increasing the cost of the 
turbine and lengthening the time of its manufacture. 

(6) Uneconomic designs may be necessary for the 
turbine runner to ensure its having sufficient strength 
to withstand the stresses due to centrifugal force and 
water pressure. 

Generally speaking, the impulse turbine is used over 
a head range of 700 ft. to about 6,000 ft., and the 
Francis turbine is used for heads above about 50 ft. 
up to about 1,000 ft. There are notable examples 
of Francis machines running at much higher heads, 
and at present three vertical shaft Kvaerner Brug 
Francis turbines are under construction in Norway, 
each developing 70,000 brake horse-power at 500 r.p.m., 
and designed for a maximum net head of 1,456 ft. 
(ng = 14-72). Since 1949, two similar machines, 
each 60,000 brake horse-power at 500 r.p.m., and 
designed for a mean net head of 1,302 ft. (ns= 15-67), 
have operated satisfactorily at the Hol Hydro-Electric 
Development in Norway. There is no reason why, 
for very large output machines, Francis-type turbines 
should not be used under even higher heads, provided 
that the correct materials for their construction are 
chosen, that a conservative speed is adopted, and that 
model tests are undertaken to ascertain cavitation 
performance. The impulse turbines operating under 
the highest head in the world are at Dixence, Switzer- 
land, where five horizontal-shaft Charmilles units 
each of 50,000 brake horse-power capacity are designed 
for a maximum head of 5,707 ft. and a minimum head 
of 5,117 ft. Each unit comprises two runners disposed 
one on each side of the alternator, and each runner has 
one jet acting upon it. As the machines run at 
500 r.p.m., the specific speeds per jet are 1-59 and 
1-83 for maximum and minimum heads respectively. 

Propeller turbines operate at all heads up to a 
normal maximum of 100 ft. However, a 7,600-brake 
horse-power Charmilles Kaplan turbine is in operation 
under a head of 184 ft. at Rocchetta power station, 
Italy, though the minimum head is 46 ft. There 
is no reason why Kaplan turbines for up to at least 
200 ft. head should not be used for large output 


machines. 
(To be continued.) 
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ELECTRICITY-SUPPLY 
INDUSTRY .* 


By A. Avan Taytor, Ph.D., M.Sc., F.Inst.F. 


THE present shortage of boiler and power plant in 
the electricity-supply industry emphasises, among 
‘other things, the importance of improved availability 
of plant and the necessity for that plant to be able to 
give its full output. Even in other circumstances, 
improved availability would be a national asset for it 
means better use of the capital expended and better 
‘use of the manpower employed in manufacturing, 
operating and maintaining the plant. The electricity 
.grid has enabled big savings to be made in the costs 
-of power generation by reducing the amount of spare 
jplant needed for emergency and also by the economic 

oading of power stations. Both these factors make 
it all the more necessary that such plant as is installed 
should be able to operate to the full extent that is 
required and that, so far as is practicable, the power 
stations which produce electricity most cheaply 
should be able to operate continuously throughout the 
year at full load. 

The problem of boiler availability had become of 
major importance even before the war, and as a direct 
result of attention being drawn to this by Sir Johnston 
Wright, who was then chief engineer of the Central 
Electricity Board, the Boiler Availability Committee 
‘was formed under the chairmanship of Mr. M. H. 
Adams. The Committee was representative of the 
boiler manufacturers and users, as well as of research 
organisations. The problem at that time was to 
improve the availability of boilers under the conditions 
then existing and the work was not directed wo ome 4 
to the use of high ash content coals efficiently and wit 
good availability. When war came, and as the war 
progressed, however, it became more necessary than 
‘ever for power stations to consume larger and larger 
quantities of poorer coal. Shortages of manpower, 
inadequate coal-cleaning plant, the intensification of 
mechanical mining and the working out of the better 
‘coal seams, all contributed towards the raising of ash 
‘content. Demands for electricity have doubled since 
1939, and a measure of the contribution made by the 
‘electricity industry towards the use of high-ash coal may 
be indicated by the fact that nearly a quarter of its 
increased coal requirements since 1939 have been made 
up of coals with a dry-ash content higher than 22-5 per 
cent. The curtailment of new power-station construc- 
tion during the war prevented the building of plant 
specially for using high-ash coal, and the immediate 
problem confronted the industry of using these poor 
coals on existing boilers which had been designed for 
coal of much higher quality. In solving this problem, 
much of the work which was done by the Boiler Avail- 
ability Committee was of assistance, because the 
difficulties encountered, apart from the purely physical 
ones, such as disposal of large quantities of ash, 
pring from the same causes as did the earlier availability 
troubles. 

When the problem of using high-ash coal began to 
be of real importance during the war, by far the greatest 
part of the boiler plant in power stations in Great Britain 
was fitted with travelling-grate stokers. Special types 
of coal were required for the few retort-fired boilers in 
operation and the pulverised-fuel fired boilers were 
relatively adaptable to the increasing ash content, so 
attention was directed mainly to the boilers fired with 
travelling-grate stokers. Three main difficulties were 
encountered : firstly, to burn coal satisfactorily and 
efficiently ; secondly, to remove and dispose of the 
large quantities of ash prcduced ; and thirdly, to keep 
the boiler heating surfaces clean. As far as the com- 
bustion process is concerned, the higher the ash content 
of the coal, the more difficult it becomes to maintain a 
good clean fire. Because the air supply cannot be so 
easily controlled through the different parts of the 
grate, the shape and Yongth of the flame may be 
materially affected and the fire may become regged. 
Generally, a long flame results in the rapid fouling 
of the boiler heating surfaces, and a ragged fire prevents 
the combustible matter in the coal from being properly 
burnt away, so that th» ash removed from the boiler 
may contain a large amcunt of unburnt fuel and cause 
a serious drop in efficiency. Difficulties may also be 
experienced in maintaining ignition. 

Alterations in the quantity and distribution of secon- 
dary air can be used to improve the contour and size 
of the flame, while various means have been developed 
for improving the control of the air supply through the 
grate. There are means, too, of controlling where the 
ignition of the fire will take place, but the application 
of this principle has not normally been necessary. 
Details of these methods of control have been given 
in the various publications of the Boiler Availability 
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Committee. The removal and disposal of the large 
quantities of ash are largely physical problems, which 
on existing plant may offer insuperable difficulties. It 
has not been practicable, generally, to alter the ash- 
handling equipment and it was necessary therefore to 
avoid sending high-ash coal to those plants which had 
insufficient ash-handling capacity. 

In keeping boilers clean and ready for service when 
required, probably the first factor is to ensure that good 
combustion conditions exist and that the flames are 
kept as far as possible within the furnace and not 
allowed to pass among the boiler and superheater tubes. 
Directly connected with this is the actual temperature 
of the heating surfaces, especially in the superheater. 
There has been a feeling, borne out by observation, 
that boilers with high superheated-steam temperature 
or with high metal temperatures in the superheater 
tended to have a lower availability than other plant. 
On the other hand, it is difficult to be certain that these 
higher surface temperatures do of themselves seriously 
affect boiler availability, because it is not completely 
possible to compare plants where the only important 
differences lie in the metal temperatures. It is, of 
course, essential that this question should be cleared 
up because, in order to attain higher overall efficiencies, 
the British Electricity Authority is building a con- 
siderable amount of plant with high superheated-steam 
temperatures. Whether or not it is a fact that these 
oo have a major bearing on the fouling of 
the boiler, economiser or air heater, it is certainly known 
that good combustion conditions which tend to keep 
the superheater metal temperatures at a minimum on 
a given boiler are the first factor in keeping boilers clean. 

The availability of a given boiler can be influenced 
markedly by certain properties of the coal ; in particu- 
lar the amounts of sulphur, sodium or potassium, and 
ag in the coal and the grading of the coal. 

roadly, the sulphur may give rise to sulphuric acid 
which, by condensing in the air heater, may cause 
serious corrosion and by forming a sticky surface there 
may block the air heater. It may pb enter into 
reaction with the sodium or potassium present and 
give rise to hard and ash-like deposits in the hotter 
parts of the boiler, while the phosphorus (which does 
not generally occur to any marked extent in the coals 
with high sodium or sulphur content) may give rise 
to very hard and compact deposits, sometimes in the 
superheater, but more seriously in the economiser. 
The troubles which result in this way are not easily 
overcome with existing plant, but it is known that 
certain boilers are less affected by these undesirable 
a arte of the coals than others, and where it has 

practicable and economic to do so, the troublesome 
coals have been segregated and burnt in those boilers. 
Pulverised-fuel fired plant generally is less affected by 
sulphur, sodium and phosphorus in the coal, and 
although the amount of pulverised-fuel fired boiler 
plant installed at the time when the use of high-ash 
coals became =e was not very large, it has 
helped considerably in this problem. 

After doing all that was possible to ensure that good 
combustion was achieved with the high-ash coals, and 
after avoiding, as far as was practicable, using the more 
troublesome coals on boilers which were susceptible to 
them, there still remained a good many cases which 
had to be dealt with by other methods. The principal 
means adopted have been improvements in the means 
of cleaning boilers while they are on load, improved 
means which are either quicker or more thorough of 
cleaning boilers when they are shut down, or modifica- 
tions to the plant in order to improve operation. In 
“on-load ’’ cleaning, the effectiveness of soot-blowers 
can often be improved if they are carefully maintained 
and operated, but in many cases water-lancing has 
had to be adopted for removing bonded deposits from 
superheaters on load. Water-lancing has proved to be 
very effective and with proper application causes 
practically no damage. “ Off-load” cleaning of 
boilers presents an entirely different problem, for the 
loss of availability is affected by the speed with which 
the cleaning can be carried out, and the subsequent run 
on the boiler is influenced very much by the thorough- 
ness or otherwise of the cleaning. Many parts of the 
heating surfaces are not easily accessible and thorough 
cleaning may be extremely difficult and prolonged to 
carry out by hand. Two main methods have been 
widely adopted for overcoming this, depending on the 
kind of deposit encountered : firstly, one in which the 
deposit is first softened by gentle soaking in a steamy 
atmosphere (some deposits do not soften by this method 
but the key which holds them on to the tubes can 
usually be broken). Subsequently the deposit is 
removed either with water jets or by allowing the 
deposit to dry in a current of air and cleaning any 
material which has lodged among the tubes by hand 
rodding. Alternatively, a fine water-spray may be sub- 
stituted for the steam. A very quick method of 
removing deposits which are cally softened by water 
occasionally, and this consists of heavy 
sluicing of the heating surfaces with water, taking 
great care to avoid damage which might otherwise be 








caused. (Complete details of methods of cleaning, 
covering all parts of boilers are included in the first 
Bulletin of the Boiler Availability Committee, MC/131; 
the improved cleaning of economisers and air heaters 
is also dealt with.) 

The modifications that have been made to boilers 
with a view to improving their availability have been 
done principally either with the intention of affecting 
the combustion processes or the temperature of the 
gas leaving the furnace. On some plant fired by 
travelling-grate stokers, auxiliary pulverised-fuel bur- 
ners have been installed. These have the combined 
effect of reducing the load on the stoker for a given 
output from the boiler and also of improving the 
availability. It is believed that the burning volatile 
matter over the fuel bed affects the formation of 
certain bonded deposits. Perhaps one of the most 
successful modifications to plant for improving avail- 
roma 4 was that carried out some three years ago on 
two large power-station boilers. After much effort 
on the part of the station staff, the average length of run 
on the boilers had been increased from about two or 
three weeks to seven or eight weeks. By means of a 
simple alteration, a proportion of the waste flue gas 
which was leaving the boiler on its way to the stack 
was diverted and mixed with the air entering the boiler 
for combustion. Some 10 per cent. of the flue gas was 
recirculated in this way. The effect of this is to dilute 
the air so that it contains less oxygen and, in conse- 
quence, there is a reduction in the intensity of combus- 
tion and in the temperature of the gas in certain parts 
of the boiler. The measurable effects on fuel-bed and 
gas temperature have been extremely small, but the 
boilers, instead of being able to operate for about 
seven or eight weeks, can now comfortably operate 
for at least six months continuously. 

In some cases where air-beater corrosion or blockage 
bas been serious, it has been necessary to take steps 
to overcome the difficulties. The most drastic of these 
has been to reverse the air flow and thus give a parallel- 
flow heat exchanger. Availability has invariably been 
improved and, although some loss in efficiency would 
be expected from this modification, in actual fact 
there has generally been an improvement in annual 
efficiency because of the greater cleanliness of the 
heating surfaces. 

This brief review of measures which have been taken 
partly to enable high-ash coal to be used successfully 
and partly for other reasons of boiler availability, is 
by no means complete and is intended to cover only 
some of the major items. The electricity-supply 
industry is now burning about twenty times as much 
of the very high-ash coal as it did in 1939, and this is a 
considerable achievement. How far this trend should 
continue is an economic question, depending largely on 
mining methods, the costs of cleaning coal, and the 
relative costs of using the better and poorer qualities 
available. Each case presents its own problems, 
but there are likely to be many cases, especially where 
load centres are close to coal supplies, where it will be 
in the national interest to generate electricity from the 
high-ash coal rather than to clean the coal. 





GRADUATE COURSE IN ENGINEERING PRODUCTION AT 
BIRMINGHAM UNIVERSITY.—A one-year post-graduate 
course in the principles of engineering production and 
management will commence at the University of Bir- 
mingham on October 1. It will provide advanced 
training in engineering production, production planning, 
work study, and production management for engineering 
graduates and those possessing equivalent qualifications 
who have already had industrial experience. Preference 
will be given to men sponsored by their employers, but 
some scholarships will also be available for independent 
candidates. Further information may be obtained from 
the secretary, Department of Engineering Production, 
The University, Edgbaston, Birmingham. Applications 
should be submitted not later than August 31. 





PRODUCTION AND EXPORTS OF THE BRITISH MOTOR 
InDUsTRY.—During the first six months of this year, it 
is stated by the Society of Motor Manufacturers and 
Traders, nearly 245,000 cars and 135,000 commercial 
vehicles were produced by British automobile manufac- 
turers. Owing mainly to the shortage of steel sheet for 
bodies, about 18,000 less cars were produced in compari- 
son with the first six months of 1950; commercial 
vehicle production has remained at about the same level. 
Other shortages, particularly of alloying elements in 
steel, have been overcome by the development of 
substitute materials. During the same period, 186,000 
cars and over 70,000 commercial vehicles were exported ; 
this is about 20,000 less in number than in the corres- 
ponding period in 1950, but is slightly higher in value, 
due partly to the export of a greater number of public- 
service vehicles, and partly to price increases necessitated 
by rising production costs. Nearly 55,000 agricultural 
tractors were exported, about 18,000 more than in the 
first six months of 1950. 
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THE DESIGN OF LARGE BOILER 
PLANT FOR USING HIGH-ASH 
COAL.* 


By W. G. MarskKeEx1, B.Sc., F.Inst.F. 


TueERz has been a marked increase in the ash content 
of coal supplied during recent years as compared with 
pre-war years, mainly due to the very rapid mechanisa- 
tion of mining compared with a slower increase in 
coal-cleaning facilities. From the steam generation 
point of view the situation may, therefore, be a 
temporary one and its resolution will depend on 
economic factors. On the other hand, a progressive 
rise in the ash content of coal as mined is to be expected 
as a result of the exhaustion of the better seams. 
A boiler designed to utilise coal of high ash content is 
larger and more expensive for a given output than a 
boiler designed for coal of low ash content. From 
a national point of view, therefore, the question to be 
settled is whether it is cheaper to build cleaning plant, 
or to build larger boiler plant and also to face the added 
transport cost inherent in the use of high-ash fuels. 
There is not likely to be a simple answer to the problem 
and each case must be considered on its merits. Thus 
it will probably be economic to transport only low-ash 
coal over long distances and to use high-ash coal near 
the point of production. 

It must be borne in mind, however, that coal cleaning 
introduces its own problems. Present-day mining 
methods produce a lot of fines and dust, and in order to 
suppress dust underground, wetting with water sprays 
is extensively used. Wet-cleaning methods are, 
therefore, the only feasible means of reducing the ash 
content and result in an aqueous suspension of the fine 
material in the washery water which, in the concentrated 
form, is known as “‘slurry.”” Some 10 per cent. of the 
national production of coal is less than } in. in size and 
some 5 per cent. of the output from a washery will 
appear as slurry. In the older washeries, the washery 
water is run into settling ponds and the slurry allowed 
to settle out by gravity. In modern plant, it is 
customary to filter off the slurry by means of con- 
tinuous drum filters and the ee Me | then appears in 
the form of filter cake. This has a moisture content of 
25 to 33 per cent., with ash contents varying from 
about 15 to 30 per cent. If the conditions justify it, 
slurry may be further cleaned by froth flotation. The 
amount of slurry produced nationally is too great to be 
wasted and it must, therefore, be utilised. From the 
steam-raisiug point of view, the simplest method would 
be to mix it back into the clean coal. At first sight, 
this may seem to be a retrograde step. The amount of 
slurry, however, will be only about a tenth of the 
amount of coal below 1 in. in size, so that as Jong as the 
resulting mixture can be handled and transported by 
existing equipment, the resulting increase in fines and 
ash content need not seriously disturb the economy of 
boiler plant designed for the fuel. The mixing, 
however, would have to be done very thoroughly so 
as to get a fuel of regular and consistent grading. 

If mixing back cannot be considered, the slurry or 
filter cake may be used by itself; a more difficult 
problem, as the combined ash and moisture contents 
may be as high as 60 per cent. It is uneconomic to 
transport such low-grade material, so it must be at the 
point of production. The problem is largely one 
of handling and drying the material. In modern plant 
on the Continent it is utilised on specially-designed 
boiler plant by feeding it into special types of pulver- 
ising mills through which high-temperature flue gas is 
passed. As the material is already very fine, the mills 
are not called upon to pulverise the material so much 
as to agitate and dry it. The milling and boiler plant, 
however, is of very special type and must be fairly 
large to justify the capital expenditure. The electrical 
power generated is far in excess of the associated pit 
and washery plant requirements and must be an integral 
part of the public-service supply. The conditions met 
on the Continent, however, are somewhat different from 
those in Britain. 

_ The mineral matter in coal may be divided broadly 
into the inherent mineral matter and the extraneous 
mineral matter. The inherent mineral matter is that 
which is inextricably mixed with the coal substance. 
A good deal of it is associated with the mineral matter 
contained in the original vegetable material or in 
material laid down with it at the time of deposition. 
The inherent mineral matter is high in compounds 
containing sodium, potassium, calcium and iron. The 
resulting ash, therefore, tends to have a low fusion 
temperature. The extraneous mineral matter consists 
largely of shale and similar material. As this includes 


much aluminium silicate, the resulting ash is compara- | h 


tively high in fusion temperature. 
The increase in ash content consequent upon the 
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change in mining methods and lack of cleaning facili- 
ties has largely resulted from the extraneous mineral 
matter. High ash content is, therefore, not necessarily 
associated with a more fusible ash ; in fact, the reverse 
is generally the case. The increased ash content in 
present-day coal supplies has, therefore, been more of 
the nature of an inert diluent and has not, in general, 
involved any special problems in the formation of 
fused slags and deposits. It can be stated with 
confidence that boiler plant can be designed to utilise 
any material with sufficient heating value to support 
combustion. There must be a point, however, when 
the — charges and other costs would far outweigh 
the value of the steam raised. 

For economic and technical reasons, boiler plant in 
electrical-generating stations is now very large. Boilers 
capable of evaporating 200,000 lb. to 300,000 Ib. of 
water per hour are common and there are boilers 
capable of evaporating as much as 800,000 lb. to 
1,000,000 Ib. of water per hour. A boiler with an 
evaporation of 500,000 lb. of water per hour will 
consume some 28 tons of coal per hour and will pro- 
duce some 5} tons of ash per hour when using a coal 
with an ash content of 20 per cent. The handling of 
such quantities of fuel and ash is, of course, entirely 
mechanised. The handling and disposal of large quan- 
tities of ash is, in many cases, a big problem and the 
form in which the ash is obtained is an important 
factor. The various methods of burning coal on large 
boilers produce ash of varying physical types and the 
form in which the ash is obtained may play a big part 
in deciding what type of firing is adopted. 

The most usual method of firing coal on large boilers 

is either by mechanical stokers or as pulverised fuel. 
Mechanical stokers are, in general, used for boilers of 
less than 250,000 Ib. per hour evaporation. For larger 
boilers, pulverised fuel is almost exclusively used. When 
firing coal by mechanical stokers, the bulk of the ash 
remains on the grate and is mechanically discharged 
to the ashpit, largely in the form of partly sintered 
clinker. In some areas, mechanical-stoker ash can be 
sold for making up land and roadways and for similar 
purposes. Even in cases where it is to be dumped, 
it can be relied upon to stay in place and not be blown 
away by high winds or washed away by heavy rain. 
In pulverised-fuel firing, however, all the coal is 
ground very fine and is air-borne in the furnace. The 
resulting ash is, therefore, largely air-borne and a good 
deal of thought has had to be given to the problem of 
separating the maximum amount of ash in a form 
which can be readily handled. The flue gases, even 
when the major part of the ash has been separated, 
are still very dusty and must be cleaned by elaborate 
and expensive precipitator plant if atmospheric 
pollution is to be avoided. 
One of the difficulties of disposing of pulverised-fuel 
ash is its fineness. For this reason it is not a satis- 
factory “fill” and cannot, for example, be used for 
underground stowage in mining. When dumped it is 
liable to cause a dust nuisance. Very great efforts have 
been made in this country, and especially in America, 
to find a use for pulverised-fuel ash for making bricks, 
concrete and for similar purposes. Unless the pul- 
verised-fuel fired plant is situated close to the point 
where the products are to be manufactured, the cost 
of handling and transport of the ash is likely to make 
it difficult for it to compete with other materials. With 
the increased amount of pulverised-fuel fired plant 
coming into use, there is little possibility of utilising 
more than a small proportion of the ash produced. 

The most usual type of mechanical stoker used in 
this country is the travelling grate. As the coal travels 
into the furnace it is ignited by heat radiated from the 
furnace. Air for combustion is supplied through the 
upper strand of the grate from a windbox supplied by 
the forced-draught fan. The gases are drawn through 
the boiler setting by the induced-draught fan. ‘‘ Over- 
fire” or “secondary ”’ air is supplied above the fuel 
bed to complete the combustion of gases rising from 
the fuel bed. The ash is discharged from the rear 
of the stoker into the ashpit. 

The mechanism of combustion on travelling grates 
has been the subject of much detailed investigation. 
It has been established that the fuel bed on a travelling 
grate may be divided into three zones, namely, the igni- 
tion zone, where the ignition plane is travelling through 
the bed, leaving behind a bed of incandescent coke, 
above which the gases are smoky owing to the hydro- 
carbons being distilled from the fuel bed; the com- 
bustion zone, where the coke bed is burning from the 
bottom upwards and the fuel bed is very hot, the 
gases above this part of the fuel bed being free from 
hydrocarbons and, therefore, from smoke; and the 

urning-out zone, where the last part of the carbon is 
burned from the ash before discharge. The gases 
above this part of the bed are also smoke-free. 

British coals contain appreciable amounts of sodium 
and potassium and may contain smaller, but signi- 
ficant, quantities of other volatile elements, such as 





boron, arsenic, etc. The fuel-bed temperatures attained 


in the ignition and combustion zones are amply high 
enough to volatilise the alkali metals, particularly when 
chlorides are present. The volatilised alkali and other 
metals carried by the gases may react with oxides of 
sulphur and phosphorus in the gases and condense on 
boiler and superheater tubes and other comparatively 
cool surfaces as sulphates and phosphates, cementing 
together fly-ash particles which would not otherwise 
adhere to these surfaces. Troublesome deposits, 
known as “ bonded deposits,” may thus be formed, 
which may necessitate shutting down the boiler 
for special cleaning. It has been found that, while the 
alkali metals are volatilised from the fuel bed in the 
ignition and combustion zones, the presence of hydro- 
carbon smoke in the ignition zone appears to inhibit 
their appearing as troublesome deposits. It has thus 
been concluded that it is, in general, the material in 
the gases from the combustion and burning-out zones 
of the fuel bed which are responsible for the formation 
of these bonded deposits. In 1943, the author and 
co-workers were able to establish that, if liquid fuel is 
burned over the rear of a stoker so as to introduce- 
smoke into the gases which are normally free from 
smoke, the formation of deposits may be largely 
suppressed. Similarly, the introduction of turbulence 
in the gases above the fuel bed, so as thoroughly to mix 
up both the clear and the smoky gases, has a pronounced 
ameliorating effect on the formation of deposits. 

With pulverised-fuel firing the formation of bonded 
deposits is not a major problem. This is probably 
because there is no segregation in the combustion process. 
and carbon particles are present in all parts of the 
furnace. In addition, the time of exposure of an ash 
particle to high furnace temperature is, in general, less 
than that of a corresponding particle in stoker firing. 
There is, therefore, less time for the volatilisation of 
the volatile elements. The exact mechanism by which 
smoke particles suppress the formation of bonded 
deposits is not clear. The most likely explanation is: 
that the alkali vapours condense on the carbon particles. 
The carbon particles subsequently burn, but at much 
lower temperatures than those encountered in the fuel 
bed. The alkalis are not re-volatilised, therefore, but 
are left in the gas as a very fine dust. In the labora- 
tories of the author’s firm an investigation of deposits 
has shown that the sintering temperature of a bonded 
deposit is always lower than the sintering temperature 
of dust in the same vicinity. The sintering temperature 
of the deposit and the sintering temperature of the. 
dust are respectively lower and higher than the flue-gas 
temperature in the vicinity. 

In addition to bonded deposits there are, of course, 
the ordinary accumulations of partly-fused slag. Slag 
deposits form when the gas temperature in the vicinity- 
is higher than the softening temperature of the ash 
particles in the gas stream. Slag deposits and bonded” 
deposits are most troublesome when they occur within 
banks of tubes, where they are very difficult to remove. 
An obvious way to avoid formation of slag deposits 
within banks of tubes is to cool the down suffi- 
ciently before they enter the tube banks, so that slag 
particles are not soft enough to stick. A very noticeable 
feature in modern boiler design as compared with 
older designs is that the furnaces are almost entirely 
water-cooled and are very tall. A very large propor- 
tion of the heat absorbed by the boiler is absorbed 
through the furnace walls, while the heat absorbed by 
convection in the tube banks is correspondingly 
reduced. One of the effects of this change of design is 
to cool the gases below a certain critical figure before 
the gases enter the tube banks. This has very largely 
eliminated slag deposits on the convection surfaces. 
Slag deposits on the furnace walls, if they adhere to 
any extent, usually build up to an equilibrium thickness, 
the outer layers becoming progressively hotter until’ 
they become molten, or slag layers break away before 
building up to a troublesome thickness. Where slag 
accumulates on walls to an inconvenient amount it is 
fairly easily removed by steam or water jets. 

It has been realised for a considerable time that the- 
avoidance of ordinary slag deposits is largely a question 
of proper disposition of heat-absorbing surfaces. 
Evidence is accumulating which indicates that it is also 
important, in avoiding bonded deposits in superheater 
and boiler tube banks, that the gases should be cooled 
below certain critical temperatures before entering the 
tube bank. It is as yet difficult to assess in each case 
what these critical temperatures are likely to be 
because of the segregation of the volatile ash con- 
stituents. The gases when they pass through the 
economiser and air-heater prior to discharge to the 
stack are at temperatures approaching the acid dew- 
point. It is important that they should not be cooled’ 
too much, otherwise troublesome deposits of acid, 
sulphates and phosphates can be formed. There is 
thus a critical temperature range for the gases in the 
boiler, superheater, economiser and air-heater passages 
if troublesome deposits are to be avoided. 

Another development designed to avoid troublesome 





[deposits is to arrange the convection heating surfaces, 
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with comparatively wide gas passages, so that the 
deposits do not interfere so readily with the passage 
of gas. The wider passages also render cleaning by 
steam sootblowers and water lances comparatively 
easy. It must be appreciated, however, that the 
provision of wider gas passages may increase the size 
and cost of the boiler very materially. A considerable 
part of bonded deposits is water-soluble, so that the 
deposits can be generally disintegrated by washing the 
boiler surfaces with water or by soaking in a steam 
atmosphere during shut-down periods. Boiler designs 
now make provision for such washing processes if they 
are likely to be necessary. 

Pulverised-fuel fired boilers in this country are not 
subject to the formation of bonded deposits and can, 
therefore, run for long periods without it being necessary 
to shut them down for hand cleaning. Pulverised-fuel 
fired furnaces may be divided into two classes, one 
class being known as “ dry bottom ”’ furnaces, the other 
“wet bottom,” or more usually “slag tap.” In the 
first type, the disposal of the cooling surfaces is such 
that the ash settling out in the furnace is in a solid form. 
In a slag-tap furnace, the ash is allowed to fuse and to 
collect as a pool of molten slag at the bottom of the 
furnace. The slag is tapped off and disintegrated into 
granular form by the action of water jets impinging on 
the slag stream. With the dry-bottom furnace only 
about 25 per cent. of the ash is caught in the furnace. 
With the slag-top furnace, about 50 per cent. of the 
total ash is collected in the slag pool. In both cases, 
the rest of the ash separates out as dust in the gas 
passages, where suitable collecting and disposal points 
must be provided. Finally, the gases which carry a 
very heavy fine dust burden must pass through mechan- 
ical dust separators or electrostatic precipitators of high 
efficiency before discharging to the stack. 

It will be seen that, while slag-tap furnaces are a step 
in the right direction, they are only a partial solution of 
the problem. In addition, the ash must have a 
consistent and comparatively low fusion temperature, 
and the rate of firing of the furnace must be maintained 
to keep the slag pool fluid. Variation in the steaming 
rate and the frequent starting up and shutting down 
of such boilers is to be avoided. These conditions 
are difficult to satisfy in this country. Large boiler 
plants must obtain coal from a variety of sources, so 
that the fusion temperature of the ash is liable to vary 
within wide limits. The night and week-end electrical 
demand is also small compared with that required 
during working hours, so that boilers must be able to 
cope with wide variations of load. 

In an effort to increase the percentage of ash retained 
in the furnace and to decrease the quantity passing 
through the gas pena of large boilers, a system of 
firing known as the cyclone furnace has been introduced 
in America and has met with considerable success. 
The cyclone furnace consists of a cylindrical water- 
cooled chamber, the axis of which is slightly inclined 
from the horizontal. Crushed coal, about } in. in size, 
is blown tangentially into the cyclone by a high- 
velocity air stream. The centrifugal action throws the 
fuel against the wall of the chamber. The rate of 
combustion is very high, so the walls of the chamber 
are covered with a layer of fused ash. The coal 
particles stick to the ash layer, and the high velocity 
of the air stream past the coal particles results in a very 
high rate of combustion. The molten slag is tapped 
off at the lower end of the cyclone on to the bottom of 
a primary furnace, from which it drips and is disinte- 
grated by water jets as in slag-tap furnace operation. 
There may be more than one cyclone furnace to each 
boiler, discharging into the primary furnace, which is a 
small chamber lined with water-cooled refractory. The 

rimary furnace chamber, in turn, discharges into a 
arge water-cooled chamber very similar in appearance 
and design to the furnace of a normal pulverised-fuel 
fired boiler, the port of connection between the primary 
chamber and the secondary chamber being arranged 
with a screen of studded tubes which act as slag 
scrubbers. If variation in the rate of firing required is 
greater than can be accommodated by varying the rate 
of firing of each cyclone, one or more cyclones may be 
shut off. Operating experience shows that cyclone 
firing retains approximately 90 per cent. of the ash in 
the furnace. This very ;reatly simplifies the problem 
of cleaning the flue gases, as the cleaning plant is only 
required to deal with a fraction of the amount of 
material present in the gases from a pulverised-fuel 
fired boiler 


Earlier in this paper, it was stated that travelling- 
grate stokers are most suitable for boilers of less than 
about 250,0001b. = hourevaporation, while pulverised- 
fuel firing or cyclone-furnace firing is the only feasible 
method for firing boilers with evaporation greater than 
250,000 Ib. per hour. Boilers of less than 250,000 Ib. 
per hour evaporation can be fired by pulverised fuel, 
but mechanical-stoker firing is generally cheaper. 
Both methods of firing have their own special advan- 
tages and limitations. In an effort to combine the 
advantages of both forms of firing, 20 boilers of about 





200,000 lb. per hour evaporation are being put into 
commission in this country in which spreader-stoker 
firing has been adopted. Fourteen of these boilers are 
already operating. In spreader firing, the coal is 
thrown into the furnace by means of rotating paddles 
or by air jets. The finer particles burn in suspension, 
while the larger particles fall on to the grate and 
complete their combustion there. For large boilers, it 
is usual to combine the spreader method of firing with 
the use of a travelling grate which removes the ash 
continuously. The mode of combustion on a spreader 
is very different from that on a travelling-grate stoker. 
The fuel is spread evenly over the whole grate area and 
ignites and burns in a uniform manner. There is no 
segregation laterally into the ignition zone, combustion 
zone, etc., as there is on a travelling-grate stoker. The 
conditions over the whole of the grate are uniform and 
the gases above the fuel bed are uniformly smoky. 
The high-temperature zone of the fuel bed is at the 
surface and, in general, it is at a somewhat lower 
temperature than that experienced on ordinary 
travelling-grate stokers. The high-temperature zone is 
also quite thin, so that the ash material is not subjected 
to a high temperature for so long as it is in travelling- 
grate firing. There should, therefore, be far less 
volatilisation of alkalis and this, combined with the 
inhibiting effect of the smoky gases in the furnace, 
should greatly reduce the incidence of bonded deposits 
on the heating surfaces. The ash discharge from 
a spreader-fired furnace is much less sintered than 
the ash from a travelling-grate or retort-type stoker. 
A considerable amount of grit is carried away from 
the furnace by the hot gases, but this is readily caught 
by cyclone-type grit arresters and, so far, there is 
no indication that more elaborate cleaning methods, 
such as electrostatic precipitators, will be necessary. 

It is hoped that this brief survey has given an 
———— of the general problem. Large boiler 
plant is costly and, in general, must be designed for an 
economic life of 20 years. It is, therefore, essential to 
know the conditions it is likely to meet during its life. 
While boiler plant can be designed to burn any com- 
mercial fuel with reasonable efficiency, a given plant 
cannot burn an unduly wide range of fuels with equal 
efficiency. It can be just as uneconomic to feed coal 
of low ash-content to boiler plant designed for a high 
ash-content coal as it is to fire high ash-content coal to a 
plant designed for one of low ash-content. With the 
nationalisation of mining and transport, it ought to be 
easier to get a more comprehensive picture of future coal 
supplies than was the case when a multiplicity of 
interests was involved. The problem of the boiler 
designer and boiler operator should, therefore, be 
correspondingly eased. 





NEW SLEEPING COACHES FOR BRITISH RAILWAYS.— 
British Railways are constructing at their Derby and 
Doncaster workshops 21 sleeping coaches, of new design, 
for the use of third-class passengers. The vehicles will 
be of two types; one will have twelve compartments, 
and the other eleven compartments and an attendant’s 
section. Two berths, one above the other, will be 
provided in each compartment, in place of the customary 
four; the upper berth being reached by a short step 
ladder. All berths will be fitted with individual lighting 
and well-sprung mattresses, and full bedding will be 
provided instead of rugs and pillows. A special feature 
will be the ample headroom and luggage accommodation. 
There will be a wash basin, with hot and cold running 
water, in each compartment and two toilets in each 
coach. British Railways hope to bring the new vehicles 
into service on the routes between London and the 
north of England and Scotland in the autumn. 





SYMPOSIUM ON CORROSION OF BURIED METALS.— 
A symposium on the corrosion of buried metals is to be 
held at the Iron and Steel Institute, 4, Grosvenor- 
gardens, London, S8.W.1, on Wednesday, December 12, 
under the chairmanship of Sir Charles Goodeve, O.B.E., 
D.Se., F.R.S., Director of the British Iron and Steel 
Research Association. It is being organised by the 
Iron and Steel Institute in conjunction with the 
B.1.8.R.A. and the Corrosion Group of the Society of 
Chemical Industry, and will be open to all interested in 
the subject, though intending participants are requested 
to complete part A of a reply form which is obtainable 
from the secretary of the Iron and Steel Institute. The 
papers, which will be presented in abstract, are as 
follows: ‘‘ Tests on The Corrosion of Buried Iron and 
Steel Pipes,’’ by Mr. J. C. Hudson and Mr. G. P. Acock ; 
“Investigations on Underground Corrosion,” by Mr. 
K. R. Butlin, Mr. W. H. J. Vernon and Mr. L. C. 
Whiskin ; ‘*‘ Cathodic Protection,” by Mr. K. A. Spencer ; 
‘Cathodic Protection of Buried Metal Structures,” by 
Mr. M. R. de Brouwer; ‘“ Corrosion of Buried Copper 
and Ferrous Strip in Natural and Salted Soils,” by 
Mr. G. Mole; and “ Tests on the Corrosion of Buried 
Aluminium, Copper and Lead,” by Mr. P. T. Gilbert and 
Mr. F. C. Porter. 





ANNUALS AND REFERENCE BOOKS. 


Ship and Boat Builder Year Book, 1951.—This is 
the second edition of a publication which is designed 
to appeal to the owners as well as builders and repairers 
of small craft. The foreword by Mr. D. T. Oxton, past- 
President of the Ship and Boat Builders’ National 
Federation, indicates that the size of craft covered 
ranges up to 180 ft. in length, though we should have 
thought that this overlapped considerably the field 
of the large shipyard, as commonly understood. How- 
ever, the scope of the book, in its contributed articles, 
its reference sections, and its advertisements and classi- 
fied lists of suppliers of equipment, conforms to no very 
rigid demarcation, but is clearly designed to be service- 
able to the greatest number of potential users. To 
single out only one feature: the section on “ Marine 
Engine Specifications ” contains a great deal of infor- 
mation on makers’ standard ranges of petrol and oil 
engines, conveniently arranged in tabular form. It is 
followed by-a similar section on outboard motors. 
The book is published by John Trundell (Publishers), 
Ltd., Temple Chambers, Temple-avenue, London, 
E.C.4, and costs 25s. 


Kempe’s Engineer’s Year-Book for 1950-1951.— 
Though Kempe’s is normally published annually, 
production delays prevented the publication of the 
56th edition in 1950, which has therefore been described 
as “ for 1950-1951.” No engineer—in this country, at 
least—needs to be introduced to Kempe’s; nor will 
those who buy it annually wish to be told how the 
56th edition differs from the 55th ; but there must be 
many who continue with a well-thumbed pre-war 
edition, and for their benefit it may help to point out 
the changes that have been made in recent years. 
Comparing the latest edition with that for 1936, for 
example, the most obvious change is the division of the 
book into two volumes, a step necessitated by the 
increased number of pages, from 2,664 to 2,954. In 
the mathematical section, the inclusion of trigono- 
metrical tables and tables of logarithms, squares, cubes, 
etc., is particularly welcome since the previous omission 
was an annoyance to anyone who liked to regard his 
Kempe’s as the prime source for day-to-day references. 
The arrangement of the material generally has been 
revised, so that now the fundamental concepts and 
sciences—units of measurement ; mathematics ; mech- 
anics, statics, etc.; heat, optics, etc.; acoustics, 
vibration and noise; hydraulics; thermodynamics ; 
measurement of power; etc.—come first and lead 
logically to various branches of civil engineering, 
mechanical engineering and electrical engineering. The 
most important new section is that on gas turbines— 
in 1936 there was a page on “ internal-combustion 
turbines ”"—and several sections, notably on aircraft 
and aero-engines, lubricants and bearings, have been 
almost completely rewritten. Certain other sections 
have also been revised for the latest edition. The 
volumes continue to be revised and edited under the 
direction of the editor of The Engineer, and are 
published at a price of 65s. net. (postage, 1s. 6d.) by 
Morgan Brothers (Publishers), Limited, 28, Essex-street, 
Strand, London, W.C.2. 


The Colliery Year Book and Coal Trades Directory.— 
The present issue of this well-known reference book is 
the 29th, which is sufficient guarantee that the com- 
pilers are aware of the peculiar needs of the industry 
that they serve, and have taken due steps to meet 
those needs. Since the previous issue, the National 
Coal Board have abandoned the practice of numbering 
their various Divisions, and this change is reflected in 
the index of mines, which is an important part of the 
Year Book. Features of the 1951 issue include a list 
of headquarters-controlled establishments, a complete 
list of members of the National Council of Coal Traders, 
and of the Seaborne Coal Traders’ Association, and the 
main points in the ‘‘ Plan for Coal,”’ proposed by the 
National Coal Board, which was the subject of some 
editorial comment in our columns at the time of its 
introduction by Lord Hyndley. Of the many regular 
features that have been tested by experience in pre- 
vious years, one of the most useful is probably the 
“‘ Bibliography of Periodical Literature in the Tech- 
nology of Coal Mining.” We would suggest, however, 
that this might be still more useful if either the titles 
of the periodicals were given in full, or a key were 
provided to the somewhat arbitrary abridgments : for 
example, there may be many people interested in the 
design of brakes for haulage gears who would not 
recognise the Bergbau Rundschau in the abbreviation 
“Bergbau Rdsch.” The Year Book is published by 
the Louis Cassier Company, Limited, Dorset House, 
Stamford-street, London, 8.E.1, at the price of 30s. net. 





ROYAL STATISTICAL SocieTY.—The library and reading 
rooms of the Royal Statistical Society, 4, Portugal- 
street, London, W.C.2, will be closed from August 4 to 
September 1, inclusive. 
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THE HEAT TREATMENT OF WELDS 
IN PIPELINES.* 
By A. H. Gooperr, M.Se.Tech., A.R.L.C. 
(Concluded from page 158.) 

THE measurement of temperature during the normal- 
ising of small pipes is readily done by means of a 
suitable colour card, using the card to indicate the 
colour of the hot pipe rather than its luminosity. For 
thicker pipes, optical pyrometers or thermocouples, 
attached to the pipe near the edge of the zone to be 
heat-treated, are more satisfactory. Thermocouples 
should be clamped (or, better still, welded or peened) 
into small holes in such a way that they do not read 
higher temperatures than the actual pipe walls. 
Thermocouples should not be brazed on to pipes, as 
the copper or brazing metal frequently causes cracking 
of the pipe during heating or during subsequent 
welding. Temperature-indicating crayons or paints 
are satisfactory, but, in some cases, the crayon has to 
be applied repeatedly to give continued temperature 
readings. Crayons will give temperature readings 
which are accurate to 1 per cent. The crayons that 
give a streak which melts on reaching the temperature 
are probably the best type for welded joints. 

Preheating temperatures cannot be judged by colour, 


and the only satisfactory methods are the use of 
temperature-indicating paints or crayons, or thermo- 














* Pape. presented at the summer meeting of the 
Institution of Heating and Ventilating Engineers held in 
Buxton, on June 19, 1951. Abridged. 
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Fic. 16. Distortion Durtne NoRMALISING 
Dvr To THRUST. 


HEAT-TREATMENT OF OXY-ACETYLENE PIPE WELDS. 





Conditions of Wall 


Heat Treatment. 





| 


Time. 














Material. Service. Thickness.t+ tae i, ee 
Preheat. Postheat. 
2 a 6. $$ —— : —— —— — —. 
Mild steel up to 0-26 | Up to 250 Ib. per | gin. max. None None 
per cent, C, max. sq. in. and/or 
425 deg. F. 
Mild steel, 0-26 per | Over 250 Ib. per Upto % in. None Normalise 900-950 | Up to 4in., o/d for 
per cent. C. sq. in. and/or | % in. to } in. 100 deg. C. deg. C. 2 mins. 
425 deg. F. + in. to Zin. 200 deg. C. 
Over } in. 300 deg. C. Over 4 in., o/d for 
5 mins. 
Medium carbon,0-26 | As above As above As above Normalise 870-920 | As above 
per cent. C.to 0-4 eg. C. 
per cent. C. | 
Molybdenum steel, | As above As above As above Normalise 950-975 | As above 
0-5 per cent. Mo. deg. C. for carbon 
up to 0-12 per 
cent. ; 925-950 
Chrome molybdenum | As above A8 above As above deg. C., for carbon 


0-6-1 per cent. Cr, 
0:5 per cent. Mo. 


above 0:12 per 


cent. 





~ + For oxy welding of thicknesses greater than % in., preheating is essential to assist in obtaining good root fusion on pipe welds, 


and this is independent of the temperature or pressure conditions. 


TABLE IV.—RECOMMENDED GOOD PRACTICE FOR THE HEAT-TREATMENT OF METALLIC-ARC PIPE WELDS. 
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Conditions of Wall 
Material. Service. Thickness. Time. 
Preheat. Postheat. | 
‘ | 

Mild steel up to 0-26 | Up to 250 lb. per | 2 in. max. None | None — 

per cent. C. sq. in. and/or | 
425 deg. F. 

Mild steel upto 0-26 | Over 250 Ib. per | fin. None | Stress relieve 600- | One hr. per in. of | 
per cent. C, sq. in. and/or Optional if high 650 deg. C. | thickness. 

| . 425 deg. F. restraint | 

As above | As above Over Zin. 200 deg. C. min. | As above | As above 

Carbon steel, 0:26 | As above All thicknesses 200 deg. C. min. | As above | As above 
per cent. to 0-4 | | 
cent. C. 

Molybdenum steel, | As above As above As above | As above | As above 
0-5 per cent. Mo. | | 

Chrome molybdenum As above As above As above | As above | As above 
steel, 0 -6to 1-O per | } 
cent. Cr, 5 percent. | | 
Mo. | 

Chrome molybdenum | As above As above 300 deg. C. min. 630-680 deg. C. One hr. per in. of 
steel, 2} to 3 per | thickness. 
cent. Cr, 1 per | 
cent. Mo. 

4to 6 per cent. As above As above 300 deg. C. min. Normalise at 850-870 | 15 min. per in.; 
chrome, $ percent. | deg. C. | cool in air, pro- 
molybdenum. Tita- | | tected with as- 
nium addition bestos blanket. 

4 to 6 per cent. | Over 250 Ib. per All thicknesses 300 deg. C. Normalise at 870deg.| One hr. r in. 
chrome; 0 per sq. in. and/or C.if possible with- | thickness. Cool 
cent. molybde- 425 deg. F. out cooling from | at 50 deg. C. per 
hum; no tita- | welding | hr. to below 700 
hium deg. C. 

Molybdenum-vana- | As above As above 250 deg. C. min. Stress relieve at 690 | Not less than 2 hr. 

jum steelt } to 700 deg. C. max. slow cooling. 

Chrome -molybdenum| As above As above 250 deg. C. Stress-relieve 690- | Not less than 4 hr. 
Vanadium 710 deg. C. slow cooling. 

oe steel, 18/1-| As above | As above | None None _ 

~- ) | 





+ 


deg. C. and tempered at 700 deg. C. for four hours. 


Sensitivity. 
distance from the weld, of low impact and high notch-sensitivity. 


+ The heat treatment of welds in a steel is a compromise, as = piping is originally normalised at 975 
8 treatment is necessary to obtain 


gh impact resistance and low notch- 
If such a treatment is applied locally to a weld, the temperature gradient resulting is liable to produce a zone, a little 


couples attached to the pipe wall. Most crayons 
fail to indicate by how much the specified temperature 
is being exceeded ; if it is necessary to know this, two 
crayons giving a range must be used. Fortunately, 
there is a wide margin allowable on preheating above 
the minimum required, provided the welder does not 
feel discomfort. 

The temperatures for stress relief cannot be measured 
by colour cards and, where simplicity is desirable for 
small piping, a crayon or paint must be used. The 
use of base-metal thermocouples is the most satisfactory 
method and, where very important joints are being 
treated, a recording indicator is desirable, as it is 
unwise to exceed the maximum temperature by more 
than a small margin. The same precautions must be 
taken as in normalising to ensure that the correct 
temperature of the pipe is being read. Whatever 
method is used, it should be such as to ensure that the 
band of desired width is heated to the required tem- 
perature. 

For most welds where preheating is necessary, it is 
best to maintain the temperature during the whole 
of the welding operation. It may only be necessary 
to watch the temperature, once welding has started, and 
to resume heating only if the temperature of the joint 
tends to drop. In normalising oxy-acetylene welds, 
the time during which the joint is held at the required 
temperature is all that matters, the time for heating-up 
being unimportant. The joint must be soaked 
through, and when this is done the time need only be 
short. For pipes up to 4 in. bore, not less than 
2 minutes is sufficient ; for over 4 in. bore, the time 
should be not less than 5 minutes. After normalising, 
the heated joint should be covered with a muff or 
asbestos cloth te allow of cooling free from draughts. 

Relief of stress takes longer than normalising, as the 
action takes place mainly by a process of creep. The 
usual rule is one hour per inch of thickness, with a 
minimum of half an hour, The time should not greatly 
exceed what is required. Reference should be made to 
the British Welding Research Association’s memoran- 
dum on stress relief for what is considered good practice. 
Cooling should be slow, and uniform enough to prevent 
re-introduction of stress by uneven cooling. In both 
normalising and stress-relieving, it is desirable to close 
the open ends of the pipes to prevent circulation of air 
by convection, which would prolong the heating 
unnecessarily and cause a marked difference in the 
temperature of inner and outer surfaces. 

Where cold pull has been used in a pipeline, the 
pull should be maintained by mechanical means during 
the heat-treatment of the closing joint. Where no 
pull is intended, care should be taken that there is no 
pull or thrust put into the line unwittingly before 
normalising, as distortion may occur. Fig. 16, here- 
with, shows a pipe joint which bulged because of undue 
thrust during normalising. 

Where heat-treatment is considered necessary, it 
should be applied to all butt joints, branch welds and 
compensation welds. Logically, all flanges on piping 
for similar conditions should also be heat-treated, but 
there is a very great variation in British practice. A 
rule which has been suggested is to stress-relieve when 
the depth of the weld grooves in the flanges exceeds } in. 

In Tables IIT & IV particulars are given of recom- 
mended good practice for the heat-treatment of oxy- 
acetylene and metallic-are pipe welds, respectively. 





TRADE PUBLICATIONS. 


Cranes and Winches.—Illustrated leaflets giving brief 
particulars of their wharf winches and mobile jib cranes 
have been issued by Ransomes and Rapier, Ltd., Ipswich. 


Enamelled Plates for Factory Notices.—We have 
received from J. A. Whitehead, 33, Blackfriars-street, 
Manchester, 3, a price list of electrical, factory, workshop 
and power-station notices on enamelled metal plates. 


Grain Conveying.—A well-illustrated brochure, des- 
cribing pneumatic grain conveying and bin drying plant 
for use on farms has been published by the Sturtevant 
Engineering Co., Ltd., Southern House, Cannon-street, 
London, E.C.4. 


Technical Books.—H. K. Lewis and Co., Ltd., 136, 
Gower-street, London, W.C.1, have issued two catalogues, 
one concerning books on mathematics, physics, astronomy, 
and meteorology ; and the other giving particulars of books 
on electrical engineering, radio, and electronics. 


Clutches and Brakes.—The Rapid Magnetting Co., Ltd., 
Lombard-street, Birmingham, 12, have issued an illus- 
trated catalogue describing the construction, and opera- 
tion of their electro-magnetic clutch, brake and clutch- 
brake units. 

Pumps.—A Buyers’ Guide has been published by the 
British Pump Manufacturers’ Association, 94-98, Petty 
France, London, 8.W.1. It includes a list of members, 
an alphabetically-classified guide to manufacturers of 





various types of pump, and some tables of useful data. 
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SHIPS’ STRUCTURES: A CENTURY 
OF PROGRESS.* 
By R. B. SHepueanD, C.B.E., B.Sc. 
(Concluded from page 28). 


THE introduction of welding marks a further revolu- 
tionary stage in shipbuilding history. This differs in 
nature from the earlier transition from wood to iron in 
that it has not resulted from a change in constructional 
material, but from a method of connection. It is, 
therefore, more subtle in its implications, and it is of 
the greatest importance for progressive development 
that these shall be fully appreciated. 

The first all-welded sea-going ship was probably the 
coaster Fullagar, 150 ft. in length, built by Cammell 
Laird and bean ay | in 1919. Her structural design 
followed generally that of a riveted ship, and included 
many overlapped joints, but the efficiency of the 
welding was thoroughly proved during her service life, 
which included heavy distortion by stranding. The 
Peter G. Campbell, a longitudinally-framed tanker of 
180 ft., built in 1933 by Swan, Hunter and Wigham 
Richardson, Ltd., through the initiative of Mr. N. M. 
Hunter and in collaboration with the British Corpora- 
tion, is an outstanding instance of early all-welded 
design and construction in this country. 

The process developed in many shipbuilding coun- 
tries, and, while a number of smaller ships were entirely 
welded, a steady change-over took place to welded 
connections, both in internal structure and at the butt 
of shell and deck plating, with appreciable saving in 
weight ; particular advantage being taken of the 
improved tightness at bulkheads and tank boundaries. 
The years since the war, with the return to individual 
rather than ‘‘ standard” construction, have shown a 
universal reorganisation of shipyard equipment and 
layout for increased welding, particularly for tankers. 
This unmistakable trend, dictated by the economic and 
technical advantages of the new mode of construction, 
does not, however, imply that most new ships will be 
entirely welded—at least for some years to come. 

Early shipbuilding practice for riveted connections 
was largely based on the work and experience of bridge 
builders and boilermakers. Under the early Iron 
Rules of Lloyd’s Register, rivets in the plating butts, 
which were strapped and double-riveted, were spaced 
8 to 4 diameters apart, with 8-diameter spacing in the 
transverse frames to the plating. Butt straps were to 
be fitted ‘‘ with the fibre of the iron in the same direction 
as the fibre in the connected plating.” The rivets 
were to be punched from the faying surfaces and to be 
countersunk through the outer plating; they were to 
fill the holes completely and their points were to be 
round or convex and not below the plating surface. 
Butts and edges of outside plating were to be “ truly 
fitted, carefully caulked and made watertight.” 

These early requirements have not been subject to 
major changes. The number of rows of rivets in end 
connections has been increased as the width of plates 
has grown. With the introduction of steel and con- 
sequent reduction in plating thicknesses, the size of 
the iron rivets was not reduced. The relation between 
rivet diameter and plating thickness still remains 
greater than in the days of iron ships. Extensive 
experiments on double-riveted joints, undertaken by 
the Institution of Mechanical Engineers and reported 
in 1885, included information on slip.f Montgomerie, 
in his work carried out for Lloyd’s Register, investi- 
gated the elastic properties of riveted overlap joints. 
He observed a falling-off in slip stress for the heavier 
connections and the improvements in the latter resulting 
from high-class workmanship and hydraulic riveting. 
Experiments in the United States on double-strapped 
double-riveted joints in }-in. plating gave lower slip 
values. Results of tests on individual riveted joints 
must, however, be applied to the complete hull struc- 
tare with great discretion and in relation to practical 
experience. 

John Grantham, in 1860, expressed the opiniont that 
“a bulkhead boundary angle punched a row of holes 
in a direct line round the ship, thus unconsciously 
making a partial severance of the whole structure. 
The persistence of this belief resulted in the fitting of 
diamond plates at transverse bulkheads in way of 
outside strakes well into the present century. Students 
of naval architecture were long taught that, in com- 
puting the section modulus of the hull girder, a deduc- 
tion should be made for the loss of area in way of 
rivet holes in the fibres under tension. They have also 
devoted much study to the “efficiency” of riveted 
joints in ships. Experience has, however, consistently 
shown that, where the main structure of a riveted ship 





* Paper presented at the International Conference of 
Naval Architects and Marine Engineers, London, on 
June 26,1951. Abridged. 

t Proc. I. Mech. E., 1885, page 236. 

t “ The Strength of Iron Ships,” 7'rans. I.N.A., vol. 1, 
page 57. 





has failed by tension, due to stranding or other causes, 
the fracture has followed neither a transverse line of 
rivet holes nor riveted butts. 

Recent experiments employing improved techniques 
and taking account of local bending stresses in the 
plating have shown that, at least under static condi- 
tions of loading, “ overall” stresses and deflections in 
the hull girder of both riveted and welded ships closely 
correspond with values calculated on beam theory 
from known bending moments, allowing the full area 
of longitudinal material without deduction of rivet 
holes in the modulus of section, and adopting the 
normal E value for mild steel. The results from the 
sea-going tests on the Ocean Vulcan* and the associated 
still-water tests are expected to provide valuable addi- 
tional information on this subject. 

In early experiments on welded joints, much atten- 
tion was naturally given to the development of adequate 
tensile strength, but it was found that while, with 
reasonable workmanship, this could be attained, 
ductility and toughness in the weld zone were also of 
prime importance. While fractures in welded struc- 
tures may originate in defects at welds, experience has 
shown that, except in cases of gross defects in crafts- 
manship, these fractures show no tendency to follow 
the line of welded joints. The belief that these joints 
represent a line of weakness and that, consequently, 
welded butts should be shifted as in riveted practice, 
has been largely dissipated. This has permitted major 
advances in building method and the adoption of large 
panel connections extending in one continuous line 
over several plate widths. The importance of this 
breakaway from riveted tradition has been fittingly 
recognised in the citation of the award to David Arnott 
of the David W. Taylor Medal in 1947. 

While the “overall” behaviour of riveted and 
welded hulls under service loadings would seem, there- 
fore, to be very similar, the differences between the 
two types of connection are nevertheless fundamental 
and their understanding of the greatest importance. 
Stress concentrations inevitably abound. The flexi- 
bility of riveted joints provides relief at these positions, 
though sometimes at the cost of impaired tightness. 
Welded connections cannot so yield, and ess the 
closest attention is given to their geometric form, and 
to the maintenance of high standards of welding, 
“hard spots” will result and local fractures develop. 
These cannot be arrested by a convenient rivet-hole, 
and relief, if widespread tearing is to be avoided, is 
dependent on the ability of the steel to absorb energy 
and thus to dissipate the stress concentration. These 
characteristics must constantly be appreciated in 
design and drawing offices and in the shipyard. The 
properly designed welded structure must be free from 
abrupt discontinuities and framed with easy contours. 
A slavish repetition of riveted detail is neither sound 
nor esthetically satisfactory in the welded ship. 
The shipbuilder is alive to the importance of careful 
preparation of material and systematic control of all 
welding operations ; and the increasing use of radio- 
graphy indicates that thorough supervision pays. 

Great advantage can be taken of the improved fixity 
of welded compared with riveted end connections. 
This fixity significantly reduces both the stress and 
deflection under load in welded stiffening members ; 
consequently, appreciable reductions in scantlings are 
possible at welded bulkheads, for example, in addition 
to the elimination of faying flanges and with resulting 
improvements in tightness and efficiency in service. 
Most useful data in this direction have been provided 
by the tests initiated through J. L. Adam at Glen- 
garnock and now under the direction of British Ship- 
building Research Association, the experimental work 
being carried out by Lloyd’s Register. 

Disturbing major structural failures in certain 
welded ships built during the war in the United States 
led to immediate and exhaustive investigations by 
shipbuilding authorities, both in that country and in the 
United Kingdom. These fractures developed in a 
sudden brittle manner, apparently quite uncharacteris- 
tic of the ductile mild steel which, over long years, had 
proved its reliability in riveted ships. The investiga- 
tions early disclosed that a major factor in the failures 
was insufficient notch-toughness in some of the material 
used in these ships at the temperature —— at 
the time of casualty. The fracture in mild steel in 
the presence of a notch changes from the “ ductile ” 
mode, with high energy absorption, to the “‘ brittle ” 
mode with low energy as the temperature is lowered, 
the transition being usually clearly marked and rapid. 
Increase in thickness of material also tends to increase 
the susceptibility to brittle fracture. It is apparent, 
therefore, that shipbuilding steel in the full range of 
thicknesses required should possess a low transition 
temperature and adequate notch-toughness at all 





* “The Measurement and Recording of the Forces 
Acting on a Ship at Sea,” by F. B. Bull and Professor 
J. F. Baker. Part I. Trans. I.N.A., vol. 91, page 29 
(1949). 
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service temperatures. The factors influencing these 
properties in material complying with the usual tensile 
and ductility tests are most complex, and may be 
affected by the processes of manufacture at all stages 
from the chemical composition to the dimensions of 
the finished product. The problem is challenging, 
and is being tackled with close collaboration between 
metallurgists and the shipbuilding interests in many 
countries. 

The design of ships must be related to experience, 
A particular responsibility of the classification society 
is to examine the behaviour of hull structures under 
service conditions in various states of loading and 
especially in bad weather; and to study critically al] 
evidence of defects or failure. This constant analysis 
of sea-going experience, essential to a progressive 
revision of general and local standards of strength, 
focuses attention on problems calling for specific 
research. The naval architect, handicapped by the 
difficulty of assessing the loads applied under the 
constantly changing conditions at sea, has been com. 
pelled to rely largely on a comparative approach in 
determining strength; yet these methods, if applied 
judiciously and with full appreciation of other significant 
factors, have proved their reliability as between reason- 
ably similar structures. 

The later stages of the programme framed by the 
Admiralty Ship Welding Committee laid emphasis on 
the direct measurement of sea forces. Tests were made 
on the welded cargo ship Ocean Vulcan over along 
period of North Atlantic trading. Through the related 
static trials under controlled conditions of loading on 
this ship and on a riveted sister-ship, the Clan Alpine, 
stresses and deflections in each structure were to be 
deduced under known applications of loading at sea. 
The programme, involving the use of specially designed 
instruments, was carried out in 1946-47, and analysis 
of the recorded data is now approaching completion. 
This promises to throw much light not only on the 
stress response in the main structures to known applied 
forces, but also on the intensity of stress concentrations 
at discontinuities and local bending stresses in plating. 

Great progress has been achieved through the 
welded ship, which has come to stay. Experience 
from this second and rapid revolution in ship construc- 
tion has clarified the essential differences from rivet- 
ing. These call for modification of many construction 
features acceptable with riveting, the reduction of 
stress concentrations by appropriate design, both 
basic and detailed, the easing of discontinuities, and 
the minimising of notch effects—for which a high 
standard of workmanship is essential. The structural 
material must possess adequate toughness to absorb 
energy in the presence of inevitable notches, particu- 
larly at low service temperatures and in thick plating. 

In his paper read before the Institution of Naval 
Architects in 1860, John Grantham said: “‘ The per- 
fection of a structure such as a ship is to be seen in the 
scientific disposal of the materials to give the greatest 
possible strength with the least amount of weight.” 
We still strive towards this perfection, and with vastly 
enhanced scientific knowledge and facilities. True 
progress in the design and building of ships will be 
dependent on the proper application of scientific 
method, related to practical experience, but unfettered 
by undue reliance on tradition. 
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HOLLOW STEEL PROPELLER 
BLADES FOR AIRCRAFT. 


(Continued from page 163.) 


Arrer forming the core tube and the shell of the 
de Havilland hollow steel propeller blade, as des- 
cribed in ENGINEERING last week, preparations are 
made for the most critical operation in the process, 
the brazing of the core tube to the shell. The 
handling-tube attachment having been removed, the 
core and shell are thoroughly polished by abrasive 
methods, which have been shown by experience to be 
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top and bottom shell skins ; to keep a check on the 
amount of metal removed, the ultrasonic thickness 
gauge is again used throughout this process. Since 
successful brazing requires complete freedom from 
grease, the operators wear gloves when handling the 
polished components. 

The final tempering of the blade is carried out 
simultaneously with the brazing operation. The 
blade is held between a pair of dies, ensuring freedom 
from the distortions which would otherwise occur 
when tempering a component of this size. The 
optimum physical properties of the blade steel are 





obtained by tempering at a temperature between 








Fie. 15. 


INSERTING BLADE 


more satisfactory than any form of liquid cleanser ; 
if the slightest trace of the latter remains, the liquid 
carbonises during brazing and deposits soot on the 
joint. Sand-blasting is too drastic. A ‘rotary 
abrasive disc is therefore used for cleaning the core- 
tube outer surface, and the internal surface of the 
shell is polished on an internal lapping machine, 
which is illustrated in Fig. 14, herewith. It consists 
of a hydraulically-operated reciprocating sander 
which is carried on a rubber bag, the latter being 
inflated by compressed air to press the emergy in con- 
tact with the shell ; several sizes of bag are required 
for the various parts of the shell. A layer 0-003 in. 
thick is thus removed from the jointing area of the 
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630 deg. and 640 deg. C.; a special quaternary 
silver-copper brazing alloy has therefore been 
developed to suit this temperature range. At the 
brazing temperature, one constituent of the brazing 
alloy remains as a solid matrix and ensures a joint 
of uniform thickness. The brazing alloy, in the form 
of a 9-in. wide foil 0-003 in. thick, is also abrasively 
cleaned. It is cut to shape on a template and is 
wrapped over the core tube—up, over the tip, and 
down the other side, the edges of the foil being 
tied together at intervals. The shell is slipped 
over the tube, and is adjusted in a sideways 
direction to make the final balance of the assembly 
as perfect as possible. It will be appreciated that 





at this stage the root end of the blade is still open - 
two half-pressings, with pipe connections, are 
therefore welded on to enclose the blade completely, 
and nitrogen is passed through the pipes for a period 
of several hours to clear air from the cavities 
between the shell and the core. 

Two stainless-steel dies, machined accurately to 
the contour of the blade, are bolted on to the top 
and bottom platens of a 1,000-ton hydraulic press, 
in which they are completely surrounded by a 
battery of heating units, comprising 200-kW tubular 
elements and reflector plates carried by the platens. 
The press doors also carry heating elements. The 
whole of the press is lagged by detachable asbestos 
panels during the operation. The temperature of 
the dies can thus be raised quickly and can be 
maintained automatically to within + 5 deg. C. 

Fig. 15 shows a blade about to be placed in the 
brazing dies, in which it is located by fixtures at the 
root and the tip; the dies are closed to within } in. 
of the fully-shut position, while the press is being 
heated. It may be seen in Fig. 15 that the root 
end of the blade has attached to it a pair of very 
thin stainless-steel bladders, which are inflated with 
air during the heating cycle and serve to give a 
uniform pressure distribution over this part of the 
blade, which is of complex curvature. i 
the heating-up period, some 2 to 2} hours, the 
fluxing gas, boron trifluoride, is fed alternately 
through the leading-edge and trailing-edge cavities 
between the core and the shell so that the surfaces 
to be joined are thoroughly permeated with flux. 
When the temperature of the dies has reached 
500 deg. C., the flow of fluxing gas is stopped and the 
dies are fully closed. Nitrogen at a pressure of 
200 Ib. per square inch is passed into the core tube, 
and at 100 Ib. per square inch into the leading-edge 
and trailaing-edge cavities. The differential pressure 
brings the core and the shell into close contact 
along the jointing area. The temperature is then 
raised to 640 deg. C. and held there for 15 minutes. 
The heating elements are then switched off and the 
blade is allowed to cool to 350 deg. in the press, 
after which the dies are opened. Some typical 
cross-sections through a brazed blade are shown in 
Fig. 16, on page 194. The stations referred to are 
shown in Figs. 1 and 2, on page 161, ante. 

The success of the brazing operation depends 
largely on maintaining the correct temperature, 
so that brazing is carried out in the plastic range of 
the foil. If too low, the bonding is unsatisfactory, 
whereas too high a temperature, although it gives a 
strong joint, will cause “ blobs” of brazing com- 
pound to form on the skin, which act as stress raisers 
and, breaking loose, may also give rise to unbalance. 
Rigorous tests are applied to detect unsatisfactory 
joints. Radiography reveals the outline of the 
joint, the degree of ‘‘ blobbing,”’ and the presence 
of voids, but does not necessarily detect poor - 
sion. For this purpose a sequence of testing is 
carried out using audible and electrical methods. 
Firstly, the whole of the brazed area is explored 
thoroughly by tapping lightly with a small ham- 
mer, particular attention being paid to areas that 
radiographic inspection has shown to be suspect. 
A change of pitch is encountered over an area 
of poor bonding; such areas are explored further 
and are mapped by using an electronic resistance 
probe instrument. Small, clearly-defined areas are 
acceptable in certain sections of the blade, and 
it is often possible, by a second brazing operation, 
to render satisfactory a blade which would otherwise 
be rejected. 

If the blade has passed these inspections satis- 
factorily, it is subjected to a pressure test to deter- 
mine the soundness of the complete brazed joint. 
The electric probe is again used, as illustrated in 
Fig. 17, on Plate XVI, to determine the outline of the 
brazed joint at the leading and trailing edges. In 
using the probe, one lead is connected to the core 
tube and another to the blade shell; any variation 
in conductivity through the brazed joint is detected 
locally by a pair of closely-spaced contact points, 
and the current change is amplified and indicated on 
a meter. The joint outline is marked on the blade 
for reference. Duralumin shims are placed along the 
span of the blade outside the bond area, and the 
assembly is placed within a pair of dies held in a 





press. Air pressure at 300 lb. per square inch 
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is then applied to the cavities between the shell and 
the core; the leading and trailing portions of the 
shell are restrained by the shims, and any weakness 
of the brazed joint will be revealed by the skin lifting 
away from the core. The blade is therefore re-probed 
after the pressure test to detect any change in the 
outline of the joint; if there is such a change, the 
blade is rejected. It is possible to salvage the 
core of a rejected blade by stripping off the shell and 
removing the brazing metal in a cyanide bath. 

After the blade has satisfactorily passed all the 
brazing tests, the steel bulkhead at the root is 
removed, the tip of the shell is trimmed, and the 
shell is cut back, as may be seen in Fig. 2, on page 
161, ante, to a shape that has been determined as the 
best for avoiding stress concentrations. The blade 
is then thoroughly cleaned, before applying a corro- 
sion-inhibiting coating, by sand-blasting the leading- 
edge, trailing-edge and core cavities, then tapping 
and blowing out any dust with nitrogen. It has 
also been found necessary to pass the blade through 
a de-magnetising coil at this stage, followed by 
further tapping and blowing. 

The blade is then placed in a stand, with the 
open cavities at the root end upwards. The cavities 
are filled and swabbed with a corrosion-preventative 
lacquer, after which the blade is swung, as illustrated 
in Fig. 18, on Plate XVI, so that the lacquer can 
drain from the root into a collecting tray, to be used 
again. The blade is allowed to drain for half an hour, 
and then hot air is blown gently through each cavity, 
to evaporate the solvent, before baking the lacquer 
in an oven through which air, heated by passing 
over a steam heat exchanger, is circulated con- 
tinuously. The temperature can be held constant 
to within 4 deg. C. The lacquer is baked for 1 hour 
at 50 deg. C., followed by 1 hour at 80 deg. C., to 
get rid of the final traces of solvent, and 2 hours at 
115 deg. C. to polymerise the resin. The cavities 
of the blade are now completely protected from 
corrosion. A synthetic-rubber adhesive coating, for 
bonding the filling compound to the surfaces of the 
leading-edge and trailing-edge cavities, is then 
applied in the same stand. After draining for half 
an hour, it is dried in the oven for 1 hour at 50 deg. C. 

The electro-thermal de-icing elements are placed 
in position in the leading edge before filling the 
blade with the filling compound. They consist of a 
number of parallel paths of fine-resistance Nichrome 
wire cemented on to a close-woven Fibreglass cloth 
impregnated with the same synthetic resin adhesive 
as that which has already been applied to the cavity 
surfaces. The glass-cloth strip is inserted in the 
leading edge and is pressed tightly in contact with 
the metal skin by a roller on the end of a long rod. 
The ends of the de-icer elements are cemented to 
wire ‘“ bus-bars”’ at the root of the blade, which 
are connected to a terminal block which is ultimately 
efibedded in the moulded root closure. It may 
be mentioned that the de-icing system absorbs 
1 kW per blade when working; it operates on a 
cycle of }-minute on, 2 minutes off, and serves to 
break down ice that has built up by destroying its 
adhesion to the leading edge, centrifugal force then 
completing its removal. A system which com- 
pletely prevented the formation of ice would be too 
heavy. 

The blade is now ready for filling with the 
synthetic filling compound and forming the moulded- 
rubber root closure, carried out in a single operation 
and also serving to fix the de-icing elements. The 
filling compound is composed of one-third rubber, 
one-third nylon, and one-third phenolic resin, incor- 
porating a “blowing” agent which expands the 
compound when heat is applied, and containing also 
barium sulphate which provides sufficient gamma- 
radiation density for erabling radiographic checks 
to be taken subsequently. The root closure is 
formed from a similar material, but without the 
blowing agent. The filling compound is received in 
the form of sheets, and is converted into }-in. cubes, 
in two stages, by a leather-stripping machine 
followed by an operation in a pelleting machine 
specially developed for the job by Mr. E. W. Cowell, 
7a, Sydney-road, Watford, Hertfordshire ; a photo- 
graph of this machine is reproduced in Fig. 19, on 
Plate XVI, the stripping machine being shown in 
the background. A description of later models of 
the pelleting machine is given on page 224. 


Fig. 16. 
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The blade is mounted vertically, tip downwards, 
on a vibrating tray, and the leading and trailing 











cavities are filled completely with synthetic-rubber 
pellets. The core cavity is filled to a station 42 in. 
from the centre-line of rotation; inboard of this, 
the thickness of the core tube gives adequate 
stiffness without the need for a vibration-damping 
filler. The core is sealed by a plastic V-shaped dam, 
through which passes a central drain tube which 
extends through the rubber filling to the tip, and 
serves as a pressure-balance pipe between the 
inside of the blade and the atmosphere, and as a 
gas drain when “ blowing” the filling compound. 
It also serves to centrifuge any oil which may 
penetrate past the balance-cup seals at the blade 
root. The plastic dam is held by a metal dam, which 
is inserted by two long hinged bars and is held in 
place by a compression bar screwed into the core 
plug. Before the root closure is applied, a radio- 
graph is taken to ensure that the pellets are dis- 
tributed evenly. The leading and trailing cavities 
are then sealed by moulded synthetic-resin blocks, 
around the bottom of which is wrapped lint-free 
surgical gauze which prevents the rubber pellets 
from blowing past the closure. A Fibreglass 
laminate, consisting of an open-weave Fibre- 
glass fabric cemented between two 0-04-in. thick 
synthetic-rubber sheets, is wrapped about the 
blocks to form the root closure, and is secured 
by an adhesive strip; finally, a thick sheet of 
synthetic rubber is wrapped round the root end 
of the blade. The end face of the blocks also is 
covered with gauze, and a }-in. sheet of synthetic 
rubber is held on top of the root closure by two 
aluminium dams, which are secured in the curing 
dies by a screw clamp. To prevent the rubber from 
sticking to the dies, a close-weave Fibreglass cloth 
is wrapped around the root end. The blade is then 

in steam-heated curing dies, illustrated in 
Fig. 20, on Plate XVI, at a temperature of 80 deg. C., 
the dies shaped accurately to the profile of the blade, 
which is located by a bar on the machined surface at 
the rootend. The topdie is lowered into position by 
lifting tackle, and is bolted to the bottom die. As 
the rubber slowly moulds, the die-bolts are tightened, 
and steam, at a temperature of 125 deg. C., is 
passed through the dies for one hour, causing the 
filling compound to “‘ blow ” and to release nitrogen 
at high pressure in the cavities to produce the 
cushioning “sponge ’’; surplus rubber flows out of 
the dies and squeezes out to form a flash which can 
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blowing agent. The temperature is then raised 
to between 170 and 180 deg. C., and the filler 
and moulded root are cured for four hours to 
develop the mechanical properties. The final ap- 
pearance of the moulded root closure can be appreci- 
ated from Fig. 21, on Plate XVI, which actually 
shows a finished blade. At the end of this period 
it is a hard, tough material with high strength under 
vibratory loads. The blade is slowly cooled in the 
dies, to avoid distortion, by trickling water through 
the die cavities. The cured blade is then subjected 
to radiographic and tap tests, to determine the 
quality of the rubber fill and its adhesion to the 
blade skin. 

Before machining the ball races on the root end 
of the core, the assembled blade has to be balanced 
vertically—that is, the centre of gravity of each raked 
blade must be offset from the centre line of the hub 
by the same amount. For this purpose the blade 
is mounted vertically in a knife-edge balancing 
fixture, and a series of unbalance-moment readings 
are taken as the blade is rotated through 360 deg. 
about its vertical axis. From the curve plotted 
from these readings, it is possible to calculate the 
correct dimensional] settings for displacing the blade 
tip so that, when machined, the centre of gravity 
is offset by the correct amount. Before removing 
the blade from the balancing fixture, a setting ring 
is adjusted and clamped to the aerofoil section so 
that the blade will take up the same position while 
the several machining opeyations are being carried 
out: After the latter have been completed, balance 
is finally adjusted by means of a “ balance cup,” 
which will be described later. 

The bore is then machined to its final dimensions 
in a planetary milling machine, after which the blade 
and its setting ring are transferred to a universal 
milling machine, on which it is mounted vertically, 
for milling the four ball races simultaneously 
with a ganged cutter. 

‘(To be continued.) 





LARGE PIPE-BENDING MACHINE.—A portable pipe- 
bending machine for solid-drawn steel pipes up to 12% in. 
external diameter, in conjunction with a maximum wall 
thickness of % in., has been produced by Chamberlain 
Industries, Limited, Staffa-road, Leyton, London, E.10. 
The pipe is held by two chains at 8-ft. centres and is bent 
by a hydraulic ram ; power is provided by a J.A.P. petrol 
engine and a Beacham two-stage pump. A pipe of tbe 
maximum size can be bent cold through 90 deg. in one 
hour by one operator. The net weight of the machine 





subsequently be trimmed off. A fume-extracting 
apparatus removes noxious gases given off by the 


is 2 tons 9 cwt. 
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Modern Interferometers. 

By C. CANDLER. Hilger and Watts, Limited, Hilger 

Division, 98, St. Pancras-way, London, N.W.1. 

(Price 57s. 6d. net.) 

INTERFERENCE pbenomena form the basis of a 
number of refined methods of measurement and 
control, both in research and industry. With the 
actual phenomena, as studied in a conventional 
course in physical optics, Mr. Candler is only inci- 
dentally concerned: his primary purpose is the 
detailed consideration of the various instruments 
that have been developed and are currently employed 
to exploit them. Such instruments are termed 
interferometers, and split a beam of light into two 
or more parts which, after pursuing separate paths, 
are reunited to produce interference fringes. They 
thus permit the determination of differences in 
optical path in terms of the wavelength of light, 
Moreover, the optical path being defined as the 
product of the geometrical path and the refractive 
index of the medium traversed, changes in either 
can be separately determined, provided the other 
remains unchanged. 

To use an interferometer to the best advantage, 
an appropriate source of monochromatic radiation 
is necessary. Line spectra may be excited, using as 
sources a flame, an electric arc, a discharge tube, a 
hollow cathode-tube, or an atomic beam. Useful 
information concerning each is given, accompanied 
by a discussion of the reasons for the finite width of 
spectral lines, hyperfine structure, and the choice of 
standard wavelengths. A short chapter on the 
metrological problems involved in the adoption of a 
wavelength of light as a fundamental standard 
of length is followed by an account of interference 
effects in thick plates and thin films, including 
location of fringes, Edser-Butler plates, transmission 
filters, Talbot’s bands, measurement of expansions 
and of the amplitude of small mechanical vibrations. 
(In Fig. 4.16, on page 94, the 45 deg. plate should 
occupy a position normal to that indicated.) The 
Michelson interferometer, though now chiefly of 
historical interest, is important enough to warrant 
the chapter allotted to its construction and use. 

Interferometers can be adapted to the study of 
the form of a surface with reference to a known sur- 
face, and Twyman developed two types for the 
testing of prisms and lenses. The outstanding 
importance of both to the optical-instrument maker 
is well brought out and the major contribution to 
industry of gauge-measuring interferometers is also 
exemplified. The applications of the Fabry-Perot 
Etalon in the measurement of length and of wave- 
length form the subject of Chapters IX and XIII, 
and its use as a refractometer is discussed in Chapter 
XIX. Chapter X deals with Michelson’s stellar 
interferometer, Chapters XI and XII with the 
reflection and transmission echelon, and Chapter 
XIV with the Lummer-Gehrcke plate. The author 
has extended the term “interferometer ” to include 
the diffraction grating, a decision amply justified 
by the excellence of his treatment. The problems 
of ruling are fully covered and a striking example of 
the delicacy of the interferometer technique is 
afforded in the method of testing the feed screw of 
the ruling machine, which is capable of detecting a 
curvature of the axis having a radius of 300 miles. 
In discussing the plane diffraction grating, attention 
is paid to groove form, and to wire and laminar 
gratings; and the advantages and disadvantages 
of the various methods of mounting concave gratings 
are fully described, together with the spectrum and 
its aberrations, The two concluding chapters are 
devoted to the Rayleigh refractometer and the 
Jamin interferometer. 

Attractively written, and containing a wealth of 
practical detail based on first-hand experience, Mr 

er’s book promises to prove indispensable 
88 a source of reference on modern interferometers 
and invaluable as a laboratory manual for all who 
wish to employ these delicate and sometimes 
temperamental instruments to the best advantage. 
It may be noted that the trém unit is denoted 
—— md ~ yr oe on page 105, 4 
nad : n/ ; “es ee n 4 

should read “ charge.” change,” on page 46 





World Geography of Petroleum. 

Edited by WALLACE E. Pratr and DorotHy Goop. 

Princeton University Press, Princeton, New Jersey, 

U.S.A. [Price 7-50 dols.]; and Oxford University 

Press (Geoffrey Cumberlege), Amen House, Warwick- 

square, London, E.C.4. [Price 48s. net.] 

THE expressed determination of the Persian Govern- 
ment to nationalise the oil industry in that country 
gives an additional topical interest to this compre- 
hensive survey of the world’s oilfields and reserves. 
Published by Princeton University Press for the 
American Geographical Society, it is a compilation 
of separate contributions by specialists, headed by 
Mr. Wallace E. Pratt, who is a geologist; and 
supplemented by a wealth of statistical, technical, 
historical and economic data, obtained from authori- 
tative sources all over the world. The text is 
arranged in four main parts in addition to Mr. 
Pratt’s foreword ; of these, Part I, by Mr. Eugene 
Stebinger, chief geologist of the Standard Oil Com- 
pany of New Jersey, deals with “‘ Petroleum in the 
Ground,” and Part II, by Mr. William E. Heroy, 
a past-president of the American Association of 
Petroleum Geologists, with ‘The Functional 
Organisation of the Petroleum Industry.” Parts 
ITI and IV consist of groups of chapters by separate 
authors, and are concerned, respectively, with 
“The World’s Petroleum Resources ” and “‘ Aspects 
of Utilisation.” The concluding 55 of the book’s 
460 pages are devoted to an appendix showing the 
world production and exports of petroleum for 
1938 and 1947; a bibliography, arranged under 
headings corresponding with the parts of the main 
text; a list of abbreviations, notes, conversion 
factors, and a really adequate index. The statistics 
in the text relate to the end of 1948 and the early 
part of 1949. 

In reviewing such a broad, yet thorough, survey 
as this, the difficulty is to know where to start; 
a mere catalogue of the contents is seldom a satis- 
factory guide to the real utility of a book, and 
random selection is even less so, when the proba- 
bility is that most users wil] also be narrowly selec- 
tive in their searches for information. Compara- 
tively few readers will want to work through the 
book from cover to cover, though in this case the 
process can be recommended. It might be expected 
that, in a compilation of the work of many authors, 
there would be a certain amount of duplication ; 
there is, in fact, a little, but the editing has been 
done with evident regard to this possibility, and 
the actual duplication is slight. The editors have 
been notably successful also in balancing the dis- 
tinctive needs of the oil technologist and indus- 
trialist, who is familiar with the sources of informa- 
tion on oil, but desires a relatively compact sum- 
mary without the labour of making one for himself ; 
the economist, who is usually less concerned with 
the trees than with the wood ; and the intelligent 
‘* man in the street,’”” who wants to know the facts 
of the situation. 

To such a reader, the presentation of the facts in 
this book will certainly be of absorbing interest, 
though they are as likely to increase any disquiet 
he may already feel as to minimise it. Mr. Wallace 
Pratt’s foreword puts the position in a paragraph : 
“Tt happens that the natural distribution of petro- 
leum is admirably adapted to man’s needs: great 
petroleum accumulations are conveniently situated 
with respect to transport routes serving the main 
centres of human population and culture,” so that, 
“in a free, peaceful world, the widespread and 
equitable distribution of petroleum products should 
offer no formidable problem.” It is obvious, of 
course, that, ‘‘in a world in conflict, the control of 
these same petroleum resources becomes the object 
of vital military strategy”; but, in Mr. Pratt’s 
opinion—and his foreword is dated March, 1950— 
“the most formidable immediate barriers to the 
full development of the earth’s petroleum resources 
lie in the serious restrictions of exploratory activity 
which have grown out of recent nationalisation 
policies of many governments.” He cites a number 
of instances in various parts of the world. Persia 
is not among them, which shows how quickly the 
dispute there has been worked up; the idea of 
limiting oil exploration rights to Persian nationals 
appears to be less than four years old. 

In the main, as we have indicated, this book is a 





chronicle of facts ; the only uncertainties of moment, 
indeed, appear to come at the beginning and the end 
of petroleum production—the manner of its forma- 
tion, and the effects of political unrest. At present, 
the former enigma seems the nearer to a solution, 
if the unanimity of geologists is as pronounced and 
the accuracy of their deductions as assured as 
Part I seems to show. Be that as it may, this is a 
book which, in our opinion, should be in every public 
and university reference library in the country; 
and we hope that it may be studied as carefully 
(and brought up to date, at intervals, as systemati- 
cally) as the importance of the subject deserves. 





Workshop Technology. Part ITI. 


By Dr. W. A. J. CHAPMAN, M.I.Mech.E. Edward 

Arnold and Company, 41, Maddox-street, London, 

W.1. [Price 30s. net.] 
To appreciate this book properly, it is desirable to 
refer back to Parts I and II, which were published 
in 1943 and 1946, respectively ; for, in the preface 
to Part I, Dr. Chapman explained its purpose in 
rather more detail than in the subsequent prefaces. 
He was then Principal of the Walker Technical 
College at Oakengates, in Shropshire. The book 
was planned, and partly written, before the war, 
when the inter-wars depression, severely felt in 
Oakengates, may have depressed the author also ; 
for he lamented that the status of the artisan was 
not what it had been, that he was neglected by 
educationalists, by writers and by public thought, 
and that the dearth of suitably qualified prospective 
artisans was the result. “‘ What this policy has cost 
us,” Dr. Chapman wrote in 1943, ‘cannot be 
assessed, but it is now obvious that it almost 
brought us to disaster.” It was for the prospective 
artisan, therefore, that the book was planned, as a 
correlation of academic theory and workshop 
practice that would demonstrate to the intended 
reader the fundamental principles underlying work- 
shop processes; and as the intended reader was 
assumed (with some reason before the war, though 
probably less in 1943) to be a person of small 
means, special efforts were made to keep the price 
down. It was 8s. 6d. and now costs 10s. 6d. We 
reviewed the book in our issue of June 25, 1943 
(vol 155, page 505), and the good opinion then 
expressed was reinforced by Part II, published 
(at 10s. 6d., now 12s. 6d.) in 1946, 

When Part II appeared, Dr. Chapman had become 
Principal of the County Technical College at Stafford, 
and, it may be supposed, concerned with students 
from somewhat different technical environments ; 
but he maintained the style of the earlier book, 
insisting on the importance of fundamentals, 
devoting much space to practical illustrated 
examples, and using every endeavour to promote 
good craftsmanship. Its scope was indicated by the 
claim that the two Parts together provided a 
complete introduction to the technique of the work- 
shop, and contained “elements of all the knowledge 
a student should require while serving an appren- 
ticeship”’ ; but Part II was “ primarily written in 
detail for the inhabitants of the workshop.” 

Before Part III was finished, Dr. Chapman had 
“ shifted his flag ” again, this time to the Hertford- 
shire County Council’s new ‘ major” technical 
college at Hatfield, of which he has been Principal 
for the past three years. It is probable that, again, 
there was a subtle difference in his raw (human) 
material as well as in his own and their environment ; 
apart from the fact that, as he remarks in this 
latest preface, since Part I appeared, “‘ there has 
been a widespread adoption of the subject ‘ Work- 
shop Technology’ in the Ordinary National 
Certificate courses at our Technical Colleges.” At all 
events, it appears as though Part III, rather more 
than its predecessors, was intended for what may 
be termed the ‘“‘eventually-managerial” class. 
The author’s expectation is likely to be realised, that, 
with Parts I and II, “it should provide a useful 
text-book for students working for Ordinary and 
Higher National Certificates, the I.Mech.E. examina- 
tion in Workshop Technology, Metrology, and 
Machine Tools, and the Final City and Guilds 
examination in Machine Shop Engineering ”’ ; 
and, too, his hope that ‘it will be read with equal 
interest, and advantage, by the more mature 
engineer.” 
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THE LOS ANGELES 
‘* FREEWAY ’’ ROAD SYSTEM. 


THE population of the State of California in 
1940 was 6,907,387; in 1950, it was 10,586,223, 
an increase of 53-3 per cent.; and all signs point 
to a population of 20,000,000 for the State in the 
near future. During this same ten-year period, 
motor-vehicle registrations rose from less than 
3 millions to more than 4} millions, increasing by 
63 per cent.; and, in addition to these 4} million 
California vehicles, it is estimated that about a 
million cars, registered in other States, use the 
Californian highways each year. This immense 
increase in the use of motor vehicles has, of course, 
put considerable strain on the State’s highway 
system; congestion of traffic, particularly in the 
two largest metropolitan areas, Los Angeles and the 
San Francisco Bay region, is an ever-present 
problem, to which much study has been given. 

By comparison with most European countries, 
however, the United States has vast sums of money, 
derived from gasoline taxes, Federal Aid allocations 
and other sources, available for highway improve- 
ments; though, because of congestion of traffic, 
the financial resources of California are by no means 
sufficient to meet all requirements. It is estimated 
that there will be available, for ten years of post- 
war highway construction, annual sums of about 
80 million dols., plus Federal Aid funds which, in 
the fiscal years 1949-50 and 1950-51 amounted to 
about 39,700,000 dols. for the two-year period. 
What are termed “‘ critical deficiencies ’’ in the State 
highway system, for which the Highway Depart- 
ment has a long-term improvement plan, will cost 
an estimated 3,000,000,000 dols. to remedy. This 
plan began to show results in 1947, with the con- 
struction of many miles of improved highways, 
and with the introduction of “‘ freeways,” ‘‘ express- 
ways,” and “ parkways.” 

A “freeway ” is statutorily defined as ‘‘ A high- 
way in respect to which the owners of abutting lands 
have no right or easement of access to or from their 
abutting lands or in respect to which such owners 
have only limited or restricted right or easement of 
access.” It will be seen, therefore, that the only 
distinction between a freeway and an ordinary 
highway is in the matter of access to the freeway. 
The mileage of full freeways in the United States 
is, and necessarily will be, small in comparison with 
ordinary highways, for freeways are mainly required 
in urban areas, to carry heavy volumes of traffic. 
In current practice, such freeways may have a total 
of four, six or even eight traffic lanes, each 12 ft. 
wide, with divisions separating traffic flowing in 
opposite directions, and with all cross traffic passing 
over or under the freeway. 

Los Angeles is said to be the most rapidly expand- 
ing large city in the United States. Plans have 
been made for a system of freeways which, when 
completed, will give the area a fully integrated 
road system. These plans have been made by the 
California State Division of Highways, in co-opera- 
tion with the Los Angeles City Engineering Depart- 
ment. The more important of the freeways are 
on the State highway system, and will handle inter- 
regional and through traffic as well as local traffic. 
The map reproduced in Fig. 1, herewith, by courtesy 
of the Los Angeles Times, illustrates the basic 
freeway construction programme within the Los 
Angeles metropolitan area. Essentially, the plan 
proposes three main freeways extending north and 
south, and three other main freeways running east 
and west. The Hollywood and Santa Ana freeways, 
and the Harbor and Arroyo Seco freeways, are 
the main arteries, which intersect in Los Angeles 
at the four-level structure to be described later. 
State Highway Route 2, designated Hollywood 
Freeway in ‘‘down-town’”’ Los Angeles, is one of 
the major highways in California. It is part of a 
main thoroughfare from San Francisco to San 
Diego, and crosses the heart of Los Angeles from 
Cahuenga Pass in Hollywood to Los Angeles Civic 
Centre at Spring-street, and beyond. 

In addition to the freeways illustrated in the 
map, new routes may, of course, be added in the 
future. Expenditure so far for construction and 
rights of way for this system, including funds 
budgeted for the 1951-52 fiscal year, total 160 million 
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dols., and it is estimated that, when the freeways 
shown on the map are all completed, the total cost 
wil] be some 1,000 million dols. 

The appearance of these freeways is shown by a 
photograph of a typical completed section of the 
Hollywood freeway at Cahuenga Pass, reproduced 
in Fig. 2, herewith. Hollywood freeway provides 
tbree or four traffic lanes in each direction, each lane 
12 ft. in width and consisting of an 8-in. pavement 
of Portland cement concrete on a cement-treated 
sub-grade. Acceleration and deceleration lanes 
are additionally provided, of adequate length, for 
all “‘on” and “off” ramps to the freeway. In 
general, there are rolled combination curbs and 
gutters throughout, so that emergency parking off 
the pavement can be obtained by drivers in mecha- 
nical difficulties. Parking or stopping anywhere 
on the pavement is prohibited. Barrier curbs are 
provided where bridge piers or other obstructions 
make it impossible to provide for safe off-pavement 
parking, and at points where it is necessary to guide 
traffic on to ramps. 

The illustrations herewith show, to some extent, 
the complexity of this freeway programme. New 
paths have had to be cut for these broad lines of 
communication right through the heart and resi- 
dential areas of a city some five times bigger in 
area than New York City. Many problems of right 
of way, surveying, design and administration arose, 
with some nice calculations of economy of design, 
in calculating the costs of various types of inter- 
sections, according to the value of the land through 
which the freeways passed. The unique four-level 
intersection, for example, could have been designed 
in many forms, but the present design was considered 
the most economical, in view of the high value of the 
down-town area in which it is situated. 





A good start has been made on the construction 


work, and a considerable mileage of freeway is now 
in service. Work began some four years ago with 
the building of the large overpasses and interchange 
structures, with subsequent letting of contracts for 
grading and paving the connecting sections of 
freeway. The full benefits to traffic will not be 
felt for another two or three years, but already 
some sections are heavily used. Two levels of the 
recently completed four-level structure are already 
in use. Construction on nine miles of the Arroyo 
Seco Parkway between Pasadena and Los Angeles 
is completed, and work is in progress on Hollywood, 
Harbor, Santa Ana and Ramona freeways. 

From the engineering point of view, perhaps the 
two most interesting structures so far under con- 
struction are the central four-level grade separation, 
already mentioned, and the Arroyo Seco bridge, 
spanning a deep ravine on the Colorado freeway in 
Pasadena. The Arroyo Seco bridge will be @ 
six-lane reinforced-concrete structure totalling 
1,364 ft. in length, with three arched spans. 

The unique four-level intersection is clearly show» 
in Fig. 3, opposite, an aerial view taken early in 
1951. Hollywood freeway is seen to the top left- 
hand of the illustration; the still uncompleted 
Arroyo Seco connection to the right; the Harbor 
connection, also uncompleted, to the left, and the 
Santa Ana in the foreground. This illustration 
should be referred to in conjunction with Fig. 4, on 
the same page, showing the streets in the sur- 
rounding area. It will be seen that the ramps 
provide for a full interchange of traffic between the 
four freeways. The structure is claimed to be the 
first of its kind to be built anywhere. 4 

The design is much simpler and more economical 
than conventional types of cloverleaf crossings. 
The cloverleaf system suffers from inherent defects, 
such as a left turn accomplished by a 27%-deg. 
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turn to the right, which is confusing to the driver. 
In the cloverleaf design there is also an overlap in 
movements of accelerating and decelerating traffic, 
with resulting confusion. The design used in the 
four-level structure gives simple turns in the same 
direction as the driver wishes to go, for all traffic 
movements. Another advantage is that movements 
off the freeway and entries to the freeway are all 
made on the right-hand side of the roadway. 
Economy of cost is secured by having a single bridge 
structure for the four separate roadway levels ; 
but, to make the intersection a true freeway, some 
twelve “satellite ” bridges are required in the near 
vicinity. All of these properly form parts of the 
main project, which therefore extends (Figs. 3 and 4) 
from Grand-avenue to Beaudry-avenue and from 
Sunset-boulevard to Temple-street. Within this 
area the total costs of construction were about 
five million dols. In addition, right-of-way coste 
to clear 212 dwellings in the area totalled more than 
two million dols. 
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Fig. 5, herewith, shows a cross-section through 
the structure, and Fig. 6, on this page, also serves 
to show the construction. The main freeway routes 
cross on the second and fourth levels, and the left- 
turn interchange ramps also pass through the 
structure, two on the first level and two on the third 
level. The lowest level is for the two 26-ft. one-way 
interchange roadways which connect the Harbor- 
Arroyo Seco freeways to the Hollywood-Santa Ana 
freeways. The second level is the Harbor-Arroyo 
Seco freeway itself, with six lanes and a central 
dividing strip. The third level is for the two 26-ft. 
one-way roadways handling exchange traffic from 
the Hollywood-Santa Ana freeways to the Harbor- 
Arroyo Seco freeways. The fourth, and highest, 
level is the Hollywood-Santa Ana freeway, having 
six lanes with a 34-ft. dividing strip. 

The resulting bridge structure is 69 ft. in height 
from the lowest to the highest roadway, of which 
about 47 ft. extends above the natural ground level. 
The lowest level is about 22 ft. below ground level, 
the limit to which it could be lowered and still obtain 
gravity drainage to the storm drainage system. 
The second level consists of a ten-span continuous 
slab structure, supported on three-column bents. 
The three central bents are skewed to clear the 
lowest-level ramps. This deck is at about ground- 
surface level. The slab is 24 in. thick, of reinforced 
concrete poured continuously, with column caps 
measuring 4 ft. by 5 ft. 

The third level is elevated in a manner similar 
to that of an ordinary over-pass. It is of con- 
tinuous box-girder construction, and is tapered from 
6 ft. deep on the high side to 3 ft. 6 in. deep on the 
low side of the roadway. The decks are sup-| 
ported on single-column bents, or on skewed beams | 
resting on ring bearings where columns pass through 
more than one level of the structure. The top-level 
deck consists of two continuous box-girder bridges 
of 12 spans each. Span lengths are 52-30 ft. and 
the girder depths are 5 ft. These two bridges are | 
supported on four-column bents, and the decks are 
tied together by heavy reinforced-concrete beams 
at the three central bents. Ten U-shape abutments 
and 73 columns or hexagonal footings form the 
substructure ; 477 steel piles provide additional 
supports in 25 column footings and three abutments. 
The column spacing is irregular because of the 
need to clear various roadways, but in geneval the 
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structure shows symmetry and elegance. The 
highest level is on a supported grade, which meets | 
higher ground on each side, so that the effect is | 
natural and pleasing. | 

The structure has interesting expansion and | 
contraction joints. The heavily-reinforced concrete 
geometric centre is rigidly fixed to a ribbed footing 
and the decks radiate from this point. The ends 
of all decks rest on steel rockers and bearing plates 
at the abutments. Roadway surfaces are fitted 
with steel expansion plates, providing for 1} in. of 
movement at each deck end. The columns are 
joined to the decks and footings in two ways, depend- 
ing on the degree of rigidity required. For fixed 
connections, reinforcing-steel dowels are placed 
round the full circumference of the column. For 
the hinged connections, dowels cross in a straight 
line at the end of the column, and pre-moulded 
expansion-joint filler is placed over the column cross- 
section. There are also special expansion assemblies 
at the ring bearings which allow the decks to move 
horizontally around the columns, other than the 
central anchor column. They consist of two milled 
steel rings, one cast into the column capital, which 
is widened for this purpose, and the other cast into 
the deck. The expansion space is then filled with 
soft rubber joint-filler, permitting nearly an inch 
of deck movement. 

Material for the approach fills was available from 
surplus excavation nearby, where the Hollywood 
freeway is depressed for a considerable distance so 
that important streets in the Civic Centre region 
could remain at their existing level. Alignment 
standards for all the freeways are excellent and are 
on tangents at the bridge site, with adjacent easy 
curvature. On the connections, the lowest-level 
roadways are on tangents through the four-level 
structure, with adjoining curves varying from 350 ft. 
to 450 ft. radius, designed to provide safe speeds on 
the interchange of 35 m.p.h. or more. The third- 
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level connecting roadways are both on curves of 
300-ft. radius, for safe speeds up to 35 m.p.h. 
These curves could have had a slightly greater 
radius, had it not been for an important obstruction 
in the form of a school building, to be seen in the 
top left corner of Fig. 3. 

The grading is also good throughout, meeting 
requirements for a designed speed of 60 m.p.h. on 
the freeways and 35 m.p.h. on the interchange road- 
ways. Near the bridge structure the Hollywood 
freeway has a maximum gradient of about 3 per 
cent., and on the Harbor-Arroyo Seco freeway the 
maximum gradient is 4-5 per cent. on a short length. 
On the exchange roadways, the gradient varies. 
The area occupied by the four-level bridge is an old 
district and the buildings formerly on it were 
obsolete and, in many cases, in need of repair. 
With the exception of the school, mentioned above, 
which is modern and is preserved in the plan, there 
was considerable benefit to the community in 
clearing away the old buildings and substituting 
a structure which, with landscaping treatment, 
should be xsthetically satisfactory. About 105,000 
cubic yards of earth were handled at the site, and 
another 80,000 cubic yards were hauled away to a 
waste area. About 15,000 cubic yards of concrete 
were used for the whole job. 

The four-level grade separation is a development 
of an idea first suggested by Mr. W. H. Irish, Dis- 
trict Location Engineer of the California State 
Division of Highways. It is a design applicable 
to other sites, furnishing a compact, safe and 
economical traffic-exchange system, and is claimed 
to be superior in many respects to other systems 
at present in use. 





THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 


ENGINEERS. 
(Continued from page 166.) 

At the afternoon session, on June 28, of the 
International Conference of Naval Architects and 
Marine Engineers, two papers were presented and 
discussed : these were on ‘‘ A Proposed Design for 
a Combined Research, Training and Cargo Ship,” 
by Professor Ir. H. E. Jaeger and Ir. J. C. Arkenbout 
Schokker ; and “‘ Some Aspects of Prefabrication in 
Ship Construction,” by Mr. N. G. Eckerbom. During 
the presentation of the ‘former paper, the chair 
was occupied by Dr. S. F. Dorey, F.R.S., President 
of the Institute of Marine Engineers; and, for the 
latter paper, which concluded the technical sessions 
in London, by Viscount Runciman, President-elect 
of the Institution of Naval Architects. The two 
remaining papers in the programme were read on 
July 5, in Newcastle-on-Tyne. 


ProposeD RESEARCH, TRAINING AND CaRGO 
SHIP. 

This paper began by referring briefly to various 
projects that bad been put forward for research on 
the strength and behaviour of ships in service, 
notably those of Dr. P. Maack, in 1935, and Dr. 
W. Dahlmann, in 1942, and was based on a design 
worked out by Mr. E. Vossnack, jun., of the ship- 
building department of the Technical University of 
Delft. The dimensions (converted from the metric 
units of the original design) were proposed to be : 
length, 471 ft. 10 in. between perpendiculars ; 
breadth moulded, 68 ft. 3 in.; depth to freeboard 
deck, 29 ft. 6 in. ; depth to shelter deck, 37 ft. 9 in. ; 
summer draught, loaded, 24 ft. 11 in.;  corre- 
sponding displacement, 15,060 tons, and deadweight 
capacity, 9,480 tons. The shaft horse-power was 
calculated to be 8,680 for a speed of 17 knots. 
Propulsion was to be by a single Diesel-electric set, 
situated aft, though the authors had contemplated 
the possibility of using a gas turbine, and so arranged 

e design that this could be substituted for the 
Diesel-electric machinery if desired. Accommoda- 
tion would be provided for about 100 persons in 
two-berth or three-berth cabins. Special arrange- 
ments would be made for access to the ship’s sides 
= the tank top, when the vessel was loaded, for 

purpose of applying strain gauges. Denny- 





Brown stabilisers would be fitted, as well as an 
anti-rolling tank. The fore part of the ship would 
be longitudinally framed, and the after part trans- 
versely, and all butts would be welded. Details 
were given of a suggested programme of strength 
investigations, but no proposals were put forward 
for research on the machinery or on propulsion 
generally; in the words of Professor Jaeger, in 
presenting the paper, little was known of the division 
of stresses along ‘‘ the very curious beam that is a 
ship,” and the design was prepared primarily to 
elucidate these stresses and their effects. The rather 
high speed of 17 knots would facilitate research into 
the effect of pitching ; moving at that speed in the 
same direction as the waves, the effect on the hull 
bending moment would probably be unimportant, 
but it might be important when going against the 
waves, with the speed reduced to, say, 15 knots. 
The instruments would be concentrated in a central 
*“measurement room,” and there would be a 
minimum of mechanical apparatus employed. The 
working out of test results would be done by a 
special staff. At the same time, the vessel would 
be in continual contact by wireless with research 
stations on shore ; this would require a radio instal- | 
lation of rather special quality. The training pro- 
gramme for the cadets, etc., would be arranged by 
the nautical and marine-engineering schools from 
which the pupils came, and submitted to the ship- 
ping company that would operate the vessel; but 
her use as a cargo tramp must be subordinated to 
her function as a research and training vessel. 

Mr. James Turnbull, O.B.E., in opening the 
discussion, suggested that the paper had “a strong 
sting in its tail.” The authors proposed that the 
maritime nations should build similar ships and 
collaborate in research, but he felt that that was 
touching on a major question of policy which was 
not one for technical institutions, but rather for the 
industry’s research organisations. To some extent, 
the design defeated its object in that it was a 
specialised design, and not of the normal commercial 
kind. It had various transverse and longitudinal 
bulkheads at the midship area which, he thought, 
would make it difficult to assess the actual modulus 
of the section; and the conjunction of transverse 
stiffening at one end and longitudinal stiffening at 
the other increased the difficulty, when considering 
deflections. The Admiralty Ship Welding Com- 
mittee had found, early in their investigations, that 
instrumentation was the key to a complete under- 
standing of the stresses in ships in a seaway. The 
Ocean Vulcan was sent to sea and measurements 
were taken of the forces acting in the ship; then 
the ship was placed in still water and the endeavour 
was made to reproduce those stresses. The experi- 
menters were able to put on many more instruments 
in still water and to obtain better results in that 
way. He felt that it was by such means that 
future developments in structural research on ships 
would be achieved. Already there was an indication 
of those developments, because, since the early 
experiments on the Ocean Vulcan, a statistical 
strain gauge had been placed on board, which 
recorded the range of stresses and the number of 
times that range was reached during one complete 
year of service. The ship went to various parts of 
the world, mainly in the North Atlantic. The 
complete ranges of stress indicated (from hog to sag) 
occurred the follcwing number of times during the 
year of service: a stress of 1 ton per square inch 
occurred 266,884 times; 2 tons per square inch, 
7,105 times ; 3 tons per square inch, 1,329 times; 
4 tons per square inch, 102 times; 5 tons per 
square inch, five times; and 6 tons per squate 
inch occurred twice. 

Those figures were very interesting. By that 
method, it was possible to apply the instruments to, 
and to obtain results from, a very wide range of 
ships; for instance, for all lengths of ships, all 
coefficients of fineness, various length/depth ratios, 
various speeds, forms of construction, and other 
factors. It might even be possible to introduce, as 
a factor, the quality of workmanship. The ship 
which the authors had put forward was compara- 
tively deep, and he thought that more valuable 
information might be obtained from a shallower 
ship. In short, while the authors had shown con- 





siderable ingenuity in their design, he felt that 


their proposal would not be the line which develop- 
ments would take. They proposed to put the ship 
into very severe weather conditions and to load 
her heavily, but owners had to be very careful 
with the loading ; further, there must be personnel 
aboard. It might be inferred from the paper that 
Lloyd’s Register had already approved the scantlings 
of the proposed ship ; but he could assure them that 
if the design had been submitted to Lloyd’s Register 
(and he had not found any record of its submission) 
the fact that it was abnormal in character would 
have led to investigation of the distribution of the 
weights, and the ordinary scantlings, as published 
in the Rules, probably would have been increased 
because of the bad distribution of load. The 
Admiralty Ship Welding Committee had received 
six reports of tests carried out at sea; three would 
probably be published before the end of the year, 
and the remaining three, certainly before the end of 
1952. He felt that all the suggestions made in the 
paper were covered by those reports. Admittedly, 
they applied only to one ship, but he did not think 
that anything further should be done until those 
reports were studied. 

Sir Stanley Goodall asked whether the range of 
six tons per square inch, which Mr. Turnbull had 
mentioned, meant plus or minus 3 tons; to which 
Mr. Turnbull replied that he only knew that the 
range was 6 tons per square inch. The ship went 
to sea and the gauges were set at zero, but he did 
not know whether that range was 3 tons one way 
and 3 tons the other, or 2 tons one way and 4 tons 
the other. He offered to inquire on the point. 

Captain W. H. Coombs said that the authors, in 
setting forth their case, touched on the relative 
merits of sail training and modern steam training ; 
but he felt that they had dismissed sailing-ship 
training too lightly by describing it merely as a 
systema which gave some idea of the hardships of 
life at sea and, at the same time, made the cadets 
proficient in the working of sails and ropes. The 
enthusiasts of sail training believed that it did much 
more. Sail-trained men learned much more impor- 
tant things than “the splicing of ropes or the 
reefing of sails ”»—to quote the authors ; there were 
things of the spirit, as any reader of Joseph Conrad 
or Alan Villiers would agree. But the days of sail 
had gone for ever, so far as ocean-going trainers 
were concerned. That modern navigators’ and 
seamen’s training accommodation should be com- 
bined in a research ship was quite a practicable 
suggestion, but he doubted whether it was possible 
to combine a research ship with a vessel intended to 
operate commercially as a cargo ship. In practice, 
the idea of a combined research and cargo ship 
might not commend itself to those concerned with 
the carriage of goods by sea, or with the insurers of 
those goods. A sentence in the paper suggested 
that the ship’s captain would have to follow the 
directions of the research staff. He felt that such a 
proposition was very definitely unacceptable* ; no 
ship would keep afloat usefully for long unless there 
was one man solely in command. It was stated that 
international collaboration might be necessary to 
make the author’s project possible. If a research 
ship were desirable and necessary, the only hope 
would be that it should be financed on an inter- 
national basis; but Captain Coombs thought the 
possibility so remote as to be non-existent. 

Professor A. M. Robb referred to the difficulty 
presented by attempting to marry two forms of 
construction. It was suggested, he continued, that 
Diesel-electric machinery should be used. He did not 
object to that ; but, though it was the one type of 
propelling engine in which the power input to the 
propeller could be measured most accurately, there 
was no mention whatever of any thrust measure- 
ment. Turning to a general question, but approach- 
ing it from a slightly different angle from that 
presented by Mr. Turnbull, it seemed to him that, 
in all branches of naval architecture, a much wider 
range of information had become available recently ; 
but understanding had not deepened in proportion. 





* We believe that it was the regular practice in the 
Norddeutscher Lloyd ships, 40 years ago, when testing and 
research teams used to travel in them, on normal services, 
up and down the North Sea between Bremerhaven and 
Cherbourg; but, in effect, the control was only over speed, 


the course being that of the normal voyage.—ED., E. 
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In effect, the power of analysis had been completely 
overwhelmed by the volume of information. In 
other words, said Professor Robb, ‘‘ we have already 
bitten off far more than we can chew, and I suggest 
that, for some time to come, we should concentrate 
on chewing, otherwise, instead of obtaining 
nourishment, we shall merely achieve indigestion.” 

Viscount Runciman commented that, obviously, 
a ship of the design indicated would not be cheap 

to build; he estimated that she would cost more 
nearly a million than half a million pounds, and, 
for crew, stores and insurance, well over 60,0001. a 
year to keep in being. He did not feel qualified to 

reak concerning the value she might possess as a 
training ship, or, indeed, as a research ship, but 
her value from the research point of view would 
have to be extremely high to justify such expendi- 
ture in the eyes of commercial operators, whether 
working individually or through associations, or in 
the eyes of the Government, if they had to raise 
the money by taxation. Again, it would probably 
be impossible in practice to get any noticeable 
contribution towards the cost of running her from 
commercial operations. He would be sorry to be 
in the position of a ship manager who had to face 
the worries of the bills of lading for a cargo which 
was specially directed into storms, in a ship whose 
captain was under the orders of a research staff. 
It was possible, perhaps, to get over that difficulty to 
some extent if the Government were willing, for 
the sake of the knowledge acquired, to use such a 
vessel for the carriage of strictly Government 
stores, so that many of the commercial considera- 
tions of insurance, finance, etc., not to mention the 
legal considerations, could be avoided; but that 
would probably mean abandoning the idea of 
running such a ship on an international basis. The 
prospect of a sort of minor United Nations, trying 
to work out who was going to pay for what, would 
take some facing. If the ship were to be built and 
run—he did not feel competent to say how far that 
would be worth while—he felt very strongly that 
she would have to be considered simply as a research 
and training ship, that any cargo she carried would 
have to be in the form of ballast and nothing more, 
and that, if she was to float at all, it could not be 
on the chilly waters of commerce. 

The chairman (Dr. Dorey) offered the suggestion, 
as one of possible interest to shipowners and super- 
intending engineers, that if, occasionally, when 
ordering new ships, they would have a hole of 
about 2 in. diameter (not more) bored along the 
screw shaft, it would help a great deal in the 
measurement of stresses, not only in the shaft 
itself, but also in the propeller. The stresses in the 
propeller would be affected to some extent by the 
rudder, the shape of the rudder, the stern post, and 
in particular, the aperture clearance. It was 
possible to fit strain gauges on the blades of the 
propeller, and, by means of a hole in the screw 
shaft, to bring the leads through to the coupling 
end of the shaft; then it would be quite easy to 
take the measurements required. Arrangements 
had been made for that to be done in one ship, 
but the tailshaft had to be withdrawn for the hole 
to be bored. Iy that were done at the start, it 
would be possible very quickly to find the effect 
of the aperture clearance, and also the effect of 
the shape of the aperture itself, on the propeller 
from the point of view of vibration, “singing” 
phenomena, etc. 

The authors of the paper having intimated their 
intention to reply to the discussion in writing, the 
meeting proceeded to a consideration of the paper 
by Mr. Eckerbom on “Some Aspects of Prefabri- 
cation in Ship Construction.” 

PREFABRICATION IN SHIP CONSTRUCTION. 

In this paper, the author, who is shipyard manager 
of the Swedish firm, Eriksbergs Mekaniske Verkstads 
A.B., of Gothenburg, described the layout of their 
shipyard, as modified to construct vessels by pre- 
fabrication, in conjunction with an extensive use of 
welding. The points reviewed included, more 
especially, the re-allocation of the available area for 
the assembly of simple units weighing up to 10 tons ; 
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sion of adequate cranage, the introduction of dis- 
tinguishing symbols for units, and the advantages 
of prefabrication in overcoming shortages of skilled 
shipyard labour were also discussed. For erection 
purposes, the hull was divided into parts and num- 
bered according to a sequence system which applied 
to all operations from storing steel in the stockyard 
to the final erection. The forward engine-room 
bulkhead was the starting point from which erection 
proceeded forward and aft. The building of ships 
in units, the author emphasised, required con- 
siderable space and ample handling appliances, and 
the extent to which it could be adopted depended 
on the existence of such facilities ; but there could 
be little doubt that it had a great future in ship- 
building, and made for quicker and more economical 
construction. Moreover, where shortage of labour 
was a problem, as it was in Sweden, prefabrication 
offered a solution by providing easier working con- 
ditions, and facilitating the employment of labour 
with a lesser degree of skill. After presenting his 
paper the author exhibited a cinematograph film 
illustrating prefabricated construction in the 
Eriksberg yards. 

Sir Amos L. Ayre opened the discusson by com- 
plimenting the author on “ the very beautiful film.” 
In recent years, he said, the shipbuilders of the 
various European countries have come much closer 
together than formerly, visiting each other’s yards 
and studying their various techniques. He was 
interested, also to see how well a difficult site had 
been adapted, though the centre berth seemed rather 
short of storage space. If the desire was to reduce 
the berth cycle, as in that case, to three months, stor- 
age space became very important ; from the head of 
the berth to the assembly sheds and welding sheds, 
for a monthly cycle, which was achieved in the 
United States—the Liberty ships, as a rule, were 
built at the rate of one ship per berth per month— 
he thought it should be probably equal the length 
of the ship. In the United Kingdom, 25 years or 
so ago, there were many instances of hydraulic 
riveting, extending to 33 or 34 per cent. of the 
whole hull; 25 per cent. was common. That 
amount of hydraulic riveting involved a large 
amount of prefabrication. They were not then 
handling the very large “‘ lumps ” that were handled 
at the present day, but many yards handled such 
things as stern overhangs, and that was the beginning 
of prefabrication. In connection with the two 
British Government yards in the United States, 
they had often to consider whether, if there were 
two cranes on a berth, one would get in the way of 
the other, and the United States shipbuilders also 
thought a great deal about it. He asked the author 
what his experience had been in operating two 
cranes on the same track. An important point for 
the consideration of shipbuilders in laying out 
yards of that type, with the costly modern plant 
to which the author referred, was the heavy capital 
outlay, which is closely allied to the average output 
or turnover. In times of depression, or even average 
conditions in the cycle of demand, it was possible 
to spend too much money in the capital sense. 
That was determined largely by the depreciation 
allowances. He understood that the Swedish ship- 
builders had a paternal Government which gave 
them generous allowances by way of depreciation ; 
and that it was possible to do a great deal which 
could be more or less automatically written off out 
of current profits. British builders were allowed 
only a few per cent. per annum. He had sent to the 
Institution of Naval Architects, for their records, 
an album of photographs which Mr. Henry Kaiser 
gave him in America, relating particularly to the 
Kaiser Incorporated yard in the State of Washing- 
ton, which, he thought, was probably the finest 
yard the world had seen; and he suggested that 
Mr. Eckerbom might be interested to examine it. 





Mr. J. A. Milne envied Mr. Eckerbom’s storage 
space; the only way in which most British yards 
could expand was upward, which was not very 
helpful in building ships. For plates, etc., Mr. 
Eckerbom had adopted vertical storage, which was 
more suitable than horizontal storage because of 


the assembly of main units, by combining the | corrosion considerations, and accessibility. He was 


simpler units; and the construction of compound 
units, comprising plates, sections and smaller units. 
The planning of work in the welding bay, the provi- 


surprised that the Eriksberg shipyards used alter- 
nating current in the welding shops and direct 
current on the berth. It would appear to be more 
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economical to use alternating-current throughout, 
In his own yard (Messrs. J. Samuel White and 
Company) alternating current was used, with only 
a small amount of direct current at the fitting-out 
berth, particularly if there were non-ferrous metals 
to weld. They had done away with most of the 
welding skids by incorporating channels in the shop 
floor. No difficulty was found in welding outside 
with alternating current. He was becoming worried, 
however, about the use of heavy cranes, and won- 
dered whether to lift a $-ton plate with a 5-ton crane 
was not a little ridiculous, and whether prefabrica- 
tors had not gone to the extreme in trying to provide 
heavy lifts, losing a lot of time and money in go 
doing. With regard to cost, his experience had been 
that shipwrights’ costs in the handling of plates and 
sections for small ships were high, on medium ships 
they were low, and on heavier ships the curve began 
to rise again. He hoped that welding technique 
would not lead to lifts of 100 tons, with all the 
difficulties of cranage, etc. The author mentioned 
three-dimensional units, but did not make much 
reference to drawing-office work in that connection. 
Did he issue a plan of decks and bulkheads, or 
three-dimensional drawings of sections of the ships ? 
He would like to hear more about semi-skilled labour, 
and whether there was an increase or otherwise in 
the employment of unskilled labour. Undoubtedly, 
welding had come to stay. 

Mr. J. Lenaghan asked the author, in his reference 
to cold and hot bending, what he meant by cold 
bending. He was impressed by the fact that, in 
Scandinavia and other places abroad, the spaces 
under the berths were used for storage ; was that 
merely to avoid taking in further ground for small 
stores ? He always wondered how modern ship- 
building compared with the older methods in respect 
of the number of men employed; did the author 
find that the output per man had been altered 
considerably, and whether the numbers employed 
had been reduced? It seemed that a good deal 
was left to the foremen. Mr. Lenaghan did not 
altogether disagree with that, but he was sure 
production planners would say that the shop load 
should be just as carefully planned as the berth 
load. Again, in connection with the measuring of 
the amount of work for one ship in “ block days,” 
the author almost suggested that past records were 
used as a basis. Had there been any time and 
motion study in connection with the block planning ? 
A matter which merited considerable thought, 
particularly in connection with prefabrication of 
large units, was the desirability of positioning the 
lifting spots, i.e., working out the centres of gravity 
so that things could be lifted and turned easily. 
The author suggested building from the engine 
room, working forward and aft. British practice 
appeared to be ahead of him in that ; in one British 
yard, ships were being built from the stern, and it 
was hoped that, when the bow section was put on, 
the launch would take place on the following day. 
He was not so pessimistic as the author with regard 
to the effect of mechanisation on recruitment. It 
was suggested in the paper that, as mechanisation 
developed, people were driven to the lighter indus- 
tries, but his own experience was that mechanisation 
induced more recruits, though the skill might be in 
other directions than previously. 

Constructor-Captain R. Baker observed that the 
author had given a diagram showing the complete 
sequence of erection, and in the-text there was ® 
reference to three-dimensional drawings. He 
thought that the paper would be improved if 
Mr. Eckerbom could be persuaded to add one 
three-dimensional drawing, showing the sequence 
for welding the units together. 

The author stated that he would prefer to reply 
to the discussion in writing. A vote of thanks 
having been accorded to him by acclamation, the 
meeting terminated. 

(To be continued.) 





GOVERNMENT LOANS FOR LOCAL Works.—Loans to 
local authorities sanctioned by the Minister of Health 
and the Minister of Local Government during the three 
months ended June 30, included 2,808,4381. for water 
supply schemes, 3,943,468/. for sewerage and ret. 
disposal plant, 321,2841. for refuse collection and disposal, 
and 45,3201. for sea defence works. 
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THE JOINT ENGINEERING 
CONFERENCE, LONDON. 


(Continued from page 170.) 


Tue morning of Wednesday, June 13, having 
been devoted to the presentation and discussion 
of two papers on the education of engineers, an 
abridged report of which was given in last week’s 
issue of ENGINEERING, two papers on practical 
training were dealt with in the afternoon, the 
meeting being held at the Institution of Civil 
Engineers with Lord Dudley Gordon, D.8.O., 
M.I.Mech.E., in the chair. Mr. H. J. B. Harding, 
B.Sc. (Eng.), M.I.C.E., gave a paper on “ Practical 
Training of Civil Engineers,” and Sir Arthur 
Fleming, C.B.E., D.Eng., M.I.Mech.E., past-Presi- 
dent I.E.E., one on “‘ Practical Training of Mechani- 
cal and Electrical Engineers.” 


PracticaL TRAINING OF ENGINEERS. 


Mr. Harding, like the other authors of papers, 
commenced with a historical review of the subject ; 
he prefaced it, however, by remarking that, in 
general, the training of mechanical and electrical 
engineers was facilitated by the fact that the pro- 
ducts of the industries were self-contained and 
made in a factory, whereas the embryo civil engineer 
had to go to a civil-engineering site, where the 
work was often of a pioneering nature and progressed 
over long periods. Early civil engineers, Mr. Hard- 
ing continued, developed their genius under the 
pressure of work and the tremendous opportunities 
opening up before them, and trained others to 
help them. With the founding of the Institution 
of Civil Engineers in 1818, the problem of balancing 
academic education and practical experience or 
training was tackled. The great engineering works 
which influenced the course of progress included 
Brunel’s Great Eastern (profoundly affecting the 
design of docks and barbours), steel-framed build- 
ings and bridges, the Greathead tunnelling shield, 
and civil-engineering works in North-West India. 

The pupilage system, which was the accepted 
method of training in the Nineteenth Century, 
diminished at the end of the first World War; 
also, the opportunities abroad lessened. Between 
the wars, there arose a new race, the contractor’s 
trained and professionally educated civil engineer, 
who replaced the former ‘‘ practical men ” who were 
not eligible for institution membership. In the early 
days of the Institution of Civil Engineers, the majo- 
rity of practising engineers did not look upon the 
acquisition of theoretical knowledge as an essential 
part of a young engineer’s training, on the grounds 
that engineering was to be regarded as an art rather 
than a science. Nevertheless, no civil engineer 
to-day was really worthy of the name, Mr. Harding 
continued, unless he had some experience in con- 
struction of works. The principal methods of 
obtaining practical training were as graduate 
pupils ; pupils or apprentices ; graduate assistants ; 
and learners or trainees. Under a scheme which 
had been initiated by the Institution in 1944, only 
the engineer holding the chief appointment in a 
firm, local authority, or large industrial organisation 
was invited to apply for his name to be placed on 
the index of approved engineers for training young 
men. It was important, in these days of large 
corporate bodies, that young engineers should 
be pupils to an individual engineer and not to the 

y as a whole. Mr. Harding then proceeded to 
outline the duties of a young engineer’s sponsor, 
and to give examples of practical training. Referring 
to the difficulty a young engineer has in arranging 
for study when working on remote sites, he suggested 
the establishment, at selected colleges, of “‘ double- 
sandwich ” courses of, say, 54 months each, with a 
holiday period. “The employer could engage 
students in pairs, and as each half-year’s course 
ends they change places, so that one is always 
available,” 

Sir Arthur Fleming, speaking on the “ Practical 
Training of Mechanical and Electrical Engineers,” 
said that such training in this country could be 
traced back to the Thirteenth Century, when the 
guilds controlled the trades and the manufactured 
ay The guilds were based on the towns, but in 
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system into a national institution. From this 
Statute, which remained in force nominally until 
1814, and from succeeding legislation, arose the 
system of compulsory apprenticeship, the chief 
features of which were usually: binding by inden- 
ture, the due recording of the agreement, a minimum 
term of seven years on the indoor system, and the 
close personal relation of master and apprentice, 
with the master’s entire control of the boy. 

The premium-apprenticeship system, which was 
characteristic of the Nineteenth Century and early 
part of the Twentieth Century, had not generally 
come into vogue until the Seventeenth Century. 
After the Civil War of 1642-46, during which the 
apprenticeship system suffered, the Statute of 
Articifers was more and more disregarded and, for 
various reasons, the guilds began to lose their power. 
With the repeal of the Statute in 1814, the great 
system of general and technical education for the 
most part collapsed. The Industrial Revolution 
led to the decline of the old system and to the begin- 
nings of the modern system ; gradually, it came to 
be considered that the employer and the school 
shared the responsibility, one giving training in 
workshop methods and the other in scientific 
principles. Engineering developments and inven- 
tions created a demand for university graduates and 
young men with advanced secondary education, 
and, as practical experience was traditional, some 
industrial concerns established suitable courses. 

Practical training in engineering as it now existed, 
Sir Arthur continued, was a natural evolution based 
on what had been found by experience to be best 
suited to the national needs. No single scheme 
could cover adequately the general needs of the 
whole profession. Industry required three distinct 
types of technical personnel—crafismen, tech- 
nicians and professional engineers, and an appro- 
priate form of apprenticeship existed for each. In 
the case of professional engineers, with whom the 
paper was concerned, there were two forms, one of 
two years’ duration for university graduates, and 
the other of four years for those who reached the 
Higher National Certificate by part-time courses ; 
the two types were usually known as “ graduate ” 
and “student ” apprenticeships, respectively. The 
former was sometimes modified by the insertion of 
a one-year pre-university course of workshop prac- 
tice. From 1939 to 1949 the number of young 
people attending part-time day classes had increased 
from 38,000 to 300,000. The “‘ sandwich ”’ course, 
a third method, was a compromise between graduate 
and student apprenticeships, and, although com- 
paratively few young men followed this course at 
present, the Councils of the three engineering 
institutions were encouraging it. 

The intellectual, social and athletic pursuits in 
which the apprentice joined with his fellows were a 
great factor in the development of personal qualities, 
and where the number of apprentices, including 
craft apprentices, exceeded 50, an apprentice asso- 
ciation should be formed to co-ordinate such 
activities outside working hours. The demand for 
industrial power in all countries was leading to 
important developments involving endless engineer- 
ing problems. Apart from water power, wind 
power, solar radiation, tidal power, and nuclear 
energy, there was the development of fuel cells to 
convert the energy of fuel to electrical form without 
the interposition of dynamo-electric machinery. 
The continued expansion of research enlarged the 
field of employment for the technical engineer, who 
required, in many respects, highly specialised train- 
ing (which, however, must not be given too early in 
the training) so that the fullest advantage could be 
taken quickly of new scientific discoveries having 
industrial applications. 

Discussion. 

Captain A. N. Holbein, who opened the discussion, 
commenting particularly on the civil engineering 
point of view, agreed entirely with Mr. Harding 
about the difficulty of the non-graduate pupil, 
the boy going straight from school who had to 
work and do his theoretical study at the same time. 
It was difficult for the non-graduate pupil to find 
suitable work near the technical college at which he 
could study. He therefore endorsed Mr. Harding’s 
scheme for sandwich courses. He believed that 
at any rate some of the more enlightened companies 





would be prepared to adopt the suggestion of 
‘* double-sandwich ” courses, with one man doing 
practical work while the other was at college. He 
went further, and said he thought that it could be 
applied not only to the non-graduate pupil but also 
to the university-trained man. At the City and 
Guilds College, due chiefly to the enterprise of 
Sir Frederick Handley Page, opportunities had been 
provided for the undergraduates to sandwich in a 
year’s practical work. The students did not go 
until they had passed Part I of the intermediate- 
degree examinations. Their further studies took 
three years before getting a degree, but Part 2, or the 
final examination, was taken at the end of the second 
year, after which they had a further year without 
that awful Sword of Damocles hanging over their 
heads in the shape of an examination paper, and it 
was felt that they learned a very great deal in that 
year. There were, however, objections from the 
students’ point of view. For instance, it had been 
held by some undergraduates that by leaving the 
college for a year at the end of their second year they 
were leaving at just about the time when they were 
well enough known to be eligible for election to 
various offices in the students’ unions, such as 
captain of games or president of the union. 

Mr. 8. E. Goodall said that large and small 
manufacturing concerns were not designed for the 
purpose of training ; and he felt, at times, that some 
of their more academic critics of what they did with 
the students in the factory tended to forget that 
they were not organised first and foremost as 
training establishments. In that respect, they were 
markedly different from their partner the educational 
establishment. Many of the ideals discussed in the 
three institutions were, as far as possible, put into 
practice in the larger concerns, but it was not 
always possible or practicable in some of the smaller 
organisations. A factor upon which he thought 
the success of a students’ course depended was the 
co-operation and good-will of the man on the shop 
floor. There was a tendency to think in terms of 
schemes, brochures, educational and training officers 
and the like, but the man who really mattered to 
the individual student was the man he worked with, 
the man on the shop floor, the workman, the artisan 
and, to a lesser extent, the charge-hand and the 
foreman, and establishing their good-will was an 
important feature of the successful running of any 
scheme of practical training in industry. There was 
a loophole in the National Certificate scheme which 
had recently come to light rather forcibly, though 
some people had been aware of it for a long time. 
The loophole was that there was nothing to force 
the employer to provide, or the individual to 
undertake, practical training while the individual 
was studying part-time for a National Certificate in 
engineering. 

Mr. F. H. Perkins referred to the training of 
engineers in the chemical industry. Existing 
facilities for basic training within the industry 
differed, he said, very widely from those normally 
found in companies such as Sir Arthur Fleming’s. 
Machines, tools and manufacturing processes com- 
mon to these engineering companies, which were 
recognised as so essential for basic practical training, 
were not widely available in the chemical industry, 
which was normally supplied with equipment for 
the general construction and maintenance of chemical 
plant. On the other hand, the chemical industry 
was probably second to none in the provision of 
opportunities for engineering initiative, imagination 
and resource . The chemical industry must 
therefore look, to some extent, to the engineering 
industry for the provision of the basic training 
facilities for its engineering staff recruited at 
graduate level. In his own firm, great care was 
taken during the first two years of the graduate’s 
life in the industry in regard to his practical experi- 
ence. The first year might be spent with another 
engineering company. The main objective of the 
second year would be to condition the individual 
to his future work in the chemical industry, and the 
individual plan would depend on the man himself 
and the character of his possible future activity. 
It was of the utmost importance that this period of 
practical training should be supplemented by further 
instruction, either within the factory or in outside 
educational institutions, on subjects appertaining 
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to the problems of engineering procedure. Little 
reference was made to that important aspect of 
the matter in the papers read before the Conference. 
He referred, he said, to the subjects of industrial 
relations, production planning and control, factory 
and plant layout, statistical methods, estimating 
and costing, work study, including method, motion 
and time study, incentives and labour control. 
Further study in those subjects would be necessary 
after the initial period of training had been com- 
pleted. Adequate provision for the study of those 
subjects at post-graduate level was sadly lacking in 
the country at present, and the professional engi- 
neering institutions must examine their past records 
very critically in this respect if it was to be rectified 
in future. 

Mr. W. K. Wallace, speaking as a civil engineer, 
agreed with Mr. Harding and Mr. Holbein that 
training with contractors was very valuable to a 
young engineer. The economic urge to get the job 
carried out so as to produce a profit was so definitely 
before everyone on the job that it was very valuable. 
Graduates were frequently very weak on the 
economic side, through no fault of the universities, 
who could not develop that in the time at their 
disposal, and it was very important that an engineer 
should realise in his early days that he must design 
a job to be as economical as possible. One of the 
great difficulties that the Institution discovered from 
the applications for membership was that of 
obtaining practical training. The London Midland 
and Scottish Railway had an office in Glasgow, and 
they took a considerable number of trainees from 
the University of Glasgow under a “sandwich ” 
system ; they were fortunate in having a divisional 
engineer who took a great interest in training young 
engineers and did remarkably well. 


Mr. L. 8S. Case, who described the type of training | said that the Post Office did not pretend that by an 
undertaken by the student apprentices in New | organised course a man could be trained to be a 
South Wales, said that, in Australia, the oppor-|supervisor, but they did think that he could be 


tunities for social and athletic activities were very 


few and far between ; any spare time they had was |sections: human relations, job organisation and 
taken up with personal study. They suffered, he | departmental organisation, costing and accounting. 
said, from a lack of social contact ; but that could | They used the case method to an appreciable extent, 
be gained after the five years’ study were completed. | and they felt that discussion of practical cases was 

Major-General H. Williams, Chief Military Engi- | a far better method of training than talking principles 


neer, India, commenced by pointing out that when a 
large number of British engineers went out of India 


there was rapid promotion for many Indians, but | student, said that, when making direct application 


that happy state of affairs was coming to an end 


and they were confronted with the problem of |references by the employer to the difficulties in 
ensuring that the young engineer in India received | providing facilities owing to objections from the 
proper training. The Government, which was the | workers. Could that objection be overcome ? 


largest employer of engineers in India, industry 
being still very much in its infancy, found it very 
difficult to understand that a young man must be 
trained for some years, and the tendency was to 
appoint a man and let him learn his engineering 
afterwards. India, he said, was likely to be a 
paradise for engineers in the next ten or twelve 


years; there was a large number of important |them lazy. These students must know the technical 
projects. He concluded by asking that every | particulars of the plant they came in contact with ; 


encouragement should be given to young Indians 
who came to England for their practical training. 


Mr. G. K. Wood said that the encouragement | that they could get a full picture of the plant. His 


that had been given to Sudanese students in England 
was remarkable. Students who had come to Eng- 
land without a great deal of experience in engineer- 
ing, and possibly with no great knowledge of the 
English language, had, almost without exception, 
returned to their own country full of gratitude to, 
and with an entirely different outlook on, England. 
Mr. F. R. Livock pointed out that several univer- 
sities required electrical-engineering students to 
decide during their final year whether they would 
follow light-current 0» heavy-current work, and he 
contended that vacation training would help them 
to make the right decision. He wanted to see more 
universities exercising greater pressure on their 
students to seek vacation training. Furthermore, 
there were many students at universities reading 
electrical engineering who, if they had known some- 
thing about the industry before going to the univer- 
sity, would probably be reading physics, or mechani- 
cal engineering—or even civil engineering. He 
therefore commended the spending of one year in 
industry before going to a university. 
Lieut.-Colonel R. H. Edwards said his experience 


Institution had been that a large number of civil 
engineers who signed as sponsors and certified that 
men had received “training under agreement,”’ did 
so when in fact there had been no undertaking what- 
soever, and probably in many cases the man pro- 
posed had only been employed as a member of the 
staff, obtaining his experience as and when he 
could. Under an agreement the engineer undertook 
to see that the trainee obtained as varied an 
experience as possible during the specified period, 
which was very different from just being a member 
of the staff, because as such he might be kept on one 
type of work for some years. 

Mr. R. G. Bellamy said that he would appreciate 
Sir Arthur Fleming’s comments on why, in prac- 
tically all trades, there seemed to be a “closed 
shop ” for craftsmanship at the age of 21. Fortun- 
ately, he was with the British Electricity Authority, 
where that closed shop was not quite so tight; a 
mechanical fitter had to be a mechanical fitter by 
the age of 21, but a joiner or linesman could be 
bred at a later age. He did not see why a man of 
25 should not train to be a craftsman. He stressed 
that the electricity supply industry must rely con- 
siderably on mechanical engineers. The term 
“electricity” might suggest that they wanted only 
electrical engineers, but he would say it was 90 per 
cent. mechanical and only a little electrical tagged 
on. He agreed wholeheartedly with the view that 
the training for those in the supply industries should 
be a combination of manufacture and supply, and 
he acknowledged that there were present a number 
of people who had been of tremendous assistance to 
the electricity supply industry in providing recip- 
rocal training facilities in manufacturing. 

Colonel C. E. Calveley, who commenced by 
describing engineering training in the Post Office, 


helped very considerably. Their course was in three 


to people who had not had much experience. 
Mr. J. D. Lane, speaking as a full-time engineering 


for vacational employment, one was faced with 


Mr. J. Wooding said that he always advised 
young men, on going to a new department, to put 
to themselves the question: ‘‘ What questions 
am I going to get answered in this department ?”’ 
He had had sheets of information which were given 
to the young men before going into the various 
departments but had found that they tended to make 


there must be some source to which they could easily 
refer to find out, say, pressures and temperatures, so 


method was to get the students to make a bulletin 
for themselves. He was against getting students 
together and then just having a member of the 
staff lecture them; that was difficult for the staff 
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for young men who had completed the university 
course to take the best—perhaps the most attractive 
financially—job that he was offered. To-day g 
great many such jobs were available ; really first. 
class graduates in applied science were scarce, and 
there was a grave risk of men starting off in their 
jobs in a half-trained condition. That was unfor. 
tunate, because the man did not get a really broad 
foundation on which to build a career. Mr. Livock’s 
idea of the introduction of one year of practical 
training for electrical and mechanical engineering 
students before going to the university was prac. 
tised to a limited extent, but he believed that it wag 
fundamentally sound. It was one of which he had 
experience. There was a course in his own organisa. 
tion, started by Mr. K. R. Evans many years ago, 
and the results had been outstandingly good, 
Under it, men could go to the university with some 
knowledge of application to technical studies, 
understanding what their studies were all about. 
He was sure that was very helpful. If they got in 
some practical work during the vacations and then 
had a further year’s practical work at the conclusion 
of the university course it made the course a very 
good one indeed. Mr. Bellamy had asked why craft 
apprenticeship ended at 21 years of age, but that 
had not always been so. Under the guild system 
there was a period of seven years training to be put 
in, irrespective of age. More recently, however, 
the tendency had been to make the period end at 
21, but the introduction of military service upset 
that quite a bit. In the United States, for instance, 
there were many firms who provided training, usually 
not of more than three years’ duration, for men of 
almost any age. He had, he said, known men up to 
the age of 30 starting as apprentices, earning just 
about enough to keep them alive during their appren- 
ticeship, spending three years learning a trade. 
He fully agreed with Mr. Perkins’s suggestion of con- 
tinuing education of a technical character after 
post-graduate training. In the North of England, 
about 1938, there was a plan for starting advanced 
courses of training, the idea being that there were 
many new developments in industry which had 
outstripped the production of text-books and there 
were techniques about which students could learn 
nothing in the university, and about which they 
could not always get what they needed from the 
technical Press—although the technical Press was 
always extremely able in these respects. There- 
fore, courses were set up, often of perhaps half-a- 
dozen men who were keen on some specialist know- 
ledge ; they would be given perhaps half-a-dozen 
lectures by an expert on the subject who could, if 
he wished, sub-let some of his work to other lec- 
turers. That was an important development, 
because it meant that keen young men got know- 
ledge which they could use quickly; the time-lag 
between getting the knowledge and using it was 
reduced. He concluded by hoping that Mr. Wood- 
ing’s suggestion that there should be a general dis- 
cussion at one of the institutions could be carried 
out. 

Mr. Harding also replied, and on the motion of 
the chairman, a vote of thanks was accorded to the 
authors for their papers. 


(To be continued.) 








member and did the students little good. If 
students came to him and said they would like to 
hear something about, say, centrifugal pumps, his 
method was to make the students get together and 
prepare a questionnaire and to supply every student 
with a copy. A member of the staff was then 
presented with the questionnaire, which halved his 
work in preparing his lecture because he knew in 
advance what the students wanted to know and 
could get straight down to it. He would like, he 
said, to hear this debated, perhaps elsewhere, 
perhaps at a symposium on different techniques 
applied internally to practical engineering training, 
because by applying the more recently developed 
psychological ideas he was sure they could achieve a 
great easement in training and improve the results 
obtained. 

Sir Arthur Fleming, replying to the discussion, 
said that a question raised by several speakers which 





of two years on the membership committee of the 


he wished to stress very strongly was the tendency 


IRON AND STEEL PRODUCTION IN EUROPE.—The com- 
mittee of the Economic Commission for Europe, repre- 
senting the United States and 13 European countries, 
which has been meeting in Geneva, recommends special 
measures to increase the European output of iron ore, 
and the exploitation of new deposits, in the endeavour 
to obtain a 10 per cent. greater output by 1953. On the 
basis of 40 per cent. average iron content, this represents 
an inerease of not less than 7,000,000 tons of ore, and 
perhaps as much as 12,000,000 tons. 





EDUCATIONAL CHARTS ON OIL INDUSTRY.—The Sbill 
Petroleum Co., Ltd., have produced a series of ten 
pictorial cbarts on the main activities of the oil industry, 
namely, exploration, drilling, field development, Pro 
duction, land transport, cransport by water, primary 
distillation, vacuum distillation, thermal] cracking, and 
fluid vatalrtic cracking. The charts are in colour, with 
the text written in a suraightforward, though technical, 
style, suitable for educational purposes, and each 
measures 3lin. by 23in. Sets are obtainable from Shell- 
Mex and B.P., Ltd., Shell-Mex House, Strand, London, 





W.C.2, price 11s, 6d. each, including postage. 
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TELEVISION AT THE BRITISH 
ASSOCIATION MEETING. 


Tue 1951 annual meeting of the British Association 
for the Advancement of Science, held in Edinburgh 
from August 8 to August 15, will go down in the annals 
of British television. As noted previously in our 
columns, the inaugural proceedings on Wednesday, 
August 8, which included the conferring of the degree 
of Doctor of Laws by the University of Edinburgh on 
H.R.H. The Duke of Edinburgh, this year’s President 
of the Association, were transmitted by a radio- 
television link from the University’s M’Ewan Hall 
to the city’s Usher Hall, nearly a mile away, and were 
viewed there, on a screen measuring 12 ft. by 16 ft., by 
a large audience which filled the hall almost to capa- 
city. Although the occasion was not, by any means, 
the first on which televised pictures had been displayed 
on a large screen before a British audience, such a 
demonstration had never before been given north of 
London nor had a radio link been employed as the 
means of transmission. The audience, numbering well 
over 2,000 persons, was also the largest single audience 
ever to view television on a screen of cinema size. 
The most remarkable feature of the demonstration was 
the steadiness and brilliance of the picture. The 
clarity of the close-up views provided by the telephoto 
lenses of the viewing cameras was astonishingly good, 
though it appeared to be associated with a restricted 
depth of focus which occasionally resulted in the back- 
ground being somewhat blurred. However, although 
a standard 405-line system was employed, the lines on 
the screen were at all times quite invisible owing to the 
use of a technique known as “spot wobbling.” The 
excellence of the whole transmission drew spontaneous 
and prolonged applause from the whcle audience at 
the close of the proceedings and ths achievement was 
described by Sir John Russell, a past-President of the 
Association, who presided, as the end of the first phase 
in television and the beginning of the second, the 
end of which no one could Somes 

Only one feature of the original was missed in the 
transmission, namely, the colour, which was particu- 
larly brilliant. The extent of the loss was appreciated 
by the audience at the close of the proceedings when 
the leading members of the platform pay in their 
glowing academic gowns and robes of office, paid a 
short visit to the Usher Hall. On the other hand, 
the audience had unquestionably a much better and 
more intimate view of many details of the proceedings 
than did those in the M’Ewan Hall. Little was 
missed by the roving eye of the television camera, which 
at times picked out and displayed the idiosyncracies 
of members of the platform party with almost alarming 
candour. Gestures and mannerisms revealed by this 
innocent, and frequently vg ae ing, at times 
gave the audience in the Usher considerable 
amusement, especially as the victims frequently 
appeared unaware of the camera’s scrutiny. The 
arrangements for televising the 
carried out by Messrs. Cinema-Television, Limited, 
Worsley Bridge-road, Lower Sydenham, London, 
§.E.26, who have given the following details of the 
installation. “ 

Two standard Marconi cameras of the Image 
Orthicon type were employed. Each was fitted with 
a turret containing four lenses any one of which could 
be employed at will to show close-up (head and shoul- 
ders), semi-extended (three-quarter length), or full- 
length views, or again a wide-angle view including 
the whole platform party. The angle or the closeness 
of the view was changed every 30 seconds, approxi- 
mately, during the transmission. Each camera had 
its own chain of ancillary equipment, including an 
electronic viewfinder, and a camera control and 
monitor unit having a stabilised power supply. A 
synchronising signal generator fed both camera units 
and supplied the master pulses to the transmitter. 
A — and a switching unit was provided for 
selecting from either camera the picture to be televised, 
and the output from this unit was fed directly to the 
transmitter. 

The transmitter was of the Marconi micro-wave type, 
employing wide-band frequency-modulation in the 
6,500 to 7,100 megacycles per second waveband. 
The system is highly directive and it was necessary to 
provide a line of direct vision between the two 
buildings. This was accomplished by mounting an 
aerial on the roof of each. The transmitting system 
consisted essentially of the transmitter, its rod-type 
aerial behind which was a parabolic reflector, a control 
unit and the interconnecting cables and 
accessories. The control unit was placed at a con- 
venient point and connected to the transmitter through 
asingle multicore cable, the only restriction on which was 
that its length had to be less than 400 ft. The trans- 
mitter was run from the supply mains and consumed 

170 watts, compared with 250 watts in the case of the 
recelver. 

The receiving and projection equipment was that 
designed, developed and manufactured by Messrs. 


roceedings were. 





Cinema-Television, Limited, for the projection of 
television pictures on to cinema screens of normal size, 
and had been used previously in Britain only for private 
demonstrations. The receiving equipment was moun- 
ted back-stage in a series of racks. It consisted of the 
receiver proper, a high-voltage power supply unit for 
the cathode-ray tube, a control monitor panel fitted 
with three knobs for controlling the brightness, focus 
and contrast of the picture, and various ancillaries. 
The actual projector was situated in the stalls of the 
auditorium and was operated by remote control. It 
consisted of a high-powered cathode-ray tube which 
gave a very bright image of the televised picture 
measuring 5 in. by 6 in., approximately. The cathode- 
ray tube faced the rear of the hall and the image was 
reflected by a large mirror 27 in. in diameter, thro a 
plastic correcting plate 18 in. in diameter surroundi 
the neck of the tube, and thence on to the screen which, 
as already mentioned, measured 1% fi. high by 16 ft. 
wide. 

The signal was picked up at the Usher Hall on an 
aerial similar to that at the transmitting end. From 
the receiver, the video signal was fed to the vision 
receiving racks, where it first passed thvough a video 
amplifier in which the synchronising signals were 
filtered out and fed to the synchronising-signal separa- 
tor. This unit separated out the line and Ronni 
synchronising signals, which were then passed to their 
respective scanning generators for transmission by 
cable to the scanning coils of the projector tube. The 
video signal was passed subsequently through various 
correcting units and was fed finally into the output 
amplifier. The latter applied approximately 450 volts 
of vision signal to the cathode ofthe projection tube. 

The focus supply was modulated with line and frame 
frequency signals to keep the spot size uniform over the 
whole of the screen, and the heater of the cathode was 
fed by a low-capacity transformer which was voltage- 
stabilised. The anode voltage supplied to the tube 
was 50 kV. It, also, was stabilised and the face of the 
tube was cooled by an air blast. The average beam 
current during operation was between one and two 
milliamperes but under peak conditions it rose to 15 
milliamperes. The projector was designed to give a 
brightness comparable with that of a normal film 
projector, 7 foot-lamberts brightness of illumination 
being obtained. The contrast range was 50 to 1. 
The equipment was designed specially to minimise the 
effects of impulse interference such as is caused by the 
ignition systems of motor cars and, in fact, there was 
no trace of interference during the transmission. One 
concluded indeed, from the sustained excellence of the 
latter, that the equipment had now reached a stage of 
development where it could meet fully the requirements 
of the contemporary cinema. 





MINIATURE BALL BEARINGS.—The British distributors 
of the Swiss-made R.M.B. ball and roller bearings, 
Miniature Bearings, Limited, 192, Sloane-street, London, 
S.W.1, have sent us a sample of a ball bearing only 
1-5 mm. in diameter and 0-93 mm. in depth. It is 
designed for a 60-deg. pivot and consists of a pressed -steel 
cup, a dust cover, a ball cage and three chromium-steel 
balls. They state that the smallest standard bal] bearing 
in the world, also an R.M.B. product, is the model Cl, 
which is 1-10 mm. by 0-70 mm. A booklet issued by 
the agents illustrates and describes some applications of 
small ball bearings of this type. 





AIRCRAFT TORPEDO RANGE OFF THE LIZARD.—The 
Admiralty announce that it has been decided to establish 
an aircraft torpedo range off the Lizard p2ninsula, 
Cornwall. It will cover an area of about five square 
miles off the south-west coast of Cornwall, near the 
Manacles. Two observation posts will be erected on the 
coast, and red flags will be flown from these posts when 
the range is in use, and no aircraft will be permitted to 
drop a tormdo if there appears to be danger to any 
ships in uhe vicinity. The torpedoes used will not carry 
explosive charges. A public local inquiry will be held by 
the Ministry of Local Government and Planning before 
sanction is given to proceed with the scheme. 





EDUCATIONAL FILMS AT CAMBRIDGE UNIVERSITY.— 
The need for an institution to provide cinematograph 
services and to produce films, in the same way that a 
university press provides printing services and produces 
books, is stressed in the fourth report of the Cambridge 
University Educational Film Council. Films continue to 
be made, however, under restricted conditions, by 
individuals in the University ; a working-print of a film 
recording the building and opening of the Engineering 
Laboratory workshops has been made, and cinemato- 
graphy is being used for research on the flow of gases in 
internal-combustion engines. An investigation has 
shown that, in an educational] film session, an appropriate 
musical accompaniment to a silent film aids visual 
attention. The Council’s genera] secretary is Mr. 
C. Denis Pegge, M.A., Engineering Laboratory, 
Trumpington-street, Cambridge. 


SENSITIVE TEMPERATURE 
CONTROLLER. 


THERE are many occasions in engineering practice 
and research where high temperatures “have to be 
maintained approximately constant over extended 

iods. Instances where this is necessary are to be 
‘ound in metallurgical and chemical processes and in 
studies of the cog: of materials. In creep tests, 
for example, temperatures have to be kept 
steady within narrow limits, not so much because the 
properties of the materials under examination change 
rapidly with temperature as because the measuring 
equipment is never wholly insensitive to temperature 
variations. The elongations which occur during creep 
are so small that thermal effects on the measuring 
equipment must be guarded against carefully. To 
modern science, the accurate measurement of tem- 
perature presents no serious difficulty and it can gener- 
ally be controlled satisfactorily provided sensitive 
apparatus is employed. Sensitivity, however, usually 
— complication. 

he tem ture regulators in most frequent use 
employ either thermocouples or resistance thermo- 
meters, those in the first oy being the more 
common. The thermocouple has the wok ay over 
the other that it measures the temperature locally. 
The indicating instrument may be either a direct- 
reading millivoltmeter and the control a manually- 
operated rotary switch, or it may be a compensating 
device or a recording instrument. For the accuracy 
which work on creep demands, compensating instru- 
ments are essential, but they may involve a consider- 
able expenditure of power since the switching must be 
done by means of a servo A sagen yp which is sensitive 
enough to operate quickly and accurately on v 
small inputs. The obvious course of am Jifying the 
small thermo-electric voltages electronically in order 
to increase the sensitivity and eliminate the servo- 
mechanism preg os considerable difficulty since the 
magnitude of the input voltage is of the same order as 
the disturbance he of the amplifying valves. 

In the case of temperature regulators in the second 
category, platinum resistance thermometers are gener- 
ally employed. The magnitude of the voltage c 
which accompanies a ch in resistance is no y 
sufficient for electronic comiiinciion to be used without 
much difficulty. An electrical bridge circuit is always 
employed and the amplified currents are used to operate 
an ordinary relay. The highest temperature which 
can be controlled in this way is limited, however, to 
about 900 deg. C., owing to the resistance wires being 
platinum and the temperature probes being subject 
to ex ion. 

In an effort to find a simple solution to the tempera- 
ture-control problem in electric furnaces, Messrs. 

J. er and.Company, Schaffhouse, Switzer- 
land, have produced the equipment illustrated in Fig. 1, 
on page 204, which is capable of maintaining any 
working temperature between 0 and 1,000 deg. C. 
constant within + 0-5 . C. Most of the control 
devices already mentioned work on the “ on-off” 
principle and come into operation only when the 
temperature which is being controlled risen or 
fallen by a certain minimum amount. Consequently, 
in furnaces which have a high thermal inertia, the 
temperature can deviate considerably from the desired 
value. Although the Amsler temperature controller 
employs a well-known principle, namely, that different 
materials have different coefficients of thermal e - 
sion, its design has certain novel features which will be 
understood by reference to Fig. 2, on page 204. 

The temperature probe is a tube a closed at one end 
and made of a highly heat-resisting steel. It contains 
a quartz rod b and a distance rod c made of the same 
steel as the tube. The active length of the probe is 
fixed by the length of the quartz rod, which is approxi- 
mately 2 in., but the overall length may have any one 
of four standard values which range from 3} in. to 
11 in., approximately. Owing to the shortness of the 
active length, the temperature is measured relatively 
locally, and this allows the regulator to be inserted into 
smal] furnaces radially. In other cases it may, of 
course, be fitted axially. When the probe is heated, 
the steel tube expands more than the quartz and the 
difference is transmitted through the rod c to the 
lever d and the leaf-spring e, which are supported on a 
strip of metal from the baseplate f. The latter can 
be adjusted by means of the toothed nut g geared to 
the pinion h. The pinion is rotated by means of a knob 
having a pointer and scale which are visible in Fig. 1. 

The leaf-spring at its free end has a contact stylus ¢ 
tipped with precious metal, and the differential expan- 
sion of the probe is magnified approximately a hundred- 
fold there. Beneath the stylus is a rotating disc k, also 
of precious metal, which is inclined to its driving 
spindle, and thus forms a swash plate. The relative 

itions of the stylus and disc are such that the 
oe rests on the latter over a circular arc, the length 
of which depends on the height of the stylus point above 





the centre of the disc. As the latter rotates, the stylus 
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rides up and down along the arc of contact under the 
light restraint of the leaf spring. Electrical leads con- 
nected to the disc and stylus are in the grid circuit of a 
single-valve electronic amplifier which actuates a relay 
in accordance with the making or breaking of the con- 
tact. The relay, in its turn, controls the supply of 
current to the furnace. Since the disc is rotated at 
constant speed—6 r.p.m., approximately—the sum of 
the “ on ” and “ off” periods is constant. Their ratio, 
on the other hand, depends on the distance of the stylus 
from the disc. 

Control of the furnace is therefore accomplished by 
repeatedly switching the furnace current—or part of it 
—on and off. Since this is done comparatively rapidly, 
the temperature can never change much in the interval. 
Should it tend to rise steadily, the probe will expand 
and cause the rod ¢ to withdraw into the tube a; the 
lever d will tilt under the action of the spring / and lift 
the stylus away from ‘the disc, thus reducing the arc of 
contact. The process will continue till the tempera- 
ture begins to fall again. The range of temperature 
between the extreme positions in which the stylus 
either touches the disc continuously or is wholly out 
of contact with it, depends on the mechanical ratio 
of the lever and—more important still—on the 
inclination of the swash plate to its spindle. Since the 
current which passes through the contact is no more 
than suffices as the input to the electronic control unit, 
it can be kept comparatively small and, in consequence, 
the inclination of the disc may be extremely small. It 
is easily possible to limit the range between “ per- 
manently on” and “ permanently off” to 1 deg. C. 
and still. secure dependable working of the switch. 
Under such conditions, the furnace temperature may 
be maintained constant with a few tenths of a degree. 
The sensitivity of the control is constant over the 
whole of its useful range of regulation between 0 and 
1,000 deg. C. 

An example of the degree of control obtained during 
a test of the equipment is given in Fig. 3, on this om 
The furnace was set to operate at 620-0 deg. C., at the 
nominal supply pressure of 220 volts, and the voltage 
was varied. The full curve in the diagram shows the 
theoretical temperature variation and the small circles 
the measured values. The resistance R was chosen 
so that, when it was short-circuited, the output of the 

was doubled. The temperature fluctuation 
corresponding to a supply-voltage fluctuation of 
+ 10 per cent. was only + 0-5 deg. C. 

The electronic relay, which is actuated by the rotating 

contact, is shown diagrammatically in Fig. 4, on this 

. The electronic valve a is one of the standard 
ey output type and is fed entirely with alternating 
current Tes the transformer b. It acts, therefore, 
as an amplifier and a rectifier combined. The anode 
circuit contains a relay c to which a switch of a size 
suited to the furnace is connected at the terminals d. 
When the contact in the controller e is open, no current 
flows through the valve, and it is only when the contact 
is closed that the relay is i The voltage at the 
contacts of the controller is approximately 20 volts 
and the current which flows when the circuit is com- 
pleted is about 20 milliamperes. Should the supply 
voltage fail or the valve break down, the relay auto- 
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matically reduces the furnace temperature. If, owing 
to failure of the rotary switch, or damage to the 
controller, the furnace temperature is exceeded by a 
certain preselected amount, the whole of the heating 
current is cut off by the operation of an auxiliary con- 
tact, within the controller, which is adjustable. The 
relay itself has three sockets; two of these are for 
temperature regulation and the third is for the limit 
switch. 

In the case of thermally sluggish furnaces, it is found 
that, with all direct regulators, i.e., those which operate 
only when the probe has attained some definite tempera- 
ture, the furnace temperature oscillates more or less 
widely about a mean value. The period and amplitude 
of the variations are dependent on the thermal charac- 
teristics of the furnace and the amount of thermally 
sluggish material interposed between the source of 
heat and the temperature probe. If, however, the 
interval between the times of successive switchings is 
controlled by external means and kept short, the 
temperature fluctuations will also be reduced. As 
already mentioned, this is accomplished in the Amsler 
controller by fixing the period of rotation of the swash 
plate at 10 seconds, approximately, during which time 
the furnace temperature cannot vary by much. Thus, 
the controller is equally effective with thermally-sensi- 
tive and thermally-sluggish furnaces. 

The operation of a sliding contact is not without its 
roblems, and these have been investigated very fully 
y the Amsler company. Although it does not follow 

that the difficulties are any greater with a sliding con- 
tact than with a fixed make-and-break, the reliability 
of the temperature controller described above depends 
mainly on the reliability of the contact on the rotating 
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disc. Even at low voltages, a certain amount of burning 
takes place at a contact, and the relative motion of 
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metal surfaces is always accompanied by some adhesion 
and shearing of the metals. The situation is also 
complicated by the presence of oxide and other films 
on the metal surfaces. Without going into details, 
suffice it to say that all these matters have been consi- 
dered by the Amsler company and that their conclusions 
have been published in a technical paper* to which we 
are much indebted for the information contained in this 
article. 

In conclusion, it should be mentioned that the Amsler 
temperature controller also records the temperature, in 
the sense that the selected temperature at which the 
controller maintains the furnace is displayed on the 
instrument. The setting and fine reading of the 
desired temperature are effected with the aid of the 
control knob and scale, visible on the back of the 
housing, in Fig. 1. The coarse reading of the tempera- 
ture is displayed in the circular window below the knob. 
All the mechanical components, including the driving 
motor for the disc, are in the housing, which is of light 
alloy. The electronic relay works on either 220 volts 
or 110 volts, alternating current, 40 to 60 cycles per 
second, and consumes 30 watts. Controller and relay, 
together, weigh 641b. Models of greater sensitivity and 
accuracy, covering narrower temperature ranges, an 
other variants on the standard patterns, can be supplied 
on special order. The sole agents in Britain for the 
Amsler temperature controller are Messrs. T. C. 
Howden and Company, Limited, 12, High-street, Lea- 
mington Spa. 





First DIr&sEL LOCOMOTIVE BUILT IN SOUTH AFRICA.— 
The first Diese] locomotive for handling main-line wagons 
to be built in South Africa has been completed at Johan- 
nesburgh by Hunslet Africa (Pty.), Limited, an associate 
of the Hunslet Engine Company, Limited, and is at work 
in a timber yard at Germiston, where it handles timber 
trolleys and wagons in connection with the South African 
Railways, and performs al] the internal shunting of the 
yard. It is of 3 ft. 6 in. gauge and embodies all the 
usual Hunslet features. Power is provided by a Gardner 
6LW engine giving 100 h.p. at 1,700 r.p.m. on site, which 
is nearly 2,000 ft. above sea level. The drive is through 
a two-step transmission, giving track speeds of 4 and 
8 m.p.h., with corresponding tractive efforts of 7,000 Ib. 
and 3,500 Ib., respectively. The weight of the loco- 
motive is 13} tons. Loads up to a maximum of 400 tons 
are hauled on straight level track, and up a 1 in 50 grade 
a trailing weight of 100 tons is pulled in bottom gear. 
Wheels are 33 in. in diameter, and the wheelbase is 
5 ft. 6 in. 


* Ueber einige Probleme bei der Regulierung hoher 
Temperaturen. By M. Russenberger and H. Lusten- 
berger. Verlag Vogt-Schild AG, Solothurn, Switzerland 
(1950). 
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DRILLING MACHINE WITH CAM-FEED HEAD. 





Fig. 1. 


DRILLING MACHINE WITH 
CAM-FEED HEAD. 


For use with their drilling machines, Messrs. Alfred 
Herbert, Limited, Coventry, have recently introduced 
cam-feed heads which control the machines auto- 
matically. Used in conjunction with suitable fixtures, 
it is therefore possible to carry out a sequence of drilling 
operations automatically and thereby, it is claimed, 
idle time can be greatly reduced. An example of such 
an application is illustrated in Figs. 1 and 2, which 
show a Herbert Type C single-speed drilling machine 
with a cam-feed head arranged for drilling 14 equally- 
spaced holes in the scraper-ring groove of a piston. 
This type of machine is available with any one of 
eleven speeds within the range 72 to 2,415 r.p.m. 

The feed shaft is driven through reduction gearing 
by the main spindle; in the machine illustrated, the 
reduction tatio is 2-745 to 1. From the feed shaft, a 
horizontal camshaft is driven through gears, which 
provide a means for varying the camshaft speed, and 
& worm and wormwheel. The camshaft carries 
two cams: a large cam, which can be seen in Fig. 1, 
controls the downward motion of the main spindle, 
and provides for the required variation in the speed of 
the motion for rapid approach to the work, normal 
feeding, and dwelling. Where deep holes are to be 
drilled, the cam can also be arranged to clear the drill 
of swarf automatically. The withdrawing motion of 
the spindle is controlled by a second, smaller cam which 
is bolted and dowelled to the inner side of the large 
cam. At the other end of the camshaft, a timing 
mechanism, consisting of an electrical limit-switch 
tripped at each cam revolution by a dog on the cam- 
shaft, is provided to stop the machine automatically 
~ the end of each cycle. In the machine illustrated, 

Owever, this switch is electrically connected to the 

ure in such a way that 14 drilling operations are 
carried out consecutively before the timing switch cuts 
out the machine. 

_The piston which is being drilled is carried on an 
alr-operated indexing fixture which is located in 14 
_— successively by a Geneva motion actuated by 

© main spindle. At the top of its stroke, the spindle 








ALFRED HERBERT, LIMITED, COVENTRY. 








operates a trip valve, mounted on the column of the 
machine, which admits air into the outer end of an air 
cylinder, driving a piston inwards. An extension of 
this piston carries a rack which engages with a small 
pinion, and drives a ratchet and pawl mechanism 
which moves the driving plate of the Geneva motion 
through 180 deg. and thereby rotates the Geneva 
index plate through ;; revolution. At this point, 
as the drill spindle commences its down stroke, 
the driving plate is retained by a plunger under light 
spring pressure. A bar attached to the drill spindle 
positively locates the Geneva index plate just before 
the drill commences cutting. At the bottom of the 
stroke of the spindle, another trip valve is opened, 
admitting air to the other end of the cylinder and 
driving the air-cylinder piston and rack outwards. 
In this case, however, the ratchet does not engage the 
pawl and the motion is not transmitted to the Geneva 
driving plate. As the spindle again reaches the top of 
its stroke, the cycle is repeated. To stop the machine 
automatically after 14 cycles, a timing switch fitted to 
the fixture is tripped at the end of each revolution of 
the Geneva index plate, that is, once every 14 revolu- 
tions of the camshaft. This switch is wired in the 
same circuit as the limit switch on the camshaft in 
such a way that the latter does not operate until the 
timing switch on the fixture has been tripped. 





Messrs. JoHN LAING AND Son, Lirp.—The history of 
the building and civil engineering contractors, Messrs. 
Jobn Laing and Son, Ltd., London, N.W.7, is the subject 
of a lavishly-produced book, “‘ Team Work,” a copy of 
which we have recently received. The firm was founded 
over a hundred years ago—1848 is regarded as the 
foundation year—and gradually extended the size of 
contracts undertaken. In recent years, the many large 
works completed have included military establishments, 
factories, the underground headquarters of the Royal 
Air Force during the war, power stations, schools, open- 
cast coal workings and the 1§-mile runway for the 
Brabazon at Filton airport. Marshal of the Royal Air 
Force Lord Tedder has contributed a foreword to the 
book and Mr. J. W. Laing, governing director has 
written an introduction. 
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CEYLON GOVERNMENT RAILWAY. 


THE annual report for 1950 of the Ceylon Government 
Railway* reveals a loss of Rs.13,622,382; the gross 
revenue was Rs.57,650,139, and working expenses 
were Rs.71,272,521, ‘‘ Being State-owned,” the general 
manager remarks, “the railway has to be a model 
employer, but at the same time it has to face road 
competition and also justify itself as a commercial 
enterprise.” 

The total route mileage remained unchanged during 
the year at 896, of which all but 87 miles of 2 ft. 6 in. 
gauge are broad gauge, 5 ft. 6 in. Difficulty was 
experienced with the supply of sleepers owing to a 
ban on the export of hardwood sleepers from certain 
countries. The best had therefore to be made of local 
timber, supplemented by 77,000 Douglas fir sleepers 
from Canada and 25,000 steel sleepers from the U.K. 
Seven out of 12 bridges ordered from the U.K. 
were received. In the mechanical engineering branch, 
delays in obtaining new locomotives, carriages and 
wagons resulted in many “over-age” engines and 
vehicles being kept in service at the expense of normal 
scheduled repairs and replacements. The number of 
heavy repairs fell and the repair cost per unit increased 
(from Rs.663 to 1,497 in the case of wagons), due to 
more extensive repairs being necessary on over-age 
vehicles. 

The number of locomotives in commission at the end 
of the year, including narrow-gauge engines and Diesel- 
electric shunting engines, was 235. Four narrow-gauge 
Hunslet Diesel-mechanical shunting engines were re- 
ceived during the year and are being used for passenger 
service as well as shunting. A “ Diesel de Luxe” 
observation car, designed for tourist traffic and special 
parties, was placed in service during the year. It has 
accommodation for 30 to 35 passengers and can be 
hired for journeys over 25 miles at a minimum of 
20 first-class fares at 1} times the single fare for the 
double journey. 


* Administration Report of the General Manager, Ceylon 
Government Railway, for 1950. Government Publica- 
tions Bureau, Colombo. [Price Rs. 2; postage, 25 cents.] 











206 


ENGINEERING. 


AUG. 17, I95I. 








NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ScoTTisH STEEL OvuTPuT.—The production of steel 
ingots and castings in Scotland during July declined 
to the annual equivalent of 1,184,500 tons, compared 
with 1,573,600 tons in the corresponding month last 
year, representing a shrinkage of almost 25 per cent. 
Blast furnaces turned out the equivalent of 674,900 tons 
of pig iron per annum against 542,600 tons in July, 1950, 
when, however, one large furnace was just coming back 
into production after a major overhaul. The output in 
June was at a rate of 756,400 tons per annum. 





Coat PosiTion.—Stockpiling of coal in Scotland has 
been slowed down recently as a result of the suspension 
of Saturday working at the pits since June. The 
total distributed stocks, compared with last year, 
however, retain a favourable margin, built up in earlier 
months. All categories, with the exception of the 
domestic section, share in the improvement. Industrial 
reserves are about 174 per cent. higher, and stocks at 
iron and steel works, reflecting reduced activity on 
account of raw material shortages, are up by 30 per cent. 

SHip-BREAKING ACTIVITIES.—Metal Industries, Ltd., 
have acquired the Norwegian Government’s fish-freezing 
steamer Thoriand (5,176 tons gross) for breaking up at 
Faslane, on the Gareloch. The firm are still engaged on 
the hull of the Aquitania, of which about 20 ft. remains 
above the waterline. 1 

EFFECT OF METAL SHORTAGE.,—A shortage of raw 
materials, particularly nickel, is reported to be threat- 
ening the level of employment at the Newhouse factory 
of Vatric Ltd., manufacturers of vacuum cleaners. 
Dismissals within the next few weeks may be necessary, 
platers and polishers being probably the most affected. 
The firm, who do a considerable export business, have 
the largest factory in the Newhouse industrial estate. 

Om Imports aT KIRKCUDBRIGHT.— Dredging has begun 
at Kirkudbright harbour to allow Shell-Mex oil tankers 
to discharge fuel oil. The firm are building a storage 
depot nearby, to which the oil will be conveyed by 
pipelines. 

Factory at East Kuprive.—Mr. J. D. Wormley, 
managing director of the British subsidiary concern of 
John Deere and Co., agricultural hine manufacturers 
in the United States and Canada, visited East Kilbride 
on August 8 to discuss preliminary arrangements for the 
firm’s factory in the new town. 








EXTENSION OF GRID SysTEM.—The Rt. Hon. Hector 
MoNeil, M.P., Secretary of State for Scotland, has con- 
firmed a scheme prepared by the North of Scotland 
Hydro-Electric Board for the erection of overhead trans- 
mission lines from Boat of Garten, in Inverness-shire, to 
the Board’s transforming station at Craigiebuckler, in 
Aberdeen. The scheme is estimated to cost 698,6001. 
The Amenity Committee asked that the lines should 
avoid woodlands and plantable land as far as possible ; 
the Board have given an assurance that this will be done, 
and that, where practicable, towers will be kept below 
the skyline. The Secretary of State did not consider it 
necessary to hold an inquiry, which was not asked for 
by any objectors. A White Paper (Cmd. 8304) on the 
scheme is available from H.M. Stationery Office, 13a, 
Castle-street, Edinburgh, price 2d. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


BUSINESS IN IRON AND STEEL.—Last week, trans- 
actions in Cleveland iron and steel products dwindled 
to a very low ebb. Makers of most descriptions of 
material have congested order books and expect the 
tonnage available for distribution to be under official 
direction for some time to come. Unfortunate features 
in the unsatisfactory general situation are the continued 
decrease in steel-scrap supplies and stocks of pig iron. 
Tronfounders are desperately short of blast-furnace 
materials and users of East-Coast hematite are calling 
persistently for larger deliveries than they are receiving, 
while refined-iron makers have difficulty in dealing 
satisfactorily with the demands of the usual buyers. 
Scarcity of semi-finished steel commodities is hampering 
operations at re-rolling mills. The heavy steel mills are 
running at as high a pressure as the present conditions 
permit. 

PASSING OF NEWOCASTLE-GATESHEAD TRAMWAY 
SERVICE.—Just before midnight on August 4, the last 
tramway car to run from the Central Railway Station, 
Newecastle-upon-Tyne, to Gateshead, left the Newcastle 
terminus, passed across the High Level Bridge over the 





River Tyne and travelled on to the depot in the Dunston 
district of Gateshead. It is described as the last 
privately-owned and operated tramway car in this 
country, and the service, which was instituted in 1883, 
with coke-consuming steam tramways and electrified in 
May, 1901, will now be maintained by omnibuses 
operated by the newly-named Gateshead and District 
Omnibus Co. 





LANCASHIRE AND SOUTH 
YORKSHIRE. 


RE-STARTING OF A STEEL FuURNACE.—It has been 
found practicable to bring into production again one 
of the five open-hearth steel-smelting furnaces at the plant 
of Steel, Peech & Tozer, Ltd., Sheffield. These, it will 
be recalled, were closed some time ago owing to 
scarcity of melting material, chiefly scrap. The furnace 
has been re-started for the time being on materials 
accumulated during the holiday. There are now 13 
furnaces in production at the company’s plant, compared 
with a normal total of 16. There is a prospect of fuller 
supplies of scrap from Germany. 

SHEFFIELD AREA OUTPUT OF STEEL.—The steel pro- 
duction of the Sheffield area in July was nearly 5,000 tons 
a week lower than in July last year. Lack of sufficient 
scrap and imported iron ore caused a drop in steel pro- 
duction which reached an average of 36,300 tons a week, 
the lowest figure since December, 1949. Compared with 
June, the drop was 4,000 tons a week, a contributory 
factor being the annual holidays. A view is held in 
Sheffield that the worst of the shortages of some materials 
has now been witnessed. 





SUPPLY oF ScraP.—Sheffield industry is settling down 
after the annual works holidays and is making the best 
of the situation created by the shortage of coal, pig iron, 
ferro-alloys, lime and acid, and especially of iron and steel 
scrap. The home drive for scrap is yielding some satis- 
factory quantities and there is an impression that imports 
will be increased. Some of the largest furnaces are still 
out of production because of the lack of scrap. When 
steel production achieved a record high level last year, 
the imports of scrap totalled about 2,000,000 tons ; this 
year, so far, they have reached only about 500,000 tons. 

PowER-CuT WARNINGS.—There has been a disappoint- 
ing response to the inquiry sent to 4,000 Yorkshire indus- 
trialists, asking them whether they would agree to install 
the special short-wave radio sets required to receive 
warnings of power cuts. The Yorkshire Electricity 
Board have had only 40 replies in the affirmative, whereas 
about 200 is the minimum required to make the scheme 
worth while. The Board’s technicians spent some months 
in working out the scheme, in response to hundreds of 
complaints of the danger of sudden cuts. 





DOLLAR-EARNING ORDER.—A valuable order, placed 
with Edgar Allen & Co., Ltd., Sheffield, for manganese- 
steel castings for export to Chile, has recently been com- 
pleted. The help of the company’s French subsidiary 
was sought to enable the Sheffield firm to comply with the 
stipulation for early delivery. Some 63 per cent. of the 
order was dealt with in France and the balance of manu- 
facture was carried out in the Sheffield works. The 
value of the order was 250,000 United States dollars. 

SHORTAGE OF HovusE CoaL.—South-Yorkshire coal 
merchants are aggrieved because they are being kept 
very short of house coal. Rotherham merchants state 
that since Whitsuntide they have received only 85 per 
cent. of their allocations, and, whereas the shortage for 
the whole of the country is about four per cent., it is 
approximately 9-2 per cent. in the North-Eastern 
Division. The large number of employees on shift work 
employed in the area necessitates fires in many homes 
almost throughout the 24 hours of the day, forthe purpose 
of washing and drying working clothes. The merchants 
urge the necessity for 100 per cent. allocation for the 
remainder of the programme and the delivery of arrears. 
They ask for the removal of the anomaly of a rich coal- 
producing area being one of the worst treated of all 
districts for household coal. 


THE MIDLANDS. 


DEVELOPMENTS AT BILSTON STEELWORKS.—Plans 
have been passed for the erection of a new blast furnace 
at the Bilston Steelworks of Stewarts and Lloyds, Ltd. 
There are three blast furnaces, all hand-charged, at the 
works at present, and the new furnace will be the first 
of two which will supersede them. It will have a 
capacity of 3,000 to 3,500 tons of iron a week and will be 
mechanically charged. It will be worked with high 
top pressure, and will, it is believed, be the first blast 
furnace in this country to be designed and built to work 
in this way. There is a furnace in Sootland working 
with high top pressure, but it was adapted and not built 
for the purpose. The new furnace will be equipped 
with electrostatic dust-precipitation plant, and new 
turbo-blowers will be installed to provide the blast. 





Gas from the furnace will be stored, after cleaning, ina 
5,000,000-cub. ft. dry-type gasholder. No contracts 
have been placed yet for the supply and erection of 
plant, but it is expected that work will begin almost 
immediately. Some alterations to the steelworks are 
also to be made, and the whole scheme will require about 
three years for completion. 

SHIPMENT OF MoToR CARS FOR EXPORT.—The Mid- 
lands, where the greatest proportion of the country’s 
motor-car production is centred, is interested in the 
action taken by the Nuffield Organisation to overcome 
the problem of shipping vehicles to Australia. Vehicles 
for Australia have accumulated in this country, in spite 
of the fact that the market is good, because of shipping 
delays. To clear the accumulation, the Nuffield Organi- 
sation has chartered a number of ships specially for the 
transport of motor vehicles. The first of these ships, 
the 5,324-ton motor vessel Exmoor, will sail from London 
shortly with 1,000 behicles, including cars, tractors and 
commercial motors. The consignment will be landed at 
Melbourne. 

EXTENSIONS BY THE STANDARD MOTOR COMPANY.— 
The arrangement made between the Standard Motor 
Co., Ltd., and Rolls-Royce Ltd., for the former company 
to make Avon jet aircraft engines will necessitate the 
employment of considerable extra labour. Authority te 
extend the works at Coventry has already been sought 
and it is possible that a new works at Liverpool will 
also be brought into operation for the aero-engine work. 
The new project will be additional to the company’s 
norma! production of motor vehicles and tractors. 





LaRGE Guiass PiPeE.—Messrs. Quickfit and Quartz, 
Ltd., of King’s Norton, Birmingham, and Stone, 
Staffordshire, have produced what is claimed to be the 
world’s largest glass pipe, 18 in. in diameter. Con- 
siderable difficulties were met in its manufacture, 
particularly in making the pressed flanges and joining 
them to the main body of the pipe, but these have now 
been overcome, and the pipe is in production. 

WATER SUPPLY OF NUNEATON.—A public inquiry 
was held at Birmingham on August 8 to consider the 
Birmingham Corporation’s plans to supply water to 
Nuneaton, Warwickshire. The scheme includes the 
construction by Birmingham of a weir across the River 
Blythe and the reconstruction of existing intake works. 
The scheme proposes a supply of 1,250,000 gallons a day 
at first. increasing to 2,250,000 gallons later. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


THE LaTE Mr. Ivor WILLIAMS.—We note with regret 
the death of Mr. Ivor Williams, which took place on 
August 8 in a London hospital after an operation. Mr. 
Williams, who was 74, was chief engineer of Powell 
Duffryn, Ltd., and had been associated with the firm for 
60 years. Previously, he had been with Crompton 
Parkinson, Ltd., and Fraser & Chalmers, Ltd., and, in 
1903, installed the winding engines at the Wankie 
Colliery, South Africa. 





SourH WALES CoAL TRADE.—Absenteeism in the 
South Wales coalfield on the two days following the 
August Bank Holiday was heavy. Demands from the 
inland electricity stations, gasworks, railways, iron and 
steel works and other general industries were swollen by 
additional requests for supplies to go into stock. 





Barry Dry Dock.—The first repair job to be carried 
out in the reconstructed Barry dry dock of C. H. Bailey, 
Ltd., entered the dock on August 8. The vessel is the 
12,000-ton tanker Ennerdale, one of the last to leave 
Persia before the present oi) dispute. There is still two 
months work on the dock before it is completed, but it is 
sufficiently advanced to enable ships to be docked. The 
contract to modernise the dock involved a sum of 
250,0001. The entrance locks have been widened from 
55 ft. to 78 ft. and the length extended by 77 ft. to 
939 ft. Some 80 per cent. of the work is finished. 





CARDIFF SHIPOWNERS AND SOUTH AFRICAN TRADE.— 
The South American Saint Line, Ltd., shipowners, 
Cardiff, have purchased a controlling interest in Parry, 
Leon & Hayhoe, Ltd., freight, shipping and insurarce 
brokers in South Africa, This compapy have offices, 
and, in a number of cases possess warehouses in several 
important ports in the South African Union, in addition 
to the head office at Johannesburg. 





Warer RESERVOIR aT PorT TaLBot.—A special 
meeting of the Port Talbot Council on August 9 pact 
the first steps of a scheme to build a new water reservo 
at Port Talbot, at a cost of 320,000/. Councillor C. Mort, 
chairman of the waterworks committee, said that a 
present water supplies were adequate, but the commit 
were thinking of the position in 20 years’ time. 
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NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INCORPORATED PLANT ENGINEERS.—London Branch : 
Tuesday, September 4, 7 p.m., Electric Light Manufac- 
turers’ Association, 2, Savoy-hill, Strand, W.C.2. 
“ Storekeeping,” by Mr. J. Barrett. 





CONTRACTS. 


MARCONI’S WIRELESS TELEGRAPH Co., LTp., Chelms- 
ford, Essex, are to supply television equipment to the 
Municipality of Bogota, Colombia, comprising the trans- 
mitter and the complete studio centre. These will be 
similar to those being supplied to the United Nations 
Organisation in New York, and to Montreal, Toronto, 
Madrid and Barcelona. The equipment will be manu- 
factured ‘to the American standard of 525 lines. 
E. K. Cote, Ltp., Ekco Works, Southend-on-Sea, Essex, 
are to supply the television receivers. 

WESTINGHOUSE BRAKE AND SIGNAL Co., LItD., 
82, York Way, King’s Cross, London, N.1, have received 
orders for their compressed-air brake equipment for 
vehicle chassis for Australia, Spain and Portugai: These 
three countries have ordered 50 four-wheeled and 50 six- 
or eight-wheeled Atkinson lorries, fitted with type- 
E10PA air compressors, single-chamber reservoir units 
and MLS foot control valves. Meanwhile, the Kromhout 
Motoren Fabriek, of Holland, are to take delivery of 
35 brake sets, comprising E11P air compressors, two- 
chamber reservoir units and 8.2 control valves; these 
being for TB.50 “‘ D ” omnibus chassis. At home, orders 
have been received for brake sets for 320 goods vehicles 
for the Road Haulage Executive in Bristol. These will 
carry E5V air compressors (fitted to the Leyland 
engines), simple reservoir units, S.2 control valves and 
“push-pull ” cylinders for the Girling brakes. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “ BRETAGNE.”—Twin-screw  refrigerated-cargo 
vessel, carrying 135 first-class, 81 tourist, and 1,048 third- 
class passengers, built and engined by the Chantier et 
Ateliers de St. Nazaire-Penhoét, St. Nazaire-sur-Loire, 
France, for the Marseilles/South America service of the 
Société .Générale des Transports Maritimes & Vapeur, 
Marseilles. Main dimensions: 540 ft. between per- 
pendiculars by 73 ft. by 42 ft. 6in. to “‘ D ’ deck; dead- 
weight capacity, 7,884 metric tons on a mean draught of 
26 ft.; gross tonnage, about 15,500; cargo capacity, 
about 410,000 cub. ft. (133,000 cub. ft. refrigerated). 
Two sets of Parsons steam turbines with single-reduction 
gearing, and three forced-draught boilers, developing a 
total of 15,000 s.h.p. at 150 r.p.m. Service speed, 18 
knots. Launch, July 20. 

M.S. ‘* BRITISH WARRIOR.”’—Single-screw oil tanker, 
built by Joseph L. Thompson & Sons, Ltd., Sunderland, 
for the British Tanker Co., Ltd., London, E.C.2. Main 
dimensions: 423 ft. overall by 56 ft. by 30 ft. 1 in.; 
deadweight capacity, 8,400 tons on a draught of 25 ft. 
Three-cylinder opposed-piston reversible oil engine, 
developing 2,500 b.h.p. at 108 r.p.m., constructed by 
William Doxford & Sons, Ltd., Sunderland. Service 
speed, 11 knots. Trial trip, July 27. 

8.8. “ EXEDENE.”’—Single-screw cargo vessel, with 
accommodation for three passengers, built and engined 
by William Gray & Co., Ltd., West Hartlepool, for the 
River Plate trade of the Dene Shipping Co., Ltd., London, 
E.C.3. First vessel of an order for two. Main dimen- 
sions: 406 ft. between perpendiculars by 56 ft. by 
36 ft. 43 in. to shelter deck ; deadweight capacity, 8,890 
tons on a draught of 24 ft. 11} in. Triple-expansion 
engines in conjunction with a Bauer-Wach exhaust steam 
turbine and two oil-fired forced-draught boilers, develop- 
ing 2,005 h.p. at 78 r.p.m. Speed on service, 104 knots. 
Trial trip, July 31. 

S.S. “Eastern Srar.”—Single-screw cargo vessel, 
with accommodation for twelve passengers, built and 
engined by Harland & Wolff, Ltd., Belfast, to the joint 
order of Common Brothers, Ltd., Newcastle-upon-Tyne, 
and Matheson & Oo., Ltd., London, E.0.3. Main 
dimensions: 462 ft. overall by 59 ft. 9 in. by 38 ft. 6 in. 
to shelter deck ; gross tonnage, 6,200. Parsons triple- 
expansion condensing steam turbines with double- 
reduction gearing, to develop 7,250 s.h.p. at 110 r.p.m. 
in service, Launch, August 2. 

M.S. “ JEPPESEN MaRSK.”—Single-screw cargo vessel, 
to carry twelve passengers, built and engined by Bur- 
meister and Wain, Copenhagen, for A. P. Méller, Copen- 


hagen, Denmark. Second vessel of an order for two. 
Main dimensions: 445 ft. between perpendiculars by 
63 ft. 6 in. by 41 ft. 6 in. to upper deck; deadweight 
capacity, 9,500 tons on a draught of 27 ft. 8 in. ; cargo 
capacity, about 635,000 cub. ft. Ten-cylinder single- 


acting two-stroke Diesel engine, developing 9,200 b.h.p. 
at 115 rpm. Speed 17} knots. Launch, August 9. 





BRITISH STANDARD 
SPECIFICATIONS. 


THE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 

Micrometer Items.—A further specification in the 
series of publications for engineers’ precision tools, 
B.S. No. 1734, covering micrometer heads, has been 
issued. It may be regarded as complementary to 
B.S. No. 870 dealing with external micrometers. 
The new specification relates to micrometer heads 
supplied independently for assembly with measuring 
tools or machine tools, and applies to three types, 
having measuring ranges of } in., 1 in., 13 mm. and 
25 mm. and thimble diameters of three types. These 
are below | in. in diameter, 1 in. and below 2 in. in 
diameter, and 2 in. thimble diameter and over. 
General requirements for the component parts of the 
head are given, and dimensions, graduations and 
standards of accuracy are prescribed. [Price 2s., 
postage included. ] 

Bevel Mechanical and Optical Protractors.—Another 
addition to the series of specifications for engineers’ 
precision tools, B.S. No. 1685, relates to three mechani- 
cal types and one optical type of bevel protractors. 
Standards of accuracy are prescribed for the body, 
stock and blade of the protractor and for the acute- 
angle attachment, when provided. The method of 
graduating both types of protractor is specified and 
general requirements in respect of material, workman- 
ship and marking are included. [Price 2s., postage 
included.] 

Alternating-Current Relays for Railway Signalling.— 
It has been found desirable to revise the series of 
specifications for relays for railway signalling, and the 
opportunity has been taken to combine in a new 
specification, B.S. No. 1745, the provisions of B.S. 
No. 520, covering alternating-current track relays, 
and B.S. No. 557, relating to alternating-current line 
relays, since many of the provisions of these two 
specifications were similar. The new specification 
applies to alternating-current line and track relays of 
the induction type intended for use in railway-signalling 
circuits not exceeding 250 volts, and is applicable to 
relays with or without a local element. [Price 2s., 
postage included.] 

Gas-Fired Boilers for Central Heating by Hot Water.— 
The Council for Codes of Practice for Buildings, 
Construction and Engineering Services, working under 
the egis of the Ministry of Works, have issued, in 
final form, Code No. 332.303, covering the installation 
of gas-fired boilers for central heating by hot water. 
The Code includes the consideration of points appro- 
priate to boilers reqpired to provide hot water for 
domestic purposes in addition to space heating. The 
design of space heating and domestic hot-water systems, 
however, is dealt with in other codes. In the present 
Code are listed essential points on which information 
should be obtained before an installation is commenced, 
to enable the work to be fitted into a time schedule. 
It also affords guidance on the selection of the type and 
number of boilers most suitable for the heating instal- 
lation to be served, having regard to adequacy of 
boiler rating, flexibility in meeting variations in the 
load and preserving the continuity of the supply. 
Details of clearances to allow of accessibility are given 
and recommendations made on fire precautions and gas 
supply and connections, including the master control 
cock and safety devices. Various automatic controls, 
their functions and major components, are described, 
and advice given on points of design. Typieal instal- 
lations are illustrated in a series of diagrams showing 
various combinations of control and equipment and 
their points of connection. [Price 38., postage 
included.]} 

Methods for the Analysis of Soaps.—A new specifica- 
tion, B.S. No. 1715, covers methods for the analysis 
of soaps. It is divided into two parts, in the first of 
which are given British Standard methods. In Part 2 
are given the methods of the International Commission 
for the study of fats. The publication deals with the 
sampling and the preparation of material for analysis 
and gives methods for the determination of loss on 
drying, water content, total fatty matter, total alkali, 
free alkali, matter insoluble in alcohol and in water, 
unsaponifiable matter, rosin, glycerol, and other 
quantities. [Price 5s., postage included.] 





Fast MINELAYERS.—The Admiralty announce that the 
fast minelayers Apollo and Manxman have been with- 
drawn from reserve and recommissioned. H.M.S. 
Apollo joined the Home Fleet on August 1, and H.M.S. 
Manxman will leave Sheerness on August 27 for trials 
before sailing on September 9 to join the Mediterranean 
Fleet. 








PERSONAL. 


Sm ARCHIBALD J. Gm, B.Sc. (Eng.), M.I.E.E., 
Engineer-in-Chief, General Post Office, is retiring on 
October 1. He will be succeeded by Dr. W. G. Rapiey, 
M.1.E.E., at present deputy Engineer-in-Chief. 


An advisory committee on metals economy has been 
formed to help the Minister of Supply to ensure that the 
most economical use of metals is made in the engineering 
industry and the defence programme. Mr. D. A. OLIVER, 
M.Se., F.Inst.P., F.I.M., metals-economy adviser to the 
Minister, is chairman of the committee. Members of the 
committee are drawn from industry and Government 
departments and the other industrial members are 
Mr. G. L. BaLey, M.Sc., F.I.M., Mr. H. A. R. BINNEY, 
Mr. H. H. Burton, F.I.M., Mr. W. C. F. HESSENBERG, 
M.A., F.I.M., Mr. E. G. Grivgam, M.I.Mech.E., Dr. 
Ivor JENKINS, M.Sc., Dr. L. B. Prem, O.B.E., A.R.S.M., 
F.I.M., F.R.S., and Dr. C. J. SmrrHenis, M.C., F.I.M. 
The secretary is Mr. K. M. McLmop of the engineering 
industries division, Ministry of Supply. 


ViscounT FaLMouTsH, M.I.Mech.E., Comp.1.E.E., has 
been re-elected President of the British Internal Com- 
bustion Engine Research Association, 111-112, Bucking- 
ham-avenue, Slough, for 1951-52. Am COMMODORE 
F. R. Banks, C.B., O.B.E., Dr. 8S. F. Dorey, C.B.E., 
F.R.S., SmR LYNDEN MacassEy, K.B.E., VICE-ADMIRAL 
(E) THE Hon. D. C. MaxwELL, C.B., C.B.E., and Ligvt.- 
GENERAL SIR FREDERICK G. WRISBERG, K.B.E., have 
been re-elected vice-presidents. MajJor-GENERAL H. E. 
PyMAN, C.B., C.B.E., D.S.0O., has been elected a vice- 
president, while Mr. H. B. V. TEaGuE, of Crossley 
Brothers, Ltd., has succeded Mr. J. Jones, M.I.Mech.E., 
as chairman of Council. 


COMMANDER (E) F. W. HOoORNsBy, R.N. (Ret.), 
M.I.Mech.E,, A.M.1.C.E., has been appointed to the 
newly-created post of director of standardisation (defence) 
for the Ministry of supply. ‘ 


Mr. ToM JOHNSTON, the present chairman of the North 
of Scotland Hydro-Electric Board, and Mr. NEIL BEATON, 
whose current terms of office expire in September, have 
been re-appointed for a further period and Sm Hucu 
MACKENZIE, of Inverness, at present a member, has been 
appointed deputy chairman, in place of the late Sm 
EDWARD MacCoLL. Three new members have also been 
appointed as from September 1; they are Mr. E. 8. 
HaRRISON, MR. WILLIAM LEONARD, and Mr. A. I. 
MACKENZIE. All the members of the Board, including 
the chairman and deputy chairman, will serve on a'part- 
time basis, in future. 


Mr. J. Jones, M.I.Mech.E., the chief engineer of the 
National Gas and Oil Engine Co., Ltd., Ashton-under- 
Lyne, since 1939, was appointed technical director in 
1948 and general manager in 1949. Upon relinquishing 
the position of chief engineer in July, 1951, the board of 
the company have appointed, as chief engineer, Mr. J. 
Smiru, Assoc.M.C.T., A.M.I.Mech.E., A.M.I.Mar.E., who 
has been assistant chief engineer since January, 1949. 
Mr. Jones is to continue as director and general manager. 


Dr. R. W. K. HONEYCOMBE, M.Sc., has been appointed 
senior lecturer in the physical-metallurgy department in 
the University of Sheffield. Dr. D. W. WAKEMAN, 
B.Se. (Birm.), has been appointed a lecturer in the same 
department. 

The British Broadcasting Corporation, London, W.1, 
announce that Mr. G. STANNARD, A.M.I1.E.E., has been 
appointed assistant superintendent engineer (lines) in 
succession to Mr. W. G. EDWARDS, who has retired. 
Mr. R. C. Patrick, Assoc.I.E.E., has been appointed 
assistant superintendent engineer (recording). 


Dr. R. W. Caun has left the staff of the Atomic Energy 
Research Establishment to take up a lectureship in the 
Department of Metallurgy of the University of Birming- 
ham. He entered upon his new duties on August 1. 


Mr. J. A. J. BLANCKENSEE and Miss E. P. Woop, joint 
general managers of the raw materials division ef George 
Cohen, Sons & Co., Ltd., have been elected to the boards 
of Pollock Brown & Co., Ltd., Westbourne Park Coal & 
Iron Co., Ltd., and Southall and Hayes ooal & Iron Oo., 
Ltd. 

Mr. J. F. Evpsickx, A.M.I.E.E., until recently power 
adviser, Land Nordrhein-Westfalen, under the Foreign 
Office (German Section), has been appointed overseas 
liaison engineer on the staff of the British Electricity 
Authority. Mr. W. G. 8. Bonn, hitherto an assistant 
chief accountant, has been appointed a deputy chief 
accountant to the Authority in succession to Mr. F. H. 
GricsBY, O.B.E. 


The name of Jury HOLLOWARE (STEVENS), LTD., 
Thorns-road, Quarry Bank, Brierley Hill, Staffordshire, 
has been changed to Jury HoLLOWARE, Lrp. The office 
of the company remains at Quarry Bank. 

B. O. Morris LTp., Clay-lane, Coventry, have been 
appointed sole agents in the United Kingdom and in 
Australia for automatic polishing machines manufactured 
by Erma, of Paris. 











VILA NOVA HYDRO-ELECTRIC POWER 
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THE VILA NOVA HYDRO-ELECTRIC 
POWER STATION. 


For a number of years, Portugal has been experi- 
encing a shortage of electric power, for, though a 
considerable amount of hydro-electric generating 
capacity has been installed, there has been a decrease 
in the installed capacity of steam power-stations, so 
that the net increase has not kept pace with the increase 
in demand. An important scheme for the further 
development of water power was initiated by the 
Portuguese Government, therefore, in 1945, and is now 
rapidly approaching completion. The first stage in 
this scheme was accomplished when the late president 
Carmona started the turbines of the Castelo do Bode 
station on the Zezere river, about 90 miles north-east of 
Lisbon. The second stage was reached when, on 
June 9, His Excellency Dr. Coste Leite Lumbrales, 
Senior Minister of the Portuguese Government, 
accompanied by other Ministers and a large gathering 
of guests and officials, started the first of three water- 
turbines installed in the Vila Nova power station, which 
we illustrate in Fig. 1, herewith. 

Vila Nova, situated about 60 miles north-east of 
Oporto, is on the Cavado river, near its confluence with 
the River Rabagio. Tue development of the Cavado- 
Rabagao basin is in the hands of a company, the Hidro- 
Eléctrica do Cavado, which was formed for the purpose. 
The Rabagao is a tributary of the Cavado and, at the 
site of the power station, flows about two miles to the 
south-east, at an altitude about 1,500 ft. higher. 
A dam about 300 ft. high, known as the Venda Nova 
dam, illustrated in Fig. 2, has been constructed across 
the Rabagao, forming a reservoir from which the water 
flows for 1} miles through a turinel driven through the 
intervening mountain. At the tunnel outlet, there is a 
valve house from which the water flows through a steel 
pipe, 8 ft. in diameter and about 950 ft. long, into the 
turbine house. This pipe, which was supplied and 
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GENERAL View OF PowER STATION AND SWITCHGEAR. 





erected by the South Durham Steel and Iron Company, 
can be seen in Fig. 1. 

The station is equipped with three 39,000-h.p. Pelton 
wheels of the double-runner type, each coupled to a 
32,000-kVA alternator running at 428 revolutions per 
minute. There are three 30,000-KVA _ 11/165-kV 
three-phase banks of single-phase transformers. The 
165-kV and 30-kV switchgear includes air-blast circuit- 
breakers. Space has been provided in the power- 
station for a fourth set, to be installed at a future date 
when the demand requires it. The hydraulic and 





electric equipment has been supplied and installed 








/% ~ 
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Fie. 2. Upstream Sipe or Dam. 


jointly by the English Electric Export and Trading 
Company and the Metropolitan-Vickers Electrical 
Export Company, who also equipped the Castelo do 
Bode station, mentioned above. 





THE SCIENCE MusEuM.—A model of H.M.S. Vanguard, 
possibly the last battleship that will be built for any 
navy, has been lent to the Science Museum by the builders 
of the ship, Messrs. John Brown and Company, Limited, 
Clydebank. It is to the scale of 1: 64, and has been 
placed on exhibition in Gallery 41, with the Steamship» 
Collection. 








[> iia 


mr ~~ ei ~~ 





ig 
al 


0 


@RePo 8c 





AuG. 17, I95I1- 


ENGINEERING. 





209 








ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING ” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


I iba catns casnsitensotcedarstrceicbest £5 5 0 


Subscriptions for periods less than twelve months 
are — on the price of a single copy, namely, 2s. 3d. 
post free. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
Vertisementa will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

gs of “Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
Sppearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 


current week’s ij i 
than fous poss wr s erat be received not later 


ae Copy” instructions and alterations to standing 
vertisements for display announcements must be 
received at least 10 days previous to the date of wd 


ion, otherwise it i i 
Proofs for approval. may be impossible to su 


PR: Proprietors will not hold themselves ible 
Vertisers’ blocks left in their possession for more 


years, 


CONTENTS. 
‘ PAGE 


Hollow Steel Propeller Blades for Aircraft (JUus.).... 193 
Literature—Modern Interferometers. World 


The Los Angeles “ Freeway ” Road System (Illus.) 196 
The International Conference of Naval Architects 
and Marine i 
The Joint Engineering Conference, London ............ 201 
Television at the British Association Meeting........ 203 
Sensitive Temperature Controller (Jilws.) ................ 
Drilling Machine with Cam-Feed Head (Illus.)........ 205 
Ceylon Government Railway .....................-.:.ge0 
Notes from the Industrial Centres .. 
Noting of Meeting) -3....0655.54.5.4.-2- 244-64... 5-4 207 
le a, LE MILE RTI eet 
Launches and Trial Trips......... 
British Standard Specifications . 






1 EE Re ee: EN SS TE 207 
The Vila Nova Hydro-Electric Power Station 
SEPA 3; ee ER BE Sed. Peete 
The Electricity Supply Situation................................ 209 
BT | RENE TRIE oe, Ce 210 
Notes ....... Foch Sipe Nola tie ia siecle, 
Obitwary.—Professor C. A. Middleton Smith............ 212 
The British Association Meeting at Edinburgh ....... 212 
Properties of Nickel Alloy Steels (Ilus.) ................ 215 
Metallurgical Meetings in Austria and Italy............ 215 


Courses for Instrument-Maintenance Mechanics... 216 
Labour Notes .....................00000-. Lapp Rhetre-sacnt atl. Sapa: 216 
Water Turbines for Hydro-Electric Projects 


MON is ais i cs spicata ieee 217 
Two Thousand Years of Engineering........................ 219 
Heat Transfer During Condensation of Steam 

agen) i cot ee ee 221 
Plastic-Sheath Telephone Cables in Denmark........ 223 
Trade Publications........................:..s000:00scee Brcey 224 
Automatic Shearing Machine (Illus.)........................ 224 
pe RI ; 224 


FOR AIRCRAFT PROPELLERS. 


ENGINEERING 


FRIDAY, AUGUST 17, 1951. 
No. 4464. 








Vou. 172. 





THE ELECTRICITY SUPPLY 
SITUATION. 


Tue British Electricity Authority estimate that if 
the electrical demand is unrestricted during the 
coming winter and average weather conditions rule, 
the maximum load on the national system will 
amount to 13,800 MW. If, however, the number 
and intensity of the cold spells are also average, 
this figure will be increased to 14,400 MW and to 
15,100 MW, if the weather is severe. It is expected 
that the capacity of the plant available to meet 
these demands will be 12,000 MW in December, 
1951, but will rise to some 12,200 MW by February, 
1952. There will therefore be deficits of 1,800 MW, 
2,400 MW or 3,100 MW, depending on the weather 
conditions ; and the position next winter will be 
generally similar to that during the last. These 
figures, of course, refer to the overall national 
situation; and the actual position in individual 
areas may depart considerably from them. Experi- 
ence shows, moreover, that load spreading cannot 
be expected to reduce the demand by more than 
300 MW. There thus remains the problem: what 
steps can, and should, be taken to liquidate the 
remaining deficit. 

It is this problem which, during the last few weeks, 
has confronted the Electricity Sub-Committee of 
the Joint Consultative Committee of the Ministry 
of Labour, a body which, it may be recalled, was 
set up after the coal crisis of 1947 to examine the 
measures necessary to reduce peak industrial loads 
on the electricity supply system. Its latest con- 
clusions are set out in a report* published last 
week, and include the recommendation that effective 


* Report of Electricity Sub-Committee of the Joint 
Consultative Committee, Ministry of Labour and National 








Service, August,1951. London: H.M. Stationery Office, 
(Price 9d. net.] 


arrangements should be made tosecure the fullest co- 
operation of domestic and the smaller commer- 
cial consumers in reducing their demands at peak 
hours. It is also recommended that industry should. 


95 |strive, through the medium of load. spreading, 


to reduce the national simultaneous demand by 
600 MW and that load spreading should apply to all 
consumers between 8 a.m. and 12 noon and between 
4 p.m. and 5.30 p.m. from November 1, 1951, to 


203|March 31, 1952. Further, the possibility of 


securing a reduction in the maximum demand by 
adjusting the customary hours of work is hinted at, 
and, finally, it is proposed that no obstacle should 
be placed in the way of installing or increasing the 
use of auxiliary generating plant. 

Dealing with these recommendations, it may first 
be noted that it is suggested that the afternoon 


208 | “danger period” should be extended throughout 


the five winter months, instead of being applied, 
as last year, from December to the middle of 
January onfy. The morning danger period is also 
to be continued through March, instead of ter- 
minating in February. The reason for this is, 
undoubtedly, the fact that, during the year ended 
March 31, 1951, load shedding, either by voltage 
reduction or disconnection of supply, was necessary 
on no less than 267 occasions, compared with 124 in 
the previous year. Moreover, the maximum amount 
of load shed at any one time was about 2,000 MW, 
equivalent to about 15-8 per cent. of the total 
potential demand on the system, compared with 
10-6 per cent. in 1949-50. It may also be noted 
that the improvement of the situation by the 
“adjustment of customary hours of work” is 
dealt with more realistically than in former years. 
While expressing themselves conscious of the 
disturbance such an alteration would cause, both 
domestically and industrially, the Committee say 
that load shedding can only be avoided by modifying 
working hours, introducing double shifts, increasing 
night work, or a combination of all three remedies. 
Any of these courses is likely to be unpopular, but it 
is stated that the British Employers Confederation 
and the General Council of the Trades Union Con- 
gress have indicated their readiness to do all within 
their power to assist arrangements of this kind. 
Nevertheless, it will be interesting to see the 
reactions of the rank and file on whom, of course, 
the main burden of such changes and all that they 
imply will fall. 

There are, however, two significant omissions 
from the report. The first, and less important, is 
that nothing is said about the extent to which the 
situation could be alleviated by arbitrarily con- 
trolling the domestic load. This may no doubt be 
partly explained by the unfortunate results of 
what has come to be known as the Clow Differential. 
The Committee must, however, know that indus- 
trialists expect the problems arising from the 
domestic and commercial loads to be tackled more 
vigorously than in the past and that a working 
party is examining the operation of the various 
kinds of load limiters and other means of curtailing 
less essential demands. The most charitable ex- 
planation of this diffidence is perhaps that the 
employment of such devices cannot be introduced 
at once and that winter, if the conditions of the last 
few days are any criterion, is already sending out 
its harbingers. At the same time, this diffidence 
is to be deplored. 

Far more important, however, is the fact that 
nothing is said about the reason why the electricity 
supply prospects during next winter are worse than 
at any time since the fuel crisis of 1947. In miti- 
gation, the Committee may plead that their terms 
of reference only required them to examine measures 
for reducing peak load and that methods which 
would ensure that such reduction was unnecessary 
are outside the scope of those terms. As, however, 
we are not restricted by any such inhibition, we may 





point out that the real, and indeed the only, solution 
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of the problem the Committee are endeavouring to 
solve is the installation of more generating plant, 
and that no opportunity should be lost, before it is 
too late, of bringing home that fact to all who are 
responsible. 

The position was clearly stated by Lord Citrine in 
an address which he delivered to the British Elec- 
tricity Conference in June. Although there had 
been, he said, a substantial increase in the amount 
of generating plant installed since the British Elec- 
tricity Authority came into being, the gap between 
supply and demand was widening. Nevertheless, 
it is an open secret that certain people, euphemistic- 
ally described as planners, are endeavouring to limit 
the annual programme of new plant commissioned 
to 1,500 MW when an amount some 25 per cent. 
greater is required. The provision of sufficient 
generating plant, not to speak of the related trans- 
mission and distribution equipment, is vital, not 
the least because, without it, rearmament will be 
checked and industry will be handicapped. As 
shown by the articles recently published in Enat- 
NEERING, the central authority is pressing on with 
the construction of new power stations. Consider- 
able extensions to existing stations are also being 
made. Nevertheless, progress is slower than it 
should be and the position is not being improved by 
the ban on overtime which has been introduced at 
several power stations in London and Manchester, 
in protest at the British Electricity Authority’s 
refusal to grant a wage increase of 10 per cent. In 
this dispute more than 5,000 men are taking part 
in protest actions. 

There remains a further aspect of the situation 
which must be dealt with. It will be recalled that 
the disastrous breakdown of power supply in the 
early part of 1947 was caused, not by a shortage of 
plant, but by a shortage of fuel. It may also be 
recalled that this situation arose after the then 
Minister of Fuel and Power had proclaimed that 
“there was not going to be a crisis ” and that “ the 
solid fuel position is better to-day by far than it was 
12 months ago.” May we be forgiven for feeling it 
a little ominous that the present Minister of Fuel 
and Power in a statement published on Sunday 
should have found it necessary to say “that power 
station stocks of coal were being built up extremely 
well; allowing for a higher rate of winter consump- 
tion they were better than they ever have been at 
this time of year.” If this statement should 
engender in any one a feeling of complacency, may 
we point out that prophesy is not only dangerous, 
but often erroneous and that history does some- 
times repeat itself? At the moment it can only be 
said that coal output is again unpromising and that 
no definite steps have been taken to alleviate, by 
imports or in other ways, any shortage that may 
oceur. If, moreover, difficulties on the railways 
result in a lag in deliveries on domestic account 
present estimates of the demands for both electricity 
and gas may be “alsified, as it will be quite impossible 
at short notice, and in a non-totalitarian state, to 
expect householders to forgo the comfort which is 
provided by other sources of heat than raw coal. 

Since it is clear that during the coming winter 
there will be a shortage of generating plant and that 
there may also be a shortage of fuel with which to 
operate it, it is distinctly disturbing to see that 
the Government’s .pproach to the situation is 
both leisurely and unrealistic. Apart from exhorta- 
tions to keep off the peak and to reduce consumption 
their principal action has been to appoint a Com- 
mittee “to consider whether any further steps can 
be taken to promote the best use of Britain’s re- 
sources in fuel and power.” This body is being 
asked to survey the whole question of the use that 
is being made of the basic fuels available to us, 
apparently in the light of the facts that coal con- 
sumption in 1950 was over 202 million tons, com- 
pared with an average of 178 million tons before 
the war, that electricity consumption has gone up 





by 50 per cent. since 1946, gas by 25 per cent. and 
oil by 90 per cent. It is, however, difficult to see 
what this curiously constituted body can tell the 
Minister that he should not know already, or what 
he is going to do with the information when he has 
obtained it that he cannot doat once. The appoint- 
ment of this body, indeed, seems to be yet another 
example of a reluctance to appreciate the stark 
facts, which are unfortunately only too clear, of a 
situation containing elements of real danger to the 
community. 





THE BROADER OUTLOOK. 


To most readers of ENGINEERING, it is probable 
that the annual meetings of the British Association 
centre around Section G; but the full programme 
extends to 13 Sections, and those who ignore the 
other twelve not only frustrate one of the main 
purposes of the Association, but miss a great 
opportunity to receive the kind of stimulus that 
almost inevitably leads to constructive thinking, if 
not to constructive action. Many years ago, it 
was our practice to devote considerable space to 
reports of some of the other Sections—principally 
Section A (Mathematics and Physics) and Section B 
(Chemistry), but gradually, as a result of various 
restrictive influences, that policy had to be aban- 
doned ; for, curious as it may seem (and is), as 
mechanisation has developed in the printing 
industry, it has become steadily more difficult to 
set large amounts of “copy” in a limited time. 
There are various reasons for this, but to examine 
them in detail would be beside the present point, 
which is the fact that the limitation exists and that, 
most unfortunately, it has become more stringent 
just when there is more need than ever before that 
mankind in general, but engineers in particular, 
should cultivate a wider outlook. 

It is not infrequent in these days, to hear speakers 
urge upon audiences in engineering institutions the 
desirability that engineers should interest themselves 
more in public affairs and in commercial adminis- 
tration, and there is a certain amount of evidence 
that this reiterated advice is being taken to heart. 
What is less commonly realised in connection with 
the British Association, however, is that engineering, 
in its widest sense, impinges to-day upon practically 
every one of the 13 divisions in which the interests 
of the Association are somewhat arbitrarily classified. 
Zoology and psychology are possible exceptions ; 
though, remembering how intimately the engineer 
has been concerned with the latest developments in 
means for studying submarine life, it is doubtful 
whether zoology should be excluded from the 
general hypothesis. For the rest, engineers and the 
apparatus that they construct certainly come to-day 
into fairly close association with the work of the 
mathematician, the physicist, the chemist and the 
geologist ; they have placed new techniques at the 
disposal of the geographer, the agriculturalist and 
the botanist ; by the study of tools and their uses, 
they have aided the archzologist and, to a less 
extent, the anthropologist—both of whom are 
concerned with the evolution of man as a tool-using 
animal ; and, if their influence in the sphere. of the 
physiologist is a little difficult to define, it can hardly 
be held to be non-existent so far as the individual 
physiologist is personally concerned. 

To ask that ordinary working engineers (which 
means most of them) should strive to be really 
knowledgeable in all these fields would be unreason- 
able ; but it is not unreasonable to urge that they 
should cease to shut themselves up with their 
engineering, content to remain ignorant of what is 
going on around them. Sir Hector Hetherington, 
in his presidential address to Section L (Education), 
drew pointed attention to the partial vacua in which 
80 many ostensibly educated men to-day appear to 
keep their minds, and to the lack of any impulse to 
rise above the level of mass mediocrity. “I have 





known men of my own land,” he said, “ mostly alas ! 
elderly, and most of them country-bred, of no 
great schooling and no wide accomplishment, who 
were yet, and enviably, educated men. . . . They 
had no rubbish in their minds; they thought and 
spoke with wisdom and dignity.” 

The type is not extinct ; possibly the number of its 
exemplars is even greater now than in the days of 
Sir Hector’s youth. Relatively, however, they 
certainly appear to be less numerous in proporti: n 
to the growing population of those whose interests 
become ever more circumscribed, and who, as the 
progress of civilisation provides them with steadily 
increasing leisure, increasingly demonstrate their 
inability to make profitable use of it. The only 
real solution, as Sir Hector put it in a phrase, is 
“the discipline of practical learning,” which he 
admitted to be “the very heart of the challenge 
with which, as educators, we are faced.” In a 
materialistic world, that challenge imposes a hard 
task indeed ; for, as he continued, “‘ We have to 
engender not only the skill and the will to do, but 
the conviction that the doing is itself rewarding. 
Whatever the instrument—solving equations, 
judging the quality of timbers, using a lathe, 
playing a fiddle—we miss the summit of it all if 
there be no moment when the mind of the learner 
takes fire, when he has sight of a kind of perfection 
attainable in this activity, so that here at least he 
has hold of an ideal standard and wants with all his 
heart to do this as well as it can be done.” 

There could be no better inducement to such a 
frame of mind than to attend, if it were possible, 
the meetings of all Sections of a British Association 
meeting. That is not possible, even for those on 
the spot; and, unfortunately, most of those who, 
whether they know it or not, are in most need of 
such a salutary “exposure to the best” (to quote 
Sir Hector Hetherington again) are prevented by 
circumstances or sheer disinclination from hearing 
any of the papers and addresses. Many more 
could be exposed to the contagion of enlivening 
knowledge, however, if only more of the papers 
could be printed and widely circulated. At present, 
it is difficult enough to obtain them, even for those 
who urgently desire to; but a general “exposure 
to the best” implies a wholesale and even extrava- 
gant sowing of the seed, and it is one of the most 
deplorable features of the current time that economic 
conditions frustrate so seriously the dissemination 
of knowledge which could be permanently valuable, 
while seeming to present so few obstacles to the 
exploitation of the inferior and even demoralising. 
No newspaper could hope to report a British 
Association meeting thoroughly, and few have 
attempted to do so with any wisdom of selection. 
Most of those that have done so at all have looked 
for no more than half a dozen eye-catching sen- 
tences, with a phrase or two that could be set 
sensationally in heavy type. 

To any protest, no doubt, the answer would be 
that they know their public. Unquestionably, they 
do, and should do, for they have been largely 
instrumental in making that public what it is; 
but, if there is some excuse for a certain mental 
stagnation in a multitude predominantly composed 
of people who pass routine days in doing routine 
jobs that require little alertness and from which 
the demand for skill is becoming progressively less, 
there is none for the engineer, at whatever level in 
the profession or industry he may follow his calling. 
He, at least, making his living by applying the 
physical laws which are at the basis of all pursuits, 
should feel a perpetual inducement to lift his head 
and look about him; for he, more than most men, 
has the opportunity to experience “the discipline 
of practical learning” amid circumstances that are 
an education in themselves, providing a constant 
reminder of the pioneers who were able to build up 
his craft and science because “ they had no rubbish 
in their minds.” 
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THE ENGINEERING, MARINE AND WELDING 
EXHIBITION. 

Tue exports of the British engineering industry 
in 1950, including electrical goods and vehicles, 
have been valued at 808/. million—a record figure. 
In marine engineering, the United Kingdom main- 
tains its leading position, having been responsible 
for over one-third of the world’s total of merchant 
ships launched during the year, namely, 1,325,000 
tons. The organisers are therefore probably justi- 
fied—especially in view of the fact that the Festival 
of Britain is still in progress—in expecting a large 
number of overseas visitors to the Engineering, 
Marine and Welding Exhibition (incorporating the 
Foundry Trades Exhibition) which will be held at 
Olympia, London from Thursday, August 30, to 
Thursday, September 13. It is described as the 
largest event of its kind in the world ; it is normally 
held in alternate years and was founded in 1906. 
The chief sponsoring organisations are the - British 
Engineers’ Association, the Society of Motor Manu- 
facturers and Traders (Marine Section), the British 
Electrical and Allied Manufacturers Association, 
the Institute of Welding, and the British Acetylene 
Association. The honorary President of the Exhibi- 
tion is Engineer Vice-Admiral Sir Harold Brown, 
G.B.E., K.C.B. Internal-combustion engines for 
industrial and marine uses are among the main 
exhibits; very large engines of this type will 
be represented by models, but at least one of 
3,000 brake horse-power will be on view. Many 
firms producing ancillary equipment for engines, 
and others who build boilers and gas, steam and 
hydraulic turbines have taken stands. Manufac- 
turers of pumps and valves are also represented. 
Special interest attaches to the welding section of 
the exhibition as the report of the Productivity 
Team on welding is expected to be published during 
the exhibition. A wide range of electrical equip- 
ment will be on show, including alternators, motors, 
generating sets, switchgear, industrial X-ray appara- 
tus, accumulators, cables, ships auxiliaries, radio 
and radar apparatus, and an electron microscope. 
The Department of Scientific and Industrial Re- 
search and six research associations are combining 
to show the results of some recently completed 
work. One of them, the British Cast Iron Research 
Association, has formed an operational research 
team to visit foundries by invitation and report 
confidentially on steps required to increase effi- 
ciency and production. In the foundry section, 
27 firms have taken stands. The exhibition, which 
will be open each week-day from 10 a.m. to 8 p.m., 
is organised by Messrs. F. W. Bridges and Sons, 
yng Buildings, Trafalgar-square, Lon- 

on, W.C.2. 


IncrEasED Prices For IRoN aND STEEL. 

The Ministry of Supply announced on August 12 
that the Minister (Mr. G. R. Strauss, M.P.) ape 
two Orders, to take effect from the following day, 
One increasing the controlled maximum prices of 
iron and steel products and the other the prices of 
bolts and nuts. They are entitled, respectively, 
the Iron and Steel Prices (No. 2) Order, 1951, 
8.1. No. 1423, and the Bolts, Nuts, etc., Prices 
(No. 2) Order, 1951,8.I. No. 1422, and are obtainable 
from H.M. Stationery Office ; the price of the former 
is 4d. and that of the latter, 3d. It is stated that 
the increases are necessary because of “a sharp 
rise “in the prices of imported iron ore, scrap, pig 
iron and semi-manufactured steel, and because of 
recent increases, in this country, in wages and in 
transport, scrap and fuel costs; and that “the 
British Iron and Steel Federation informed the 
Minister in March that, in view of the serious cost 
mereases due to these causes, early consideration 
needed to be given to the position.” The statement 
continues: “The prices now authorised are based 
~ recommendations submitted by the Iron and 
og Corporation of Great Britain, after consulta- 
‘on with the British Iron and Steel Federation, 
and take account of the savings in capital charges 
— by nationalisation. The loss arising from 

uying finished steel abroad and selling it in this 
ra, at home prices has hitherto been borne 

y the Exchequer. This loss has risen steeply with 

© sharp rise in world prices and the Government 


have decided that, to avoid an increase in the 
subsidy, the trading loss, but not the import duty, 
should now be recovered by an adjustment spread 
over home controlled prices. This accounts for over 
20 per cent., and other imported steel and steel- 
making materials for approximately 40 per cent., 
of the overall price increases.” Examples given of 
the increases show that foundry pig-iron will rise 
from 10. 13s. to 111. 4s. 6d. a ton; basic pig-iron 
from 107. 19s. to 112. 15s. 6d. ; soft basic billets from 
171. 9s. to 211. 16s. 6d.; joists from 201. lle. 6d. to 
241. 2s.; re-rolled bars from 22I. 15s. to 271. 11s. ; 
uncoated sheets from 29]. 13s. to 351. 15s. 6d.; 
and tinplate from 2/. 2s. 73d. to 2I. 9s. 6$d. per 
basis box. It is claimed, however, that United 
Kingdom prices, in the main, will still be lower 
than corresponding domestic prices in other coun- 
tries. No specific examples are given of the in- 
creases in the prices of bolts and nuts, for which 
reference must be made to the relevant Order, the 
statement made being merely that “the increased 
prices reflect the increase in the price of steel, under 
the Iron and Steel Prices (No. 2) Order, 1951... 
together with increases in the costs of the bolt and 
nut industry, including increases in wages, trans- 
port and fuel costs.” 


AERONAUTICAL INFORMATION Stupy GRovP. 


During the last 15 years the volume of technical 
information on aeronautical and allied subjects 
has expanded to a degree which is perhaps greater 
than that in any other field. To ensure that the 
fullest use is made by the aircraft industry of all 
published information, Aslib are forming an aero- 
nautical-information study group. The first meet- 
ing of the group will be held on Thursday, Septem- 
ber 27, at the Royal Aircraft Establishment, South 
Farnborough, Hampshire. Organisations concerned 
with the aircraft industry who wish to send repre- 
sentatives are asked to advise Mr. R. G. Thorne, 
at the Royal Aircraft Establishment, of their names 
and nationality by September 10, Representatives 
travelling by train to Farnborough on the 9.54 a.m. 
train from Waterloo will be met at the station by 
coaches. From 11] a.m. to 12 a.m., the group will be 
conducted on a tour of the library of the Royal 
Aircraft Establishment. The inaugural meeting, 
to be held in the main conference room, wi 
commence at 1.15 p.m. and will close at 5.30 p.m., 
with a half-hour break for tea at 3.30 p.m. Further 
particulars, and copies of memoranda prepared by 
the librarians of the Royal Aircraft Establishment, 
which may serve as @ basis for discussion at the 
meeting, may be obtained from the Director, 
Aslib, 4, Palace-gate, London, W.8. 


RECONSTRUCTION OF Prmr 57 aT New YorK. 


Pier 57, formerly used by the Grace Line as 
their New York terminal, which was destroyed by 
fire in September, 1947, is to be reconstructed by the 
New York Department of Marine and Aviation. 
The old pier was supported by 2,300 timber piles, 
but the new pier will be carried on three reinforced- 
concrete caissons, apparently not unlike those used 
in the “ Mulberry” harbour for the invasion of 
Normandy ; these will rest on a level bed of gravel, 
laid on the river bottom. The buoyancy of the 
caissons will support about 90 per cent. of their 
weight. Their dimensions are 350 ft. long, 82 ft. 
wide and 34 ft. deep. They will be arranged in 
T formation, one along the line of the shore and the 
other two, making the pier, end to end at right 
angles to it. The contractors, the Merritt-Chapman 
and Scott Corporation and the Corbetta Con- 
struction Company, are constructing them in an 
abandoned claypit, about 30 miles north of New 
York, which is about 42 ft. deep and separated from 
the Hudson river by an embankment about 125 ft. 
wide. The pit has been pumped out, and the bottom 
is now being levelled and covered with gravel. 
The concrete will be poured directly on to the 
gravel, into plywood forms. When completed, the 
caissons will be floated out through a cut to be made 
in the embankment, and towed downstream to New 
York. On the pier site, the silt is being removed by 
dredging to a depth of 36 ft. 6 in. below low water. 
The old piles will be cut off near to the bed level by 
a chain saw, driven by compressed air, and the 
stumps covered with 2 ft. of sand and a top layer of 





gravel, which will be levelled to receive the caissons. 


To ensure a firm bed, sand cores will be sunk to a 
depth of 50 ft. by driving steel pipes into the bed 
of the river, washing the silt out of them with water 
jets, filling them with sand, and then removing the 
pipes. When the caissons are sunk on to the 
gravel bed, it is expected that their weight will 
express the water from the underlying mud into the 
cores, whence it can rise to the sand layer at the 
top ; thus the mud will be consolidated where it lies 
instead of being squeezed out at the sides of the bed. 
The caissons will be located by 30-in. reinforced- 
concrete piles, 40 ft. apart along their sides, and 
driven 50 ft. into the river bed. When they are in 
position, they will be spanned by concrete beams to 
carry the decking. The two-storey pier shed will 
be 700 ft. long and 120 ft. wide. The interior of 
the caissons will be used for cargo storage, and the 
deck will be strong enough also to carry light cargo. 
Cooled and warmed rooms will be provided inside 
the caissons for special cargo. 


Wrrexzss INTERFERENCE FROM IGNITION 
Systems. 


Just over a year ago, the Postmaster-General 
appointed a Committee under the chairmanship of 
Sir Stanley Angwin to advise him on wireless inter- 
ference from ignition systems. This Committee, 
which has now presented its report, devoted its 
attention in the main to the question of interference 
with the television services of the British Broad- 
casting Corporation from the ignition systems of 
motor vehicles, motor boats, tractors and fixed and 
portable engines. Their recommendations are based 
on the assumption that all reasonable measures 
will be taken to reduce the susceptibility to inter- 
ference of receiving installations. They recom- 
mend that ignition equipment, when tested as 
installed in the vehicle or stationary engine with 
which it is used, should not radiate an interference- 
producing field exceeding 50 microvolts per metre 
for frequencies up to 40 to 70 megacycles per second 
frequency band, this field being measured at a 
point not less than 10 metres distant from the 
vehicle or engine. The Committee advise that 
suppression to this limit can be achieved with 
negligible effect on the mechanical performance of 
the engine and think that, in the case of 60 per cent. 


will | of the existing motor cars, the required degree of 


suppression can be achieved by fitting a single 
resistor at the cost of about 2s. 6d. They also 
recommend that at least six months should elapse 
between the making of any regulation prescribing 
the requirements which must be complied with to 
prevent undue interference and the time of its 
coming into force. As regards the application of 
the regulation to users las distinct from manufac- 
turers), they say that the efficacy of such a measure 
will depend mainly on the co-operation of the public 
and adequate publicity regarding the simple remedial 
measures which users can take. 


Tue Parent SHAFT AND AXLETREE COMPANY. 


The Iron and Steel Corporation of Great Britain 
announce that the board of directors of the Patent 
Shaft and Axletree Company, Limited, of Birming- , 
ham, which is one of the iron and steel companies 
now publicly owned, has been reconstituted. Before 
nationalisation, the company was a wholly-owned 
subsidiary of the Metropolitan-Cammell Carriage 
and Wagon Company, Limited, and the board 
consisted of one full-time director and eight part- 
time directors. The Corporation state that they 
“consider the constitution of each Board on its 
own merits and seek to obtain a balanced Board 
containing both full-time directors, including 
executives of the company, and part-time directors 
of wide experience.” Five of the present directors 
are retiring, these being Lieut.-Col. J. B. Neilson, 
C.M.G. (chairman), Mr. Howard Williams, Sir 
Robert S. Johnson, Mr. R. W. Johnson, and Sir 
J. Reid Young. The new board will consist of 
four full-time directors and three part-time directors. 
Sir Archibald Boyd, Mr. A. T. Cheesley and Mr. H. N. 
Edwards continue as part-time directors, Sir Archi- 
bald Boyd to act as chairman ; Mr. B. 8. Pritchard, 
the managing director, will continue as a full-time 
director ; and three new full-time directors have been 
appointed, these being Mr. R. L. Haskew (works 
manager), Mr. D. Cockburn (chief engineer) and 





Mr. P. J. Davies (secretary and accountant). 





212 


ENGINEERING. 


AUG. 17, 1951. 








OBITUARY. 
PROFESSOR C. A. MIDDLETON 
SMI 


WE regret to record the death on July 31, at his 
home in Guernsey, of Professor C. A. Middleton 
Smith, who for 27 years, until his retirement in 1939, 
held the Taikoo chair of Engineering in the Univer- 
sity of Hong Kong. He was 72 years of age. 

Cades Alfred Middleton Smith was born on 
February 4, 1879, and spent his boyhood in Ports- 
mouth, where he received his general education at 
the grammar school. At the age of 16, he secured 
admission to the Royal Naval Engineering College 
at Keyham, where he spent five years, leaving in 
June, 1900, to take up an appointment as assistant 
engineer in the Plymouth electric power-station. 
He remained there only a few months, however, 
before going to Birmingham as chief assistant in the 
testing department of Belliss and Morcom, Limited. 
A year later, he joined the staff of Birmingham 
University as a lecturer and demonstrator and there 
developed the gifts as a teacher which he was to 
display so effectively in later years at Hong Kong. 
Having graduated as B.Sc. (Eng.) at Birmingham, 
he moved to London in 1904, on appointment as 
assistant lecturer in engineering at King’s College, 
and, three years later, was transferred to what was 
then the East London College (now Queen Mary 
College) in Mile End-road, where he was assistant 
professor of engineering, under the late Professor 
D. A. Low. During this period, he became an occa- 
sional contributor, to our columns, of articles based 
on research work, including one on “ Guest’s Law 
of Combined Stress,” in our issue of July 10, 1908 
(vol. 86, page 27); another on “ The Strength of 
Pipes and Cylinders,” in that of March 5, 1909 
(vol. 87, page 327); and a third, on “ Some Experi- 
ments on Solid Steel Bars Under Combined Stress,”’ 
on August 20 in the same year (vol. 88, page 238). 
He also contributed papers to the Institution of 
Mechanical Engineers, which he had joined as an 
associate member in 1904, becoming Member in 
1912, and to other institutions. He was an honorary 
member of the Junior Institution of Engineers, to 
which he had belonged for just under 50 years. 

In July, 1912, Smith was successful in securing 
the appointment of Taikoo Professor of Engineering 
at Hong Kong, being the first occupant of the chair, 
and it was in that capacity that the major work of 
his life was accomplished ; the development of the 
Engineering Faculty there was, indeed, his personal 
achievement, in the fulfilment of which he displayed 
considerable administrative as well as teaching 
ability. This was recognised by the conferment 
upon him of the honorary degree of LL.D. Some 
years previously, Birmingham University had 
awarded him the degree of M.Sc. (Eng.). He retired 
in 1939, with the expectation of spending his remain- 
ing years quietly among his family and many friends ; 
but the outbreak of war sadly interrupted these 
plans, for he lost most of his belongings from his 
home in Hong Kong and, having established 
another in Guernsey, had the mortification of losing 
» that also, to the German invaders of the Channel 
Islands. He did settle there eventually, however, 
and, as stated above, it was there that he died. 





Moror INDUSTRY COMMITTEE.—The car manufac- 
turers of the Society of Motor Manufacturers and Traders 
have appointed a committee to advise on matters 
relating to the sporting side of the industry, and the 
regulations of it. The committee consists of: Mr. 
W. H. Aldington (chairman), A.F.N., Ltd.; Mr. T. 
Sangster, Riley Motors, Ltd.; Mr. M. E. S. Warren, 
Jaguar Cars, Ltd.; Mr. S. H. Allard, Allard Motor Co., 
Ltd.; Mr. J. Watt, Lagonda and Aston Martin, Ltd. ; 
and Mr. N. Garrad, Sunbeam-Talbot, Ltd. 





CONNAH’s QuAY GENERATING STATION.—The British 
Electricity Authority give notice that they have applied 
to the Minister of Transport for consent, under section 34 
of the Coast Protection Act, 1949, to the construction of 
intake and outfall works below high-water mark on the 
River Dee at Connah’s Quay, Flintshire, where a 60-MW 
generating station is to be erected. Plans illustrating 
the proposed work may be inspected at the office of the 
Clerk of the Connah’s Quay Urban District Council and 
objections should be sent to the Ministry and the Au- 
thority before Wednesday, August 29. 


THE BRITISH ASSOCIATION 
MEETING AT EDINBURGH. 


As recorded in last week’s issue of ENGINEERING, 
the annual meeting of the British Association for 
the Advancement of Science opened on Wednesday, 
August 8, in Edinburgh. This, the 113th meeting of 
the Association, was the sixth to be held in the 
Scottish capital and was notable for the fact that 
H.R.H. The Duke of Edinburgh, K.G., F.R.S., 
accepted the invitation to act as President. The 
meeting may be regarded as the Association’s 
contribution to the Festival of Britain. 

The inaugural meeting was held in the M’Ewan 
Hall, but the proceedings were both seen and heard 
by an even larger audience assembled in the Usher 
Hall about a mile away, by means of a television 
installation described elsewhere in this issue. 


LAUREATION CEREMONIAL. 


The inaugural general meeting was preceded by 
the Laureation Ceremonial, in which the Dean of 
the Faculty of Law, Professor M. G. Fisher, first 
presented H.R.H. The Duke of Edinburgh for the 
Degree of Doctor of Laws. In the presentation, the 
Dean said that in the long history of Edinburgh 
University they had had the honour of enrolling 
many members of the Royal House as honorary 
graduates and they were proud that once more they 
were to have that privilege. It was with special 
gratification that they received one who bore their 
name of Edinburgh, and they recalled how his 
predecessor in that title, His Royal Highness Prince 
Alfred, was at one time one of their undergraduates. 
The gift they offered was no mere conventional 
symbol. His Royal Highness was a representative 
of that generation of ex-Service students which had 
just passed through their midst and had been 
acclaimed as among the best that had studied within 
those walls. His Royal Highness had shared in 
their dangers and their difficulties ; he had been 
nurtured in their Scottish culture ; he had served in 
Scottish waters; and he had been styled by a 
Scottish name. It was with pleasure, therefore, 
that they gave him that Scottish honour and by 
their act of Laureation placed, as it were, the coping- 
stone on an education which was begun in Scotland 
and perfected amid the fiery trials of war. 

They were glad too to welcome the Duke of 
Edinburgh as President of the British Association. 
Nearly a hundred years ago that body had met in 
Scotland, and His Royal Highness the Prince 
Consort had been installed as President. In 
memorable phrases, he had summed up its purpose : 
“These meetings draw forth the philosopher from 
the hidden recesses of his study, call in the wanderer 
over the field of science to meet his brethren, to lay 
before them the results of his labours, to set forth 
the deductions at which he has arrived, to ask for 
their examination, to maintain in the combat of 
debate the truth of his positions and the accuracy 
of his observations.” 

The Chancellor of the University of Edinburgh, 
the Marquess of Linlithgow, in conferring the 
degree upon His Royal Highness, said it was 
his privilege to express the University’s profound 
sense of the honour he was doing it by his acceptance 
of the Honorary Degree. He had shown the most 
active and effective interest in all that concerned the 
welfare of the people ; the proofs he had given of 
his readiness to encourage and support in many 
ways the youth of the nation had everywhere been 
received with the utmost satisfaction. His Royal 
Highness, as President of the British Association, 
showed his special interest in scientific advancement, 
with which was bound up the prosperity of the nation 
in peace and the safety of the realm in time of war. 
They welcomed him, also, as a sea officer of proven 
gallantry and high promise in his profession. The 
lively pleasure which had been experienced by all 
His Majesty’s Scottish subjects when His Royal 
Highness assumed the title of Duke of Edinburgh 
had increased the more as his qualities of heart and 
mind had become manifest. As for the future, 
they were very mindful of the extending responsi- 
bilities that must fall upon his shoulders ; whatever 
the years might bring, His Royal Highness could, 
with all confidence, rely upon the affection and the 





support of the University of Edinburgh. After 


Lord Linlithgow had performed the capping 
ceremony, the Duke signed the Sponsio Academica 
amidst loud applause. 

In reply, the Duke said he was honoured and 
proud to receive the degree of the University o, 
Edinburgh, particularly as he already enjoyed the 
freedom of that city and had many other close ties, 
He understood that the Degree of Doctor of Laws 
conferred on him the licence to teach Canon and 
Civil Law in all the universities in Christendom! 
Unlikely as it seemed that he would ever presume 
to exercise this licence, it was certainly comforting 
and indeed flattering to possess it. However, he 
felt sure they had conferred that distinction upon 
him not only to give him much personal pleasure 
but also as a mark of welcome to the British Associa- 
tion, of which he had the privilege to be President 
during the current year. In both capacities, he was 
deeply grateful for that expression of their favour, 
and in the words of every freshman as he signed 
the Sponsio Academica, he promised “‘ fidelity and 
all good service to the University.” 


InavuGuRAL GENERAL MEETING. 

At the conclusion of the Laureation Ceremonial, 
the Rt. Hon. James Miller, Lord Provost of the 
city of Edinburgh, welcomed the members of the 
Association to the city. In the course of his remarks, 
the Lord Provost said that in Edinburgh, the 
capital of Scotland, the Association had chosen a 
very appropriate setting for their gathering. The 
city had enjoyed pre-eminence in connection with 
the Arts, but equally Edinburgh might claim a 
foremost place in the Sciences. 

Sir Edward V. Appleton, G.B.E., K.C.B., F.R.8., 
Principal and Vice-Chancellor of the University of 
Edinburgh, then welcomed the members of the 
Association on behalf of the University, pointing 
out that the British Association, in its own way, 
was also a university—a peripatetic university 
with but a single faculty and a rather short term, 
to which admission was not controlled by matricu- 
lation or by a Dean. The Association had deve- 
loped like a university under the urge of great and 
devoted personalities whose influence had continued 
long after their own time. The common theme for 
the Edinburgh meeting had been set by the 
President. 


PRESIDENTIAL ADDRESS. 


After thanking the Lord Provost and Principal 
Sir Edward Appleton on behalf of the Association, 
the Duke of Edinburgh delivered his presidential 
address, an abridged report of which was published 
in last week’s issue. In thanking His Royal High- 
ness at the conclusion of the address, Sir Harold 
Hartley, K.C.V.O., F.R.S., described it as a most dis- 
cerning survey and a generous tribute to British 
science. He was happy to have the honour of 
voicing the gratitude not only of the members of the 
British Association but also of the millions who 
would have been listening to the broadcast. For the 
first time in its long history the British Association 
had asits President a serving officer of His Majesty's 
Navy. For the Duke of Edinburgh’s Presidency in 
that Festival year, which celebrated the creative 
vision of his great ancestor, they were proud and 
grateful. They met in a historic city whose name 
he bore, and all that; together with his address, 
would make the meeting a landmark, or rather, a 
leading mark, in their annals. At the start of his 
address, the President had told them he had come 
to the conclusion that it was as an outsider, as 4 
layman, that he could be of use to the Association 
and to science. The great interest and the under- 
standing of science that he had —- ner Srey 
encouraged the hope that they might loo m 
future, as their roe had looked to the Prince 
Consort, for leadership and help. They hoped in 
future to look upon His Royal Highness as the 
Patron of Science, just as H.R.H. Princess Elizabeth, 
by her gracious patronage of the arts and medicine, 
had done so much to advance their cause. 

This concluded the proceedings in the M’Ewan 
Hall and the President then paid a brief visit to the 
Usher Hall, where the meeting terminated. The 
attendance at the Edinburgh meeting, 4,012, is @ 
record for the Association ; previously, the highest 
figure was reached at Manchester in 1887, when 





the attendance was 3,838. 
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Section G (ENGINEERING). 

When the proceedings of Section G opened on 
August 9, in the Heriot-Watt College, the Presi- 
dent of the Section, Sir Claude Gibb, C.B.E., 
F.R.S., announced that the two sessions, A and B, 
would be combined temporarily, as H.R.H. The 
Duke of Edinburgh was to honour the Section 
that morning by attending part of the proceedings. 
When His Royal Highness arrived, Sir Claude in- 
vited him to open the meeting, which he did in a 
few words. Sir Claude then called on Mr. T. A. L. 
Paton to deliver his paper entitled ‘‘ Hydro-Electric 
Schemes—Modern Trends in Civil Engineering.” 


Crvi. ENGINEERING IN Hypro-ELEctTrIc , 
ScHEMES. 

Mr. Paton then presented his paper (which will 
be published in a subsequent issue of ENGINEERING), 
in a slightly abbreviated form, and at its conclusion, 
Sir Claude Gibb opened the meeting for discussion. 
The first speaker was Sir Edward Appleton, who said 
that, speaking as a mere physicist, it seemed to him 
that there were two sources of energy through water : 
that which came from rainfall, and that which came 
from tidal action. In the first case the source of 
the energy was the sun itself. Its energy lifted 
water to a higher level and rainfall followed; in 
that case we were using energy which the sun was 
giving out. In the second case, when using the 
tides, we must be tapping the energy of rotation of 
the earth ; so that, if we continued to use the tides, 
we should slow up the rotation of the earth. In 
reply, Mr. Paton said that practically no tidal 
schemes had been put into operation, so that we had 
still a long time during which to exist on that energy. 

At this point His Royal Highess left the meeting 
to visit other sections, and the discussion on Mr. 
Paton’s paper was continued in session B, in another 
room, in which Mr. J. 8. Wilson occupied the chair. 
The first speaker in the renewed discussion was 
Mr. R. W. Weekes, who referred to the rate of 
run-off. He noted that in the case of the Thames, 
in successive 30-year cycles there was a variation 
of as much as from — 10 to + 15 per cent. from 
the long-term mean. He asked if that could be 
traced to the action of man in changing catchment 
areas by the building of towns, and thus increasing 
the rate of run-off by the impermeability of the 
soil, or whether it was a factual change of rainfall 
in the particular catchment area. In reply, Mr. 
Paton agreed that changes due to the building up 
or the development of land had to be borne in 
mind; but, so far as he knew, in the case of the 
Thames that had not been the cause. 

Mr. A. Feiner, referring to the question of fish 
passes, said the author had mentioned both the 
pool type and the lift or elevator type. The latter 
type was used successfully at the Leixlip dam, in 
Ireland ; he thought it might possibly replace the 
more lengthy fish-ladder type and asked whether, in 
the author’s opinion, the fish-ladder type should be 
replaced. After emphasising the importance of 
the part of the paper dealing with pressure pipe- 
lines, Mr. Feiner referred to underground power 
stations, one of the advantages of which was said 
to be that they reduced friction losses. He asked if 
these reduced losses were not affected by the need 
for a long discharge tailrace. It might be necessary 
even to provide a surge chamber on the downstream 
side. The author replied that, from the engineering 
point of view, there was no doubt that the fish lift 
installed at Leixlip dam was adequate. The lift 

was a very simple device. A tunnel down the slope 
of the dam was provided, and it appeared that sal- 
mon liked to work against a stream. Nothing 
could be simpler from the engineering point of view, 
but it was for fishery experts to decide whether it 
would be satisfactory for the fish. With regard to 
pressure pipelines, Mr. Paton said that the static 
head on the turbines had exceeded 5,500 ft. in a 
scheme in Switzerland. The strengthening of pipes 
to resist such a head by means of reinforcing hoops 
at intervals, shrunk on by heat treatment, was 
giving place to the method of winding high-tensile 
wire on to the pipes. The greatest head that could 

developed in this country, however, was of the 
order of only 1,000 ft. Referring to underground 
Power stations, he said it was true that with a very 
tailrace it might be necessary to provide a 
surge chamber for the tailrace ; but even so, there 





was a saving in the cost of the penstock. . The 
pressure pipeline leading to the turbine was very 
simple ; it was only necessary to tunnel through 
the rock and line the tunnel with concrete, relying 
on the strength and thickness of the rock to resist 
the forces and pressure encountered, with a simple 
arrangement of pipes running through to each 
machine. There were, however, some difficulties. 
The power station had to be kept dry, and it would 
probably be necessary to treat the inner walls to 
render them waterproof and to counteract condensa- 
tion. The worst trouble, however, was to design 
and plan the access arrangements in order to be 
able to replace or repair machines. These problems, 
however, could all be solved, and it had been proved 
in a number of schemes that the saving in cost was 
of the order of 30 per cent. 

Professor W. Fisher Cassie, the next speaker, 
raised the question of the need for impervious cores 
in earth dams, and the author explained that he 
had not meant to imply that earth dams were always 
completely impervious without a core. The prob- 
lem was to select a kind of sand-clay mix which, 
when thoroughly compacted and of the necessary 
volume and width, acted in the same way as an 
impervious clay. He, however, did not claim any 
expert knowledge of that particular question. 

Professor R. O. Kapp said it seemed to him that 
the designer of an earth dam had to be prepared 
to accept a certain amount of loss by seepage. As 
in other engineering work, it might be a case of 
striking a balance between the losses due to 
seepage and the extra cost of making the dam more 
impermeable, provided, of course, that the dam 
were perfectly stable and that seepage was not 
likely to cause any trouble from erosion. The 
dams and power stations which Mr. Paton had 
illustrated were certainly not blots on the land- 
scape; in fact, they were pleasing in appearance. 
Mr. D. H. McPherson also thought that the hydro- 
electric power stations were of good appearance, 
as also were the reservoirs when full; but when 
half empty, showing an expanse of ground with no 
vegetation, this was a blot on the landscape. There 
was a chance for the civil engineer, and possibly the 
botanist, to overcome that particular feature of 
hydro-electric schemes. 

Dr. J. Cameron Smail, who was interested in the 
author’s reference to an apron whereby the erosion 
below a dam was reduced or prevented, asked if 
there were experience of the deterioration of a dam 
by scour. In that connection he recalled having 
visited a power station, about 90 miles from Winni- 
peg, where the whole of the back of a large dam 
had had to be re-surfaced as the result of deteriora- 
tion. With regard to flooding, he said that, when in 
Winnipeg, he had realised that the Red River 
flowed north, and the water might be freezing at 
the outlet while the upper waters were coming 
down in great volume due to the melting snow. 
If the river could be made to run in the opposite 
direction, much of the trouble there would disappear. 
Subsidiary dams to regulate the water in the 
tributaries would be valuable. 

The chairman, at the conclusion of the discussion, 
recalled that erosion trouble was experienced at 
the Aswan dam in the early days, due to the 
discharge from the large sluices. The structure 
was founded on what was considered to be sound 
granite, but it had proved to be less sound than was 
expected, the result being that enormous pieces of 
granite were dislodged from the bed. Colossal 
work was necessary on the downstream side of the 
dam to cope with that erosion; more than a 
million pounds had been spent on the construction 
of an apron. 

WatTER TURBINES. 


After a brief interval, the chairman invited Mr. 
R. W. Weekes to deliver a paper of which he and 
Mr. A. Feiner were joint authors. The first part 
of this paper was reprinted on page 185 of our issue 
of August 10, and it is completed on page 217 of 
this issue. Owing to shortage of time, Mr. Weekes 
presented the paper in abridged form, but also 
showed a number of slides illustrating dams, power 
stations and turbines, of which Mr. Feiner gave 
brief descriptions. The first speaker in the subse- 
quent discussion was Mr. T. A. L. Paton, who 
asked the authors if they had considered the costs 





of hydro-electric schemes as compared with thermal 
power stations, and whether they had figures. In 
reply, Mr. Feiner said that Mr. Paton was probably 
in a better position to answer that question than 
he was, and quoted some published figures, which he 
believed were taken from one of Mr. Paton’s papers, 
showing that the capital cost of a hydro-electric 
scheme was something like 851. to 1001. per kilowatt, 
as compared with 75!. per kilowatt for a thermal 
power station. Those figures did not take account 
of amortisation, which extended over a very much 
longer period for a hydro-electric station, which 
he thought would last much longer than a thermal 
station. 

Another speaker referred to the floating-lever 
mechanism for governing, which, he said, was 
similar to the device used in steam turbines, and 
asked if there was anything analogous to the 
“hunting” of a steam turbine in the control of 
water turbines. In reply, Mr. A. Feiner said that 
the basic element of the governor was a dashpot, 
which helped to bring the speed back to the normal ; 
but the major difference between the water-turbine 
governor and the steam-turbine governor was the 
size of the servo set. Basically, the problem was 
the same, except that with water turbines there 
were greater forces to be dealt with. The next 
speaker expressed the view that not too much empha- 
sis should be laid on the capital cost of hydro-electric 
schemes, because it was necessary to use one natural 
resource when another was restricted, even if a 
slight increase in cost were involved. To this 
remark, Mr. Weekes replied that the cost of the 
machinery used in a hydro-electric scheme repre- 
sented a very small part of the total capital cost. 
In practice, it was found that when the cost of the 
cement, steel, etc., used on the civil engineering 
side of the scheme was included and a true balance 
between thermal and hydro-electric generation 
costs was drawn, while everything might appear 
to favour the hydro-electric scheme, the actual 
costs of civil engineering work had increased so 
greatly in recent years that the financial advantage 
was not so great as had been anticipated. On the 
other hand, with hydro-electric generation we 
were not using our diminishing supplies of coal, 
so that the expenditure of labour on a hydro-electric 
scheme was a very good investment for the future. 

Dr. A. P. Thurston asked whether cavitation 
troubles had been overcome, to which question 
Mr. Feiner replied that experience over the last 
40 or 50 years had certainly helped towards the 
solution of the problem but it had been by no means 
solved ; every case had to be considered from the 
cavitation standpoint, particularly with high-speed 
machinery. 

The next speaker, Dr. A. Alan Taylor, asked for 
information regarding the runaway speeds of the 
different types of turbines and inquired if there 
was any possibility of reducing them in order to 
ease the problem of the generator designer. With 
reference to the Bonneville power station, in the 
United States, having 10 Kaplan turbines, he asked 
if it would not have been more economic to have 
used about eight turbines having fixed blades. 
Mr. Feiner replied that roughly the runaway speeds 
in an impulse turbine were about 80 per cent. above 
normal speed; in the low-speed Francis turbine 
about 60 per cent.; in the high-speed Francis 
turbine from 125 to 130 per cent.; and in the 
Kaplan turbine something like 200 per cent. The 
machinery, however, was quite capable of dealing 
with overspeeds when they occurred. Mr. Weekes, 
dealing with the question concerning the Kaplan 
turbines used in the Bonneville scheme, said it 
was a matter of economics, in which civil engineering 
probably played the most important part. There 
were fluctuations of the rate of flow daily and 
throughout the year, and there could be no doubt 
that by using Kaplan turbines the best available 
output could be obtained from a group of machines, 
The reason for using all Kaplans, instead of some 
Kaplans and some turbines with fixed blades, was 
that the machinery cost was so small in relation 
to the civil-engineering costs that the operators 
preferred to have the greatest degree of flexibility 
rather than to install a number of units which had 
to be run at a fixed head as well as a fixed output. 
Mr. Paton said that in this country hydro-electric 
schemes had to justify themselves by selling elec- 
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tricity to the B.E.A. at the same ‘price, or at a lower 
price, than it could be supplied by thermal stations. 
That was in fact done in Scotland. 

There being no further speakers, the chairman 
adjourned the meeting, after complimenting the 
authors on their paper and proposing a vote of 
thanks. In the afternoon, visits were arranged to 
the offices of Messrs. Thomas Nelson and Sons, 
Limited, publishers ; to the works of Messrs. Bruce 
Peebles & Co., Ltd.; Brunton’s (Musselburgh), 
Limited ; and to the Naval Construction Research 
Establishment at Rosyth. 


Hieu-Asx Coats. 

In session A, which was continued under the 
chairmanship of Sir Claude Gibb, two papers were 
read in succession and discussed together. These 
were ‘‘ The Use of High-Ash Coals in the Electricity 
Supply Industry,” by Dr. A. Alan Taylor, and 
“The Design of Large Boiler Plant for Using 
High-Ash Coal,” by Mr. W. G. Marskell. They 
were reprinted in the issue of EncrngERine for 
August 10, on pages 188 and 189, respectively. 

At the chairman’s invitation, Dr. I. G. C. Dryden, 
of the British Coal Utilisation Research Association, 
Leatherhead, opened the discussion and gave a 
brief account of work undertaken by the Boiler 
Availability Committee. An analysis had been 
made of beiler deposits and, in particular, of the 
method by which sulphur trioxide was formed. 
Recirculation had been mentioned by Mr. Marskell 
as being still under investigation. The reduction in 
fuel-bed temperature so obtained was important but 
moisture had also been shown to have important 
effects. Dr. Taylor had said that smoke adsorbed 
the sodium oxides. It was probable, also, that the 
smoke particles acted as nuclei for the condensation 
of volatile alkalis. The more sulphur there was, 
the greater was the tendency for the deposits to 
bond. 

Professor T. R. Cave-Browne-Cave, who was the 
next speaker, said that the two papers admirably 
fulfilled the purpose which the Organising Com- 
mittee had had in mind when they decided that the 
use of high-ash coal was of great importance and 
ought to be discussed. Dr. Dryden’s observations 
on the chemical aspects of the problem drew atten- 
tion to the value of having such matters discussed 
by the British Association. The method of dealing 
with high-ash coals, whether derived from the mine 
itself or from open-cast workings, or as the waste 
from washeries, was a problem in itself. He was 
doubtful whether it was right to try to adapt the 
normal type of boiler to deal with coals of higher 
and higher ash content and asked whether it was not 
better to start afresh and design a boiler specifically 
for coals of really high ash content and let it con- 
sume all the enormous amount of waste which was 
available from washeries and workings. It used 
to be said, also, that the most efficient way of 
using the energy of coal dug in the Midlands for 
power purposes in London was to transport the 
coal there by rail. That was true with coal of 
reasonably low ash content but, if one were using 
coal of 30 per cent. ash content, 30 per cent. of 
what was pulled all the way from the Midlands to 
London was worse than useless and was very expen- 
sive to dispose oy. He pleaded, therefore, for the 
development of a special type of boiler which would 
deal with the very high-ash content coals and could 
be sited at the pits, 

Dr. Taylor, in reply, said that although it was 
at one time more economical to transport coal 
in trucks from the Midlands to London than it 
was to transmit electricity there, that was not so 
to-day and, in fact, the British Electricity Authority 
was planning to build a very extensive grid system 
which would result in large tonnages of coal being 
consumed in the Midlands, and the electricity 
so produced being transmitted to London instead of 
the coal. The higher its ash content, the less 
economic it was to transport coal, and when Pro- 
fessor Cave-Browne-Cave suggested that special 
boilers should be designed for high-ash coal it 
should be remembered that unless large quantities 
of such coal were available close to the burning 
point, the construction of special boilers was hardly 
warranted. There was much to be said for Mr. 
Marskell’s suggestion of mixing inferior coal with 
better if it could be done thoroughly and if the 


mixture could be made consistent in quality. 
This would be preferable to transporting a lot of 
coal from different sources twenty or thirty miles 
away to a central point. 

Mr. Marskell, replying to the question with 
regard to special boilers for the utilisation of slurry, 
said such plant existed, although it was the firing 
equipment rather than the boiler itself that was 
special. Such boilers worked very efficiently 
although conditions in this country were not always 
suitable for them. A large quantity of low-grade 
material had to be available at one point as it could 
not be economically transported, and that meant 
a very large single source or a number close together. 
That was not common in Britain although it was 
so on the Continent. The supply of fuel had to be 
continuous and, as the output of the washeries 
was not continuous because of shift work, storage 
arrangements were nec . Furthermore, the 
current had to be put into the grid, and the British 
Electricity Authority had views on that. Dr. 
Dryden could rest assured that they were familiar 
with the points which he had raised and did apply 
the lessons learned from such investigations as he 
had described whenever possible. Re-circulation 
was an old story: it had been practised on boiler 
plant thirty years ago with the object of reducing 
temperatures, but recert investigations indicated 
that recirculation on chain grates did not materially 
alter the fuel bed temperature for the reason that 
the fuel bed was too thin. At this point the discus- 
sion was unavoidably closed. 


PRESIDENTIAL ADDRESS TO SECTION G. 


On Friday morning, August 10, the two sessions 
A and B of Section G combined to hear Sir Claude 
Gibb, C.B.E., F.R.S., deliver his presidential address 
entitled “Two Thousand Years of Engineering.” 
We reprint the address, abridged, on page 219 of this 
issue. The vote of thanks to the President was 
proposed by Professor T. R. Cave-Browne-Cave, 
C.B.E., who first explained that the Council of the 
Association had suggested that, in this Festival 
year, the presidents of sections should review 
the progress in their subjects over the period 
1351-1951, but Sir Claude always gave full measure 
and had reviewed 2,000 years of engineering. 
The President, in his response, said that it had 
become evident to him that to cover just the period 
from 1851 to 1951 would mean starting off in the 
middle of fantastic: developments in engineering. 

After a brief interval, the meeting was resumed 
and the President first apologised for a slip in his 
address which stated that Alex Graham Bell, the 
inventor of the first practical telephone, was of the 
U.S.A. He had been reminded of the fact that 
Graham Bell had been born in Edinburgh. 


PRINTING IN EDINBURGH. 


The President then invited Mr. A. G. Curr to 
deliver his paper on printing, which covered the 
history of the printing and publishing industry in 
Edinburgh from the earliest times to the present 
day. Printing, the author said, was generally 
accepted as the most important single industry in 
the city, which, during the last hundred years or so, 
had built up and maintained a reputation for the 
production of accurately and attractively printed 
books. No single factor was responsible for this 
development; there were many reasons for the 
natural growth of printing in Edinburgh, several of 
them interdependent. The University, with its 
famous School of Surgery, and the Law Courts, 
were probably the two institutions which directly 
and indirectly exerted the greatest influence. 
Simultaneously with the growth of printing there 
developed the papermaking industry in the valleys 
of the Esk and the Water of Leith, the manufacture 
of paper making machinery, the construction of 
printing and bookbinding machinery, and type- 
founding. 

In the course of the discussion which followed the 
reading of the paper, Dr. Ezer Griffiths, F.R.S., said 
he had heard nothing about the teaching of print- 
ing in Edinburgh and he asked how the printing 
machinery constructed in this country compared 
with that of Continental manufacture. To the 
latter question Mr. Curr replied that much depended 
on the particular type of machinery referred to. 





Of the actual printing machinery, that built in this 
country was the equal of what was found in the 
United States and was better than that produced 
in Germany, but, on the other hand, the production 
of bookbinding machinery was almost entirely in 
the hands of the Americans and the Germans 
although, at the present time, some progress was 
being made in this country. A well-known engineer. 
ing firm in England had calculated how many 
machines they could produce in a year, and when 
they communicated with the United States they had 
been staggered to find that the total number of 
machines used in the world was so small that it 
would not pay a business in this country to manufac. 
ture them. In many fields of the industry one 
country was famous for a particular type of 
machine and the total demand was not sufficient to 
justify world competition from three or four different 
countries. One of the present difficulties was that 
many printers were looking for a particular type of 
machine made only in the United States, and as it 
was impossible to import the machine into this 
country they had to produce without it. 

Mr. C. Wright, the next speaker, said he had the 
impression that Edinburgh was especially associated 
at the end of the Eighteenth Century with the publi- 
cation of popular technical works and the develop- 
ment of popular technical education, and that 
James Ferguson had been particularly connected 
with that and was the author of a number of works, 
Dr. A. P. Thurston, who followed, expressed the 
opinion that it was of great importance to draw 
attention to the necessity of producing book- 
binding machinery in this country. His own 
books had been greatly delayed because it was not 
possible to get them bound. The next speaker, 
Mr. T. M. Dawe, expressed the view that the diffi- 
culty was not so much due to a shortage of machinery 
as to a shortage of labour, leather and binding 
materials. As one greatly interested in the printing 
industry he had been struck by the author’s claim 
for accuracy, from which he had gained the impres- 
sion that all the accuracy was in Scotland, but it 
should be remembered that the only Degree awarded 
to a printer’s reader for his accuracy was that 
awarded to the printer’s reader at the Oxford 
University Press. Whereas Edinburgh was quite 
entitled to claim the printing of the first Encyclo- 
pedia Britannica, it was an interesting fact that it 
had now found its way down to England and was 
being printed in London by a photographic process. 

In his reply, Mr. Curr said that on the point of 
accuracy he would willingly admit that the first 
prize went to the Oxford University Press, but the 
claim which he had been making for Edinburgh 
was that the standard of all readers was very high. 
He did not deny that there was accuracy in the 
South, but that was not so 50 years ago. The reason 
the printing had come to Edinburgh was because 
the South was not so accurate. 

Mr.. Dawe here interposed the remark that not 
all the accuracy was in Edinburgh; it could be 
found in the South at well, where all the Bibles 
were printed by the Oxford University Press, in 
Oxford ; and that Press, today and over the last 
40 years, offered a guinea to any person who could 
find anything inaccurate in the spelling or the 
spacing or the margins of the Bibles which they 
produced. ; 

To this Mr. Curr replied that there was quite a big 
industry in the printing of Bibles in Edinburgh 
to-day, and Dr. J. Cameron Smail finally clinched 
the argument by pointing out that the printer 
at Oxford who was head of the whole organisation 
was formerly a student in evening classes in the 
Heriot-Watt College of Edinburgh University. 

The Chairman, at this point, expressed regret 
that, owing to the lateness of the hour, he had to 
stop the war between the North and South of the 
Border. The meeting was adjourned until Monday, 
morning, August 13. 

On the aman of Friday, members of Section G 
visited the works of Messrs. Brown Brothers and 
Company, Limited, and the Fountain Brewery of 
Messrs. Wm. McEwan and Company, Limited. 
On Saturday, August 11, a full-day excursion to the 
Loch Sloy scheme of the North of Scotland Hydro- 
Electric Board was undertaken. 





(To be continued.) 
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NICKEL ALLOY STEELS. 





L. Corrosion fatigue in fresh water. 
M. Corrosion fatigue in salt water. 


PROPERTIES OF NICKEL ALLOY 
STEELS. 


A HANDBOOK* published recently by the Mond 
Nickel Company, Limited, summarises the mechanical 
properties of representative heat-treatable nickel alloy 
steels, and is intended as a source of reference on the 
subject for engineers, designers, metallurgists, and 
heat-treatment superintendents. The graphs repro- 


TABLE I.—Gauge Lengths. 














Related to 
es Biaseter Related to Area. 

Austria ‘e 5Dand 10D | 5-65 /A and 11-28 VA 
Belgium aid 5D 5-65 VA 

France. . ..| 7°23 D and 5D 8-16 /A and 5-65 /A 
Germany Ge 5 Dand 10D | 5-65 4/A and 11-28 V/A 
Italy .. %: 5D and 10D | 5-65 A and 11-28 V/A 
Sweden .. 7 5Dand 10D | 5-65 A and 11-28 V/A 
Switzerland 5Dand 10D | 5-65 +A and 11-28 VA 
U.S.A. .. 4D 4-5VA 
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Owing to the local “necking” which occurs in a 
tensile test, the ratio of the gauge length to the cross- 
sectional area (or the diameter) has an important 
bearing on the elongation expressed as a percen’ 
and it is obvious that the bigger the ratio the smaller 
will be the percentage elongation. At the same time, 
it has been established that, provided the above ratio 
is kept constant, i.e., that the test pieces are always 
geometrically similar and the steel is uniform, varia- 
tion of the diameter has no effect on the elongation 
value. The gauge length customary in this country 
is 3-54 D,i.e., L = 4 4/A (where L, A and D represent 
the gauge length, cross-sectional area and diameter, 
respectively). In other countries the gauge length 
used is as shown in Table I. 

The International Organisation for Standardisation 
have recommended the universal adoption of a test- 
piece having the ratio L’'= 5-654/A, ie. L=5D. 
Meanwhile, some indication of the correlation of these 
different gauge lengths is given in Fig. 2, which the 
Mond Nickel Company prepared from B.S. Handbook 
No. 10 and from other data supplied by the Poldi 
Steel Company. 

Variation in the reduction of area will affect the 
value of the elongation per cent. for a given gauge 





TABLE II.—CoRRECTION TO ELONGATION FOR VARIATIONS IN REDUCTION OF AREA. 











Elongation, per cent., a ee Correction to Elongation for Other Standard Test Pieces. 
Pov A Average Value. 
3 4-5VA. 5-65 VA. 8-16/A. 11-28 A. 
10 35 0-2 0-5 0-9 1-1 
15 45 0-1 0-4 0-9 1-1 
20 55 0-1 0-3 0-7 0-9 
25 60 0-1 0-3 0-5 0-8 
30 65 0-1 0-3 0-4 0-5 

















Add the correction if the reduction of area per cent. is 5 less than average. 
the correction if the reduction of area per cent. is 5 more than average. 


duced from the handbook as Figs. 1 and 2, herewith, 
show, in the first case, the importance of good surface 
finish in taking full advantage of alloy steels, especially 
in the higher tensile ranges; and, in the second, the 
relationship between the elongation, per cent., for 
Various standard engine of tensile test pieces. 

With the aid of the key to Fig. 1 it will be seen 
that the fatigue strength can be reduced appreciably 
by conditions that are only too common in practice and 
enormously by particularly adverse conditions. The 
fatigue strength of nickel alloy steels in reversed bend- 
ing is on the average about 50 per cent. of the tensile 
streny'ii, although at the higher tensile ranges there 
may be some falling off. It is not possible to cover 
the very wide range of variables which affect the 
differen: types of fatigue, but in order to provide some 





indication of the general effect of.some of these vari- 
ables, ti Mond Niekel Company have abstracted data 
from various sources and presented them in the manner 
shown ix Fig. 1, which relates to reversed bending 
fatigue. 

PO aM chanical Properties of Nickel Alloy Steels. 


ie Mond Nickel Company, Limited, Sunderland 





House, Cnurzon-street, London, W.1. [Gratis.] 


length, but for the sake of simplicity Fig. 2 is based on 
average values of the reduction of area for different 
elongation levels. Some indication of the effect of 
variation from the mean figures is given in Table II, 
which is based on differences of + 5 in the values of 
the reduction of area. The effect of variations from 
these means is given in Table II. The values refer to 
hardened and tempered low and medium alloy steels 
and are not necessarily correct for the. austenitic 


The Mond Nickel Company’s handbook is confined 
to those heat-treatable nickel alloy steels that are 
used in the case-hardened or hardened and tempered 
condition. They: are divided into two main groups, 
ie., case-hardening and direct-hardening (or through- 
hardening), and in each case are given (a) specification 
details for the chemical composition, heat-treatment 
and mechanical properties; (b) representative tests 
which include the effect of mass; and (c) tempering 
diagrams (direct-hardening steels only). In comparison 
with the former edition of the handbook two main 
modifications have been made, i.e., the effect of size 
is now taken into account and the value for 0-1 per 
cent. proof stress has been substituted for the elastic 


METALLURGICAL MEETINGS IN 
AUSTRIA AND ITALY. 


As already announced in our columns, the Council 
of the Iron and Steel Institute have accepted an 
invitation of the Austrian Iron and Steel titute 
to hold a special meeting in Austria from September 5 
to 19. Members will arrive at @munden, near Salzburg, 
on Thursday, September 6, and, on the following day, 
visits will be paid to steelworks at Linz and to two other 
metal works at Ranshofen, near Braunau-am-Inn. 
Saturday, September 8, will be spent on a visit to a 

ite works at Trieben, the party then proceeding 
to Graz, in Styria. On Monday, September 10, an 
official welcome will be extended to the visitors in the 
Stefaniensaal in Graz. This will be followed, in the 
afternoon, by a technical session, held jointly with 
the Austrian Iron and Steel Institute in the Stefanien- 
saal. Three papers have been specially prepared for 
the meeting, namely ‘‘ The 2,000- Year Tradition of the 
Austrian Iron Industry,” by Dr. R. Walzel; ‘‘ The 
Present Metallurgical of Austrian Iron and Steel 
Production,” by Dr. B. Matuschka; and “ Investi- 
gations into the Effect of Non-Metallic Inclusions on 
the Hot-Workability of Steel,” by Mr. F. Rapatz and 
Mr. M. Strobich. In the evening a reception given by 
the Governor of the State of Styria, will be held in the 
Burg at Graz. On Tuesday, September 11, visits will 
be paid to the Montanistische Hochschule, Leoben, 
and other places of interest in the vicinity, and, in the 
evening, a reception by the ow ted of Graz will be held 
in the Redoutensaal. On Wednesday, September 12, 
members will visit the Erzberg (“Iron Mountain ”’) 
and the programme for the next day, Thursday, 
September 13, will include excursions to works in Graz 
and at Kapfenberg, Kindberg, Weiz and Bruck. On 
Friday, September 14, members will proceed from 
Graz to Pértschach, Carinthia, visiting, on the way, 
an iron and steel works and the Guild of Gun Makers, 


, |at Ferlach. In the evening a reception will be held by 


the Governor of the State of Carinthia, in the Par 
Hotel, Pértschach. On Sunday, September 15, visits 
will be paid to works at enthein and Bleihiitte 
Gailitz, and, in the evening, a dinner and dance will be 
held in the Park Hotel, Pértschach. A departure will 
be made for Zell-am-See on Sunday, September 16, 
and members will leave on their return to London on 
the afternoon of Tuesday, September 18. 

The detailed programme of the autumn meeting of 
the Institute of , to be held, by invitation of the 
Italian Metallurgical. Association, in Italy, from 
September 15 to 25, has now been issued. The main 
British party will arrive in Venice in the evening of 
September 15 and will be joined, later that night, by 
the members travelling from Pértschach after attending 
the Iron and Steel Institute meeting in Austria. On 
Sunday, September 16, the meetings of the Institute of 
Metals and the Italian Metallurgical Association will 
be officially opened -at 9.30 a.m. by the Mayor of 
Venice in the Doge’s Palace. Later that morning a 
reception at the Ca’Farsetti Palace will be held by the 
Municipality of Venice and ‘the afternoon will be 
spent on a visit to a glass factory and other places of 
interest in the vicinity of Venice. On the mornings of 
Monday, September 17, and Tuesday, September 18, 
scientific and technical sessions will be held in Venice 
at which eight papers will be presented, namely, 
“* Copper-Nickel-Iron Alloys Resistant to Sea-Water 
Corrosion,” by Mr. G. L. Bailey; “ Friction in Wire 
Drawing,” by Mr. H. G. Baron and Professor F. C. 
Thompson; “Some Wrought Aluminium-Zinc-Mag- 
nesium Alloys,” by Dr. M. Cook, Mr. R. Chadwick and 
Mr. N. B. Muir; “‘ Effect of Small Quantities of Cd, 
In, Sn, Sb, Tl, Pb, or Bi on the Ageing Characteristics 
of Cast and Heat-Treated Aluminium-4 per cent. Cu- 
0-15 per cent. Ti Alloy,” by Dr. H. K. Hardy; ‘ The 
Tensile Properties of Heat-Treated Aluminium-Copper 
and Aluminium-Copper-Cadmium Alloys of Commercial 
Purity,” by Dr. H. K. Hardy ; “* The Influence of Alloy 
Constitution on the Mode of Solidification of Sand 
Castings,” by Mr. R. W. Ruddle and Mr. A. L. Mincher ; 
“The Adherence of Oxide Scales on Copper,” by Mr. 
R. F. Tylecote ; and “ The Oxidation of r at from 
350 deg. to 900 deg. C., in Air,” by Mr. R. F. Tylecote. 
On the afternoons of September 17 and 18, iron, steel 
and other works at Porto Marghera, and aluminium, 
lead, zinc and other works in the vicinity will be 
visited. In the evening of September 17, at 9 o’clock, 
the Autumn Lecture, on “ Electro-Chemist and 
the Science of Metals,” will be delivered in English by 
Professor R. Piontelli, and, in the evening of Sep- 
tember 18, a joint banquet of the Italian Metallurgical 
Association and of the Institute of Metals will be held. 

On Wednesday, September 19, the visitors will be 
divided into eight groups, the first of which will consist 
of those returning direct to London. Group 2 will 
leave Venice for visits to steel and non-ferrous metal 
works in Milan. Members in group 3 will visit works 
at Piave and Bolzano as well as Milan, and those in 
group 4 works in Turin as well as in Milan. The 
works and other tours for those in group 5 will include 





Florence ; for members in group 6, Milan and Florence ; 
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for those in group 7, Bolzano, Milan and Florence ; and 
for members in group 8, Milan, Turin and Florence. 
Members partaking in the visits of groups 2, 3, and 4 
will return to London on September 22, and those 
attending the visits in groups 5, 6, 7, and 8, will return 
on September 25. 





COURSES FOR INSTRUMENT- 
MAINTENANCE MECHANICS. 


Tue syllabus and other particulars of a new scheme 
of courses and examinations in instrument maintenance 
have been drawn up by an advisory committee of the 
Department of Technology of the City and Guilds of 
London Institute. The advisory committee con- 
cerned included representatives of industry ; the Society 
of Instrument Technology; the Ministries of Supply, 
Fuel and Power, and Education; the Service depart- 
ments; the leading engineering professional institu- 
tions; and various associations concerned with tech- 
nical education. The scheme is intended to meet the 
needs of mechanics and technicians concerned in the 
maintenance, repair and installation of the instruments 
used for process and production control in industrial 
plants and in H.M. Forces. Particular attention is 
given to the requirements of the chemical, iron and 
steel and petroleum industries, to fuel economy and to 
the needs of the Services, but the structure of the scheme 
is such that it will be found to have wide application. 
The scheme provides for a course of part-time study of 
five years’ duration, with an intermediate examination 
at the end of the third year, and a final examination 
at the end of the fifth year. Provision is made for 
students holding an appropriate Ordinary National 
Certificate to enter the course at the commencement of 
their fourth year. 

The courses to be provided under the new scheme 
will be held in technical colleges, and their actual 
organisation will be a matter for the college authorities. 
Courses are to commence next month in colleges in 
London, at Aston Technical College, Birmingham, at 
Workington Technical College, Cumberland, and at a 
number of other industrial centres where a sufficient 
demand has been shown to exist. When the scheme 
gets under way it is — that the appropriate training 
will be provided in all leading industrial centres. In 
courses of such character it is felt to be most essential 


that, age. ar all stages, the co-operation of industry | skill 


and the education authorities should be close and 
continuous. It need hardly be stressed that the dearth 
of adequately-trained instr t-maint mecha- 
nics has tended to be a serious handicap to the preserva- 
tion and proper working of instruments actually 
installed, and a deterrent to the full application of 
instruments in situations where their correct use could 
be of distinct advantage. It is hoped, therefore, that 
the new scheme will go a long way to ensure the proper 
training and education of instr t-maint 
mechanics. Data concerning the regulations, sylla- 
buses and curricula for the courses and examinations 
are obtainable, price 6d., from the Director, Depart- 
ment of Technology, City and Guilds of London 
Institute, 31, Brechin-place, London, §.W.7. Further 
information regarding the scheme may be obtained 
from the same address. 











JUBILEE OF THERMOTANE, LIMITED.—We have received 
from Messrs. Thermotank, Limited, Govan, Glasgow, 
S.W.1, a brochure illustrating the development of the 
firm since its foundation in 1901 by the three brothers, 
A. W. Stewart, W. M. Stewart, and F. ©. (afterwards 
Sir Frederick) Stewart. The first Thermotank installa- 
tion, however, was built in 1897, and the first shipboard 
set was fitted in the Russian steamer Kostroma in the 
following year. 

NEED FOR THE MODERNISATION OF MERCHANT 
SHIPPING.—Pleas for financial assistance to be given to 
shipowners, to enable them to bring their ships up to 
date, were made by Mr. Tom Yates, the general secretary 
of the Nationa] Union of Seamen, on August 13, at the 
union’s annual conference in London. He stated that 
many classes of merchant vessels, from tramps to pas- 
senger liners, were now more than twenty years old and 
that the time was approaching when shipping firms would 
have to undertake very extensive modernisation pro- 
grammes. In the very near future, it would no longer 
be an economical proposition to keep the older vessels 
running, and the building of additional ships could not, 
therefore, be postponed for long, if the British mercantile 
marine was to continue to provide adequate passenger 
and cargo services. In his opinion, shipowners were 
entitled to some relief with respect to the replacement and 
modernisation of their ships. That could be given in 
the form of taxation relief, subsidy, or on the lines laid 
down in the British Shipping Assistance Act, 1935, 
which provided for the buying by the Government of 
obsolete tonnage for breaking up, to enable the owners 
to effect modern replacements. 





LABOUR NOTES. 


A RECOMMENDATION by the national executive com- 
mittee of the National Union of Mineworkers that pits 
should resume voluntary working on Saturdays in 
August was rejected by the Scottish area of the Union, 
by 100 votes to 16, at a special delegate conference in 
Edinburgh on Monday last, in spite of the fact that 
only two such Saturdays remained. It was decided 
to adhere to the agreement reached by the British 
coalfield conference in April, which provided that miners 
should have a rest from Saturday working during the 
summer months. In accordance with this decision, the 
Scottish area will not reintroduce until September 1 
the practice which it has operated since early 1947 of 
working on eleven days each fortnight. This arrange- 
ment leaves the miners with every alternate Saturday 





Strong disapproval was expressed at the delegate 
meeting of the Scottish area regarding the proposed new 
supplementary pension scheme for the industry. The 
representatives considered that, the suggested payment 
of 10s. a week on retirement was very inadequate and 
also criticised the proposed 25s. a week for miners who 
had completed 40 years in the pits. It was decided to 
press for the acceptance, by the National Coal Board, 
of the original demands of the N.U.M. for an all-round 
supplementary pension of 40s. a week, with double con- 
tributions to be paid by the Board. Other decisions 
reached on this subject included one that all miners 
who had retired since Vesting Day should be included 
in the ion scheme, and another, that the clause 
in the scheme relating to the attendance records of the 
men should be abolished. 





Opposition to working with Italians appears to be 
ing in some mining areas, in spite of the serious 
shortage of colliery man-power. Miners at 87 of the 
114 pits in the North-Eastern Division have refused 
to accept any of the Italians now leaving the national 
training centre at Maltby, although there are vacancies 
for unskilled men at 67 of the Division’s collieries. 
At only 18 of these understaffed collieries would miners 
be willing to give the scheme for employing Italian 
labour a trial. Of the remaining 47 collieries in the 
Division, which have no vacancies at present for 
illed men, miners at only nine would be willing to 
receive Italian assistance. Officials of the National 
Coal Board estimate that there are about 1,500 
vacancies which could be filled by Italians if miners 
at all the 114 collieries in the Division were agreeable 
to the employment of these men. Up to the beginning 
of this week, 30 Italians have been allocated to four 
of the 18 pits with vacancies and the employees at 
which are willing to work with Italians. It is con- 
sidered that, in the existing circumstances, the Division 
could not absorb more than about 300 Italian trainees 
altogether. 





Various reasons have been given for the opposition 
to the use of Italian man-power in the mines, such as 
the men’s distrust of foreigners as fellow employees, 
and fear of their being used to reduce wages or debase 
working conditions. One Yorkshire official of the 
National Union of Mineworkers has attributed the 
men’s rejection of Italian assistance to the feeling that 
it is a waste of money to train foreigners for mining 
unless there is good reason for believing that they will 
remain in the industry, as it has happened in the past 
that foreigners have left the mining industry, after 
training, for easier employment elsewhere. In general, 
the opposition to the Italians appears to be causing 
some embarrassment to the Union’s officials in the 
Yorkshire area. It is believed that an understanding 
that Italian recruits would be accepted willingly was 
partly responsible for the conclusion, in January last, 
of the agreement which conceded certain improve- 
ments in wages and conditions for the lower-paid 
miners. 





The opinion that it was much better to employ 
Ttalians in the mines than to run the risk of injuring the 
nation’s economic welfare by encountering a coal 
shortage, was expressed by Mr. W. E. Jones, the secre- 
tary of the Yorkshire area of the N.U.M., on Monday. 
Referring to the decline in colliery man-power figures, 
Mr. Jones stated that the number of miners leaving 
the industry, owing to age and other reasons, exceeded 
the number of newcomers by about 200 a week. This 
represented a loss at the rate of 10,000 men a year and 
it was plain that the nation’s coal requirements could 
not be og sane unless the position were rectified. It 
had to be borne in mind that a shortage of five million 
tons of coal would mean between one-and-a-half and 
two million unemployed. The up-grading of the 
lower-paid miners to the coalface depended upon an 
accession of recruits and the Italians were the most 
promising source of supply. Conditions of their 
engagement were that they would join the Union, and 





that they would be the first,to be discharged in the 
event of a surplus of labour arising in the industry. 





Employees in the engineering department of the 
Post Office are to receive increases in their wages, 
ranging from 6s. 6d. a week to 13s. a week, as the result 
of an award by the Civil Service Arbitration Tribunal, 
issued on August 13. In all, nearly 60,000 men and 
women in the engineering, supplies and motor-transport 
sections of the department will benefit from the 
advances in pay, which will be ante-dated to June 1. 
Technical officers will receive increases ranging from 
9s. a week for those aged 21, to 13s. a week for those in 
receipt of maximum rates of pay. The new maximum 
rates for this grade will be 8/. 18s. in London, and 
8l. lls. in the provinces. In the supplies grades, 
porters, packers, watchmen, and storemen will receive 
increases ranging from 8s. to 10s. 6d. a week. Adult 
storewomen in these grades will receive advances vary- 
ing from 6s. 6d. to 8s. a week. 





Motor-transport mechanics will obtain advances of 
from 9s. 6d. to 12s. a week. Labourers in the engineer- 
ing and motor-transport sections will receive an 
advance of 8s. a week, bringing the maximum rates for 
this grade to 51. 12s. in London, and 51. 8s. in the pro- 
vinces. The Tribunal’s award represents an average 
wage increase of approximately 10s. a week, compared 
with the offer of an average of about 5s. a week, 
recently made by the Postmaster-General. The Post 
Office Engineering Union had claimed increases which 
would have amounted, on the average, to some 25s. a 
week. If granted in full, the Union’s claims would 
have resulted in an extra 16s. a week for labourers and 
an extra 30s. a week for technicians with more than 
one year’s service. When the award was first an- 
nounced, it was described by an official of the Union 
as being extremely disappointing. The Union's 
national executive committee met on Wednesday to 
consider the position. It was decided that a special 
national conference should be summoned to take further 
action. 





The efforts of the joint committee of representatives 
of the Railway Executive and the three railway unions, 
which was set up early in March to devise means of 
improving the railway services and to effect economies 
in working, appear to have met with little success. 
A meeting of the committee, the ninth to be held during 
the five months of its existence, took place in London 
on Friday last. The importance attached to the 
meeting was shown by the attendance of the chairman 
of the Executive, Mr. John Elliot, the labour relations 
officer of the Executive, Mr. W. P. Allen, and the 
general secretaries of the National Union of Railway- 
men and the Associated Society of Locomotive 
Engineers and Firemen. As previously, the meeting 
was held in private, and, although the discussions 
lasted for some hours, no announcement was made 
subsequently, beyond a statement that difficulties 
were being encountered and that another meeting 
would take place on August 20. 





The two main issues which the committee are known 
to have discussed are an increase in the number of 
lodging turns and the extension of the eight-hour roster 
by one hour’s overtime. All three railway unions, the 
National Union of Railwaymen, the Associated Society 
of Locomotive Engineers and Firemen, and the 
Transport Salaried Staffs’ Association are represented 
on the committee, but only the first two are involved in 
these two issues. Although it was announced after the 
meeting on June 6 that an understanding had been 
reached between the two sides regarding lodging turns, 
nothing more has been heard of this tentative agree- 
ment. The adoption of either of these proposals would 
economise the use of skilled men by increasing the 
occasions on which members of train crews could 
work the return journeys of their trains, instead of 
going back to their depots as passengers. The proposals 
are, in consequence, strongly opposed by the men con- 
cerned. The Executive will meet representatives of 
the three unions on August 21, the day after the next 
meeting of the joint committee, to discuss the joint 
claims of the unions for an all-round wage increase of 
10 per cent. 





In order to stimulate the recruiting of the twenty 
thousand operating staff required by British Railways, 
a bonus scheme has been inaugurated by which railway- 
men introducing newcomers in the civil-engineering, 
motive-power, signal, and telegraph sections of the 
railway service, in areas where vacancies exist, will be 
paid a bonus of ten shillings for each man accepted. 
An additional ten shillings will be granted in respect of 
each recruit who remains in railway employment for 
two months or longer. The scheme will remain in force 
until the end of October, when its continued operation 
will be reviewed. 
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WATER TURBINES FOR 
HYDRO-ELECTRIC PROJECTS.* 


By R. W. Wzexes, M.I.C.E., and A. FEtner, 
A.M.IL.E.E., Assov.[.Mech.E. 


(Concluded from page 187). 


THERE are obviously border-line cases where either of 
two types of turbines may be used. It is then necessary 
to consider a number of factors. Firstly, comparing 
impulse with Francis machines :— 

(1) The Francis turbine with its draught tube makes 
use of the total static head between runner and tail- 
water, whereas the Pelton runner must, of necessity, 
be placed above the maximum operating tailwater 
level if it is to function under all conditions. This 
loss of head, which can sometimes be considerable, is 
really equivalent to a loss of efficiency. 

(2) Where there are large fluctuations of headwater 
levels, the low specific speed Francis turbine can 
accommodate a head variation of approximately 
+35 per cent. about normal head without undue 
change in characteristics, whereas the impulse can only 
operate to about + 20 per cent. of normal head to 
maintain reasonable efficiency. 

(3) Efficiency favours the Francis above about 
60 per cent. of full load but the impulse is much batter 
at lower loads. Turbines for operating under high 
loads for considerable periods are, therefore, best of the 
Francis type (for example, for peak or base load 
operation), while, with widely fluctuating loadings and 
water availability, impulse turbines are most advan- 
tageously used. In the case of physically small size 
Francis turbines, the leakage losses through the peri- 
pheral clearances are a high percentage, resulting in 
excessive efficiency losses, thus minimising the natural 
advantage of higher efficiency. 

(4) The higher speed of the Francis turbine usually 
reduces the generator costs and the overall dimensions 
of machinery and building, although additional excava- 
tion in hard ground may be very expensive. Also, 
when the developed power is al, the Francis type 
might operate at too high a speed for the generator 
design, and the impulse turbine is then to be preferred. 

(5) The Francis type, with its large number of 
moving parts, is more subject to damage due to sand 
or other abrasives in the water. However, wear on 
the spear or nozzle surfaces of Pelton wheels can cause 
large reductions in efficiency due to jet distortion and 
Spraying. Also, the fine splitter edges on the runner 
buckets can be easily worn. By the choice of proper 
materials for a Francis turbine, its disadvantages in 
this respect can be considerably reduced, and the less 

re —_— needed are in its favour. 

) iar as Francis turbines, as compared wi 1) 
turbines, are concerned :— erent 
‘ (1) Higher efficiency favours the Francis over the 
a propeller only slightfy, but the Kaplan 
oe ine 18 much more efficient than either of these 
th fy wide range of load, except at the very peak of 

© Francis curve. The Kaplan type is also superior 
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for wide fluctuations of head, and the gain in efficiency 
is considerable. 

(2) The higher speed of the propeller turbine reacts 
in its favour in a similar way to that of the Francis 
turbine as compared with the impulse turbine. 

(3) The setting with respect to tailwater favours 
the Francis turbine, which therefore requires less 
expensive excavations. 

(4) With the machine unloaded and the turbine 
wicket gates fully open, passing a maximum quantity 
of water, the relationship between the gates and the 
runner blades may be such that the runaway speed 
achieved by the propeller turbine (especially the 
Kaplan) is higher than that of the Francis. This 
may result in a more expensive generator, since the 
rotating parts which must be designed to withstand 
the stresses at runaway speed may necessitate a reduc- 
tion in diameter and increase in length of the machine. 

(5) The cost of the Kaplan turbine, with its compli- 
cated blade mechanism and control apparatus, far ex- 
ceeds that of the Francis and fixed-blade propeller types. 

As prime mover, the turbine has to be regulated to 
provide a constant speed under varying loads when 
driving an alternating-current synchronous generator 
in order to maintain a constant frequency. Also, 
arrangements must be made in the case of such machines 
to ensure that, where the electrical energy is fed into 
an interconnected power system, the load between 
the various machines feeding the network is correctly 
apportioned. The speed change is the signal normally 
adopted for automatically varying the quantity of water 
to the turbine, the speed measuring device being the 
governor actuator. By means of distributing valves 
the actuator causes one or more servomotors to operate 
the mechanism varying the flow to the turbine, as 
shown in Fig. 14. In the case of Kaplan turbines, the 
runner vanes are operated at the same time to take up 
their correct position. 

For propeller and Francis turbines the flow is regu- 
lated by means of the wicket gates, and with the 
impulse turbine the movement of the spear performs 
the same function. With the impulse turbine, an 
alternative means is to deflect part of the jet con- 
tinuously, but this is only advisable where the water 
quantity passed through the turbine has to remain 
constant, since the continual wear on the deflector 
tip causes spreading of the jet in time. This, together 
with the non-uniform jet shape, leads to a reduction 
in efficiency and increased wear on the runner buckets. 

The governor speed-measuring device usually consists 
of flyballs driven directly by the turbine shaft, or 
through zearing or by belt, or by an electric motor 
running in synchronism with a permanent-magnet 
generator coupled to the shaft of the generating unit. 
The last system is most useful in cases where the layout 
does not readily permit a convenient juxtaposition of 
turbine and governor, since only a three-core cable 
forms the interconnection. 

Means are usually provided on the governor for 
varying the speed either locally by hand or from a 
remote point by electric motor. The range of adjust- 
ment normally lies between + 5 per cent. and — 15 per 
cent. of normal speed, and this enables synchronising 





and loading of the generator to be carried out. Similarly, 
a hand-operated speed-droop device, capable of varying 
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the speed between full-load and no-load by up to about 
5 per cent. of normal speed, is included with the 
governor, the generator of which is running in parallel 
with other generators. The characteristic of the 
load-speed curve thu: obtained enables the turbine to 
take its proper share of the load. 

Automatic governors are not required for asynchron- 
ous alternating-current induction generators which 
are held in step by the power system frequency of which 
they are only a very small part. The turbine regulating 
mechanism is merely set to the required opening and 
the power generated is fed into the system. 

It is obvious that, on a change of load, the change 
of speed is dependent upon the load change, the time 
required to alter the input energy, and the inertia of 
the rotating parts. The load change is determined by 
external conditions. The minimum time in which a 
governor can act to change the water quantity depends 
upon the lost motion of the moving parts, which include 
both the oil-pressure system and the mechanical connec- 
tions to the turbine. For a full stroke of the governor 
servomotor, the minimum time is of the order of 
one second. Normally, however, this is not the 
limitation since sudden changes in the rate of flow of 
water are accompanied by pressure variations (known 
as water hammer) resulting from the transformation of 
kinetic energy into potential energy, or vice versa, and 
the time necessary to keep the pressure regulation 
within safe limits (for example, + 30 per cent. of 
normal pressure) becomes the effective time. However, 
a pressure increase or reduction also affects the speed 
of the sat, and this must be considered. Further, the 
change of speed itself affects the speed regulation 
because, due to the change in efficiency, there is a reduc- 
tion in turbine output: for load rejection this assists 
speed regulation but for load acceptance the position 
is worsened. This ,condition is, in effect, determined 
by the characteristics of the runner. 

With the load changé, governor time, pressure change, 
and turbine characteristic fixed, the only variable is 
the inertia of the rotating parts. By increasing the 
inertia, the time taken to reach a particular speed is 
prolonged and the speed rise at any intermediate time 
is therefore lessened. The permissible speed fluctuation 
depénds upon the type of load on the station, but 
normally a s rise of about 30 per cent. for instan- 
taneous full-load rejection is considered a maximum. 
When full load is rejected from the turbine, the speed 
rise has no effect upon the equipment supplied by the 
station, since the generator would be disconnected 
from the load. Part-load rejections are, therefore, 
more important. Only in exceptional circumstances 
would the instantaneous rejection of more than about 
25 per cent. of full load be expected, and the correspond- 
ing speed rise would be about 4-5 per ceat. of full 
speed. As it is practically impossible to apply any 
appreciable load instantaneously, speed drops are not 
normally so important as speed rises. Under certain 
conditions they do assume importance as, for example, 
when two machines are feeding a system, and due to a 
fault in one generating set it is brusquely disconnected. 

Where pipelines are very long, the rate at which 
flow can be safely decreased is so low that the provision 
of sufficient flywheel effect in the rotating parts is 
economically or practically unjustifiable in order to 
obtain reasonable speed regulation. Means are then 
usually adopted to reduce the operating time on the 
turbine in one or more of the following ways :— 

(1) A by-pass valve is coupled to the casing of the 
turbine so that a constant quantity is passed through 
the pipeline irrespective of the quantity actually 
required by the turbine itself. The wicket gates or 
spear may thus be operated as quickly as possible. 
This is particularly useful when a constant quantity of 
water is needed downstream of the turbine in such 
cases as irrigation projects where power production is 
incidental. Excellent speed rises and drops are 
obtained in this way, but otherwise the scheme has 
little to recommend it as it is wasteful of water. 
A similar system is that previously described for water 
quantity control by continually geflecting part of the 
jet of an impulse turbine. 

(2) The by-pass valve may be connected through a 
dashpot so that it is caused to open only for relatively 
large changes of load, and then at the same rate as the 
gates or spears close. The valve then closes in such a 
time as to restrict pressure rise. Such a valve is called 
a pressure regulator or relief valve ; two are shown in 
Fig. 15, on page 218. Since failure of the regulator 
could cause a catastrophe, some turbines are equipped 
so as to increase the turbine closing time if the regulator 
fails to function, thereby restricting the pressure rise 
to safe limits at the expense of speed rise. 

(3) In the case of impulse turbines, a simpler arrange- 
ment is, firstly, to deflect water quickly and then to 
follow up by closing the needle at a much slower rate 
and to such a degree that the jet is just clear of the 
deflector. This system is known as dual regulation. 
An alternative method, which is patented, disperses or 
breaks up the jet instead of deflecting it. This is 





achieved by introducing slightly slanting vanes into 
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the jet through the needle bulb. When the needle has 


taken up its correct position, the dispersing vanes are |: 


withdrawn within the needle, the tips lying flush 
with it. 

(4) In order to reduce the effective length of pipeline 
between turbine and intake, a surge chamber may be 
introduced into the pipeline as close as possible to the 
turbine. On sudden rejection of load, the water rises 
in the tank and absorbs the energy released by the 
flowing water column when changing its momentum. 
On sudden load demand, the water stored in the 
chamber supplies the additional quantity of water 
required until the water column in the upstream pipeline 
has had time to accelerate. 

There are other auxiliaries usually necessary for use 
with turbines. An important part of the automatic 
governor equipment is the oil pumping and storing 
apparatus. A typical scheme for providing a reliable 
oil supply is shown in Fig. 16. The oil pump may be 
driven by belt from the turbine shaft or by individual 
electric motor. The compressed air for keeping the oil 
under pressure in she accumulator may be supplied by 
using the oil pump as an air pump, or more usually 
from a separate compressor. The oil pressure is 
a ag between about 200 and 300 Ib. per square inch. 

maller turbines use an oil pump without a receiver, 
the servomotor being held closed by a spring. 

Pumps are also required when external oil circulation 
is necessary for the bearings, or with grease-lubricated 
main-shaft bearings. Main and standby pumps are 
provided for the purpose, the main pump being driven 
either mechanically from the turbine shaft or by 
alternating-current motor, whereas the standby pump 
would be driven normally by a direct-current motor. 
Where ible, water for cooling the lubricating oil is 
taken from the main pipeline, but when heads are 
above about 400 ft. or very low, the water has to be 

umped from the tailrace or, in the latter case, boosted 

m the main pipeline. 

Pumps are necessary when drainage and leakage 
water cannot be readily expelled from the power 
station by gravity. Such pumps are sometimes 
designed also to de-water turbine draught tubes and 
outlet chambers when high tailwater levels make it 
impossible to allow access to the insides of the turbines 
for inspection purposes. In turbines where the wicket 
gates are under pressure in the shut-down condition, 
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due to the omission of a shut-off valve at the turbine 
entry, and leakage water past the main shaft and gate 
glands cannot be drained under gravity, main and 
standby motor-driven pumps controlled by float 
switches are ne . 

For indication, alarm, and shut-down purposes, 
pressure, temperature, level and flow devices having 
electrical contacts are often necessary. Another im- 
portant safety device is the overspeed governor, which 
trips out the generator and shuts off the water supply 
to the turbine when the speed of the generating set 





reaches about 30 per cent. over-speed. This is neces- 
sary in order to restrict the rapid rise in voltage 
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and frequency in the event of a governor, failure. 
A shut-off or isolating valve immediately before”the 
turbine is always advisable where a pipeline feeds*the 
turbine, for not only does it act as a back-up protection 
in the event of the turbine running away, but it serves 
as a means of isolating the turbine for inspection 
purposes without having to de-water the penstock, and 
it conserves water which might otherwise leak past 
the wicket gates. In low-head installations, where the 
forebay is very close to the turbine, sluice gates at 
the pipe entry are satisfactory, but they are only 
closed in an emergency or to permit inspection of the 
water passages. Even in such cases, turbines have 
been provided with isolating wicket gates, in addition 
to the regulating wicket gates, so as to permit work on 
the turbines to be carried out while water is 
downstream through the cases and discharge regulators 
acting as synchronous by-passes. Turbine shut-off 
valves may be operated mechanically by hand, or by 
electric motor, or by hydraulic or pneumatic servo- 
motors actuated by electric, hydraulic or pneumatic 
means. Generally, one of the following types of valves 
is used : butterfly, which is not drop-tight and presents 
a permanent obstruction to the water flow; sluice, 
which has high friction losses, causes a disturbance to 
flow by the creation of eddy currents, and is conducive 
to the creation of water-hammer Beye when — 
inst full flow ; spectacle-eye, which is expensive an' 

a, demanding by ase deal of space below and above 
the water passage ; Larner-Johnson, which is expensive, 
long between flanges, and, apart from one patent 
design, tends to slam shut ; and rotary, which combines 
the advantages of requiring only small forces to operate 
it, compactness, simplicity and certainty of control, 
negligible wear on sealing faces, elimination of water- 
hammer, and a friction loss equivalent only to that of 
an equal length and cross-section of straight pipe- 
A-‘rotary valve of the hydraulically-operated type 18 
shown in Fig. 17, herewith. f 

In view of their, simplicity, the small number 0 
auxiliaries required, and the ease with which water 
turbines may be run up and shut down, hydro-electric 
power stations are pre-eminently suitable for local or 
unattended remote automatic control by one “ start 
and one “stop” push-button. The saving In labour 
costs where a group of stations is controlled from one 
central point is considerable. 
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TWO THOUSAND YEARS OF 
ENGINEERING.* 


By Str Ciavpe Grss, C.B.E., F.R.S. 


ENGINEERING is much older than any history that 
has come down to us, for it stretches back to the 
beginning of civilisation. With the growth of the first 
civilised countries, problems arose in the cultivation 
of the land, and in transport. Engineers were called 
upon to provide irrigation schemes, reservoirs, canals, 
docks and harbours, The rulers of the day required 
them to build palaces and great monuments, examples 
of which are the Pyramids. Temples had to be erected. 
These presented great problems for the engineer. To 
shape the large blocks of stone used for their construc- 
tion, tools had to be designed and built, and here 
again, the engineers displayed much skill and ingenuity. 

During the Third and Second Centuries B.c., Greece 
furnished a number of eminent engineers, records of 
whose engineering feats have been passed down to us. 
Ctesibius Alexandrinus invented a two-cylinder force 
pump; the remains of one are in the British Museum. 
Hero of Alexandria was possibly a follower of Ctesibius, 
and his researches brought him into the fields of 
mechanics, catoptrics, pneumatics, surveying, geo- 
metry and stereometry. By the engineer he is remem- 
bered for his original idea of a reaction turbine, and also 
for his hydraulics. The modern surveyor owes his 
theodolite to Hero, who called his own instrument the 
dioptra. Archimedes was another Greek genius; he 
laid the foundation for our knowledge of specific 
gravity, and of the principles of leverage and the 
water screw. The mathematical problems which he 
solved are of vital importance to the engineer to-day. 

The development of the Roman Empire set the 
engineers great tasks. The greatest achievement of 
Roman technical work was the making of roads. With 
the decline of the Roman Empire, little progress in 
engineering was made until 1629, when Giovanni 
Branca, of Rome, published information on a new 
steam engine. This was, in fact, a steam turbine 
which operated on the impulse principle. 

About this time, coal mines in Great Britain were 
becoming deeper, and difficulties were being experienced 
in pumping out water, and raising the coal. Engineers 
turned their attention to the design of an engine for 
this purpose, and in 1663, the Marquis of Worcester 
described a method of raising water by the use of 
steam. During the next century, the reciprocating 

iston engine made its appearance, and the names oi 

apin, Savery, Newcomen, Beighton, Smeaton and 
Watt will always be associated with its development. 
Progress in all branches of engineering, from then 
on, developed rapidly. Steam engines were fitted into 
river boats in this country, in America and in France. 
In 1819, the Savannah, a vessel of 300 tons, fitted with 
a single-cylinder steam engine driving paddle wheels, 
crossed the Atlantic from America to Europe; but 
some years had to pass before vessels and machinery 
of adequate strength and power were available to 
inaugurate the transatlantic service. 

Henry Cort had discovered in 1783 a process for 


following year, Sir William Thomson (afterwards Lord 
Kelvin) deduced the absolute zero of temperature from 
Carnot’s cycle and reached the same conclusion as 
Joule. Thomson, Rankine and Clausius continued the 
work by giving the subject mathematical treatment 
and it is to these physicists that we are indebted for 
the discovery of the laws of thermodynamics, and to 
Clausius for the introduction of the term ‘‘ entropy.” 
The beginning of the Nineteenth Century was also 
an important period in the history of electricity. 
Although magnetism had been known since ancient 
times by the Chinese and the Greeks, little use was 
made of it. One of the first references to its use for 
practical purposes occurs in the description of Colum- 
bus’s first voyage to America in 1492, when he used a 
compass. Little was achieved during the next 300 
years until Volta discovered, in 1799, that electricity 
could be obtained by chemical action, and produced the 
voltaic cell giving a steady low-tension current. Rapid 
progress in electrical research was thus made possible, 
resulting in discoveries by Oersted, Ampére, Faraday, 
Davy, Sturgeon, Ohm, Henry and finally Faraday 
again in 1831, when he made the greatest contribution 








producing wrought iron by puddling, and rolling it 
into plates and bars, an invention which provided a new 
material for engineers. The history of iron ships began 
in 1787 with an iron canal barge. The first iron steam 
vessel was the Aaron Manby, which David Napier 
navigated from the Thames to the Seine in 1822. 
Screw propulsion was also introduced about this time. 

neers were also concentrating on improved land 
transportation. Trevithick, Blenkinsop, Hedley, and 
George Stephenson will be remembered for their work 
in constructing steam locomotives for coal haulage. 
Stephenson also constructed the locomotive which 
drew the first public passenger train in the world, on 
the Stockton and Darlington Railway, in 1825. 

These developments in the steam engine had been 
made possible by the work of the engineers and phy- 
sicists who did preliminary work on determining the 
laws of steam. Watt discovered that the latent heat 
of steam is nearly constant for any pressure within the 
Tange of steam-engine practice, and that, consequently, 
the greater the steam pressure, and the greater the 
range of expansion, the greater will be the work 
obtained from a given weight of steam. He also 
invented the steam-engine indicator. Count Rumford 
1a _ out experiments on frictional heat, and, in 
ow pe Carnot published his pamphlet which gave 

. wie pressure-temperature cycle. Carnot’s ideal 
diagrams, with isothermal and adiabatic lines, repre- 
_ very closely the action of the steam in engines 
of that period, but he failed to recognise that heat 

Ppeared in the process of producing power, in an 
my equivalent to the external work done. 
a, ®, in 1849, established the indestructibility of 
exe the mechanical equivalent of heat and the 
a te absolute zero of temperature. In the 
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to the development of electrical science by constructing 
the first magneto-electric machine. Further develop- 
ments were made by other inventors, and, by 1844, 
one of the first effective industrial electric generators 
was constructed for an electro-plating works at 
Birmingham. Another field of development was that 
of the telegraph. Attempts had been made in the 
Eighteenth Century to introduce the electric telegraph, 
but it was not until 1837 that success was achieved 
independently in the United States by Samuel Morse, 
and in England by Wheatstone and Cooke, who 
installed, in 1843, the first public electric telegraph line. 
between Paddington and Slough. 

By 1850, reciprocating steam engines were in general 
use both on land and sea; the preliminary laws of 
thermodynamics had been established ; the steam loco- 
motive was in use and passenger train services were 
being inaugurated in different parts of the country ; 
important developments had been made in electricity ; 
electric generators had been constructed and the 
electric telegraph services were in use; wrought iron 
had been discovered and was being used for the con- 
struction of boilers, steam engines, ships and bridges. 

With the success of the electric telegraph on land, 
the first submarine cable was laid in 1850 between 
Dover and Calais; and, after many attempts, a trans- 
atlantic telegraph serviee was established in 1866 
between Ireland and Newfoundland. It was operated 
by the Atlantic Telegraph Company. In the early 
days, the transmitting speed was 15 letters per minute, 
since increased to over 2,500 letters per minute. The 
transmission of speech was next attempted, though 
it was not till 1876 that a practical telephone was 
invented by Alexander Graham Bell. At the British 
Association meeting held at Glasgow, in that year, 
Graham Bell, in conjunction with Lord Kelvin, 
brought it to the Association’s notice. Within a few 
years, telephones were in use in all the advanced 
countries in the world. 

Even more revolutionary was the transmission of 
power by electricity. The first proposals for electrical 
transmission concerned electric lighting, and it was this 
development that led the way to the transmission of 
power. The electric arc-light, first demonstrated by 
Humphry Davy in 1809, had been turned into a 
practical commercial possibility by Foucault in 1844, 
but, while it was used for lighting railway stations, 
docks, etc., it was not ideal for indoor lighting. 

Many inventors attacked the problem of making an 
incandescent electric lamp, but without success, and it 
was not till 1878 that Sir Joseph Wilson Swan made 
such a lamp and exhibited it at Newcastle. T. A. 
Edison was also working on the problem and he patented 
his process in 1879. Companies formed by the two 
inventors were amalgamated in 1885 to form the Edison 
and Swan United Electric Light Company. The first 
opportunity given to the public of seeing electric 
incandescent lighting on a large scale was at the Crystal 
Palace Electrical Exhibition, in 1885. 

Edison saw that the possibilities of electric lighting 
were dependent upon the efficient supply of current from 
a generating station, and set himself the task of design- 
ing areliabledynamo. In 1879, he produced a dynamo 
to give electric current at a constant pressure of 
110 volts. These dynamos were designed to be driven 
either by a pulley and belt, by a steam engine, or b 
coupling the armature shaft directly to the cranksha: 
of a steam engine. Edison also worked out the (by 
no means obvious) system of distribution by cable and 
wiring circuits. 

The first public lighting supply was opened at 
Appleton, Wisconsin, in 1881, and in the same year 
the first station in England was opened at Godalming, 
in Surrey. In the following year, the much larger 
Pearl Street station, New York, was opened with 
six generators, with an eventual lamp connection of 
6,000 to 7,000 lamps. By the end of the year, nearl 
80 electric companies were founded in England, thoug 


few had actually gone into operation. In 1883, the first 
public electric railway was opened, between Portrush 
and Giant’s Causeway in Ireland. 

When central-station electric lighting by direct 
current was first established, it was found that there 
were many towns and places where the demand was 
so scattered that it did not pay to put down the heavy 
feeders and distribution mains required on the direct- 
current system. Attention was therefore directed to 
the possibilities of alternating-current supply. Many 
different types of alternators were designed by Gramme, 
Westinghouse, Ferranti, Kapp, Parker, Mordey, and 
Messrs. Ganz of Budapest. Ferranti especially devoted 
his attention to the design and construction of large 
alternators for public electric supply, and installed a 
number of them in power stations in London. The 
Deptford station will always be associated with the name 
of Ferranti, for it was there that he gave a lead to the 
world by installing single units of 10,000 h.p., generating 
at the unheard-of pressure of 10,000 volts. 

In the early days of electric lighting, it was usual 
for the generating unit to be driven by a belt from 
some kind of steam engine. Semi-portable engines 
of the agricultural type were generally employed, and 
there was a serious need for some form of high-speed 
engine for direct drive. One of the earliest high-speed 
direct-coupled engines was made by Peter Brotherhood, 
who arranged his three-cylinder engine to drive a 
dynamo directly from either end of the crankshaft. 
This was soon superseded by the Parsons epicycloidal 
steam engine of 1877, which, in turn, was outclassed 
by the Willans central-valve engine. The latter was 
displaced by the Bellis double-acting high-speed 
compound engine. 

While this evolution of the reciprocating steam engine 
was taking place, the final solution, namely, the steam 
turbine, was being brought to practical success by Sir 
Charles Parsons. He patented his first turbo-dynamo 
in 1884, and it was this little machine, of only 7? kW, 
which led the way to the large central-station turbo- 
alternators built to-day. Parsons developed the 
turbine chiefly in relation to electricity generation, 
and many small turbo-generators were built for supply- 
ing current for lighting purposes in ships, factories, 
hotels, etc. After the incorporation of condensers in 
1891, the turbine rivalled the reciprocating engine 
in efficiency and was rapidly adopted for power stations. 
By 1912, turbo-alternators for an output of 25,000 kw 
had been constructed; to-day single units of over 
200,000 kW are in operation. 

The commanding position of the steam turbine is due 
mainly to its high thermodynamic efficiency ; in large 
sizes, it gets more work out of coal than can be got by 
any other prime mover, due to its ability to take full 
advantage of the high pressure and high temperature 
steam conditions now in use, and the adoption of 
regenerative feed heating, in which steam is tapped 
from the turbine at successive stages of the expansion 
to heat the feed water on its way back to the boiler. 

Parsons also attacked the problem of adapting the 
turbine to marine propulsion, and, after many dis- 
appointments, was equally successful. He constructed 
a small launch, the Turbinia, in 1894, which was fitted 
with a single turbine driving one propeller. On trials 
the speed attained did not give the expected result due 
to propeller cavitation. New turbines and new propellers 
were fitted which ultimately enabled a speed of 34 knots 
to be obtained. During the naval review at Spithead 
in 1897, the Turbinia was demonstrated before a fleet 
representing not only the British Navy but the sea- 
power of other leading nations as well. Her perform- 





ance focused the attention of the Admiralty on the 
possibilities of turbine propulsion, and they entrusted 
Parsons with the construction of a 30-knot turbine 
destroyer, H.M.S. Viper. In the following years, the 
turbine was tried in various vessels of the Navy with 
such success that, in 1905, a Committee on Naval De- 
sign advised that turbines should be used exclusively 
in all classes of warships. 

Meanwhile, the first turbine-driven passenger vessel, 
the King Edward, was built in 1901 for service on the 
Clyde ; she was followed by cross-channel boats, and 
later by vessels for the Liverpool-Canada passenger 
service. In 1906, the Lusitania and Mauretania were 
each fitted with four turbines totalling 70,000 h.p. 
To-day, the turbine is the recognised prime mover for 
all the navies of the world, as well as for all the fastest 
ocean liners. It made possible the construction of the 
Queen Mary, Queen Elizabeth, and many others. The 
introduction by Parsons of gearing between the turbines 
and the propellers enabled the size of machinery to be 
reduced, and increased its efficiency. 

To use fuel directly in a cylinder, instead of the more 
usual cycle of fire, boiler and cylinder, attracted the 
attention of inventors from the earliest days, but the 
arrival of the practical steam engine put an end for 
a time to work in this direction. It was not till the 
Nineteenth Century, when coal gas became available, 
that inventors once again took up the subject. Coal 





gas provided a suitable and readily available fuel, and 
in 1823 Samuel Brown constructed the first commercial 
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gas engines. Progress after this became rapid, due to 
the attention of many more inventors, till in 1876 
Otto produced the famous “ Otto silent gas engine,” 
completing its cycle in four strokes. Two years later, 
Dugald Clerk produced his two-stroke engine which, 
for large powers, tended to be the more favoured. 

Although large units using blast-furnace gas were 
developed, with efficiencies greater than steam in 
suitable circumstances, to-day it is regarded merely as 
a step in the evolution of the petrol and oil engines. 
Petroleum in large quantities had been discovered in 
1858 in the United States, and the increasingly wide 
distribution of petroleum oils, particularly the paraffin 
oils and lamp oils, focused attention on the possibility 
of using oils as fuel instead of gas. The earliest oil 
engine to achieve success was that of Priestman, 
introduced in 1885 ; followed the next year by Daimler’s 
engine, which used an oil so volatile that a carburettor 
would serve to charge the incoming air with com- 
bustible vapour, and which ran at high speed, enabling 
bulk and weight to be lessened and power increased. 
The Daimler engine marks the beginning of the modern 
petrol engine. Many inventors contributed to the 
development of the oil and petrol engine, one of the most 
notable being Rudolf Diesel, who, in 1895, produced an 
engine which, while able to use crude oil, gave a remark- 
ably low fuel consumption and high efficiency. The 
Diesel engine was developed for use on heavy road- 
transport vehicles and, in the larger sizes, as a rival 
to the steam turbine for marine propulsion, where it 
found many advocates. Much attention has also been 
= to its use on railway traction, and the number of 

iesel main-line locomotives is growing rapidly. 

The effects of the petrol engine were most revolu- 
tionary in the field of transport, first on the roads 
and then in the air; its lightness in relation to power 
made it pre-eminently suitable for this purpose. 
Daimler at first intended his engine to be used for 
stationary work and for the propulsion of boats, but 
in 1886 he fitted it to a bicycle. The results were so 
successful that, three years later, he built another 
engine for a road vehicle. This was the beginning of 
the great motor industry. The year 1896 saw the 
founding of the English Daimler Motor Company, and 
in the same year the Ford Motor Exhibition was held 
in the Crystal Palace, London. 

These early cars were frequently unreliable, but the 
mechanical design was quickly improved as a result 
of practical experience on the road. Other improve- 
ments, such as better systems of ignition and cylinder 
cooling, pneumatic tyres, and streamline body con- 
struction have done much to popularise the motor car. 
By 1928, the output of high-speed internal-combustion 
engines exceeded by more than ten times the total 
horse-power of all power stations, ships and railways. 
Again, at the World Power Conference in Berlin in 
1930, it was stated that the number of motor cars on 
the world’s roads was some 30 millions, with an output 
of at least 600 million h.p. To-day, self-propelled 
vehicles are used for practically all forms of transport. 

One of the most notable applications of the petrol 
engine is in aviation. It was not till the Eighteenth 
Century that flight was achieved by the use of hot- 
air balloons. Thereafter considerable experimental 
work was undertaken with power-driven model aero- 

lanes, the first model to rise under its own power and 

nd safely being constructed in 1857. With the rise of 
the motor-car industry and the availability of a light 
and reliable prime mover, attention was directed to the 
possibility of controlled power flight. 

The Wright brothers, who had been carrying out 
extensive gliding experiments, designed a motor and 
propeller to suit their machine, and in December, 
1903, were able to rise in the air and fly for a distance 
of 25 yards. This was the first flight of a machine 
fully controlled. Progress was rapid, and successful 
machines were constructed in 1909 in England by Cody 
and by Roe. In the same year, the world was startled 
by the first successful flight across the Channel by a 
Frenchman, Louis Bleriot. With the advent of World 
War I, technicians, factories and Government funds 
were made available for urgent development work 
and a huge British aircraft industry was built up 
in an incredibly short time. Between 1914 and 
1918, Great Britain manufactured over 50,000 aero- 
planes, most of the er.gines for which were constructed 
in this country. The reliability of the aeroplane was 
demonstrated by the flight across the Atlantic, in 
1919, of Sir Arthur Brown and Sir John Alcock. 
Soon afterwards, regular air services were introduced 
between London and Paris. Between the two world 
wars, much research and experimental work was 
undertaken, particularly by Air Commodore Sir Frank 
Whittle, on jet-propulsion gas turbines for aircraft, and 
in May, 1941, the first aeroplane fitted with such an 
engine made its first flight. 

bably the first working gas turbine was con- 
structed by Armengaud and Lemale in Paris in 1904, 
and a second machine was constructed by Brown 
Boveri and Company in 1906. Thereafter, gas turbines 
were used merely as auxiliaries or as a convenient 
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source of obtaining power from otherwise waste energy, 
and not as serious competitors for power generation. 
Serious consideration was again given to the subject 
about 1935, when many steam-turbine manufacturers 
began investigations. The war slowed up these develop- 
ments, but, as a result of the progress made in the use 
of gas turbines for aircraft, manufacturers in this 
country and abroad turned their attention again to the 
possibility of building successful industrial gas turbines. 
A number of firms have built experimental gas-turbine 
units from which important data have been obtained. 
On the Continent, gas turbines for outputs up to 
27,000 kW are in operation, and in this country machines 
for outputs up to 15,000 kW are nearing completion. 
During 1950, gas turbines were used as prime movers 
to drive a motor car, a motor launch and locomotives. 

The first idea of wireless communication was sug- 
gested by James Bowman Lindsay, of Dundee, in 
1845, who proposed to use the earth or sea as a con- 
ductor, but on account of the very weak electric 
currents involved and the lack of sufficiently sensitive 
apparatus to detect them, this means of communication 
made little progress. During the latter part of the 
Nineteenth Century, several British scientists conducted 
experimental research relating to radio-telegraphy, 
notably Clerk Maxwell, Sir Oliver Lodge, Professor 
D. E. Hughes and Admiral Sir Henry Jackson. It is, 
however, to Senator Marconi that we are indebted for 
his inventions in 1895, which made long-distance wireless 
telegraphy possible. He conducted his original experi- 
ments in Italy, and in 1896 came to England. By 1899 
he had established wireless communication between 
England and France, and two years later had bridged 
the Atlantic. A regular transatlantic telegraph 
service was established during the next seven years. 

Following on the success of the wireless telegraph, 
experiments were commenced almost immediately on 
the possibility of radio telephony. The most important 
inventions relating to this subject were, perhaps, the 
thermionic valve invented by Dr. J. A. Fleming in 1904, 
and the three-electrode tube invented by Dr. Lee de 
Forest in 1906. During 1914-1918, radio-telephony 
was used widely by the fighting forces, and valve 
techniques were developed rapidly to enable com- 
munication to be made with aircraft. By 1919, 
important experiments had been conducted by the 
Marconi Company and telephonic speech was estab- 
lished between the United States and Paris, and 
between Ireland and Canada. In the same year, 
experimental broadcasting fransmissions were com- 
menced in England, which culminated in the forming 
of the British Broadcasting Company in October, 1922, 
and the setting up of regional stations. 

The first details of a method to transmit actual 
images was disclosed in 1880 by Carey, an American, 
but it was not until 1926 that the most successful pro- 
posal was described by John L. Baird. Baird used a 
scanning disc which carried two spirals of lenses, and 
the reflected light from the illuminated object was 
caused to affect a photo-electric cell. In 1929, the 
B.B.C. and the Baird Television Company commenced 
a public television broadcasting service from Alexandra 
Palace, London. It is expected that television broad- 
casting programmes will be available throughout the 
country by 1952. 

During recent years, considerable attention has been 
directed to the work of the scientists investigating 
nuclear energy, and to the possibilities of adapting this 
new source of energy to commercial work. The begin- 
ning of this era goes back to 1789, when a German 
scientist, Martin Heinrich Klaproth, discovered a 
substance which he named uranium. Over 100 years 
elapsed before its peculiar properties were observed 
by Wilhelm Réntgen, who discovered X-rays, but it 
was not till 1896 that Becquerel identified the pheno- 
mena as radio-activity. The release of this information 
aroused interest in other scientists, notably Professor 
Curie and his wife Marie Curie, and G. C. Schmidt. 
These scientists, working independently, discovered 
radioactive properties in thorium, polonium and 
radium, and Debierne discovered, in 1899, actinium. 
Chiefly because of the work done by Lord Rutherford, 
we know that these substances are spontaneously dis- 
integrating into a series of radioactive substances, 
each of which is of lower atomic weight than its parent 
element. Many other scientists contributed to our 
knowledge of radioactivity, but it is to Lord Rutherford 
that we are indebted for much of the pioneer work lead- 
ing to the release of nuclear energy. 

In 1942, the first atomic pile or nuclear reactor was 
put into operation in America and the first man- 
controlled release of atomic energy was achieved. 
During the war, considerable progress was made due 
to the concentration of scientific personnel, and the 
spending of sums of money which, in peace time, 
would have seemed enormous. Since 1945, atomic 
energy research establishments have been put into 
operation in this country; at Harwell, under the 
direction of Sir John Cockcroft, and at Sellafield under 
Sir Christopher Hinton, 

And now 1951. We have seen the evolution of the 


steam turbine and its use on land and sea; the turbo- 
alternator for the generation of electricity ; the distri- 
bution of electricity to factories and homes, and the 
manufacture of the thousands of miscellaneous electrical 
appliances; the internal-combustion engine and its 
use on land, sea and in the air; the telegraph service : 
the telephone ; wireless broadcasting ; television ; the 
gas turbine ; the motor car; the aeroplane and finally 
nuclear energy. But in addition to these outstanding 
developments there have been many thousands of inven- 
tions relating to almost every branch of industry, such 
as machine tools, the typewriter, calculating machines 
the gramophone, the bicycle, and the mechanisation of 
coal mining and agriculture. 

There seems little doubt that a tendency in the future 
will be towards large-scale railway electrification where 
it can be carried out economically. This tendency may 
well be hastened by the application of nuclear energy, 
on a large scale to the production of electrical energy, 
The production of electrical energy from fissile 
material is, even in the light of our limited experience 
to-day, a practical possibility. With the prevailing 
costs of coal and petroleum, and of uranium or other 
fissile materials, it is doubtdul whether electricity could 
be produced, at the moment more economically than 
by well-established methods: yet it requires but a 
small improvement in the method of using the heat 
generated by fission to enable atomic energy to com- 
pete with present-day practice. To justify the high 
initial cost of an atomic energy plant the production of 
electrical energy by fission must be carried out on a 
large scale. Electrification of railways and other large. 
scale usage of electricity will automatically result. 

For a long time now, I have advocated the rational 
usage of our greatest national asset—coal. It is 
unlikely that, in the future, our available supplies of 
coal will increase; on the contrary, they are likely 
to become less year by year. Economics will therefore 
force us to use coal more economically and I foresee 
high-pressure gas mains supplying heat to home or 
industry, the complete abolition of the open coal fire, 
the increased use of slow-combustion heating in homes, 
using coke or other residual fuels, gas turbines living 
up to their names and using gas, and the use of coke, 
gas or tar, and of course, high-ash coal residues for 
generating electricity in central power stations. 

Work is now being undertaken in this country in 
burning methane, which occurs in small proportions 
in the large volumes of air used in mine ventilation and 
it may be that, in the future, by using a high degree 
of pre-heat prior to combustion, the miner’s greatest 
enemy, firedamp, will be used for the benefit of man. 

Without any doubt, in my opinion, the jet or gas 
turbine-cum-jet will be used to the exclusion of all 
other means of propulsion for all types of aircraft. 
This type of prime mover meets the requirements so 
admirably that it is difficult to see how any other form 
of power unit can compete. On land, the gas turbine 
is more sorely pressed by its competitors and I doubt if 
any prime mover other than the steam turbine will be 
used for very large powers. I do think, however, that 
the gas turbine will, to a great extent, supplant the 

Diesel engine. There is no difficulty in making gas 
turbine units of 100 h.p. which could easily be fitted 
to motor cars within the space now occupied by petrol 
or Diesel engines. The major remaining problem 








requiring solution to enable the gas turbine to take its 
place in our everyday life is that of a compact, low-cost 
and highly efficient regenerative heat exchanger. 
The consideration given to this problem during our 
present meetings is an indication of its importance 
and likely solution. Once a purely rotating prime 
mover has been found suitable for a given application, 
it always becomes possible to supplant an alternative 
reciprocating type, and there is little doubt that, 
within the next 50 years, the gas-turbine motor car will 
be used to the exclusion of all others. 

Man’s standards of living and comfort have increased 
only as he has made mechanical power his servant In 
increasing degree. Electricity provides the most 
convenient way of supplying that mechanical power, 
and, if the nations of the world are listed in the order of 
electricity consumption per head of population, the 
list will be found to coincide with the nations listed in 
the order of living standards. Incidentally, nations 
listed in the order of protein percentage in their daily 
diet gives again the same sequence. Inevitably, . 
nation after nation strives for improved standards 0 
living and comfort, there must be a tremendous 
expansion in the use of electricity. A consumption per 
head in Great Britain of five times our present usage 
still would not produce demand saturation. ved 

Large-scale use of electricity for pump-produce 
rain and for soil heating, as a means of combating in 
some degree the vagaries of weather, thus helping to 
solve our ever-growing food shortages, is —s 
come. Supersonic-frequency electronically produ 
vibrations will become an everyday thing in our indus: 
trial, domestic and medical life. The thermioni¢ 
valve will become an increasingly integral part of our 
life between 1951 and 2051. 
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HEAT TRANSFER DURING 
CONDENSATION OF STEAM.* 


By H. Hampson. 


WHEN a@ pure vapour condenses on a clean cooled 
surface which it readily wets, a continuous film is formed 
and the shape and inclination of the surface deter- 
mine the local thickness of the film and the rapidity 
with which the liquid in it is removed. The film 
retards the transfer of the heat of condensation to the 
cooled surface, and becomes a major factor in limiting 
the flow of heat to the cooling medium on the other 
side of the surface. With reasonable assumptions, 
Nusselt evolved a very satisfactory analysis of the 
properties of the film, and for condensation under 
these conditions his analysis is an accurate guide to 
the resistance to heat flow im by the film. Two 
of the assumptions he made were (i) that there was an 
isothermal surface behind the film, and (ii) the film 
flowed over the surface in a smooth viscous manner 
under the influence of gravity. Regarding assump- 
tion (i), due to the heating of the cooling liquid behind 
the surface, its temperature rise, in most cases, is 
reflected in the change of temperature of the surface 
at different positions; the effect of this is usually 
small, since it is customary to limit the temperature 
rise of the cooling fluid. Respecting assumption (ii), 


however, it is found that with long surfaces the film. 


becomes turbulent—the criterion of the change is 
Reynolds number (4 x rate of mass flow per unit 
width of the stream ~ absolute viscosity), and the 
heat flow per unit area, like the resistance to fluid flow, 
increases several-fold. Moreover, on vertical flat 
surfaces and tubes it has been found that ripples 
develop on the surface of the film when it has attained 
a given thickness—which is quite small—and it is found 
by most experimenters that, as a consequence of this 
surface disturbance, the heat transfer rate for the film 
given by Nusselt’s analysis is increased by 20 per cent. 
It is interesting to note that a static film of sine-wave 
shape in transverse section, with a ratio of maximum 
to minimum thickness of 4 : 1, will give approximately 
this increase over that of a film of uniform thickness. 
As a practical condition, it is essential that both the 
surface and the condensing fluid shall remain chemi- 
cally clean if a film is to be maintained continuously. 
The liquid may, of course, be capable of dissolving 
and removing all contaminants as it flows away, and 
thus maintain the required surface condition. 

Nusselt neglected any temperature difference be- 
tween the vapour and the surface of the film, which 
may be due to molecular movements across this inter- 
face; it has been suggested that this may be of 
importance at very low pressures, particularly on film 
surfaces which are not flat. There must be some 
thermal potential at the surface of the film, changing 
to accommodate the variation of heat flow. Experi- 
ments to clear up this point still leave the matter 
unsolved, since the measurement of the temperatures 
cannot be made directly. The effect is negligible for 
all practical purposes. The heat-transfer rate for the 
film will obviously depend on the film thickness, and 
this, in turn, will be affected by the amount of liquid 
in the film which has come from the higher parts of the 
surface, i.e., the length of the surface will materially 
affect the total heat flux. It is thus not possible to 
quote a value for the surface heat-transfer coefficient, 
except in relation to the physical conditions, the fluid 
concerned and the geometry of the surface; moreover, 
it will depend on the rate of condensation, that is, on 
the rate of heat flow. In this respect, film-wise con- 
densation is distinctly different from the other mode, 
namely, drop-wise condensation. 

A very different regime exists when the surface on 
which condensation is taking place is not wettable by 
the liquid. In the case of drop-wise condensation, the 
mechanism by which the liquid forms on the surface, 
and first becomes visible as minute droplets, is still 
obscure and is referred to later. The remaining part 
of the process is one of steady growth of the drops by 
the acquisition of more liquid, partly by condensation 
on the drop—a small pro 
coalescence. The pattern of the drops on an undis- 
turbed surface shows a regular and almost uniform 
growth of the drops, their spacing is equally regular and 
symmetrical, with the exception that a few drops seem 
more acquisitive than others, become larger and thus 
grow quicker than the surrounding drops. Fig. 1, on 
page 221, shows the appearance of the surface during 
“ideal” drop-wise condensation ; the largest drops are 
about 3 mm. in diameter. Coalescenice is rapid, and 
can barely be followed by the eye or normal-speed 
cinema camera. The drop which touches and absorbs 
the surrounding drops quickly becomes large enough 
for the gravity force to overcome the cohesion between 
drop and surface, and the drop rolls down. One has 
only to watch a window pane in the rain to appreciate 

* Paper read before Section G of the British Associa- 
tion at Edinburgh on Monday, August 13, 1951. 
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the subsequent history. Areas of the surface which 
have been denuded by coalescence or drops rolling 
down, are momentarily optically clear, but quickly 
become misted, due to the formation of minute droplets. 
The speed with which the process is repeated depends 
on the temperature difference between the vapour and 
the surface, and this determines the heat flow. It will 
be appreciated that it is across these s which 
appear to be free of drops that most of the heat transfer 
is taking place. The surface heat-transfer coefficient 
is independent of the heat flux for this type of conden- 
sation, but Gnam’s experiments showed it to decrease 
uniformly with decrease of vapour pressure; this is 
still to be confirmed. 

So far it has been assumed that a pure vapour is 
condensing on the surface. Any contaminant in the 
vapour, including a non-condensable gas, will eventually 
affect the mode of condensation. Unless precautions 
are taken, the usual mode is one which is intermediate 
between drop-wise and film-wise, and is described as 
** mixed ” condensation. In practice, the purely drop- 
wise or film-wise modes of condensation are usually 
found to be transitory ones, and the customary mode 
is one of “ mixed ”’ condensation during which small 
irregular areas of liquid, resembling flattened drops, 
are separated by narrow lanes which appear to be free 
of liquid. When steam is the condensing vapour the 
surface heat-transfer coefficients for the film-wise or 
mixed modes will usually be found to be less than 
one-tenth that for the purely drop-wise condition. In 
view of this it is customary to design apparatus pessimi- 
tically for film-wise condensation. This also insures the 
designer against failure of the plant to perform its 
duty—but at an appreciably greater initial expense— 
if there is a possibility of an increased quantity of non- 
condensable gas over the design value. 

The “ideal” drop-wise mode of condensation can 
only be obtained on a carefully prepared surface. 
Such surfaces and the processes taking place on them 
have always presented tantalising problems to the 
research worker. The great divergence of the properties 
of substances (particularly organic substances) in thin 
layers, compared with the bulk properties under other- 
wise similar conditions, has led to considerable dispari- 
ties between the conclusions drawn from experimental 
work. Experiments with the condensation of a vapour 
on a metal wall require the maintenance of chemical 
uniformity of the surface and fluids involved. Never- 
theless, the considerable reduction in the surface area 
required for a given duty—particularly when high 
heat flow rates are required—justifies the persistent 
exploration of the drop-wise process. 

For drop-wise condensation to occur it is essential 
that the metal surface be contaminated by a promoter. 
The function of the promoter is to reduce the surface 
tension of the vapour-metal interface, while not 
reducing proportionately the tensions of the liquid- 
metal and liquid-vapour interfaces. It is essential that 
the promoter should be ou of adsorbed on the metal 
surface so that it is not easily torn away by the con- 
densate as it rolls off. The most generally effective 
promoters are the fatty acids, in the majority of 
metal surfaces, but other promoters are more effective 
on specific metals and their alloys; they are typified 
by their strongly polar molecules. A typical promoter- 
metal combination which has been very successful is 
benzyl-mercaptan on copper or its alloys, and zirconium 
has been found to take up and retain the fatty-acid 
promoters more readily than other metals. It is almost 
impossible to prepare a metal surface without some 
oxidation taking place, but in the few cases where the 
surface has been prepared in a manner intended to 
prevent oxidation from the air, no perceptible difference 
in performance has been noticed with steam as the 
condensing medium. It is known that the layers of 
oxide will have different densities depending on the 
ambient conditions during formation, particularly if 
water vapour is present. The shorter duration of life 
of drop-wise condensation on a copper-plated surface 
after continued use and repolishing, may be accounted 
for by the different structures of the surface layers 
ex . There is little direct knowledge of the 
influence of the solid surface or of the contaminating 
layers in this field in spite of the work of Bowden and 
co-workers on metal surfaces, and of Langmuir and 
— on contaminating films. 

A large number of tests have been made at Queen 
Mary College, University of London, with a moderate 
degree of repeatibility, on metal surfaces prepared with 
emery paper in such a way as to leave abraded surfaces 
with different degrees of roughness, for comparison 
with surfaces polished mechanically and electrolytically. 
The general conclusion was that all abraded surfaces 
gave approximately the same duration of “life” of 
drop-wise condensation to a metal surface, but that this 
life was only a fraction (one-half to one-quarter) of the 
life of a mirror-polished surface. It was also found that 
previous polishing of copper or brass surfaces with 
magnesium powder to give complete wettability, before 
treatment with an oleic-acid promoter, gave a greater 





uniformity of life and the longest lives. 





The maintenance of the ideal drop-wise condition, by 
injection of the oleic-acid promoter in a suitable solvent 
non-miscible with water, was possible but not invariably 
successful ; injection of benzyl mercaptan was always 
successful on copper or brass surfaces, but in the exper- 
ments in which this substance was used there was a 
gradual reduction up to 10 or 15 per cent. in the surface 
heat-transfer coefficient over a period of 10 days. 
Xanthates and dithio-phosphates are effective, and the 
synthetic resins such as Bakelite and the silicones give 
drop-wise condensation, but have the disadvantage of 
low thermal conductance of the layer. In all cases, the 
admission of small quantities of air or nitrogen (up to 
0-3 per cent. by weight) increased the duration for 
which a surface gave purely drop-wise condensation. It 
was found advantageous to inject a solvent of the 
promoter periodically in the early stages. This caused 
a very distinct but transitory change in appearance of 
the surface, and resulted in a temporary reduction in 
the heat flux. The effect was to repair those parts of 
the surface showing signs of breakdown to mixed 
condensation, but ultimately to cause earlier and more 
uniform breakdown of the surface. Figs. 1 to 4, on 
page 222, reproduced from four separate frames of a 
cinematograph film, illustrate the effect of an injection 
of solvent ; while Fig. 5 shows the effect of an excess of 
the promoter. 

ith film-wise condensation, almost the whole 
temperature difference between the vapour and the 
solid surface is used for driving the heat through the 
condensate film ; and this temperature difference must 
increase sufficiently to overcome the additional effect of 
increased film thickness as the heat flow increases. This 
means that the metal surface must be brought to 
temperatures which are much lower than the vapour 
temperature. On the other hand, with drop-wise con- 
densation, the temperature of the metal surface cannot 
be uniform ; it will be different under the drops com- 
pared with the spaces between them, the difference 
depending on the size of the drops. This temperature 
will fluctuate as the drops form or roll down, and a mean 
value must be defined with respect both to time and 
position (or area), in order to estimate the surface 
heat-transfer coefficient. Typical overall heat-transfer 
coefficients for the two modes and large heat flows 
are shown in Fig. 6, and the steam-side coefficients in 
Fig. 7. In Figs. 6, 7 and 8 the heat-transfer coefficients 
are given in B.Th.U. per hour, per sq. ft., per deg. F. 
units, and these figures refer to tests made on a vertical 
copper plate of conductivity K = 125 B.Th.U. per 
hour, per ft., per deg. F., and dimensions 5 in. high, 
3 in. wide, and 0-252 in. thick. The cooling water 
entered at a temperature of 60 deg. to 68 deg. F., and 
flowed through a narrow passage behind the plate. 
The pressure on the steam side was in all cases atmo- 
spheric, and the steam approached the surface in a 
direction normal to it. The temperature of the metal sur- 
face used in calculating Fig. 7 was the mean for six posi- 
tions, as found by putting the thermocouples in series. 

When small quantities of a non-condensable gas are 
present in the vapour, the gas is carried to the cooled 
surface as a mixture, and must diffuse back from it in 
the reverse direction to the flow of the mixture. The 
increased partial pressure of the gas at the surface 
reduces the saturation temperature of the vapour, 
and there is a consequent reduction in the overall 
temperature drop across the film or drops. It follows 
that there will be a reduction in the heat-transfer 
coefficient. The magnitude of the reduction is depen- 
dent on the mode of condensation. For the film-wise 
mode the effect on the overall heat-transfer coefficient 
is small, since the additional resistance due to the 
diffusing gas is small compared with the resistance of 
the condensate film. For a heat load of 100,000 
B.Th.U. per square foot per hour, the reduction in 
steam-side coefficient, for a 5-in. vertical surface, 
amounted to 33 per cent. for an addition of 2 per cent. 
by weight of nitrogen to the steam. With drop-wise 
condensation, the added resistance due to gas is 
relatively very high, and reduces the surface heat- 
transfer coefficient to one-sixth of the value for gas-free 
steam when 0-1 per cent. by weight of nitrogen is 
present. Fig. 8 shows the effect for a small experi- 
mental surface. Colburn and Hou examined the 
effect analytically and supnaiesanalir te reference to 
the film-wise condition, and they devised a method for 
design which equated the heat carried to the cooled 
surface (by mass transfer of the vapour and sensible 
heat in the gas) to the heat passing through the film. 
The latter was calculable from Nusselt’s expressions for 
any given geometry of the surface. 

f ysg, Yig and ys; represent the interfacial tensions 
equivalent to the surface molecular forces at the solid- 
gas, liquid-gas and solid-liquid interfaces, the liquid 
will contract into drops if 

Z=Y¥s9 —-¥W ~ Yi <1, 
Z being the spreading coefficient. 
Equilibrium will result if 
Z = Yig (cos ¢ — 1). 
The value of the contact angle in the case ot conden- 
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sation depends on the promoter used. From experi- 
ments made at room temperature, it appears to be 
independent of the metal; the latter only determines 
the duration of dropwise condensation after treatment 
with the promoter, since the bond between the metal 
and promoter occurs by the replacement of the hydrogen 
in the carboxyl group by the metal. 

It may be assumed that the smallest drops result 
from the break-up of a film, which forms from the con- 
tact of minute droplets, growing on the nuclei at the 
ends of the crystallites of metallic oxide on the plate 
surface. The whole surface will in turn be covered by 
one or two monolayers of the metallic soap or other pro- 
moter, just sufficient, in the case of ideal dropwise con- 
densation, to cover completely the interstices bétween 
the prominent corners and edges of these crystallites. 
It is suggested that droplets touch almost simultane- 
ously, and coalesce into an unstable film, which imme- 
diately breaks up into the drops of smallest size so far 
seen on the plate. Jakob estimated that the unstable 
continuous layer of liquid formed is about 0-001 mm. in 
thickness, and if this breaks uniformly, into drops 
having a contact angle with the plate of 90 deg., the 
resulting drop size will be about 0-012 mm. in diameter. 
This is very nearly the minimum size of drop which can 
be resolved photographically at a magnification of 
40 diameters, according to Gnam. 

It will be appreciated that due to the transient nature 
of the heat flow through the drops, it is not possible to 
calculate exactly the amount of heat passing through 
the drops at any moment. If it is assumed, however, 
that there is a steady flow condition through the drops, 
an estimate of this part of the total heat flux can be 
made. It is necessary to include the metal plate as part 
of the heat-flow path, as otherwise there would be an 
infinite rate at the edge of the drop ; the plate, therefore, 
has been taken as equivalent to a sheet of water, of 
proportionately smaller thickness in the ratio of the 
thermal conductivities of the plate and water. The 
surface of the drop presented to the steam was taken 
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TRANSFER DURING CONDENSATION OF STEAM. 
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Fic. 5. CoNDENSATION With Excsss oF “ PRoMOTER.” 


as one isothermal surface, and the back of the plate as 
the other. It was then possible to calculate, by 
relaxation methods, the heat flow through the drop 
in terms of the overall temperature difference, the 
thermal conductivity of the water and the relative 
thickness of the plate. The result is given in Fig. 9, 
and for the specific case of a }-in. thick copper plate, in 
Fig. 10. From cinematograph photographs of the 
surface, the distribution by size of the drops over a 
typical area of the surface (an average value for 32 
succeeding frames) was found to vary very little with 
heat load and is shown in Fig. 11. The ordinate of this 





figure is the derivative of area covered to drop size, 80 
that the area under the curve represents the area 
covered by countable drops, that is, down to 0-005 in. 
diameter ; this was found to be 55 per cent. of the 
whole area. 

The heat transfer rate through all drops between 
sizes a and 6 is thus given by 


b 
4 $2 (D) 
Q --KA 0) mo“ aD. 


where ¢,(D) AD is the fractional area covered by 
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drops having diameters between D and D + AD plotted 

ae ; q ca laa 

in Fig. 11, and ¢, (D) is ZAdD plotted in Fig. 10. 

Adis the temperature difference between the isothermal 

surfaces, g is the heat-transfer rate through each drop 

of size D, and K is the thermal conductivity of water. 
When the expression 


4 2 (D) 

=x A 4 4, (D) — aD. 
is plotted against the drop size, the area under the 
curve gives the heat transferred through all drops 
countable. This is given in Fig. 12 for the same 
typical case as for Figs. 10 and 11, and was found to be 
only 15 per cent. of the total heat transfer. 

It now remains to estimate how the rest of the heat 
passing through the whole surface is transferred. The 
equivalent conditions of the remaining surface can 
only be a matter of conjecture as discussed above ; 
but the assumption that it was entirely free of drops 
gave the closest estimate to the experimental value. 
This would indicate that the thermal resistance of 
whatever film exists between the drops must be very 
small indeed. An alternative assumption that the 
drop size distribution would produce a straight line 
between D = 0-005 and D = 0, giving the area of 
surface unaccounted for under drops, would give a 
rather lower value of surface heat-transfer coefficient 
than was found experimentally. In view of the transient 
nature of the phenomenon, the correlation is good. 
Experiments are now being made, with reduced heat 

ux and increased cyclic time of drop formation, in 
order to find the consistency of the drop distribution, 
and to check the correlation between calculated and 
experimental values of the heat-transfer coefficient. 





IDLER SUPPORT FOR CONVEYOR BELTING.—Mess?s. 
Richard Sutcliffe, Limited, Universal Works, Horbury, 
Wakefield, have introduced a novel idler support for 
conveyor belting, known as the ‘‘ hammock ” idler. The 
tingle roller is a rubber tube, which runs on bearings 
at the ends and the tension in which can be adjusted to 
suit the materia] being conveyed. The idler has been 
designed to lengthen the life of rubber belting and to 
Sive an efficiency greater than that of standard idlers 
With three or five pulleys. It enables the belt to adopt 
ite natura] curve, spillage is decreased, and the load is 
kept to the middle of the belt. 
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PLASTIC-SHEATH TELEPHONE 
CABLES IN DENMARK. 


A NEW all-plastic type of carrier-frequency multi- 
quad underground cable is being laid by the Copen- 
hagen Telephone Company as part of a large scheme 
of expansion of the Company’s communications system. 
Two cables, one for each direction of transmission, 
have been developed and manufactured by the Tele- 
graph Construction and Maintenance Company, 
Limited, at their Telcon Works, Greenwich. The 
cables are insulated and sheathed with Telcothene— 
a tough and flexible synthetic thermoplastic based on 
polythene, which is unaffected by water—and are 
designed to provide 48 speech channels per pair in a 
frequency band from 12 ke. to 204 ke., giving a total 
of 1,152 circuits for the two 12-quad cables. Further 
experimental work is in progress on the use of carrier- 
type Telcothene cables and it is evident that a target 
of 60 speech channels per pair will be achieved, thus 
giving some 1,440 circuits using two 12-quad cables. 

Conductors 0-040 in. in diameter and weighing 
25 lb. per mile, were chosen instead of the usual 0-050 in. 
(40 lb. per mile) as the distance necessitates an inter- 
mediate repeater. To minimise crosstalk, a high 
degree of balance is required; this is obtained partly 
by careful manufacture, needed especially for the 
smaller size, and partly by special balancing in the 
field. Each copper conductor is insulated by an 
extrusion of Telcothene to a diameter of 0-102 in., 
opposite cores in any one quad being coloured similarly 
for identification of pairs. Four cores are laid up 
round a separately-extruded Telcothene cord to form 
the quads, which are left unfilled so that there are air 
spaces in the interstices. Different suitable lengths of 
lay are used for each quad. Twelve quads are laid up, 
three in an inner layer and nine in an outer layer, 
and bound together with a thin Telcothene tape. Over 
this is extruded a tubular Telcothene sheath, 0-065 in. 
in radial thickness, which is applied sufficiently tightly 
to lock the quads lightly into position to ensure, during 
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subsequent processing and laying, the stability essential 
with a high-grade balance. A screen of thin copper 
tapes is lapped over the sheath and is protected by 
alternate layers of compound and bitumenised paper 
tape. 
For laying in a trench, the cable is served with com- 
pounded jute, armoured with two steel tapes each 
0-030 in. thick, and finished with two compounded 
hessian tapes. The overall diameter is about 1-63 in. 
and the weight is 4 tons per mile. For drawing into 
ducts, the cable is finished with an outer sheath of 
polyvinyl chloride, 0-10 in. in radial thickness, extruded 
directly over the copper-tape screen; the overall 
diameter is then about 1-35 in. and the weight 2-2 tons 
per mile. 

The dielectric constant of Telcothene being 2-3, the 
capacitance and low-frequency attenuation of these 
cables are greater than for the norma] paper-insulated 
type; but, because of the low power-factor, the 
attentuation rises more slowly with frequency, so that, 
at 200 ke., it is no greater than for paper-insulated 
cable with the same size of conductor. For 60 db. 
attenuation, maximum repeater spacing with 25-lb. 
conductors is about 12 miles for 48-channel working ; 
with 40-lb. conductors, it is about 16 miles for 48- 
channel working, or 14 miles for 60-channel working. 
The dielectric losses at high frequencies being almost 
negligible, it will be possible, as development proceeds, 
to operate a larger number of communication channels 
per pair of wires than with any other known cable. 
The light weight of the cables greatly facilitates 
installation ; it is stated that two lengths of 250 m. 
each were pulled into the trench in half an hour, the 
maximum tension being only about 400 Ib., a fraction of 
what the cable will stand without harm. It can be 
laid, therefore, in about one-fifth of the time required 
to lay lead-covered paper-insulated cable of the same 
size under similar conditions. 

A method of jointing by injection moulding has been 
developed, suitable for use in the field, the heat required 
being supplied by current from a 2-kW generator 











224 


ENGINEERING. 


AUG. 17, 1951. 








driven by a petrol engine. A butt joint is made 
between the conductors in a small electric welder, using 
fluxless solder, after which the insulation joint is made 
in each quad as a whole. A quad is placed in a small 
mould, which is then heated internally by warm gas, a 
Telcothene charge being heated in an injector at the 
same time. When correct temperatures have been 
attained, the injector is placed over the injection hole of 
the mould and its piston is released. Immediately Telco- 
thene is seen to emerge from the spew holes, cold air is 
blown on to the mould to hasten cooling; the mould 
is then opened and the completed quad joint removed. 
All quads having been jointed and laid into position, 
a Teleothene tube, previously slipped over the cable 
sheath, is slid back into place. By similar technique, 
using a ring mould, the tube is welded to the sheath on 
each side of the joint, after which the screen, armour, 
etc., are replaced and made good. Joints can be 
blocked by injecting compound into the Telcothene 
tube. 

Fault liability with these cables is low, but should 
mechanical damage cause penetration of the sheath 
without damaging the insulated conductors, circuit 
continuity is maintained, though any ingress of water 
would reduce the carrier frequency facilities until a 
repair could be made. Wet cable can be dried in the 
usual manner by the passage of dry gas. To enable 
sheath faults to be detected and located, bare copper 
wires have been included in the cable to provide an 
insulation guard circuit, operating an automatic alarm. 
The cables have been designed to permit, if desired, 
the feeding of power through them to intermediate 
repeater stations. Equipment is being supplied by 
Messrs. Philips’ Telecommunication Industries, of 
Holland. 





TRADE PUBLICATIONS. 


Belting.—We have received from Gandy, Ltd., Wheat- 
land Works, Seacombe, Wallasey, Cheshire, a catalogue 
and price list of their hair, cotton, balata, leather, rubber 
and conveyor belting and accessories, brake-lining ma- 
terials, etc. The catalogue includes some notes on the 
design of belting. 


Maintenance of Carbon Brushes.—A pamphlet published 
by the Morgan Ciucible Co., Ltd., Battersea Church- 
road, London, S.W.1, deals informatively with the 
precautions which should be taken in order that the 
carbon brushes used on the commutators of electrical 
machines should operate satisfactorily. 


Speed-Reduction Mechanism.—Sanderson Brothers and 
Newbould, Ltd., Attercliffe Steelworks, Sheffield, have 
issued an illustrated catalogue describing the principles 
and constructional details of their Heliocentric speed 
reducer, which gives single-stage reduction ratios between 
20 to 1 and 80 to 1. Tables of dimensions are given and 
various applications are illustrated. 


Metalclad Oil Switches.—Messrs. Crompton Parkinson 
Ltd., Crompton House, Aldwych, London, W.C.2, have 
sent us particulars of two metalclad oi] switches, one of 
which is intended for use as a feeder isolator and the 
other as a ring main unit. Both are designed to carry a 
load current of 400 amperes at 6-6 kV or 11 kV and have 
a rupturing capacity of 250 MVA. 


Crushing, Grinding, Screening and Mixing Machinery. 
—The Sturtevant Engineering Co., Ltd., Southern House, 
Cannon-street, London, E.C.4, have issued a well-illus- 
trated booklet giving particulars of their jaw crushers, 
rotary crushers, crushing rolls, grinding milis, vibrating 
screens, centrifugal air separators, batch mixers and 
blenders, dust filters, etc. 

Spline-Hobbing Machine.—We have received a leaflet 
from David Brown Machine Tools, Ltd., Britannia Works, 
Sherborne-street, Manchester, 3, describing the construc- 
tion and giving particulars of the David Brown-Muir 
MT-V spline-hobbing machine, which can accommodate 
spline shafts up to 35 in. long. It can be used also for 
cutting spur gears up to 15 in. in diameter and 45-deg. 
helical gears up to 10 in. in diameter. 


Rotary Pumps.—We have received from Drysdale & 
Co., Ltd., Yoker, Glasgow, W.4, an illustrated brochure 
giving particulars and describing the operating principles 
of their rotary vacuvm\ pumps for the paper, textile, 
chemical and food industries, vheir eit and water extrac- 
tion pump for use with paper-making machinery, and 
their air and condensate extraction pump for removing 
vapour and water from vacuum-return steam systems. 


Centrifugal and Azial-Flow Fans.—The Airscrew 
Co. and Jicwood, Ltd., Weybridge, Surrey, have issued 
two booklets, one of which gives particulars of centrifugal 
paddle-blade fans for handling air containing dust, fumes 
or other impurities; they are manufactured in capa- 
cities ranging from 500 cub. ft. to 40,000 cub. ft. of air 
per minute. The other booklet, on axial-flow fans, 
includes specifications and performance data, and notes 
on the construction, selection, inspection and testing of 
fans. 
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AUTOMATIC SHEARING MACHINE. 


THE accompanying illustration shows an automatic 
shearing machine developed by Mr. E. W. Cowell, 
7a, Sydney-road, Watford, Hertfordshire, for cutting 
strip material, such as belts, wire, tape, rubber, gummed 
paper strips, etc., into pieces of a predetermined 
length. The strip, or strips, to be cut is fed through a 
pair of intermittently-rotating feed rollers ; the amount 
through which the rollers rotate can be regulated, and 
thereby the length of the strip which is fed through 
them can be adjusted within a range of 0 to 24 in., 
0 to 12 in., or 0 to 1} in., depending on the type of 
machine, which is made in three versions, Series A, 
Series B, and Series C. In all machines, the maximum 
width of strip which can be accommodated is 4 in. 
At the end of the intermittent movement of the feed 
rollers, shears cut the material, and while the shears 
return to the open position, the feed rollers rotate 
again, after which the cycle is repeated. 

The machine can be supplied for operating from a 
direct-current, single-phase or three-phase alternating- 
current supply. An electric motor drives, through a 
belt and reduction gearing, a crankshaft on one end of 
which is a crank disc. A crankpin is mounted in a 
slideway on the crank disc in such a way that the throw 
of the crankpin can be adjusted to any value within 
the limits set by the slideway; a graduated scale is 
provided to indicate the throw. In Series A and B 
machines, the crankpin drives, through a connecting 
rod, a steel bar reciprocating in a slideway. On the 
upper edge of the steel bar are cut rack teeth which 
engage with a pinion attached to a roller clutch, which 
transmits the drive in one direction only to the feed rol- 
lers, geared together, through which the work is fed. 
During one half-revolution of the crankshaft, therefore, 
the rollers are rotated by an amount determined by the 
throw of the crankpin; during the second half- 
revolution the rollers are stationary. The maximum 
stroke of the rack is 6 in.; the pitch diameter of the 
pinion being half the diameter of the feed rollers, this 
gives a maximum length of strip feed of 12 in. in one 
crankshaft revolution. 

The cutters can be supplied in any form suitable for 
the material to be cut; ordinary shears are used for 
flat materials. On the Series A machine, the cutters 
are operated, through a coupling rod and a tappet 
lever, by a cam on a shaft driven through gearing 
from the crankshaft at half crankshaft speed. The 
camshaft carries two cams, one with a single lobe and 
one with two lobes, either of which may be engaged 
with the tappet lever. With the double-lobed cam in 
action, the two lobes engage with the tappet lever 
alternately so that one cut takes place at every half- 
revolution of the camshaft, i.e., at every revolution of 
the crankshaft, thus giving a maximum strip length of 
12 in. at a rate of 6,600 cuts per hour. With the single- 
lobed cam engaged, one cut will occur during every 
two revolutions of the crankshaft and, therefore, the 
length of strip cut is twice that obtained when using 
the double-lo cam; a maximum strip length of 
24 in. is possible, at a rate of 3,300 cuts per hour. 
In the Series B machine, the cutters are operated by a 
single-lobed cam mounted directly on the crankshaft, 
giving a maximum length of cut of 12 in. at a rate of 
6,600 cuts per hour. 

In the Series C machine, the rack and pinion are 





eliminated ; the crankpin is connected by a rod to the 
lower end of a lever attached to the driving side of the 
clutch and swinging through a maximum arc of 60 deg. 
The maximum feed length in this case is limited to 
approximately 1} in., but the machine can be driven at 
a considerably higher speed, giving a maximum cutting 
rate of 20,000 cuts per hour per strip. It is interesting 
to note that the prototype shearing machine, which 
was of the Series C type, is used by de Havilland 
Propellers, Limited, for producing the }-in. pellets, 
from several strips of synthetic rubber material, for 
filling the leading-edge and trailing-edge cavities of 
hollow steel propeller blades, as described on page 194, 
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HOLLOW STEEL PROPELLER 
BLADES FOR AIRCRAFT. 
(Concluded from page 194.) 


Tue assembly of the core tube and shell, the 
filling compound and the root closure of the de 
Havilland hollow steel propeller blade, and the 
milling of the ball races on the root end of the core 
tube, were described in the second part of this 
article, in last week’s issue. 

To provide adequate resistance to wear, it is 
necessary to deep-harden the ball races which have 
been milled on the relatively soft surface of the 
core tube, which has a Rockwell C hardness value 
of 28. High-frequency induction heating is clearly 
most suitable for this purpose, since the current 
induced in the workpiece, and thereby the heat, is 
confined to the immediate vicinity of the inductor 
coil, and the depth and intensity of the heat can be 
closely controlled by regulating the power and the 


Fic. 22. 


time during which it is applied. A specially- 
designed high-frequency generator, believed to be 
the largest of its type in Europe, has therefore been 
supplied by Messrs. Philips Electrical, Limited, 
Century House, Shafte sbury-avenue, London, W.C.2. 
The generator, which employs an oscillator valve 
of the type used for radio transmission, operates 
at a nominal frequency of 275 kilocycles per second, 
and has an intermittent 15-minute rating of 225 kW 
with a maximum continuous output of 150 kW ; it 
18 supplied from three-phase 50-cycle mains at a 
Voltage between 380 and 440. 

Fig. 22, herewith, shows the generator, beside 
which is a blade set up for hardening. A supply 
contactor and a radio-interference suppressor, not, 
shown, are supplied with the generator. For ease of 
transport, the generator was built on two separate 
Tameworks which were assembled together on the 
site on a common plinth. The frameworks carry all 
the components except the high-tension trans- 
ormer, which weighs just over 2 tons and is sup- 
ported on a steel sheet on the floor. The heavier 
components, such as the high-tension transformer, 


Puitres HicH-Frequency InpucTion-HkEaTING GENERATOR, 


denser assembly, which carries two cooling fans, 
are mounted on runners and are removable. Access 
to a gangway in the interior of the generator, for 
servicing, is through a door midway along the 
right-hand side ; all the components of the oscilla- 
tory circuit are grouped to the left of the gangway, 
and the supply circuits are on the right. A light 
inside the generator comes on automatically when 
the door is opened. Opposite the door, and acces- 
sible through a panel on the other side of the 
generator, is a compartment containing the con- 
tactors and relays, overload circuit-breakers, fuses, 
links for automatic timing mechanisms, and moni- 
toring meters recording the total life of the valves. 
Motor-driven cooling-air fans are built into the 
unit for cooling many of the components ; in addi- 
tion, water-cooling is provided for those conductors 
carrying high currents, such as the oscillator valve 
and the high-frequency transformer. To maintain 
the glass-to-metal seal of the oscillator-valve anode 
at a constant temperature, an air blast is directed at 
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Special precautions have been taken to protect 
the apparatus, and the personnel using it, from 
accidents. In addition to overload relays or fuses 
in every circuit, there are manually-preset overload 
switches protecting the main high-tension trans- 
former supply, the oscillator-valve filament and the 
anode current. The main circuit-breaker is tripped 
by gate switches when either of the doors on the 
generator housing is opened. To ensure that the 
valves and condensers do not become overheated, 
the water and cooling-air supplies also operate 
safety trips when they fall below a pre-set level. 

Apart from the outside supply circuit-breaker, all 
the control switches and indicators are grouped 
on a panel at the front of the generator. Operation 
of the mains circuit-breaker push-button turns 
on the cooling-water supply and switches in the 
filaments of the rectifiers and the oscillator valve, 
which are coupled to the mains supply through 
low-tension filament transformers. The oscillator- 





valve filament voltage is applied in three stages— 
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this area. The oscillator valve is a CAT-14-type valve | 15 volts, 27 volts, and 30 volts—by automatic delay 


working in a Hartley circuit; it is illustrated in 
Fig. 23, which shows the interior of the generator 
to the left of the gangway. The large variable 
high-frequency transformer can also be seen; this 
component, which is motor-driven, allows the high- 
frequency output to the working coil to be adjusted 
quickly, either manually or automatically, should it 
be required, during a hardening operation, over a 
power range of ten to one. In addition to the 
variable transformer, the output current can be 
adjusted by a series of condensers which can be 
placed in series or in parallel with the working coil. 

The alternating-current mains supply is fed to an 
oil-cooled supply transformer, the secondary coil 
of which is provided with a tap-changing switch 
enabling the high-tension voltage to be set at 6 kV, 
9 kV, 12 kV, or 15 kV; the de Havilland Company 
work at the maximum setting. The high-tension 
voltage is converted to direct current for supplying 
the oscillator valve by a full-wave rectifier comprising 
six hot-cathode mercury-vapour rectifiers, which 
are air-cooled to ensure that they work in an ambient 





the filamen; transformer, and the oscillator con- 





temperature of 10 deg. to 50 deg. C. 


switches. Further increase of the filament voltage 
up to full voltage is carried out manually; the 
filament voltage is kept constant by an automatic 
motor-driven regulator. It is not possible to apply 
high voltage to the rectifiers until the filaments have 
warmed up and this is accomplished by two delay 
switches, comprising a clockwork timing mechanism 
which operates, after 15 minutes, a solenoid actuat- 
ing a mercury switch which closes after a further 
two minutes delay, and causes a green indicator 
lamp on the panel to light up, showing that the 
filaments are ready. Operating the “ H.T. Voltage,” 
push-button actuates a contactor in the primary 
of the high-tension supply transformer, and applies 
high-tension rectified voltage to the oscillator 
anode. The radio-frequency power to the working 
coil is switched on by switching in the grid of the 
oscillator valve, by means of a triode valve used as 
a variable grid resistance, thereby enabling a 
high-power circuit to be switched on using a low- 
power circuit. The output current can then be 
varied by a handwheel which controls the motor 
for setting the high-frequency transformer. Two 
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automatic timers, with ranges from 0 +o 10 and from 
0 to 100 seconds, are provided for switching off the 
output power after a predetermined interval ; 
alternatively, manual control can be _ selected. 
Pilot lights are provided to indicate water supplies 
on, forced-air cooling on, and thermostat cut-outs, in 
addition to the time delay for the rectifier filamenus 
already mentioned. 

The wiring for the control circuits for switching on 
power is taken to a terminal board in the generator, 
to enable a remote control station to be used. Such 
a station has been constructed by de Havillands, and 
is shown on the right of Fig. 23, immediately in 
front of the blade being hardened, for giving 
completely automatic control of the heating and 
quenching sequences by means of adjustable cam- 
operated switches, the camshaft being driven by a 
clockwork-controlled mechanism. 

For the induction-hardening process, the high- 
frequency working coil and the concentrator, which 
concentrates the magnetic flux over the required 
area of the workpiece, are mounted on a framework 
vertically above the centre of a turntable. The blade 
is set up vertically, through the concentrator and 
work coil, with its root placed over a central spigot 
on the turntable. The spigot, which has holes 
bored in it for spraying cooling water, carries a 
sealing ring at its lower end which is tightened 
against the blade root to form a watertight seal ; 
the water is used for controlling the heat treatment, 
not for quenching, which is done by air. Before 
the power is switched on, the turntable is raised by 
compressed air to bring the blade root into the 
concentrator ; it is then rotated at a speed of about 
25 r.p.m., and the power sequence is initiated. For 
hardening the ball races on the blade, de Havillands 
start heating at a low power and increase it in two 
stages, at 60 seconds and 100 seconds; the total 
heating time is 140 seconds. By this means, the 
desired hardness pattern, varying from 0-03 in. 
at the shallowest part to $ in. on the areas which 
carry the bearing loads, as shown on the specimen 
illustrated in Fig. 27, on Plate XVII, is obtained. 
Starting at a low power allows a certain degree of 
penetration without overheating the surface, and 
the power increase in the later stages of the cycle 
compensates for the loss of magnetic permeability 
as the steel heats up. Immediately the power is 
switched off, the workpiece is quenched by high- 
pressure ait jets which pass through holes in the 
wall of the concentrator. The blade root is cooled 
to room temperature within approximately 15 sec. 
This hardening of the ball races, to a Rockwell C 
hardness value of 58, is followed by a stress-relie ving 
treatment at 135 deg. for six hours in a small 
furnace ; during this treatment the moulded- 
rubber root closure is continuously sprayed with 
cold water so that the temperature does not exceed 
80 deg. C. Final grinding of the hardened races is 
the next process. 

Fig. 28, on Plate XVII, shows the hub in which 
the blades are mounted ; the procedure at present is 
to harden the bores of the barrels before grinding the 
ball races. When more experience has been gained 
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in using the equipment, this procedure will be | 
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the contour of the ball races to a depth of 0-09 in. 
A rotating fixture has been developed for successively 
heating each of the four barrels of the hub, in 
conjunction with an internal induction coil and 
concentrator. 

The hub is mounted on a horizontal spigot which 
is supported at each end in bearings on the extended 
side members of a wheeled carriage ; the carriage is 
wheeled on to the turntable, where it engages in 
grooves on the surface, so that the centre line of one 
of the barrels is aligned with the centre of the barrel 
concentrator and the work coil, which in this case 
are mounted high on the turntable framework. 
The turntable is raised to bring the bore of the barrel 
over the concentrator, and, as before, it is rotated 
during the heating and quenching sequence. Since 
the hardness pattern to be imposed on the barrel 
bore is free from peaks and valleys, a shorter heating 
period—60 seconds—of greater intensity can be used. 
The outside of the barrel is surrounded by three 
water-spray rings, the centre one of which is brought 
into action 10 seconds before the high-frequency 
power is switched off, to control the heat penetration 
at this point where the concentration of heat tends to 
be greatest. Immediately the high-frequency power 
is switched off, the other two water-cooling rings 
operate and a high-pressure air blast through rows 
of holes in the concentrator quenches the bore of 
the barrel. The turntable is then lowered and the 
hub is rotated through 90 deg. about the spigot 
to bring the next barrel into position for heat 
treatment. After the four barrels have been 
hardened, the carriage is wheeled off the turntable, 
and the whole hub receives a stress-relieving treat- 
ment. 

After the hardening and stress-relieving treat- 
ment, the bore of the blade is finally milled and 
ground ; Fig. 29, on Plate XVII, shows tke ball- 
race grooves receiving their final grinding, after 
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which serrations are cut in the bore for securing 
the pitch-changing gear. 

The blades are now zinc-plated to give a protec- 
tive coating and to provide a further means of 
correcting unbalance. From the recorded history 
of each blade, a close estimate can be made of the 
amount of plating required to bring the blade 
within the required balance tolerance. The hori- 
zontal balance is corrected by graduating the 
thickness of the zinc deposit from the root to the tip; 
firstly, the area not requiring deposition is protected 
by painting with a special lacquer ; the remainder of 
the blade is then plated, and finally, after removing 
the lacquer film, the blade is plated all over. Correc- 
tion for vertical balance is made by suspending th> 
blade horizontally and submerging either the lead- 
ing edge or the trailing-edge chord partly into the 
solution. During this process the blade is given 4 
slight vertical oscillation by a motor and eccentric 
drive to produce a diffused edge to the zinc deposit. 

The final balancing of the blade is effected by 
inserting a steel cup, illustrated in Figs. 24 and 25, 
herewith, which carries several removable lead 
balance weights for adjusting horizontal balance and 
an eccentric lead mass which can be adjusted about 
the centre line for vertical balance. The cup, which 
is fitted in the core tube at the root end, is provided 
at its outer end with a conical sealing ring formed of 
three layers of resin-impregnated fabric which seats 
on a taper formed in the bore. After screw-jacking 
the balance cup into position, heat is applied and the 
resin flows to form a liquid-proof seal; a shoulder 
groove is provided in the balance cup to accommo- 
date any surplus resin. Below the shoulder groove, 
a Neoprene seal is fitted between the skirt of the 
balance cup and the root bore. The blade is now 
ready for assembly in the hub. The pitch-changing 
bevel-gear mounting-ring is splined to the bore; 
this ring provides a fine adjustment for setting the 
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gear accurately in relation to the master pitch- 
changing gear in the hub. The centre of the pitch- 
changing gear in the blade is threaded to receive 
an assembly screw-jack carried in the barrel. 

The method by which the ball races are assembled 
may be understood by referring to Fig. 26, from 
which it will be seen that the ball grooves in the 
blade root and in the barrel are wider than is 
necessary to accommodate the balls. Communicat- 
ing slots connect each barrel groove to the outside 
of the barrel. The blade is screwed down into the 
barrel, which is horizontally mounted on a spigot, 
by the assembly jack until the ball tracks on the 
blade root are aligned with the slots in the barrel. 
As may be seen in Fig. 30, on Plate XVII, the 
balls are fed to the tracks through the slots, and 
the blade is rotated so that the balls are rotated 
into position ; the blade is then jacked to the out- 
board position until the torsional resistance, mea- 
sured by a loading bar attached to the blade, 
reaches a predetermined value. The ball-loading 
slots are then filled with blanking plugs to prevent 
the ingress of dirt and moisture. It will be appre- 
ciated that the loading slots, which are machined 
before the induction-hardening process takes place, 
penetrate through the hardened surface of the 
barrel. Normally, such an interruption of the 
surface layer by a hole or slot would seriously distort 
the hardness pattern, and it has been found neces- 
sary to seal the loading holes during induction heat- 
ing with a tightly-fitting copper-plated steel plug, 
which provides an effective current path across the 
hole and an undisturbed heat pattern. After har- 
dening, the plugs are driven out. Finally, the com- 
plete propeller is balanced as a unit, and any correc- 
tions are made by inserting lead wool into cupped 
extensions of the ball-filling-hole blanking plugs. 

The first aircraft which are likely to be fitted with 
de Havilland hollow steel propellers are the’ Saun- 
ders-Roe Princess flying boat and the Bristol 
Britannia air liner, both of which are in an advanced 
state of construction. It may be recalled that the 
Princess has ten Bristol Proteus propeller turbines, 
arranged in four double units and two single out- 
board units; when equipped with hollow steel 
propellers, each Proteus unit will drive a 16-ft. 6-in. 
diameter four-bladed propeller, those fitted to the 
double units being arranged to rotate in opposite 
directions. The Britannia will be powered by four 
Proteus propeller turbines each driving a 16-ft. 
diameter hollow steel propeller. Figs. 1 and 2, 
on page 161, ante, show the layout of such a blade. 
The basic diameter of the de Havilland design of 
hollow steel blade is, actually, 17 ft., but at present 
there is no application for this size ; the 16-ft. 6-in. 
and 16-ft. diameter blades are cropped versions of 
the basic size. 

The first complete four-blade hollow steel pro- 
peller constructed in this country has already been 
subjected to a series of power, vibration and over- 
speed tests at various blade settings at the Royal 
Aircraft Establishment, Farnborough. On com- 
pleting these tests, it was returned to Hatfield 
where it was stripped down and examined, and 
found to be completely satisfactory. The propeller 
has now been reassembled and, as shown in Fig. 31, 
on Plate XVII, it is at present fitted to a Bristol 
Centaurus 22 SM engine in the de Havilland engine 
and propeller testing rig, where it is undergoing a 
25-hour “‘ special category” test prior to flight 
testing. During this test, it will be operated at a 
Sequence of engine speeds and powers to simulate 
those occurring in flight. When the 25-hour test 
has been passed, the propeller will be installed on 
one of the Centaurus power units of an Airspeed 
Ambassador aircraft to be tested thoroughly in 
flight before being submitted for its type-approval 
trials on the bench. 





NEw Motor TorPepo-Boat.—The first of a new type 
of motor torpedo-boat, M.T.B. 5701, was launched on 
August 18 at the yard of Messrs. J. 8S. White and Com- 
pany, Limited, Cowes, Isle of Wight. The machinery 
will be novel in that she will have Metropolitan-Vickers 
Bas turbines in combination with Diesel engines. The 
installation of the machinery is being completed by 
Messrs. J. S. White and Company, who are also building 
the hull. M.T.B. 5701 will be 120 ft. in length and 25 ft. 
in beam. The armament will consist of four 21-in. 
above-water torpedo tubes and one small gun. 


THE INTERNATIONAL 
CONFERENCE OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS. 


(Concluded from page 200.) 


As previously stated, the technical sessions in 
London of the International Conference of Naval 
Architects and Marine Engineers concluded on the 
afternoon of Thursday, June 28. The morning 
and afternoon of the following day were devoted to 
visits to places of (non-technical) interest in the 
Home Counties and, in the evening, the delegates 
and members met at Grosvenor House, Park-lane, 
W.1, for the official dinner, at which the Institution 
of Naval Architects and the Institute of Marine 
Engineers were the joint hosts. On Saturday, 
June 30, a visit was arranged to Stratford-on-Avon ; 
and on the Sunday the Conference transferred itself 
officially to Glasgow. 

In Glasgow, there were no technical sessions, but 
a full programme of visits to works, and to places 
of scenic and historic interest, had been arranged 
by the Institution of Engineers and Shipbuilders 
in Scotland, and their organising committee. In 
the unfortunate absence, through illness, of the 
President of the Scottish institution (Professor 
Gilbert Cook) and, as it happened, of all the other 
Presidents of the collaborating societies, the Con- 
ference was temporarily without an official head ; 
but, as the Lord Provost was absent also from the 
reception that he gave to the members of the 
Conference in the City Chambers, it may be said that 
a state of equilibrium was restored. Monday, 
July 2, was spent in visits to works and shipyards, 
and (by the ladies especially) in exploring the Tros- 
sachs and Edinburgh by motor coach; and July 3 
in cruising down the Clyde in the pioneer turbine 
passenger vessel King Edward—50 years old, but 
more comfortable than many a younger ship, and 
still capable of a good turn of speed, as she demon- 
strated on the Skelmorlie measured mile on the 
return trip. Her speed on the mile was stated to 
be about 16} knots, but, as only the one run could 
be made, the allowance for the tide, running at 
about haif ebb, had to be guessed. Our own esti- 
mate was that the speed through the water was 
nearer to 16} or even 17 knots. 

On the morning of Wednesday, July 4, a coach 
tour of Glasgow was well patronised by the members, 
who re-assembled in the Grosvenor Restaurant for a 
luncheon at which they were the guests of the 
Institution of Engineers and Shipbuilders in Scot- 
land; then, at 2.30 p.m., they left by their special 
train for Newcastle, which was reached in the early 
evening. 

The proceedings in Newcastle began on the follow- 
ing morning in the hall of the Literary and Philo- 
sophical Society, where Sir Philip B. Johnson, B.A., 
President of the North-East Coast Institution of 
Engineers and Shipbuilders, made the members 
welcome, and presided over the concluding technical 
session of the Conference, at which two papers 
were presented. These were on “U.S. Fleet 
Maintenance and Battle Damage Repairs in the 
Pacific during World War II,” by Captain Ralph K. 
James, of the United States Navy ; and on “‘ Stresses 
in Propellers and Propeller Shafting Under Service 
Conditions,” by Dr. S. F. Dorey, C.B.E., F.R.S. 


Battie DamaGre REPAIRS IN THE PACIFIC. 
Captain James, in presenting his paper, practically 
ignored his printed text ; but evidently he had little 
need of it, for he proceeded to give a summary of the 
paper that was so obviously the fruits of experience, 
and so ably delivered, that it was received with an 
enthusiasm rarely accorded to a paper before a pro- 
fessional society. He explained how the outbreak 
of the war found the United States Navy with 
repair facilities that were quite inadequate for the 
conduct of a major war in the western Pacific. The 
shipyards in the United States were fully occupied 
with new construction, so plans were formulated 
to provide the fleet with advanced bases on the 
Pacific islands, as it advanced towards Japan. 
It was doubtful, said Captain James, whether the 





combined productive capacity of the United States 








and the Allies could have built, equipped and 
repaired ships in sufficient numbers to defeat Japan 
if it had been necessary for the ships to return to 
United States bases for maintenance and repairs. 
An important feature of the advanced bases was the 
fleet of floating docks; during the war, 158 of 
these docks were acquired or built, with lifting 
capacities ranging from 400 tons to 100,000 tons. 
In one period of twelve months, towards the end of 
the war, the floating docks docked 7,000 vessels, of 
sizes from motor torpedo-boats to battleships of 
the Iowa class. A large fleet of repair ships supple- 
mented the docking facilities ; these were variously 
fitted with equipment including machine shops, 
Diesel-engine overhaul shops, blacksmiths’ shops, 
plate shops for hull repairs, and, in some cases, a 
foundry capable of producing castings up to 3,000 Ib. 
in weight. The need for such greatly increased 
repairing resources was indicated by the fact that, 
between 1941 and 1945, the United States Navy 
increased tenfold, the additions including six 
battleships, 15 cruisers, 19 aircraft carriers, 157 
destroyers and 860 auxiliaries. In one year, battle- 
damage repairs were effected to 20 capital ships, 
and miscellaneous repairs (including minor battle 
damage) to 1,800 other vessels. Much work was 
done to improve fire-fighting arrangements on board 
ships, to such effect that, whereas a single torpedo 
hit on the cruiser Erie, in the early days of the war, 
started a fire which burned for five days, a torpedo 
hit on a petrol tank holding 2,500 gallons, in the 
Houston, was extinguished in 15 minutes. 

Sir Lawrence Edwards, who opened the discussion, 
welcomed the paper as evidence of careful and 
efficient planning for the maintenance and repair 
of the United States Pacific Fleet, backed by 
stupendous resources of labour and material. It is 
appropriate, he added, that the paper should have 
been presented in Newcastle, on the bank of the 
Tyne, where the tradition of ship repairing’ was 
deeply rooted. As one who was associated with the 
national organisation of ship repairs in Great Britain 
during the war, he felt some jeaiousy when hearing of 
the numbers of men that were available for ship re- 
pairs, even at a United States advanced base in one 
theatre of operations. In the United Kingdom, 
there were fewer available for the construction and 
maintenance of the Royal Navy and the merchant 
navies of Britain and the Allies than there were in 
the Pacific Fleet’s advanced bases; yet Britain, 
during the war years, managed to repair some 
19 million tons gross of American merchant ship- 
ping. He wondered greatly where the United 
States Navy found those vast numbers of essentially 
skilled men to man the advanced bases ; for much 
more initiative was required for ship repairing than 
for doing the repetitive work of shipbuilding. 
Captain James had drawn attention to the expansion 
of the United States Pacific Fleet by ten times, from 
the beginning of the war to the end of hostilities, and 
had shown that the repair facilities were extended 
by many times more. That was obviously necessary 
to keep pace with maintenance in war time, when 
there were not only normal marine hazards, but the 
hazards of enemy action. 

Mr. D. E. J. Offord, R.C.N.C., observed that 
Captain James had referred to the importance and 
usefulness of the American battle damage reports, 
and had stated that they followed the pattern of 
similar reports issued by the British Admiralty. 
He (Mr. Offord) had had the honour of leading the 
team responsible for the British reports, from the 
beginning of the war until the middle of 1943. 
Captain James had referred also to the improve- 
ments achieved in the shock-proofing of machinery. 
One of the first, if not the first, of the British 
reports dealt with a ship which had suffered crippling 
shock damage. Several other ships were similarly 
affected. A concentrated study of the subject 
followed and was still continuing, and it was no secret 
that very considerable advances had been made in 
the shock-resisting properties of machinery and 
equipment. Such properties were now a specifica- 
tion requirement for all warships, and he urged that 
shipbuilders and shipowners should consider seri- 
ously something similar for merchant ships. The 
requirement did not lead, as a rule, to increased 
weight or space, and need not lead to increased 
costs ; in most cases, all that was required was a 
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closer attention to detail, which usually resulted 
in a more elegant design and one that was more 
efficient from every point of view. There was one 
important lesson to which Captain James had not 
made specific reference, namely, that a warship’s 
function in war time was to be at sea, in all respects 
ready to fight. Any time spent in port for repairs, 
or going to and from a port for such a purpose, 
was a waste of time, and another warship had to 
take her place in the war zone. Therefore, the 
shortening of the time spent out of action virtually 
increased the effective size of the fleet. The entire 
paper indicated most clearly the vital importance of 
designing warships to have the maximum possible 
resistance to damage. Moreover, if they were 
damaged, the extent and nature of it should be 
such as to render repairs simple and expeditious. 
To obtain the knowledge requisite to execute such 
designs, research should be conducted in peace time ; 
so that, in war, ships were ready and efficient, 
and it was not necessary to learn of their defects 
by the costly, and often disastrous, process of 
war-damage experience. It had come to be 
generally recognised that research into warship 
design was no less important than research into 
weapon design ; the most perfect weapons counted 
for nought if the ships carrying them could not bring 
them within range of the enemy. The Conference 
was concerned primarily with merchant ships, but, 
in war, merchant ships were no less subject to 
attack than warships, therefore, the fewer ships 
damaged and the less the damage suffered, the more 
effective was the mercantile marine ; it was impor- 
tant that merchant ships should make every use 
of improved fabrication technique, and that those 
concerned with Service and civilian ships should 
work in the closest harmony. 

Mr. R. Chipchase, who followed, said that, as a 
ship repairer associated mostly with commercial 
vessels, he» thought that the decision to send the 
repair bases abroad over such distances and in such 
mass was a very valiant one, and vital to the 
eventual issue of the war. In Britain, repairers 
were concentrating on carrying out their work under 
war-time conditions of black-out, and shortages of 
labour and materials ; but they did as well as could 
be expected, and some very surprising figures could 
be given in that respect. They had a problem under 
consideration, namely, how, without skilled salvage 
craft and personnel, they could save lame ducks by 
covering a breach in an emergency ; it was demon- 
strated very satisfactorily. There was also under 
consideration a system of “ plastic surgery,” involv- 
ing the use of reinforced concrete to cover up 
breaches in vessels either afloat or ashore. Fortun- 
ately, the rapid fall of Japan made those aids 
unnecessary, but it would be interesting to know 
whether, in America, anything of that sort was 
envisaged. 

Another problem was that of de-fouling without 
docking. Particularly after the fall of Singapore, 
many vessels could not put to sea, and others were 
too slow to maintain convoy speed. The problem 
was difficult, because ships varied so much in size, 
and nothing either mechanical or electrical could 
re evolved to meet the requirements without 
holding up items of prime importance for the fighting 
Services. However, the problem was tackled 
satisfactorily. The method adopted had to be 
foolproof, so that it could be used by native labour. 
Hundreds of vessels were cleaned in dozens of ports 
throughout the world, and, even in the Mediterra- 
nean campaign, the vessels were able to serve, 
being de-fouled without having to dry-dock. That 
work was done on Tyneside. 

The chairman, after thanking Captain James 
for his paper, then calied on Dr. S. F. Dorey. 


STRESSES IN PROPELLERS AND PROPELLER 
SHAFTING. 


Tue object of his paper, Dr. Dorey said, was to 
describe a number of problems encountered by 
Lloyd’s Register of Shipping, the solutions of which 
were due largely to the application of electronic 
methods; and to indicate further fields in which 
knowledge was still uncertain, but in which rich 
dividends might be expected to result from the 
adoption of those methods. The paper also included 
some examples of failures, the causes of which were 





diagnosed by more conventional means. The 
difficulties of measuring stresses in marine propeller 
blades in service were considerably greater than 
those encountered in the parallel problem for 
aircraft propellers; partly because tailshafts in 
merchant ships were usually solid, and because of 
the need to waterproof the strain gauges. The 
lack of an axial hole in the shaft, through which 
to take the leads, was met, in the case of the 32-ft. 
cabin cruiser used to develop a suitable experimental 
apparatus, by using an armoured rubber hose, fixed 
in a curved steel protecting tube, the lower end of 
the tube being located in a water-lubricated bearing 
inside a special boss provided on the propeller. 
The other end of the tube extended up over the 
cruiser stern to the slip-ring gear on deck. The 
strain gauges were mounted radially on the blades. 
The success of the experiments with the cabin 
cruiser appeared to offer good prospects of equally 
satisfactory results in ocean-going vessels, and the 
possibility that knowledge of such problems as the 
effect of aperture fairing and blade clearances, in 
relation to blade vibration and “singing” pheno- 
mena, might be considerably clarified and extended. 
Already, tank experiments were being made in 
collaboration with the National Physical Labora- 
tory to ascertain the effect of aperture changes on 
blade stresses and shaft exciting torques. Other 
problems awaiting solution included the measure- 
ment of blade stresses during torsional or axial 
vibration of the shafting, and shaft and blade 
stresses under conditions of partial screw immersion 
and when the propeller was racing at sea. Most 
tailshaft failures occurred, however, in single-screw 
ships with balanced rudders, and to elucidate these 
it might be necessary to await the co-operation of 
some owner or organisation, willing to afford facili- 
ties for experiment with a hollow-bored tailshaft, 
provided with slip-rings at the inboard end. Of 
all the war-built tonnage, the geared-turbine 
“Victory ” type of ship had the worst record; with 
63-3 pei cent. of tailshaft renewals. In general, 
experience had amply demonstrated that, whatever 
the type of machinery, the maintenance of the 
maximum possible propeller immersion when in 
ballast was a fundamental requirement for maxi- 
mum tailshaft life. 

In opening the discussion, Mr. A. R. Gatewood, 
chief engineer surveyor of the American Bureau 
of Shipping, said that it was especially interesting 
that Dr. Dorey considered that the use of strain 
gauges in association with a hollow-bored shaft 
would be the most satisfactory method for exploring 
the shaft strains between the stern tube and the 
propeller boss. In the United States, they had 
arrived at the same conclusion, and the Machinery 
Committee of the American Society of Naval 
Architects and Marine Engineers had only recently 
completed such tests at sea, using a hollow-bored 
shaft and strain gauges. The tests were carried 
out on a single-screw 10,000-h.p. tanker of the 
T2-SE-A2 type. The object was to determine, by 
direct measurement under service conditions, the 
stresses occurring in propeller shafts in the critical 
region between the propeller and the stern-tube 
bearing. Preliminary results indicated that, when 
the ship was operating at normal service speed, 
reversed bending at propeller-blade frequency con- 
siderably exceeded the static bending moment due 
to the cantilevered mass of the propeller, and was 
somewhat greater in the “light ship” condition 
than when fully loaded. This propeller-blade fre- 
quency bending-moment was believed to be due 
to eccentricity of thrust. In addition, bending 
moments were measured at various frequencies which 
were multiples of the propeller-blade frequency. 
The results were being studied in relation to the 
natural frequencies of the propeller shafting system 
in lateral vibration, which were determined while 
the ship was in dry dock by means of a vibration 
generator attached to the propeller boss. The 
natural frequency for motion in a horizontal plane 
was found to be substantially less than the natural 
frequency for motion in a vertical plane, both in the 
dry and in the immersed conditions. Analysis of 
the film records of the tests would be a somewhat 
lengthy affair, but when they were completed it was 
expected that a full report will be published. The 
nature of a considerable number of the fractures 














indicated that the principal stress could be in 
bending, and this much, at least, had been verified 
by the tests at sea. Tests by the American Bureau 
of Shipping on propeller-shaft material also proved 
that there had been no reduction in the quality of 
the material. It was their view that, once accurate 
information was available about the actual service 
stresses, it would be much simpler, and certainly 
more economical, to carry out further research by 
using models. For example, so far as was known, 
no tests had been carried out to study the possible 
effect of the fretting action of a solid bronze pro- 
peller fitted on a steel shaft, as compared with a 
cast-iron hub fitted on a steel shaft. The entirely 
different characteristics of the two materials might 
prove to be of much more significance than had been 
supposed previously. In the United States, the 
tests were made possible only by a genuinely co- 
operative effort, to which a large number of indivi- 
duals and organisations contributed. He hoped 
that Dr. Dorey would receive the co-operation for 
which he had asked, for, in Mr. Gatewood’s opinion, 
a completely independent check on the American 
results would be valuable. 

Dr T. W. F. Brown thanked Dr. Dorey for having 
advocated so much the development of electronic 
instruments for measuring deflection, strain and 
similar factors. Without measurement, very little 
progress could be made. They were still in the 
empirical stage of trying to decide the causes from 
first principles, and, if there was one thing that the 
paper had shown more than another, it was the 
complex nature of so many of the phenomena 
examined. Dr. Dorey had made several remarks 
about the use of the M.I.T. oscillograph, the Bell- 
type multi-channel recorder using films ; but why 
use films, when there were so many direct-recording 
electronic graphical methods with pen recorders 
available ? With them, it was possible to see the 
record as quickly as the measurements were taken, 
without having to wait until the film was developed 
and then to do extensive projection work. He 
congratulated Dr. Dorey on his use of the recording 
tape, which represented a great advance over film 
work. Having tailshafts drilled seemed a useful 
method of measuring strains in full-size ships. In 
high-speed transmission shafts, whirl was a factor 
to be considered. 

Dr. S. Livingston Smith, Director of Research, 
British Shipbuilding Research Association, noted 
that, for the cast-iron propeller mentioned in the 
section of the paper dealing with stresses in propeller 
blades, the calculated stresses at the blade root 
exceeded the recommended safe limit for the 
material. The stress values obtained by the calcu- 
lation given in an appendix to the paper, which was 
similar to the method recommended by the B.S.R.A., 
could only be considered as very approximate ; 
various unknown factors rendered absolute accuracy 
improbable, but the case quoted by Dr. Dorey 
demonstrated that it could be used as a guide to 
the safety of any particular design. The author stated 
that the service speed of the coaster concerned coin- 
cided with a major one-node torsional critical speed, 
and he gave a calculation to substantiate that; it 
would be interesting to know how that calculated 
value compared with the actual value, and also 
the allowance made in the calculation for entrained- 
water effect. For ocean-going vessels, the use of a 
hollow trailshaft would appear to be preferable for 
conveying the leads from the strain gauges, and he 
hoped that opportunity would be found to extend 
that work in the near future. The case of the 
Great Lakes oil tanker brought out a number of 
interesting points, particularly in regard to the 
relative immunity of the starboard shaft. It was 
suggested that the machining and fitting of the 
keys might have played a large part in preventing 
rapid failure by reducing the stress-concentration 
factor. This might be so, but it seemed hardly 
likely that all the port replacement shafts had some 
machining defects. The point would be given care- 
ful consideration in tests which were to be carried 
out by Lloyd’s Register on behalf of B.S.R.A., into 
the fatigue strength of the propeller assembly. It 
appeared that the fatigue strength of the tailshaft 
at its weakest point, namely, at the forward end of 





the propeller boss, could be greatly influenced by 
the standard of workmanship and the care taken in 
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assembly. Because of the unfavourable conditions 
under which the work had often to be carried out, 
it was difficult to ensure the most favourable 
operating condition for the shaft. It was hoped, 
however, to obtain some information on the relative 
importance of the variables concerned by the fatigue 
tests referred to in the paper. Many members 
would learn with surprise that the type of vessel 
having the worst record in regard to tailshaft 
failures was the geared-turbine “Victory ”’ ship. 
He hoped to hear more of the method of recording 
torsional fluctuation by the magnetic-tape method. 
If it was possible to improve the accuracy of that 
apparatus, it should be a valuable tool for that type 
of investigation. He agreed with the author regard- 
ing the importance of shafting alignment on bearing 
performance. Apparently, insufficient attention 
had been given to the positioning of lineshaft bear- 
ings, particularly at the after end, where the loading 
of the bearings could be altered radically by wear- 
down of the stem bush. That problem was being 
given some attention by the B.S.R.A. In addition 
to the bending moments resulting from the dead- 
weight of the shafting, etc., and from misalignment, 
in some reciprocating-engine installations bending 
of the shaft immediately aft of the crankshaft 
resulted from the flexure of the crankshaft itself ; 
thus, when running, the load on the foremost 
plummer block was constantly varying. 

Mr. A. Hiley asked Dr. Dorey’s opinions on the 
impact and the yielding qualities which were 
required by virtue of the forces of torsion, bending, 
etc., on the tail shaft. The stresses and torsions 
could be so finely determined, not only by calcula- 
tions, but also by check experiments, that the 
magnitude of the torsional forces on the shaft were 
fairly well known, and he thought that the know- 
ledge might be applied to design a tailshaft to have a 
measurable yield at the extreme end, just forward 
of the propeller. 

Professor E. V. Telfer said that he was much 
impressed by Dr. Dorey’s remark that it was 
generally in ships with balanced rudders that tail- 
shaft trouble occurred. That was an excellent line 
of investigation, and he hoped that it would be 
followed up. From his own experience, balanced 
rudders were more frequently associated with tail- 
shaft troubles than was the ordinary type. It was 
interesting to see how Dr. Dorey had analysed the 
propeller on which the blades broke three times. 
It was a criticism of the practice of engineers that 
the propeller blade had to break three times before 
it was finally made satisfactory. Could Dr. Dorey 
say just what was done on the last occasion which 
enabled the blade to remain on the shaft in a healthy 
condition ? Anyone with experience of propellers 
would have diagnosed at once that the propeller itself 
was faulty, and instead of the blade being 3} in. 
thick, it should have been 44 in. The calculation 
showed that the maximum tensile stress on the blade 
always occurred at the trailing edge. Fracture 
never occurred there, however, but always some- 
where near the centre of the blade, on the driving 
face. He thought that Dr. Dorey was a little 
ambitious in trying to measure stresses at sea on 
propeller blades. More could be learned in the 
laboratory on whether a force applied to a model 
propeller would produce a stress of a certain 
character in a certain place with a certain degree 
ofaccuracy. Having solved that problem, he could 
then be more ambitious and go to sea. 

Mr. H. G. Yates said that the paper contained 
80 much particularly valuable information, drawn 
from practical experience with installations actually 
in service, that it was a little unfortunate that the 
first example quoted was a good deal less convincing 
than those which followed. The shaft alignment 
indicator, referred to in the paper, was of great 
interest to him because an instrument using exactly 
the same principle was brought out at the Pametrada 
“yaa station, for aligning two shafts connected 
+ depen couplings without the necessity to break 

ge and rotate the shaft independently. 

Mr. P. Jackson commented that the ingenuity 
ny a the people who specialised in electronics 
a those who built the instruments applied them 
. ‘argon readings was really surprising. Up 
teen + rhasy or 1945, he had tried to keep pace with 

gs, but he began to think that he would be 





doing nothing else if he persisted in that effort. 
In view of his own experiences, he bad become 
sceptical, and would like to know Dr. Dorey’s opinion 
on electronic measurements and strain-gauge 
measurements. 

Dr. Dorey said that he hoped to deal in due 
course with all the points raised. Comments had 
been made with regard to the materials and the 
engineer. It had generally been the practice for 
engineers quickly to condemn a material. In his 
experience, however, the material stood up to the 
job very well, and it was the engineer who was to 
blame, in that he did not know enough about the 
stresses in the part concerned. He thought that, 
by means of the apparatus now available, it would 
be possible to learn more of what went on in the 
parts under actual service conditions. He was 
glad that Mr. Gatewood had mentioned the tests 
carried out with the hollow shaft; the information 
which is to be published in due course would be of 
great value. It was extremely difficult to measure 
those stresses, and a great deal of work had to be 
done to produce results. Strain gauges required 
to be fitted with a reasonable degree of accuracy, 
and the results read properly. In merchant ships, 
it was not usual to have hollow shafts, whereas the 
Navy wanted to keep down weight and so always 
had hollow shafts ; it would be much easier, there- 
fore, to obtain results in naval ships than in merchant 
ships. The work had indicated how necessary 
it was to obtain greater knowledge of the single- 
screw cargo ship, which had to sail loaded or in 
ballast. He had tried to emphasise how necessary 
was proper ballasting, so that the propeller was 
adequately immersed. The tests described cost a 
lot of money and time. They wanted to develop 
the technique so that tests can be made on a much 
bigger scale when the funds were found for the 
purpose. Mr. Jackson had doubts concerning the 
use of electronic means. Like everything else, 
it was a question of gaining experience. There 
was no doubt that collaboration and checks were 
essential in that class of measurement. Another 
point he would emphasise was that, while they 
wanted information about behaviour in beavy 
weather, they could not keep people going around 
the world seeking it. He hoped that, in time, 
there would be suitable apparatus fitted on ships, 
and a competent person on the engineering staff 
who would be able to take records when the oppor- 
tunity arose, so that advantage can be taken of the 
apparatus without unduly high cost. Professor 
Telfer had referred to the model propeller. They 
had one about 18 in. in diameter, with which they 
hoped to obtain considerable information under 
conditions approximating to those which a propeller 
would meet at sea. More information was required 
on the effect of shear stresses on propeller blades, 
particularly near conditions cf cavitation, when 
there would be a considerable difference of pressure 
between the two sides of a blade. 


SocraL Events. 


As previously mentioned, Dr. Dorey’s paper con- 
cluded the technical business of the Conference, 
and the rest of the time was devoted to social events 
and visits to works, etc. On the afternoon of 
July 5, there was a visit to Durham Castle, where 
the members and ladies were entertained to tea 
by the Warden (Sir James Duff) and the Council of 
the Durham Colleges. In the evening, they were 
the guests of the North-East Coast Institution of 
Engineers and Shipbuilders at a banquet in the Old 
Assembly Rooms. Sir Philip B. Johnson, B.A., 
President of the Institution, with Lady Johnson, 
received the guests, who included the Lord Mayor 
of Newcastle (Alderman W. McKeag) and the Lady 
Mayoress. Sir Philip presided at the banquet, 
and the Lord Mayor proposed the toast of “ Our 
Guests from Overseas,” which was acknowledged 
by Mr. J. H. King, President of the Society of Naval 
Architects and Marine Engineers, New York, and 
Ingeniér H. Sjéholm, President of the Naval 
Architecture and Aeronautics Section of the Svenska 
Teknologféreningen. 

On Friday, July 6, parties visited various works 
and shipyards during the morning, and also King’s 
College, where they were received by the Rt. Hon. 
Lord Eustace Percy, Pro-Vice-Chancellor, and were 


conducted over the College by Professor L. C. 
Burrill, who occupies the chair of Naval Architec- 
ture. In the afternoon, there was a general excur- 
sion to the Roman Wall under the guidance of Dr. 
Ian Richmond, Professor of Romano-British Archzo- 
logy. As frequently happens along the Wall, the 
weather left something to be desired, but the condi- 
tions were not sufficiently adverse to interrupt 
Professor Richmond’s exposition of the Roman 
station at Housesteads, which was the most impor- 
tant item in the programme. Many of the members 
dispersed on that evening, the remainder returning 
to London by special train on the following day. 





ECONOMIC DESIGN OF 
HEAT EXCHANGERS FOR 
GAS TURBINES. 

By M. Ruppicg, B.Se., Wh.Sc. 


LakGE stationary gas-turbine plants for power 
generation have only recently been constructed and, 
as yet, varied experience of heat-exchanger perform- 
ance is not available. Methods of calculating the 
dimensions of a heat exchanger for a given perform- 
ance are known, as this subject is suitable for 
theoretical investigation and the problem is not 
greatly different from some other applications. The 
major difficulty at present is to decide for what 
performance the heat exchanger should be designed 
so as to give the optimum financial return. Practical 
experience will ultimately determine the solution, 
but for the first plants a surer guide than an intelli- 
gent guess is required, since a large financial outlay 
is involved. 

A heat exchanger is added to a gas turbine only 
to reduce the cost of fuel for a given output, so the 
choice of performance should be regulated by 
economic considerations. It is apparent that 
changes in heat-exchanger resistance and thermal 
ratio will considerably affect the overall efficiency 
of the plant and thus the quantity of fuel saved over 
the life of the machine. The saving in fuel cost 
may be found for a given heat exchanger and com- 
pared with the cost of the heat exchanger and its 
upkeep expenses. When this has been done for a 
wide range of heat-exchanger performances, the 
best design point for the cycle considered may be 
chosen from an economic viewpoint. As an 
example, consider the determination of optimum 
heat-exchanger performance for a 10,000-kW plant 
using the cycle illustrated in Fig. 1, on page 230. In 
this plant the high-pressure turbine supplies the 
power output and also drives the high-pressure 
compressor. The low-pressure and medium-pres- 
sure compressors are driven by the low-pressure 
turbine through a separate shaft. There is reheat, 
also two stages of intercooling and a heat exchanger. 
This arrangement enables very great power to te 
obtained from a single plant, with high efficiency 
and good part-load performance. 

Two factors are normally used to define the per- 
formance of a heat exchanger. The first is thermal 
ratio, which is the ratio between the difference in 
temperature of the inlet air and inlet hot gas, and 
the temperature rise of the compressed air. The 
other factor is resistance, which is given as a per- 
centage of the absolute pressure at which the resist- 
ance or fluid pressure drop occurs. This enables the 
air-side and gas-side resistances to be added to de- 
termine the effect on plant performance with only 
small inaccuracy. 

For any gas-turbine cycle with given component 
efficiencies there is an optimum compression ratio. 
A change in heat-exchanger thermal ratio or resist- 
ance would alter this optimum compression ratio, 
but this variation with heat-exc performance 
is small over the range of practical importance. It 
is sufficiently accurate to estimate a heat-exchanger 
thermal ratio and resistance as close as possible to 
the unknown design values and use this performance 
to determine the cycle optimum compression ratio. 
It is then necessary to prepare a complete heat- 
exchanger design for costing at this chosen per- 
formance. 

The type of heat exchanger and its cost depend 
on the individual designer. In the present case, a 
circular-section contraflow unit with straight tubes, 





as shown in Fig. 2, page 230, was used. Detailed 
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consideration is not given here to the factors 
influencing the design of a heat exchanger as they 
do not affect the present investigation, which is 
applicable to any design. A clear presentation of 
heat-exchanger factors influencing the performance 
of a gas turbine may be made on a “ background ” 
graph of a type first used by Mr. C. E. Iliffe. This 
shows, simultaneously. the effect of a given factor on 
plant overall efficiency, plant specific output, heat- 
exchanger thermal ratio and resistance. On this 
background, the influences of heat-exchanger overall 
diameter and tube length are shown in Fig. 3. 
Allowance has been made for the ineffective areas 
of the tubes at inlet and outlet and for decreased 
heat transfer due to sooting and ash deposits. The 
results shown are of considerable interest where the 
size of the heat exchanger is limited by site area or 
fixed cost, as they give directly the influence of 
heat-exchanger dimensions on the plant overall 
efficiency and specific output. It may be noted 
that, over the narrow range considered, for a given 
thermal ratio, the tube length remains comparatively 
constant and only the overall diameter changes con- 
siderably for a decrease in resistance. 

The next factors to be considered are overall 
weight and volume, which are of importance in the 
site and building costs. These dimensions, which 
are given in Fig. 4, include the headers. Heat 
exchangers are designed on the assumption of turbu- 
lent convection for heat transfer, for which a Rey- 
nolds number greater than 2,100 is required. If the 
Reynolds number of either the gas or air side falls 
below this value, the performance of a heat exchanger 
would be considerably lower than that indicated 
in Fig. 3, as a different heat-transfer relationship 
would apply. To determine the limiting range of 
dimensions and to find the way in which lines of 
constant Reynolds number run, the results given 
in Fig. Swere calculated. These apply with the 
load, but it is necessary to have high 
rt output, so the heat exchanger must 
down to about 20 per cent. of full 
load, requiring@? heat-exchanger minimum Reynolds 
number of at least 2,100 at this value. Exhaust 
and compressed-air temperatures, compression pres- 
sure and air mags flow vary in a complex way 
with change in load, and these factors control the 
Reynolds numbers. Considering these effects, the 
variations with load of both air- and gas-side Rey- 
nolds numbers have been found and are shown in 
Fig. 6, in which D, is the tubeplate diameter in feet. 
From this it may be seen that the full-load Reynolds 
number on the air side must be at least 6,000 for 
effective part-load operation. 

( Relative economy is the ratio of overall financial 
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aving, due to the heat exchanger, to the fuel cost 
— a heat exchanger, and is a directly compar- 
able factor. The overall saving is determined by 
the fuel saved over the life of the plant, this last 
being normally fixed by the turbine design, and the 
heat-exchanger costs, including first cost, cleaning, 
upkeep, and an annual percentage of the first cost 
as financial interest. From Fig. 7, opposite, in 
which relative economy (100 per cent. cost) is 
plotted on the base graph, it may be seen that there 
is an optimum relative economy in the practical 
range of construction. If it is necessary to design a 
smaller heat exchanger than that with the maximum 
relative economy there is a wide range of dimensions 
for any given lower value. In such a case it is 
desirable to use the design involving least outlay. 
The locus of such designs is given as a broken line in 
Fig. 7. If a given sum is available for the heat 
exchanger, the design on this line involving such a 
cost gives the greatest financial return. The actual 
heat exchanger cost as a percentage of an arbitrarily 
chosen value is given in Fig. 9, opposite. It is 
from this diagram that the minimum cost line is 
taken, and it may be seen how a heat exchanger 
designed for the wrong performance involves a 
considerable financial wastage. 

While the point of maximum relative economy 
gives the maximum overall financial return, it is 
advisable to consider how effectiveness of outlay 
varies with overall cost; or, more simply, does a 
sum spent on a small heat exchanger get a greater 
return than a similar sum spent to make the heat 
exchanger larger? To consider this question the 
financial saving is plotted against outlay in Fig. 10, 
opposite, for the minimum cost locus of heat 
exchangers. This line is denoted 100 per cent. out- 
lay. It may be seen that there is a sharp “elbow ” 
in this line, above which a large increase in outlay 
is required for a small overall return. If point A is 





chosen for the final design, the outlay is half that for 
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the optimum relative economy, while the overall 
saving is decreased only by about 6 per cent. The 
slope of the line gives the effectiveness of the outlay 
at any position, and below A the slope is high, so 
it would be uneconomical to move to a lower cost 
than this. Point A, which is also marked in Fig. 3, 
is the best compromise for a heat-exchanger design. 
It is within the limiting range of Reynolds number, 
and a heat exchanger of the given dimensions may 
be constructed in a number of parallel units. Point 
B is marked on Fig. 3 to show the minimum heat- 
exchanger weight for the same relative economy, 
but this movement involves only a small saving mn 
weight. ; 

The cost of the heat exchanger plays a part in 
deciding the final design size. To determine the 
magnitude of this effect the relative economy varia- 
tions for heat-exchanger costs 75 per cent. of the 
previous values have been calculated, and are shown 
in Fig. 8. The total financial saving on the minl- 
mum cost line is marked 75 per cent. outlay in 
Fig. 10, and the final design point is designated C. 
Point C is also shown on Fig. 3, from which it may 
be seen that heat-exchanger manufacturing cost 
does not greatly influence the design point. This is 
because the cost is small compared to the overall 
saving. 





CONSULTING ENGINEERS AND THE BRITISH er gpraaest' 
AvuTuHority.—The British Electricity Authority desire : 
to be known that, while their own staff are carrying et 
the designs for the majority of the new power apagennr ** 
proportion of this work is being entrusted, as a _ : 
of policy, to consulting engineers. Long-term ogee 
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Merz and McLellan, Messrs. Kennedy and Donkin on 
Messrs. Ewbank and Partners, which cover the = 
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THE JOINT ENGINEERING 
CONFERENCE, LONDON. 
(Concluded from page 202.) 


WarTER supply, mining and electric cables were 
the three subjects discussed at the Joint Engineering 
Conference on Thursday, June 14. The papers and 
discussions are reported below. 


Water Suppty to Towns. 


Mr. R. C. 8. Walters, B.Sc. (Eng.), M.LC.E., took 
the chair at the meeting in the Institution of Civil 
Engineers at which Mr. H. F. Cronin, C.B.E., 
B.Sc. (Eng.), gave a paper on ‘“‘ Some Considerations 
on the Water-Supply to Towns, with Special 
Reference to Consumption and Waste.” 

To show the progress that had been made in the 
past 100 years, Mr. Cronin drew attention to the 
Reports and Proceedings of the Duke of Buccleuch’s 
Royal Commission of 1844 on the “ Health of Large 
Towns.” In 1850, it was the practice in many 
towns and cities to furnish an intermittent supply 
by turning the water into the service pipes for a 
few hours during the day and, sometimes, only on 
certain days of the week. Great controversy 
Taged over the merits and practicability of afford- 
ing a constant supply, but in due course, Thomas 
Hawksley, J. F. Bateman, James Simpson, and 
others, laid the foundation of present-day water- 
Supply systems. The principal systems, the de- 
velopment of which Mr. Cronin outlined, were 
upland sources, impounding reservoirs, lowland 
rivers and streams, and underground sources. 
Developments in the treatment of water, apart 
from filtration, included chlorination, coagulation, 
softening, ozone treatment (an attractive process, 


not much employed in Great Britain), the removal 
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of iron, manganese and other objectionable matter 
and algal contro]. Great advances had been made 
too, in pumping and distribution, and by the intro- 
duction of the bacteriological examination of water. 
Mr. Cronin then gave tabulated information on the 
water supply and consumption of 20 big cities in 
the world. From 1900 to 1949 the aggregate popu- 
lation of these cities had grown from 24,703,000 to 
43,000,000 persons, i.e., a 74 per cent. increase ; the 
total consumption in the areas of direct supply had 
risen from 1,539 to 3,640 million gallons a day— 
an increase of 137 per cent.—and the average 
consumption per head per day, which was 62 gallons 
in 1900, was now 85 gallons. 

It was very necessary, Mr. Cronin continued, that, 
consistent with the maintenance of public health, 
there should be the greatest economy in the supply 
of water. The metering of domestic supplies had 
been advocated, but various social and political 
reasons (which he enumerated) made it unlikely that 
a method of charging based on metering would be 
introduced in this country. A serious matter, affect- 
ing underground supplies from fissured rocks, was the 
possibility of pollution due to the spread of building 
over the countryside. A question to which no satis- 
factory answer could be given for some time was the 
effect of land drainage on both overground and 
underground water. With increasing demands for 
electricity, upland water was now required for power 
generation; was it, then, beyond the bounds of 
possibility that some large combined water and 
electricity scheme could be arranged, and was it too 
fantastic to suggest that, in off-peak periods, 
electrical energy might be used to pump water 
through the aqueduct and so enable its size and 
cost to be reduced ? Finally, Mr. Cronin referred to 
water softening (which itivolved heavy capital 
expenditure and the disposal of the sludge), and the 


possible extended use of prestressed-concrete pipes 
for distribution and of plastic pipes for interior work, 
Discussion. 


Mr. J. A. Banks, who opened the discussion, 
remarked on the curious fact that the gross consump- 
tion per head in Glasgow was twice what it was in 
Birmingham—cities of almost the same population ; 
this was true in 1900 and again in 1949, though in 
the interval the quantity per head had doubled. 
Regarding the amount that should be assumed 
for future schemes, he said that an overall allowance 
of 80 gallons per head per day, say 50 years hence, 
was already being anticipated, and he inclined 
to the view that in the course of the next 100 years 
the demand might rise to 100 gallons. Mr. Cronin 
had mentioned the possibility of combined water 
and electricity schemes ; he (Mr. Banks) would sug- 
gest that high-head storage be reserved for hydro- 
electric power, and water for primary purposes 
pumped from lower-level sources in the off-peak 
period. 

Mr. G. Baxter said it was quite true that so far 
no roll-filled dams had been constructed in the 
United Kingdom for waterworks purposes; he 
thought that was largely due to lack of research and 
of the failure to apply the principles of soil mechanics 
in civil engineering practice until comparatively 
recent years. He thought it was permissible to 
advance the view that chlorination had gone a little 
too far ; indiscriminate chlorination meant that there 
was no merit or virtue in the water of Thirlmere or 
Loch Katrine, compared with that of the Thames. 
Domestic metering, he thought, was impracticable 
owing to the high capital cost; in any case, only 
relatively few people were careless in the use of 
water. A saving of 5 gallons a head had been made 
by one undertaking by reducing the night pressure 
from a head of 200 ft. to 100 ft. 

Mr. G. G. Marsland said that the standard of 
water in lowland rivers was steadily deteriorating. 
An Oxford don to whom he spoke some years ago 
had made a comment that the land drainage which 
was now practised had brought about progressive 
“ flashing ’ on the ground water levels, and he had 
added that within his own lifetime he had seen a 
complete change of flora in certain districts. He 
(Mr. Marsland) did not quite understand the author’s 
advocacy of a national testing station for fittings, 
but thought it would be an excellent idea if only 
British Standard fittings were permitted. 

Mr. C. W. Cassé referred to Indian and African 
experience and said that water supplies abroad had 
been greatly handicapped by the tendency to follow 
the principles of British legislation, making un- 
restricted supplies available on the basis of rateable 
value of property. Supplies were insufficient in 
most tropical countries and had therefore to be 
restricted ; Africans paid one cent for four gallons 
from a public water kiosk. In this country, metering 
would have to be applied in the future ; otherwise, 
where was the water coming from, where were the 
schemes to provide for increasing consumption, 
and where was the money coming from ? 

Mr. F. Grundy suggested that the study of hydro- 
logy required developing in this country so as to 
link up the dry-weather flow of rivers, when the 
demand was acute, with the availability of ground 
water. 

Mr. E. G. Kimsey asked the author whether he 
had considered the supply of non-drinking water 
for fire-fighting, garden-watering and street cleaning. 

Mr. H. R. Lupton called for greater consideration, 
on the part of the electricity authority, for the special 
requirements of the water authorities, and also for 
the encouragement of research for the common 
good of water authorities. 

Mr. W. M. Lloyd Roberts remarked that during 
the past few years there had been two factors 
which had kept down water consumption in London, 
namely, the weather and the shortage of coal, etc., 
for domestic water heating. 

Mr. Cronin, replying to the discussion, said that 
Dublin had a combined water and electricity 
scheme. He also referred to investigations that had 
been undertaken in connection with additional 
water supplies for London ; one of the advantages 
of the idea of putting a dam across the Enborne 
valley, above Newbury, was that the water could 





be let into the River Kennet, thereby avoiding 
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advisers had opposed the scheme. 


ENGINEERING PRoGREsS IN CoaL MINEs. 

A session of the conference dealing with “ Gas 
Industry Plant, Mining and Steelworks Plant,” was 
held at the Institution of Mechanical Engineers on 
Thursday morning, June 14, Mr. A. C. Hartley, 
C.B.E., B.Sc.(Eng.), M.1I.C.E., M.I.Mech.E., occupy- 
ing the chair. The paper presented dealt with 
“ A Century of Engineering Progress in British Coal 
Mines (1851-1951),” and was by Mr. B. L. Metcalfe, 
B.Sc. (Eng.), M.I.Mech.E., M.I.E.E., who stated 
that by 1850 the problems of pumping in the mines 
had been overcome by the early inventions of 
Savery, Newcomen and Watt. Steam power was 
available on a generalscale. The introduction of the 
use of coal for metal smelting, in the latter half of the 
eighteenth century, had brought down the price of 
iron and had given an enormous impetus to the 
application of machinery built to the designs of these 
early pioneers and others, such as Trevithick and 
Smeaton. The most serious problem facing the 
engineer was ventilation, and many accidents 
occurred owing to the explosion of firedamp, 
particularly where only one shaft was used. After 
the disaster at New Hartley Colliery in 1862, when 
201 lives had been lost, amended legislation had 
made two shafts obligatory. In subsequent years, 
great improvements were made in fan installations, 
methods of coal winning, winding engineering, 
coal-face lighting and coal-cutting machinery, and 
for a long time past methods of improving the 
safety of men underground had been under constant 
revision. 

Emphasis in the future would be on the improve- 
ment in the output per man-shift on the one 
hand and in the safety of the men on the other, 
and these two improvements must be reconciled 
and progress must run on parallel lines. In con- 
sidering some of the trends in development, the most 
noticeable change would be the improvement in 
surface layout. Pit-head baths, washeries, colliery 
offices, winder houses, substations, workshops, ambu- 
lance rooms, lamp rooms and covered walking ways 
between the lamp room and headgear would all be 
designed to harmonise with each other with a 
functional unity seldom achieved in the past. At 
existing collieries which had to be modernised 
and reconstructed to increase output, it would not 
be possible to achieve the same pleasing result, 
but a great deal of attention would be paid to the 
surface layout to maintain a smooth and efficient 
flow of men and material. In introducing new 
machinery, the impact on the men, must be carefully 
studied. The difference in a man’s attitude—albeit 
subconscious—towards a machine which deter- 
mined the rate at which he must work was vitally 
important and understandable. 


Discussion. 

The discussion was opened by the reading of a 
written, contribution from Sir Andrew Bryan, by 
the chairman, Mr. A. C. Hartley. Sir Andrew 
wrote that some measure of the success of a century 
of progress was reflected in the accident figures. 
During the period 1851-1951 the fatal-accident rate 
had fallen from 4 to 0-7 per 1,000 persons employed, 
despite the fact that the physical difficulties had 
progressively increased on account of the ever- 
growing need of exploiting thinner and deeper seams 
with working faces at much greater distances from 
the shafts. The development of coal-getting 
machines of a type which reduced dust formation to 
a minimum was an urgent necessity and a start 
had been made with machines of the “ plough” 
type, which wedged or levered off the coal rather 
than cut it. 

Mr. Harold Watson-Jones said that whether it 
was due to conservatism on the part of those con- 
trolling the industry in the past, or to lack of pro- 
gressive ideas in engineering development, or, 
perhaps, to the age of the industry itself, the result 
had been that much machinery installed 100 years 
ago was still existing and, in some cases, continued 
to give satisfactory service. Development in coal- 
face equipment, however, particularly for power 
loading and stowage, was proceeding rapidly. The 
task of the craftsman and technician, in the past, 
had been largely one of breakdown repair rather 





than planned maintenance. A more scientific 
approach to the development, periodic inspection 
and planned maintenance of all coal-producing 
machinery, however, would ensure that defects 
would be detected before possible breakdown, and 
the continuity of coal production, thereby assured. 

Mr. I. G. E. Leek said that one interesting point 
concerning the application of machinery to coal 
faces was the introduction of the coal cutter with 
curved jib, as illustrated in the paper. With the 
very large increase in mechanisation which was 
taking place at collieries, both underground and on 
the surface, it had become necessary to attract to 
the mining industry the best and most highly 
qualified mechanical and electrical engineers. The 
next speaker, Mr. A. E. Crook, stated that slowly, 
as the years passed, it had been, realised that one 
of the most, if not the most, important problems in 
industry was the safe and efficient handling of 
materials and that, with proper mechanical equip- 
ment, a workman could move a load of 100 tons as 
easily as a load of one ton. 

Mr. G. W. Alexander said that this country, 
without doubt, had always been in the lead in the 
design, and manufacture of hoisting machinery, due, 
in part, to the fact that power-driven vertical hoists 
had been in general use in the coal-mining industry 
many years before their adoption in other parts of 
the world. One point which had arisen during 
the last few years and should be carefully watched 
was the tendency towards over-elaboration in the 
control of hoisting machinery. The main objective 
should be to maintain the wheels turning, not to 
make them turn round a little faster with the risk 
of probable stoppages. The next speaker, Mr. A. E. 
McClelland put in a plea for the creation of a 
National Mining Museum which might be housed 
on the South Bank. Such a museum, he said, could 
be a permanent, live and instructive exhibition of 
modern mining machinery and methods, of new 
ideas and trends, and of safety measures and 
devices. 

Mr. D. R. Love said that the author had mentioned 
11-kV winders. These were still a new requirement 
and were due mainly to the National Coal Board 
establishing a standard of 11 kV as a system of 
primary distribution in the collieries. They possessed 
obvious advantages. The next speaker, Mr. D. 
Frost, said that mention had been made of the 
use of electrically-controlled locomotives under- 
ground. In the South African gold mines there was 
no need to worry about flame-proofing ; electric 
trolleys and locomotives were used extensively and 
many were over 10 years old. Mr. J. Vaughan 
Harries, who spoke next, said that the person who 
had dominated mining engineering for the first 
half-century under review had been the mechanical 
engineer, and, until quite recently, no instance 
could be recalled in which the services of a recognised 
civil engineer had been engaged in one particular 
area. If a civil engineer had been employed, col- 
lieries now 50 or 60 years old would have been less 
unsightly, and, possibly, underground structures 
would have been built to more generous dimensions 
and be of a more permanent character. Looking 
ahead, it should be emphasised that no other 
industry lent itself to larger measures of standardisa- 
tion than did the coal industry and standardisation 
lowered costs and speeded the completion of 
schemes. 

Mr. F. C. Swallow stated that, during the last 
five or six years of the period under review, the 
industry had profited from public attention more 
than in the whole of the previous 94 years. Another 
point was the growing emphasis placed on the 
importance of human beings and on questions of 
dust suppression, comfort and safety, rather than 
merely on mechanical appliances. Mr. T. H. 
Petch, who spoke next, said that the post-war 
years had seen considerable application of the ideas 
of closed-loop servo systems to electric winding 
engines. In particular, that type of control would 
be put into service in this country at about the end 
of the present year for controlling dynamic braking 
on alternating-current winders and haulages. It 
had already been applied to the control of a Ward- 
Leonard winder and it was also used for other 
applications, such as the control of power factor on 





synchronous motors driving generator sets. Mr. 








C. L. Layland, who closed the discussion, said that 
the deep mines on the Kolar Gold Field, South 
India, were ventilated by means of air-conditioning 
plants, installed on the surface, which delivered 
saturated air into the mines at a temperature of 
40 deg. F. Under the prevailing climatic conditions 
on that field, the need for cool air became imperative 
at a depth of 7,000 ft. The improved performance 
of the miners after its provision had been astonishing. 

Mr. B. L. Metcalfe, in reply, said that in British 
mines some kind of air conditioning would be used 
before the end of the century, if not sooner, on the 
new coalfields which were being exploited in the 
Manchester district and in North Staffordshire, 
It was under consideration by the National Coal 
Board to strengthen their civil-engineering staff, 
particularly in view of the reconstruction under- 
takings to which they were committed. The 
question of 11-kV winders had been mentioned, 
and, with the increasing size of the motors, it would 
be an advantage to standardise on 11 kV. A 
number of problems, such as the suppression of 
dust, needed to be tackled energetically. The 
value of an exhibition on the South Bank would 
be doubtful; it should perhaps be nearer the 
coalfields. 

Gas-PRESSURE CABLES. 

“The Development and Use of Gas-Pressure 
Cables for High-Voltage Systems in Great Britain” 
was the title of a paper presented by Messrs. S. E. 
Goodall and D. B. Irving at a meeting at the Insti- 
tution of Electrical Engineers on, Thursday, June 14. 
Mr. J. Eccles was in the chair. The first experi- 
mental installation using high gas pressure to 
suppress ionisation, the authors said, passed satis- 
factory tests in November, 1931 ; and the first com- 
mercial installation in the world was completed in 
the following year between Hackney and Waltham- 
stow, a distance of 2} miles. It operated at 66 kV 
and had given satisfactory service even, under severe 
bombing conditions. Details of the construction of 
compression gas-filled and mass-impregnated gas- 
pressure cables were given ; and it was pointed out 
that there were two basic designs of sealing-end in 
use, one in which porcelain resisted the gas pressure 
and the other which incorporated a synthetic resin 
bonded paper or a porcelain internal pressure retain- 
ing tube. One of the problems was to ensure that 
the joint between the sealing end and the cable was 
gas-tight and in the latest designs this had been 
solved by the use of flanged joints. 

At the present time some 46 miles of gas pressure 
cable, working at 132 kV, were in use in Great 
Britain, as well as 93-5 miles at 66 kV and 58-5 
miles at 33 kV. In addition, 28 miles for operation 
at 132 kV, 2-5 miles at 66 kV and 20 miles at 33 kV 
were being installed. These figures showed that, 
while the proportion of gas cable was still relatively 
small, considerable progress had been made. 
Between 1932 and 1939 only two cables were 
installed. This was due, in some measure, to objec- 
tions to the steel pipe, objections which had been 
overcome by the use of better anti-corrosion servings. 
A standard specification was adopted by the Central 
Electricity Board towards the end of the 1939-45 
war and was now being amended in certain minor 
particulars. Closer collaboration on a national 
basis and between the principal cable manufacturers 
was now possible and there was every reason to 
suppose this would be extended into the gas-pressure 
cable range. While the highest transmission voltage 
at present in service in Great Britain was 132 kV, 
a certain amount of gas-pressure cable for higher 
voltages had been supplied for export and at the 
present time designs suitable for use on the 275-kV 
grid were being considered. 


DIscussion. 


Mr. D. P. Sayers said that although the object of 
the gas in both the main types of cable was to 
suppress ionisation in the voids, the mechanism of 
the process was different ; and it might be thought 
that a cable in which means were taken to ensure 
that the gas more or less completely filled the 
dielectric would be the more effective. The main 
difference between the an ere and —_ 
impre: t of cable was that there was 11 
free ele the former and on hilly routes 
there would therefore be little or no migration from 
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higher to lower levels; and the characteristics 
would remain substantially constant. He was not 
sure whether experience had yet shown what hap- 
pened with regard to migration in a mass-impreg- 
nated cable. He did not think the stage had been 
reached where it would be wise or safe to stan- 
dardise rigidly on gas-pressure cables, but he would 
like to plead for more standardisation of accessories 
and fittings. At the same time there should be 
some scope for experimentation. Otherwise there 
was a risk that standardisation would become stag- 
nation. Solid cables were quite satisfactory at 
33 kV, and the reason for choosing a gas-pressure 
cable for that voltage was in order to secure the 
maximum possible rating per circuit. There had 
been, no case of a gas-pressure cable failing owing 
to ionisation of the dielectric, but there had been 
considerable trouble from gas leaks, and in one or 
two cases serious trouble with sheath corrosion. 
If the armouring weakened, the lead sheathing 
might burst under the internal gas pressure. To 
use a double lead sheath would be expensive at the 
present time, and for that reason a combination of 
aluminium sheathing and gas pressure offered a 
valuable opportunity for economy. 

Mr. E. L. Davey said that E. A. Watson’s work 
in 1909 was the basis of all gas-pressure cables and 
it had been left to the British manufacturers to 
produce practical designs therefrom, with the 
encouragement of the Central Electricity Board. 
During the period of development, knowledge and 
new techniques had been acquired and had been 
applied to the improvement of more ordinary pro- 
ducts. The introduction of the gas-pressure cables 
had, in particular, allowed much higher stresses 
and temperatures to be used, and in the majority 
of these cables the risk of ionisation had been 
eliminated up to about twice the working voltage. 
At 275 kV the dielectric losses were important, not 
only from the economic point of view but because 
they had a pronounced effect on the rating of the 
cable. The standardisation of accessories and joints 
was both possible and desirable ; and at the lower 
voltages cables, too, could be standardised. At 
the higher voltages standardisation of the cable 
should not be carried too far. 

Dr. R. C. Williams was disappointed that alumi- 
nium sheathing had not been mentioned in the 
paper. He agreed that they wanted to standardise 
as far as they could, but it should not be pressed too 
far at the present time. As knowledge increased, 
designs would become more precise and the “ factor 
of safety” would be converted into some form of 
tolerance. The manufacturer should not be dis- 
couraged by the fact that there was a small demand 
for the higher voltage cables in this country ; there 
was plenty of scope abroad. 

Mr. P. C. Barnes asked the authors to give their 
views on the relative merits of the two types of 
reinforcement used on the mass-impregnated gas- 
pressure cable and to describe the tests made on 
the coverings to assess their service life. He would 
also like to know why it was necessary to reinforce 
the lead sheath of the pipe line compression cable, 
which was subjected to external gas pressure. 

Mr. G. J. Sutton said that a dielectric consisting 
only of oil and paper had a much higher electric 
breakdown, strength than where gas was introduced. 
That was one of the greatest weaknesses. More 
co-operation was required from the manufacturers 
of raw materials, as well as from mechanical and 
electrical engineers. At 275 kV it was necessary 
to use steel pipe, which could easily be bent and 
welded and could be employed with all types of 
design. Corrosion problems no longer existed. 
Unless care was taken there would be more leaks 
st ~ automatic gas system than from the whole 
cable. 

Mr. S. E. Goodall, in reply, said that there had 
been no example of migration of compound in the 
pre-impregnated type of cable. They had not yet 
had sufficient experience to say that any of the 
types of cable could be dispensed with in the 
interests of standardisation. They were all in- 
terested in the use of aluminium, but corrosion 
difficulties had not yet been overcome. He agreed 

that standardisation was possible at the lower 
voltages, but they should go carefully at 132 kV in 
order not to stifle development. 


Mr. D. B. Irving, who also replied, said that no 
installation which had passed the impulse tests had 
given any trouble in service. The standardisation 
of 33-kV joints and accessories was under active con- 
sideration. 


Three technical sessions were held on the morning 
of the concluding day of the Conference—Friday, 
June 15—when papers on sewerage and sewage 
disposal, mechanical engineering in the iron and 
steel industry, and progress in electric lighting, 
were presented and discussed. 


SEWERAGE AND SEWAGE DIspPosAL. 


At the Institution of Civil Engineers, with Mr. H. 
Cliffe, B.Sc. (Eng.), M.I.C.E., in the chair, Mr. 
David M. Watson, B.Sc., M.I.C.E., presented a 
paper on ‘Sewerage and Sewage Disposal.” 
Reviewing historical developments, he said that the 
modern centrifugal pump, as compared with the old 
reciprocating pump, was cheaper, required less 
attendance, could be used for relatively small flows 
of sewage and could be operated automatically. The 
utilisation of the fertilising properties in sewage, as 
well as the desire to clarify and purify the liquid so 
that pollution of rivers would not be caused, had 
apparently engaged the attention of many men from 
the earliest days of water-carriage of sewage, 
probably at the time of the early Public Health 
Acts of 1848 and 1858. One of the milestones in the 
history of sewage purification had been the appoint- 
ment, in 1898, of the Royal Commission on Sewage 
Disposal, which issued nine reports over a period of 
17 years; these reports, though old, still guided 
and influenced modern methods and standards. 

During the 1920's, it was realised that the merging 
of several drainage districts of an urbanised charac- 
ter could often be economical, since they could be 
dealt with as one co-ordinated system with one 
large sewage works. Ten years’ experience of the 
Mogden sewage works, which replaced 28 sewage 
works in West Middlesex, had shown that the high 
standard of results achieved had warranted the 
large capital expenditure. The establishment of 
the Water Pollution Research Laboratory had 
laid an excellent foundation for reducing the harm 
done to rivers by discharges from trade premises, 
and the educational value of the laboratory’s work 
was an important factor in the intelligent study 
of river pollution and sewage and trade-wastes 
purification. The proportion of trade wastes of a 
“ difficult’ nature to domestic sewage varied 
greatly, and a knowledge of the best means of treat- 
ing wastes which predominated was invaluable. 
Filters appeared to have given better service than 
the activated-sludge process where troublesome 
wastes occurred. 

Consideration of the possible trend of develop- 
ment in the future showed that the scope was 
impressive. Would the greatest changes take place 
as a result of economic considerations or be brought 
about by the need to treat rivers better than they 
were being treated at present ? In some cases the 
latter was a real need, and in all cases the economic 
aspect of operating sewage-purification plant as 
cheaply as possible was a matter of increasing 
importance. Great advances towards complete 
mechanisation had been made and would continue. 
Even if it had not already arisen, there would arise 
sooner or later a general desire to improve the 
quality of sewage effluents to a standard higher 
than the generally accepted normal standard of 
the Royal Commission ; to eliminate nuisance by 
smell; and to make use of all sludge. The con- 
flicting demands of increased abstractions of water 
from British rivers and the larger pollution loads 
on rivers could only be reconciled by higher stan- 
dards of sewage-works effluents, trade-waste dis- 
charged, and storm-water overflows, and a greater 
pride in the rivers of this country on the part of all 
riverside dwellers. 

Mr. Watson then described the work undertaken 
at Luton to ensure that the effluent discharged 
into the River Lee, which at that point has usually 
no flow, is consistently better than the normal 
standard. Dealing with sewerage problems gener- 
ally, he said, ‘‘ What is required and what can be 
achieved is unified consideration of all the problems 
in a watershed, intakes, and outfalls, and ability 





of the river to yield water for domestic use, without 








complementary duty of draining the watershed to 
the sea and without too great a sacrifice of amenity. 
A proper balance between these two primary duties 
of a river may not always be easily attainable, but 
it must be done if national life is to have the best 
conditions to thrive in this crowded island.” 


Discussion. 

Mr. E. A. Calvert, who opened the discussion, 
said that it seemed to him almost a tragedy that the 
work of the Royal Commission came to a conclusion 
during the 1914-18 war. Regarding sludge treat- 
ment, for many years the prevailing method of 
disposing of sludge had been on sludge-drying beds, 
and to-day they had a development of that in the 
introduction of sludge digestion. At the Colne 
Valley sewage works they also had works under 
construction for drying and combustion. The great 
difficulty in this country was the cost of chemicals 
for sludge conditioning. If the chemicals were 
cheaper in relation to general prices, as they were in 
America, he believed that there would be a big 
development in other methods of sludge treatment. 

Mr. Hal Gutteridge referred to the great develop- 
ment which was now taking place in all countries 
in composting sewage screenings or sewage sludge 
with town’s refuse to produce a first-class organic 
manure. It would achieve the useful purpose of 
returning to the soil that which had been taken from 
the soil. In composting, sewage and town’s refuse 
were complementary to each other; the former 
providing mainly the bacterial element, and the 
latter the structural side of the organic manure. 

Mr. David Currie said he believed that a great 
deal of the pollution of the streams and water courses, 
particularly in larger cities and towns, came from 
storm-water overflows. Undoubtedly, most of the 
storm overflow chambers in the country at the 
present time were obsolete, and he felt that this 
would be a very useful subject for research in order 
to achieve the right type. 

Mr. R. E. D. Bain, referring to his experience in 
Northern Ireland, said he wished to make a plea 
that anyone who was connected with the designing 
of a small sewage works should not neglect the 
instructions to be issued to the caretaker. Moreover, 
he suggested that, when the engineer was designing 
his works, he should insert a clause in the contract 
documents in respect of small works to the effect 
that the contractor should be responsible for the 
maintenance of those works for the first six months. 
The caretaker would be selected by the contractor 
and he should stay on after the termination of the 
contract. 

Mr. Stanley Brassey-Edwards said that if they 
were to clean up the rivers of this country they must 
start at the beginning and not allow people to put 
factories in certain places and then wake up to 
find that they had a trade effluent to get rid of 
which might cost a small fortune at a sewage works 
or if the firm had to put down a plant of its own. 
In his opinion, town-planners did not give sufficient 
consideration to drainage matters when they were 
siting new towns and new factories. 

Mr. M. R. Atkins remarked that joint schemes for 
rural areas were very few at present and they were 
very expensive. Going about the country, one 
realised the local objections to small sewage treat- 
ment work. It had occurred to him that in such 
cases @ tank installation might be located near the 
villages and several tank effluents from different 
small works might be piped under hydraulic 
gradient, by pumping, if necessary, to one central 
filtering installation where the process could be 
continued under far better supervision than could 
be obtained at the smaller works, and at some point 
where the nuisance would be minimised. 

Mr. J. A. Banks described conditions on the Clyde 
and the Forth, and said that, in the latter, there 
was nothing to prevent the discharge of untreated 
sewage, and that was in fact what took place right 
from Stirling downstream. Schemes were being 
prepared, however, by the authorities in both of 
the areas to which he had referred. It was of 
fundamental importance, even in the case of the 
smallest works, that there should be attendance, 
and he would go so far as to say that, where grants 
were given, a condition should be made that the 
grant would not be given unless that superintendence 
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advantage of combining small works in an area, in 
so far as it was reasonably practicable to do so, 
even if it entailed some extra expense. 

Mr. A. L. Fielding spoke of conditions in Australia, 
with particular reference to New South Wales. 
First, however, he referred to certain special cases 
where underground works and works in excavated 
cliffs had been undertaken. Many of those present 
had, no doubt, visited the wonderful job of work 
which had been done in Stockholm. That had 
been accomplished by means of excavation in solid 
granite. He also wished to refer to works at Bondi, 
Sydney, in the case of which thé excavations were 
carried out in Hawkesbury sandstone, which had 
presented special problems because the machinery 
and equipment had to be designed and fitted into 
the span of natural support of that material, as it 
was not considered economic to line the excavation 
or to support it in any way if it could be accomplished 
by other methods. At Coudramunda the effluent 
was being discharged by pumping it into a field, 
and poplar trees were growing in that field for the 
purpose of absorbing the effluent quickly. The 
effluent was encouraging the rapid growth of the 
trees, which were placed in line with the prevailing 
winds, towards the town a few miles away, and the 
leaves acted as a deodorant. 

Mr. C. W. Cassé recalled experience in India and 
Africa. Trade wastes did not concern them very 
much in India, he said; the chief trouble in that 
respect arose from the sugar factories. It was often 
thought that labour was cheap in the tropics, but 
that was becoming a fallacy. Labour was dear 
because sO many people were required there to do 
the work which one man would do in this country. 
It seemed to him that the original systems of 
sewers in many of the large towns in India were not 
designed to suit the climatic conditions there, and it 
appeared that the solution was an entirely separate 
system and plenty of small pumping stations. 
More recently, schemes had been worked out on that 
basis. Tropical storms were usually more severe in 
effect owing to the higher rainfall intensity and it 
was quite uneconomical to provide against all 
possible flooding. 
yé Mr. K. A. Pope said that the idea of composting 
could not really be measured in monetary values, 
because the health and fertility of the land which 
were obtained by the use of pure manure as distinct 
from chemical manure was, in his opinion, rather 
unpredictable. 

Mr. Watson, replying to the discussion, said that 
in his opinion there was an enormous amount of 
work to be done on composting. He was aware 
that the London County Council and various other 
authorities had done a lot about it, but he believed 
that there was still a very great deal to be done. 
He agreed with Mr. Currie that in many cases 
storm-water overflows could be improved, but he 
would go a little further than that; he believed 
that they could do quite a lot by examining and 
merely bringing up to what was to-day’s practice a 
great many of the storm-water overflows which 
were behaving improperly. He wondered if Mr. 
Bain had considered the practicability of adopting 
a centralised system of servicing rural sewage works, 
with men and equipment who went round the 
small rural sewage works day by day and helped 
the one man who was in charge. Mr. Atkins had 
raised a difficult question about the localised tanks 
for arresting sewage in rural districts and centralised 
sewage works for filtration. He would be creating 
sludge problems wherever he had tanks and he would 
have to spend money on labour at those places ; 
and one of the things tha‘ he had to watch was costs. 


MecuanicaL ENGINEERING IN THE IRON AND 
Sreet Ixpustry. 

At a session on “ Gas Industry Plant, Mining and 
Steelworks Plant” held on the morning of Friday, 
June 15, at the Institution of Mechanical Engineers, 
with Mr. A. Roebuck, M.I.Mech.E., in the chair, a 
paper by Mr. W. F. Cartwright on “ Mechanical 
Engineering in the Iron and Steel Industry” was 
presented. In this, the author stated that the rapid 
development of the iron and steel industry in the 
last 50 years had had two aspects, namely, an 
improvement in quality which had been mainly 
due to the efforts of metallurgists, and an increase 





in quantity, which had been largely facilitated by 
the application of mechanical engineering principles. 
Mechanical engineering had brought about a large 
reduction in the labour required to produce a ton 
of steel. Very little mechanical engineering had 
been employed even in the manufacture of pig-iron 
until the development of an effective steam engine 
by James Watt in 1775. At the end of last century, 
there was at Dowlais a blower operating at a steam 
pressure of 100 lb. per square inch with steam cylin- 
ders 36 in. by 64 in. and blowing cylinders of 88 in. 
diameter. In 1900, the charging of blast furnaces 
had become a limiting factor in the speed of pro- 
duction. The first step had been the use of some 
form of lift for the barrows, and this had been 
followed by the principle of the skip hoist, a method 
still widely used. 

The handling of raw materials to and from the 
furnace had been responsible for many major engi- 
neering problems. The unloading of ore ships, the 
dumping of iron-ore wagons, and the handling of 
molten iron and molten slag had resulted in many 
ingenious developments. The Hulett ore unloader 
was a striking example ; it was an enormous piece 
of mechanical-engineering equipment only suitable 
for the special ore ships of the Great Lakes. There 
were 66 of these machines at work throughout the 
world, carrying up to 20 tons of ore in a grab. 
American railways had progressed to the point at 
which wagons carrying more than 100 tons of ore 
were used in conjunction with wagon tipplers. 
The capacity of iron ladles had grown to 200 tons, 
with an axle load of over 40 tons. 

Looking to the future, the pitch of efficiency in 
rolling mills had already reached such a high level 
that there seemed but little room for improvement 
except in detail, although, in the wide-strip business, 
surely a continuous cold mill would soon be con- 
structed in which the coils were changed without 
stopping the mill. Several continuous annealing 
furnaces had been built for the tin-plate industry, 
and it seemed highly likely that this principle would 
be extended eventually to sheets. The iron and 
steel engineers of to-day were more fully aware of 
what was going on in other industries than they 
had been in the past, and they did not hesitate to 
adapt techniques from these to their own industry, 
so that it could be expected that iron and steel works 
of the future would be more refined than in the past 
and that they would make use of every possible 
development in mechanical engineering, such as 
special hydraulic applications, higher steam pres- 
sures, and new link motions and gear designs. 

Discussion. 

Mr. W. A. Johnson, who opened the discussion, 
said that a fully-integrated iron and steel works 
in which the only fuel supply was that to the coke 
ovens tended to become an economic necessity. 
Much, however, could be done in improving the 
overall heat balance for non-integrated steelworks. 
If full use were made of waste-heat steam from 
open-hearth and reheating furnaces such works 
could be largely self-sufficient in respect of electricity 
and steam. For instance, waste-heat steam pro- 
duction from open-hearth furnaces and soaking 
pits could amount to about 1,500 Ib. per ingot ton. 
Of that quantity about 400 Ib. per ton were required 
as steam for atomisation, oil heating, the gas pro- 
ducer plant and other applications. The overall 
electric power consumption of such a works was 
approximately 110 kWh per ingot ton, and a sub- 
stantial proportion of that power could be generated 
from surplus waste heat. 

Mr. M. A. Fiennes stated that the author had 
referred to the method of driving roller tables in a 
rolling mill and had said that, generally speaking, 
the practice had become, at the heavier end of the 
mill, to concentrate on bevel gears and at the lighter 
end of the mill to have motor-driven rollers. The 
conclusion had been that the reason for that was 
to keep the electrical equipment away from the 
heat as far as possible. That, however, was not the 
principal reason. The main reason was that, at 
the heavier end of the mill, the material was shorter 
and was therefore carried on fewer rollers. In 
order to move it and reverse it a very much larger 
motor was required for individual drive at that 
stage. At the finishing end of the mill, where the 
stock was generally greater in length, it was carried, 





on a much larger number of rollers and could, 
therefore, be moved by individual motor drive of 
much smaller power. The author had suggested 
that weight reduction was one of the problems which 
must be tackled in order to reduce cost ; he entirely 
agreed. One of the most potent factors in the 
reduction of weight and cost was the greatly- 
extended use of fabricated welded components as 
against steel castings and this was likely to con- 
tinue. 

Mr. L. F. Case said that in Australia’a system of 
production bonuses for operating staff in the 
rolling mills had been established when the equip- 
ment used had been inadequate to produce a suffici- 
ent quantity of steel unless this incentive payment 
was made. At present there had been an improve- 
ment in the equipment, but the men were still 
being paid production bonuses. A good deal of 
industrial trouble had arisen because the leading 
hand, the mill foreman, who, ten years previously, 
had been receiving a wage far above that of the 
ordinary mil] hand, was now often earning a salary 
below that of the mill operative who received the 
production bonus on, the very high output obtained 
with modern equipment. 

Mr. F. B. George said that, at present, one of the 
great difficulties was that a long time elapsed before 
a plant which had been planned was completed and 
working, and there was always the fear that by the 
time the plant was on the ground it would be 
already out of date. The change that had taken 
place in recent years in the industry, which, pre- 
viously, had been a conglomeration, of ill-assorted 
and poorly-integrated units, had been wholly to 
the good. There was not the least doubt that the 
industry had become conscious of the need for 
proper plant and adequate maintenance, the suitable 
control and location of spares and the importance 
of lubrication. 

Mr. T. Jenkins said that the American Iron and 
Steel Institute had found, as the result of investi- 
gation, that for every ton of steel produced some 
60 or 70 tons of materials had to be handled. That 
was to say that a works producing 15,000 tons of 
steel a week (an ordinary figure nowadays) had to 
handle one million tons of materials. Modern 
rolling equipment, comparatively speaking, was very 
reliable, and if it were manned by an efficient main- 
tenance crew it would give good results. In one 
particular steelworks, there had been an output of 
667,000 tons in a year in the cogging mill and about 
475,000 tons in the continuous mill. The total 
stoppages due to mechanical breakdowns had been 
under 50 hours in duration. 

Mr. C. H. Williams stated that it was still common 
for furnace designers to install high-grade instru- 
ments and find that the works concerned had 
insufficient personnel having the requisite skill, or 
the time, to service these instruments. Although 
the instruments generally were most ingenious and 
highly efficient in many respects, it was to be hoped 
that they would be simplified and made more 
robust. 

Mr. W. F. Cartwright, in the course of his reply to 
the discussion, said that while Mr. Fiennes might be 
right in some respects concerning individual electric 
roller drive on rolling mills, several blooming mills 
had been built in which individual roller drives had 
been used right up at the front. Whenever he had 
visited these places, one or other of the rollers was 
“dead ” on account of electric trouble due to the 
insulation not having been able to stand up to the 
conditions imposed. When writing his paper, he 
had put to a rolling-mill manufacturer the simple 
question: If there were a real saving in weight in 
mill machinery, would it effect a considerable 
saving in the capital cost ? The reply had been that 
the saving of weight would not be a big factor in 
cutting down costs but that a real saving would be 
made by cutting out complication. With proper 
incentive payments, there was sometimes double and 
even treble the output from a machine compared 
with the production when no incentive payments 
were given. The question of the time which 
elapsed between the planning and the operation of a 
plant had been mentioned. This was certainly a 
distressing matter. In the United States, a strip 
mill had been built in 10 months from the day of 
cutting the first sod to the day when the mill was 
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running. Furthermore, the site had been on 
marshy ground which had been flooded twice during 
the construction of the mill. That kind of achieve- 
ment had never been matched in this country. 


Procress IN Execrric LicHTine. 

A meeting was held at the Institution of Electrical 
Engineers on Friday, June 15, with Mr. A. N. Irens 
in the chair, at which a paper on “ Progress in 
Electric Lighting ” was read by Mr. R. O. Ackerley. 
Each major step in lamp development, said the 
author, had given, the lighting engineer fresh scope, 
but had, at the same time, revealed new problems 
in the sphere of luminous reactions for the research 
worker to solve. He illustrated this argument by 
showing the influence of each new lamp on lighting 
practice and discussed the interior lighting of to-day 
with special reference to the problems of brightness, 
balance, colour rendering and desirable values of 
illumination. Modern methods of street and airport 
lighting were also briefly reviewed. 

As regards the future, in the sphere of lamp 
development it was difficult to visualise any dis- 
covery which would revolutionise lighting practice 
as the gas filled and fluorescent lamps had done. 
Any development in the field of specialised pro- 
jection apparatus was likely to be towards the 
improvement of the colour rendering of mercury 
lamps and in reducing their cost. Higher ratings 
might wellappear, thus increasing the value of these 
lamps in street lighting and industry. For general 
service lighting, low-brightness large-area fluorescent 
sources gave satisfactory general lighting of an area 
and high-brightness small-area tungsten sources the 
directional and concentrated lighting of a feature. 
It did not seem possible that fluorescent sources of 
sufficiently small area and high brightness would be 
produced to make them satisfactory for the latter 
purpose, although their efficiencies would probably 
be improved, relative costs decline and control 
circuits be simplified. Plastics had the strength to 
replace metals and the light-transmission character- 
istics to replace glass for fittings. They were light 
in weight and could be fabricated inexpensively, 
besides being non-conductors and chemically inert. 
They might possibly, therefore, bring about almost 
a revolution in design technique for fluorescent 
lamps. 

The first task of the future in the field of interior 
lighting was to make high-illumination installations 
more comfortable to work in. The second great 
problem related to colour rendering, which involved 
not only the colour appearance of certain objects, 
but the whole question of interior decoration. 
It would not be sufficient just to give enough 
light on the visual task and to make the balance of 
brightness comfortable. Correct modelling and 
emphasis, which involved the question of flow of 
light at all points in the interior, must be contrived. 
In this task, lighting, decoration colour and form 
were all interrelated and the flow of light must be 
such as to create a sense of coherence between, all 
parts of the scene. 


Discussion. 

In opening the discussion, Mr. L. J. Davies said 
that the curiosity stressed by the author had enabled 
us to take fluorescent lamps up to the coal face and to 
see how they could be used for street lighting. It had 
also resulted in employing the mercury-vapour lamp 
with a little cadmium in it for making colour films. 
Certainly, manufacturers had produced lamps 
with a range of brightness, shape, colour and 
reliability that would have been unthought of a few 
decades ago; and the consumer seemed to be 
Satisfied. While illumination engineers had dis- 
Played great ability in using light sources up to a 
certain point, they did not seem to be able to fit 
them into the psychological and subjective picture, 
which occupied the strange country between the 
acceptable and the comfortable. 

Dr. J. W. T. Walsh thought it was rash for the 
author to say that a fundamental basis for general 
illumination’ value appropriate for different tasks 

now been reached. Although this might be 
true to-day it might cease to be true when social 
conditions changed. The whole matter depended 
upon the relative costs of light and labour ; and the 
suthor must, therefore, not be surprised if, in ten 
years’ time, the present values, which some people 





already found high, were amended. As regards 
colour, although the difference between tungsten 
light and daylight was greater than between 
fluorescent light and daylight, the difference was 
continuous throughout the spectrum. With the 
fluorescent light, on the other hand, it was irregular, 
and therefore very trying to the eye. 

Dr. R. G. Hopkinson said it was now becoming 
common to think of lighting in terms of the whole 
environment, so that the engineer had to plan not 
only for the working plane, but for all planes in the 
field of view. He also had to think of the brightness 
of the field of view. An important recent develop- 
ment had been the increase in the interest of the user 
in lighting problems. A joint team of architects and 
engineers was working on the problems of lighting 
design at the Building Research Station and was 
trying to determine the physical factors giving such 
things as sparkle, brilliance and gloom which could 
not be measured directly, and thus to define them 
in terms of precise engineering design. 

Mr. J. M. Waldram criticised the design of lighting 
fittings, the first requirement of which was that they 
should be decorative. For this reason, it was the 
practice to hang them in the middle of the interior, 
although there were then limits to what could be 
done with light distribution. In this position, 
moreover, the fitting interfered with the architecture, 
and, more important, with the flow of light, so that 
there was a galaxy of shadows. More study should 
therefore be devoted to the surfaces that ought to 
be lighted, how they should be lighted and where 
the light should fall if they were to be properly 
revealed. To achieve the desired end, earlier co- 
operation between the engineer and the architect 
than was customary at present was essential. 

Mr. E. S. Calvert thought that what was wanted 
in a room was horizontal and vertical “streamers ” 
with plenty of light and shade paths. Sparkle was 
necessary in order that visual judgments could be 
made at short range. It was important in airport 
lighting to enable the pilot to locate a runway with 
a smooth glazed surface and no texture. 

Mr. H. C. Weston was not sure that the author 
had been rash in saying that the Illuminating 
Engineering Society’s code was approaching finality. 
He did not think that the maximum values of the 
illumination range would need to be much increased. 





TRANSMISSION FEEDERS AT 
HOLME MOSS TELEVISION 
STATION. 


THE two stand-by feeders which have been con- 
structed for the Holme Moss television station by the 
Telegraph Construction and Maintenance Company, 
Limited, Greenwich, London, 8.E.1, are 7p mm to 
carry loads up to 20 kW at a frequency of about 50 
megacycles. The inner conductor of these cables 
consists of a solid copper wire of rather more than 
} in. in diameter and the insulation of a series of inter- 
locking semi-cylindrical thimbles of moulded Telco- 
thene (polythene). These thimbles form a smooth 
cylindrical surface on the outside of the core and provide 
support for the conductor at frequent intervals. The 
outer conductor is a seamless extruded tube of high con- 
ductivity aluminium, which was applied to the core 
by the Johnson and Phillips process. It acts both as 
a return conductor and as a screen at all radio fre- 
quencies, besides serving as a watertight sheath for pro- 
tecting the semi air-spaced insulation. Jt is covered 
with servings of bituminised paper and hessian as a 
protection against corrosion. Owing to its robustness 
and light weight the cable can be installed on masts 
without the usual steel armour. 

Tests on the cables, which are similar to those alread 
installed at Alexandra Palace and Sutton Coldfield, 
show that the propagation characteristics are electric- 
ally uniform, a point which is of importance in broad- 
band transmission such as television. It was also 
found from tests on a 280-yard length of cable that, 
with a correctly terminated load, the voltage standing- 
wave ratio would not be worse than 0-98 over a 
10-megacycle band centred on 60 megacycles. 

The Alexandra Palace stand-by feeder incorporates 
a joint which was designed by the British Ermeto 
Corporation, Maidenhead, in collaboration with the 
Telegraph Construction and Maintenance Company. 
This simulates the cable construction very closely and 
is therefore substantially free from reflections. A 
mechanical joint to the outer sheath is used. The 
pressure-tight ceramic terminations were developed 
in collaboration with K.L.G. Limited, Putney. 





PRE STRESSED-CONCRETE TANKS 
AT HARTLEPOOL. 


Five tanks recently completed at the Palliser Works 
of the British Periclase Company, for the Ministry of 
Supply, two of them with a capacity of 2,000,000 gallons 
each, are stated to be the first to be constructed in this 
country in prestressed concrete. The Magnel-Blaton 
system of prestressing was employed. The tanks are 
used in the manufacture of seawater magnesia, which 
is later processed into magnesium metal and into 
dead burnt magnesite for refractories for the steel 
industry, seawater and dolomite being the principal 
raw materials. Two are “ half-tide” storage tcokn, 
each 106 ft. in diameter and 41 ft. deep; one is a 
sand-trap tank 50 ft. in diameter and 46 ft. 6 in. deep ; 
and the other two, both reaction tanks, are 30 ft. in 
diameter and 36 ft. deep. The manufacturing process 
is continuous. First, the seawater is pumped into 
the sand-trap tank and is passed over a circular weir 
into an elevated annular launder, and then on through 
flumes into the half-tide storage tanks, which normally 
are filled and emptied twice a day, since pumping of 
seawater can only take place between full and half-tide. 
Mixed with dolime, the seawater enters first the Dorr 
hydrotreators, where the calcium compounds are 
removed, and then passes into reaction and settling 
tanks where the magnesium hydroxide is collected, 
ready for filtering and calcining in rotary kilns. 

Because these were the first prestressed-concrete 
tanks to be built in this country, it was considered 
desirable to make the walls thicker than was actually 
required from considerations of working stresses in 
the concrete, in order to permit the concrete to be easily 
and properly placed and compacted ; thus the stresses 
in the walls are much lower than are generally used in 
prestressed-concrete design. Experience has since 
shown, however, that thinner walls can be satisfactorily 
concreted, and thus higher stresses may be used. The 
walls are prestressed horizontally and vertically so 
that, under all conditions of loading, not only can no 
tensile stresses occur in the concrete, but there always 
remains a compressive stress at all points. The vertical 
cables were prestressed first, thus ensuring that the 
tensile stresses due to the temporary vertical moments 
caused by the horizontal stressing operation were 
counteracted by the vertical prestressing, and no 
horizontal cracking could occur. The horizontal cables 
are composed of groups of four high-tensile wires 
0-200 in. in diameter for the upper cables, and 0-276 in. 
in diameter for those near the hottom of the walls. 
The ultimate tensile strength is 95 to 100 tons per 
square inch. The wires lie in a layer, one wire thick, 
against the external concrete surface; they are sup- 
ported in position prior to tensioning by a series of 
1 in. by 16-s.w.g. mild-steel vertical strips, with notches 
cut in them to ensure the correct spacing of the cables 
throughout the height of the wall. When the hori- 
zontal cables had been tensioned a light steel reinforcing 
mesh was fixed to them, and a one-inch coat of mortar 
was applied pneumatically over the whole outer surface 
of the walls as a protective covering. 

The vertical prestressing was carried out with 
ordinary Magnel-Blaton cables, which were located at 
mid-thickness of the walls. For the storage and sand- 
trap tanks these cables were composed of sixteen 
0-200-in. wires; for the reaction tanks 8-wire cables 
were used. The cables were placed in position prior to 
concreting and the lower anchorage was then cast in 
with the first lift of the wall. From 1 ft. 6 in. above 
the lower anchorage the cables are in ducts, made by a 
tubular former through which the cables passed. 
each lift of concrete had been completed the former 
was withdrawn and raised to the correct position for 
the succeeding lift ; thus the cables are in a continuous 
duct above a point 1 ft. 6 in. higher than the built-in 
anchorage. At the bottom of the duct a communicat- 
ing hole was cored through the outer surface of the 
wall. After the cables had been tensioned, colloidal 
grout was pumped into this hole to fill the space 
surrounding the wires, the pump being powerful enough 
to force the grout the full height of the tank wall 
until it enveloped the sandwich-plate cable anchorage 
at the top (Fig. 1, on page 236) and spilled over, thus 
ensuring complete filling of the duct and sealing of the 
cable. All the tanks were designed with a sliding joint 
between the walls and base, formed by constructing a 
groove in the base and then casting the wall in it. 

Because of the number of large pipes which pass into 
the storage tanks at floor level, it was decided to design 
the base and bottom 6-ft. height of the wall, together 
with the low-level launder which surrounds these tanks 
to collect overflow, in normal reinforced concrete. The 
floor was also designed in normal reinforced concrete ; 
it comprises a 5-in. reinforced slab laid on a 3-in. screed 
course. The whole of the floor and internal surface 
of the 6-ft. high reinforced-concrete stub wall was 
finished with a }-in. layer of asphalt, laid in three 
courses. At the top of the stub wall, a 4-in. deep 
groove was formed, in which the prestressed-concrete 
shell rests. The lower surface of the groove was steel- 
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Fic. 1. Top ANCHORAGE OF VERTICAL CABLES. 
trowel finished and then coated with hot bitumen to 
form the sliding joint surface. The space between the 

restressed shell, a cross-section of which is shown in 

igs. 3 and 4, and the sides of the groove in which it is 
formed, is sealed with a rubber-impregnated bitumen. 
The outer space was also filled to prevent it from 
becoming packed with blown sand, which would 
restrict the free movement of the shell. The inner 
surface of the prestressed concrete in all the tanks is 
without protective coating of any kind. The steel 
outlet flumes discharge at the level of the top of the 
tanks. The two storage tanks are interconnected by 
a levelling pipe. 

The sand-trap tank also has a reinforced-concrete 
floor, in the centre of which there is a drain for scouring 
off the accumulated sand. Round the periphery of 
the floor there is a groove for the prestressed shell, 
as in the storage tanks, and near the foot is a 2 ft. 6 in. 
manhole (Fig. 7, page 240). The vertical prestressing 
cables pass on either side of this opening. The hori- 
zontal prestressing force is carried across the opening 
by a steel frame to which the horizontal cables are 
anchored. The frame encircles the manhole and 
was placed after concreting had been completed. 
Four 18-in. inlet pipes enter the tank at about mid- 
height through holes in the tank wall. Here, also, 
a steel frame, embracing all four pipes, transfers the 
horizontal prestressing force, and the vertical cables 
are spaced so that they pass between or outside the 
holes. On the top rim of the tank there is an annular 
trough-shaped launder, as shown in Fig. 3. The 
inner wall forms the circular weir over which the 
water discharges from the sand trap. The launder is 
designed as a reinforced-concrete collar and is simply 
supported on the tank wall, with a copper water bar 
through the bearing surface. The reaction tanks 
also have a reinforced-concrete floor with a groove 
for the shell. Several pipes pass through the walls, 
the same method of transferring the forces across the 
opening being employed. In addition, each has a 
structural-steel bridge supported on the top of the wall. 

The lower anchorage for the vertical cables comprises 
a short mild-steel bar, to which are welded several }-in. 
mild-steel links. Each high-tensile wire in the cable 
passes from the top anchorage, around this bottom 
anchor bar and back to the top. The upper anchorage 
comprises the standard sandwich plates and distribution 
plate, as shown in Fig. 1, and tensioning of the cables 
was carried out by the normal Magnel-Blaton jacking 
equipment, as shown in Fig. 6, on page 240. The cables 
have only one grille or spacer near each end to locate 
the wires. The 0-200-in. wires are of 100 to 110 tons 
per square inch ultimate tensile strength and they were 
tensioned to 140,000 lb. per square inch. Magnel- 
Blaton sandwich plates are machined steel blocks with 
trapezoidal grooves cut in them; a wedge in each 
groove anchors two wires. 

The anchorages for the horizontal cables are the 
opposed-type sandwich plates which have their four 
grooves arranged so that when the eight ends of the 
wires are secured the plate is in equilibrium and lies 
flat against the tank surface. Tensioning was carried 
out by the Magnel-Blaton tank jack, which straddles 
the sandwich plate and simultaneously pulls two wires 
from each direction around the tank, as shown in 
Fig. 2, herewith. When the calculated extension had 
been induced in the wires the were secured 


in the grooves of the sandwich plate. Since the wires 
touch the surface of the concrete all round the tank 
there was some loss of force while they were being 
tensioned, due to the friction between them and the 
concrete. This friction causes the stress in each wire 
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to vary from a maximum adjacent to the tensioning 
point to a minimum at the point farthest away from it. 
The variation in stress, which does not follow a linear 
function, was allowed for in the design. It can be 
controlled to any desired degree by tensioning each pair 
of wires simultaneously at several points round the 
circumference of the tank. At each tensioning point 
there isan anchorage. The number of tensioning points 
in the full circle to give the most economical result 
therefore depends upon the relative costs of labour, 
high-tensile wire and anchorages. In the present 
tanks it was a requirement that there should be only 
one layer of horizontal prestressing wires at any point 
on the tank. This was easily fulfilled in the most 
highly-stressed position near the bottom of the storage 
tanks by tensioning and anchoring the 0-276-in. wire 
cables simultaneously at four points 90 deg. apart. 
Only near the bottom of the large tanks was four-point 
tensioning employed ; in all other cases the wires were 
tensioned at two points 180 deg. apart. The anchorages 
of adjacent cables are spaced at intervals around the 
circumference to provide a uniform effective prestress. 
Construction followed the usual practice for water- 
retaining structures as far as the concrete work was 
concerned. The mix specified was a nominal | : 1}: 3 
with a water-cement ratio of 0-45. Shutter vibrators 
were employed to compact the concrete in the pre- 
stressed walls and launders, immersion vibrators being 
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used for the reinforced-concrete stub walls and bases. 
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Normal Portland cement was used, and throughout 
the contract the average 28-day test-cube strength was 
approximately 6,500 lb. per square inch. ‘The floors 
and the stub walls of the storage tanks were conereted 
on the alternate-bay method to reduce shrinkage effects. 
The prestressed shells were cast in lifts of 4 ft., each 
lift being cast full-circle in a continuous operation at 
completed before the succeeding lift was commenced. 
The horizontal construction joints between adjacent 
lifts were not provided with water-bars. The joints 
were made by striking off the scum and laitance from 
the concrete a few hours after casting by means of 4 
powerful water spray. The surface was then kept damp 
until just prior to placing the concrete of the next lift, 
when a layer of mortar was spread on it and tam 
During the prestressing operation three dial gauges 
were mounted on the tanks between the foot of the 
shell and the base. Readings showed quite reasonable 
correspondence with the calculated elastic contraction 
under prestressing. Readings taken when the 
were being emptied and filled showed that the pre 
stressed shell moved freely in the joint. ‘ 

The contractors were Costain-John Brown, Limited; 
the prestressing equipment was provided by 9 
Concrete Design, Limited, Lynton House, 54, South 
Side, Clapham Common, London, S.W.4; and the 
agents for the Ministry of Supply were the British 
Periclase Company, whose chief development engineet 
is Mr. P. J. Metcalf. 
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LOCOMOTIVE FOR VICTORIAN GOVERNMENT RAILWAYS. 


NORTH BRITISH LOCOMOTIVE COMPANY, LIMITED, GLASGOW. 
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4-6-4 LOCOMOTIVES FOR 
VICTORIAN GOVERNMENT 
RAILWAYS. 


The North British Locomotive Company, Limited, 
110, Flemington-street, Glasgow, N., have under con- 
struction for the Victorian Government Railways, 
Australia, 70 4-6-4 locomotives of a new ‘‘R”’ class. 
The engines are being built to suit the 5 ft. 3 in. gauge, 
but are suitable for conversion at a later date to 
4 ft. 8} in. gauge ; the main frames will then remain 
unchanged, as distance pieces have been provided at 
the cylinder seatings to the frames, between the central 
connections of the cylinders, slidebar bracket and the 
trunnion and reversing-shaft brackets. The design 
includes a combustion chamber and thermic syphons, 
a mechanical stoker, roller-bearing axleboxes and 
Scoa-P wheel centres. The boiler pressure is 210 Ib. 
per square inch ; the cylinders are 21} in. in diameter, 
28 in. stroke ; the coupled wheels are 6 ft. 03} in. in 
diameter; the tractive effort at 85 per cent. boiler 
pressure, and assuming a wheel diameter of 6 ft., is 
32,080 Ib.; and, as the adhesive weight is 58-5 tons, 
the adhesive factor is 4-04. Fig. 1, herewith, shows a 
general view of one of the locomotives and tenders, 
and Fig. 2 gives some of the principal dimensions and 
weights. The locomotives are to the design and 
requirements of Mr. A.C. Ahlston, chief mechanical 
engineer, and inspection is being carried out at the 
builders’ works by Messrs. A. E. Turner and John 
Coates and Company, Limited, Victoria House, Mel- 
bourne-place, London, W.C.2. 

The boiler barrel, with external diameters at front 
and rear of 5 ft. 7} in. and 6 ft., respectively, consists of 
three Tings with the middle ring tapered. There are 
30 superhcater flue tubes of 5} in. outside diameter and 
155 small tubes of 2 in. outside diameter. The heating 
surfaces are : tubes, 1,958 sq. ft.; firebox, including 
8yphons, 285 sq. ft.; total evaporative, 2,243 sq. ft. ; 
Superheater, 462 sq, ft.; and total evaporative and 
ce nine, 2,705 sq. ft. The grate area is 42 sq. ft. 
the firebox is of the Belpaire type and has a steel 
~d box of all-welded construction, with a long com- 

ustion chamber and two thermic syphons which sup- 
port the brick arch. Roof stays are of Longstrand 
steel, with flexible stays fitted in the breaking zones 
ae round the combustion chamber. 

. he Souler is supported at the front of the firebox 
oe sapenaion shoes attached to the foundation ring 
caring on slides fixed to the front end of the 
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located at the front of each of the coupled wheels to 
reduce bending stresses in the frames. A breathing 
plate is fitted between the foundation ring and the 
hind end of the cradle casting. The smokebox is 
equipped with a self-cleaning spark arrester and the 
smokebox floor is cemented with a mixture of cement, 
coke and sand. Smoke-deflection wing plates are 
fitted on each side of the smokebox. The regulator 
valve is of the balanced type and is fitted with a pilot 
valve. Two tangential steam driers are provided 
in the dome and steam is supplied through a 7-in. 
steam pipe to a 30-element Melesco superheater. 
The Standard Stoker Company’s type MB 1 stoker unit 
is fitted to each locomotive ; it delivers coal under the 
firebox to the firing table in the centre rear of the box. 
A hand-operated Waugh-type firegrate is arranged for 
rocking and dumping in two sections, with fixed sections 
on each side of the firing table. Sliding doors are 
fitted to each ashpan hopper and are operated by means 
of an air cylinder. An air-operated Franklin firedoor 
is fitted to the firebox. Asbestos mattresses are applied 
to the boiler barrel and throat plate, but the firebox 
is lagged by asbestos sprayed on the inner surface of 
the clothing. General steam fittings include two 
Nathan non-lifting injectors; two Coale safety valves 
(one muffled and one plain); and two blow-off cocks of 
the Railways Department’s standard pattern, with 
separators fitted at the front of the firebox sides. 
The main frames are of the bar type, cut from rolled 
slab and finished to a thickness of 5 in. A cast-steel 
headstock incorporating the buffer beam and dragbox 
is fitted at the front end, and the back end of the frame 
consists of a one-piece cradle steel casting attached 
to the main frames at the rear of the coupled wheels. 
The frame horn shoes and wedges are of phosphor 
bronze and the horn clips are of cast steel. S.K.F. 
self-aligning roller-bearing axleboxes are fitted to all 
coupled axles and are grease-lubricated. The coupled- 
wheel laminated springs are overhung and compensation 
is arranged between the driving and trailing coupled 
wheels. Side buffers are fitted at the front of the 
engine and the rear of the tender, and distance pieces 
are provided under the buffers to maintain the proper 
relation between buffers and couplers during the 
transition period. An automatic Alliance coupler is 
fitted into a pocket casting on the front engine head- 
stock and a “transition” screw coupling is also 
provided. The cast-steel wheel centres are of the 
“ Scoa-P ” type (described in our issue of June 29, on 
page 803), and the revolving masses only are balanced. 
The cylinders, incorporating the smokebox saddle base, 


—_ .. i. a $3 
= s ee = | 
4 


Coal, 6 Tons i 
H 


+--- 
' 
' 

¥ 











aiieaiaataaiaataat fi... --- 26.11%. Inside----5 
! Fa Mg 
pasccesedt, Water, 9000 Gallons & 
i$ — — beh i 
t catamall’ f i ee 7 
| | 
3.2% Dia. | 3.2% Dia. | ] | 
2 oe a 6.3" ~ te --- 8.10" --->e-- 6.3"-- SF le 404 
cn ma + emma 
38°4 41-4 
“ENGINEERING” 


are of cast steel and are fitted with renewable cast-iron 
liners in the steam-chest and cylinder barrels. 

Walschaerts valve gear actuates 11 in. diameter 
piston valves, which have a maximum travel of 6} in. 
and a cut-off of 75 per cent. in full forward gear. The 
connecting rods and coupling rods are forged from 
manganese-molybdenum steel and are of fluted section. 
Adjustable brasses are fitted to the connecting rods, 
and the coupling-rod bushes are solid, lined with 
whitemetal. The piston consists of a 3} per cent. 
nickel-steel forged centre with a cast-iron bull ring 
riveted to the centre and fitted with two cast-iron 
piston rings. Lubrication of valves and _ pistons 
is by means of a Nathan six-feed mechanical lubricator. 
Oil feeds are taken to the steam pipes and to the top 
and bottom of the cylinders; they are controlled by 
terminal check valves, and atomisers are provided for 
the feeds to the steam pipes and the tops of the cylin- 
ders. Lubrication of the engine bogie centre, trailing- 
truck pivot and coupled-wheel axlebox horn faces is 
by another Nathan six-feed lubricator. 

The leading bogie frame consists of steel bars with a 
cast-steel transom and cast-steel end bars cast integral 
with the outer horn cheeks. The inner cast-steel horns 
are joined together transversely by steel frame stays. 
The horns are fitted with hardened-steel liners and are 
tied by forged horn stays. Spring beams carrying the 
laminated bearing springs rest on top of the axleboxes 
and the bogie load is transmitted to the springs through 
spring seats attached to the underside of the side frame 
bars. §8.K.F. roller-bearing axleboxes are fitted. 
The centring device consists of heart-shaped rockers 
having an initial and constant resistance of 33} per 
cent. The trailing bogie is of the four-wheeled delta 
type, with an all-welded frame. 8.K.F. roller-bearing 
axleboxes are fitted. The centring device consists of 
heart-shaped rockers having a constant resistance of 
20 per cent. Westinghouse brake gear is provided, 
the tender being fitted with automatic hydrostatically- 
controlled variable-load brake equipment. 

The tender, with double four-wheeled bogies, has 
capacities of 9,000 gallons of water and 6 tons of coal. 
The bogie frames and transoms are of mild-steel plate, 
flanged and welded into box section, and the end bars 
are of mild-steel plate, flanged and welded into position. 
Hardened steel liners are provided at the horns and the 
horn stays are steel castings. Laminated bearing 
springs with equalising beams are fitted above each 
axlebox and housed within the side frames. The cast- 
steel bolster is suspended from the transoms by means 
of swing-links and trunnions. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE LaTE Sir James M. Rircuie, C.B.E.—Sir James 
Martin Ritchie died in Glasgow on August 16, aged 77. 
Sir James was managing director of Andrew Ritchie and 
Son, Ltd., paper-box manufacturers, Bridgeton, Glasgow, 
and, on the merging of their interests with the Eburite 
Corrugated Containers Oo., Ltd., London, in 1944, 
became chairman of the reconstituted board of directors. 
He was created a O.B.E. in 1926 and knighted in 1939. 

SCOTTISH SHIPBUILDING AcTiviry.—Five vessels— 
four tankers and one ore carrier—to be launched from 
Clyde shipyards during the second half of this month 
will add nearly 60,000 tons gross to the launching figures 
of the river. This will bring the total for the first eight 
months of the present year well above that of 1950. 
Speaking at Dundee on August 16, Mr. Edgar P. Brown, 
chairman of the Caledon Shipbuilding and Engineering 
Co., Ltd., said that there was no lack of new orders; 
the main anxiety was whether sufficient steel would be 
forthcoming for them to be executed promptly. 

DEEP PILE-DRIVING AT GRANGEMOUTH.—On., the site 
of the new factory that is being constructed at Grange- 
mouth for Forth Chemicals, Ltd., a steel foundation pile 
was driven on August 14 to a depth of 161 ft. 6 in. before 

the solid subsoil was reached. Since work began in 
April, over 200 piles have been driven to an average 
depth of 120 ft. Itis stated, algo, that Forth Chemicals, 
Ltd., have applied to the Grangemouth town council for 
a daily supply of 2,000,000 gallons of water for process 
work. This rep ts an i of 25 per cent, over 
the quantity now supplied to local industries. 








THE MECHANICAL ENGINEERING RESEARCH STATION. 
—Two buildings of the Mechanical Engineering Research 
Station at Birniehill, East Kilbride, have been com- 
pleted, and the third is well advanced. Plans for the 
construction of a fourth building are now being considered 
and the site is being prepared. 

CARGO STEAMER SERVICES ON FIRTH OF OCLYDE.— 
Plans for the resumption of a cargo steamer service 
linking Campbeltown with Arran, the Clyde ports 
and Stranraer are under consideration, All freight to 
and from Kintyre at present has to go by road. Provost 
R. Wallace Greenlees, of Campbeltewn, said on August 10 
that for some time he had been trying to attract industry 
to the area, but had repeatedly met the objections that 
no steamer service was available and that freight costs 
were high. 

PRIORY COLLIERY, BLANTYRE.—The National Coal 
Board and the National Union of Mineworkers, in agree- 
ment with an opinion expressed by H.M. Divisional 
Inspector of Mines, have decided that Priory Colliery, 
Blantyre, will be made a new central pumping station 
serving the other collieries in the Clyde Valley sub-area. 
The colliery was closed on April 10, following an inflow 
of water, 

SUBMARINE TELEPHONE CABLE IN KILBRENNAN 
SounD.—The submarine cable ship, Iris, has been 
commissioned to lay a telephone cable nine miles long in 
Kilbrennan Sound from Ardnacross, north of Campbel- 
town, to Blackwaterfoot, Arran. The new cable will 
provide an alternative route in case of need and in the 
event of faults occurring in any of the other lines to 
Glasgow. 





Joy-SULLIVAN, Ltp.—In our issue of August 10, on 
page 175, ante, reference was made to the removal of 
Messrs. Joy-Sullivan, Ltd., to a new factory at Cappielow, 
Greenock, in terms which might be read as indicating a 
complete removal. Messrs. Joy-Sullivan inform us, 
however, that only part of their factory and offices has 
gone to Cappielow, and that the rest will remain at 
Battery Park. 

THE LATE Mr. HENRY RoBB.—The death ocourred in 
Edinburgh on August ‘7 of Mr. Henry Robb, M.I.N.A., 
founder and managing director of Henry Robb, Ltd., 
shipbuilders, of Leith. Mr. Robb, who was a native of 
Ayr, was 77 years of age. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


PRICE INCREASES IN IRON AND STEEL.—The long- 
expected substantial rise in fixed market values of 
iron and steel, announced last week, to cover heavy pro- 
duction costs occasioned by the big upward movement 
in prices of raw material, wages and transport charges, 
was no greater than had been anticipated for some time 
in North-East Coast commercial circles. As yet the 
increases have had little effect in the industrial areas 


between Tees and Tyne. Buyers are prepared to discuss 
the terms of new contracts but sellers have little tonnage 
to dispose of. Prices of North-East Coast products are 
still below those of Continental materials. 





CLOSURE OF SOUTH DURHAM MALLEABLE STEEL 
PLANT.—The Iron and Steel Corporation of Great 
Britain have closed down the malleable steel plant of 
the South Durham Steel and Iron Co., Ltd., at Stockton- 
on-Tees, on account of shortages of raw materials. 
Some 350 employees of the company are understood to 
have been paid off on August 10, but Mr. Benjamin 
Chetwynd Talbot, chairman and managing director, 
said that it would be the policy of the company to endea- 
vour to offer, to men whose services were dispensed 
with, alternative employment at their other works. 
Developments at their Cargo Fleet, Middlesbrough, and 
West Hartlepool works were well advanced. He hoped 
that those for whom alternative employment could not 
be provided would secure work at some of the engineering 
firms in the district or on the large enterprises near 
Stockton. 

COLLISION AT NEWCASTLE CENTRAL STATION.—A Col- 
lision occurred on the morning of August 17 between two 
electric trains, one entering and the other leaving the 
Central Station at Newoastle-on-Tyne. The driver of 
the incoming train and a woman passenger were killed, 
and another passenger subsequently died from injuries 
received. Forty-two other passengers were injured, 
eight of whom were detained in hospital. The electric 
line to South Shields was blocked for about six hours, 
but the line to the coast via Benton was not cleared 
untii the evening. 

MIDDLESBROUGH TRANSPORTER BRIDGE.—For the 
first time for many years, the transporter bridge over the 
River Tees at Middlesbrough, was out of action during 
the evening of August 12. A fire which occurred in the 
power house was quickly put out by the local fire brigade, 
but it was subsequently found that an electric motor 
had been rendered inoperative. A new motor was sub- 
stituted and the bridge resumed working after a delay of 
about two hours. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


FOUNDRY REORGANISATION IN SHEFFIELD.—Samuel 
Osborn & Co., Ltd., state that the output of their foundry 
has been doubled as a result of reorganisation and re- 
equipment undertakeu after visits to the United States 
by their managing director, Mr. Frank A. Martin, as a 
member of the team sent to America under the auspices 
of the Anglo-American Productivity Council, and, sub- 
sequently, in a private capacity. 





OPENCAST COAL ALLOCATION.—The scarcity of pit 
wal is making it necessary to increase the proportion of 
opencast coal in the domestic coal allocation. The 
view is held by Yorkshire coal merchants that the 
percentage may yet be as high as 25 per cent. In 
Sheffield, already about 16 per cent. is coming from 
opencast sites, compared with about 10 per cent. last 
winter. At Chesterfield, opencast coal comprises about 
37 per cent. of the allocation. 





GERMAN COMPETITION.—Sheffield cutlery manufac- 
turers are concerned about the growth of German 
competition, and it is stated that, unless protection is 
afforded to the industry, there may be acute unemploy- 
ment in the near future. Imports of German cutlery 
into the United Kingdom, in June, were three times 
greater than those for the whole of 1938. One advantage 
which German cutlery manufacturers enjoy is an ade- 
quate supply of nickel for cutlery components, whereas, 
in Sheffield, the shortage of nickel] makes its use virtually 
prohibitive. British imports of cutlery from Italy have 
also increased. 


THE MIDLANDS. 


THE EDGE-TOOL TRADE.—Shortages of certain types 
of steel are causing difficulties in the Midland edge-tool 
trade. The Wolverhampton firm of W. G. Birkinshaw & 
Co., Ltd., have closed their pick and mattock department 
temporarily, transferring the men normally employed 
there to other work. Similar action has been taken by 
John Perks & Sons, Ltd., of Wolverhampton, and there 
are other firms in Dudley, Birmingham and OJdbury 
who will be placed in the same position unless steel is 
forthcoming. In the meantime, valuable export orders, 
which account for a large proportion of the trade in picks 
and mattocks, cannot be executed. 





INDUSTRIAL StupDYy VISIT TO SWEDEN.—A visit to 
Sweden for representatives of Midland industrial con- 
cerns has been arranged by the Industrial Welfare 
Society. The party will travel to Stockholm on Septem- 
ber 2, and the programme includes visits to factories 
and to the Swedish Employers’ Federation conference 





and study establishment. Midland engineering firms 
sending representatives include Accles and Pollock, Ltd,, 


Oldbury, British Industrial Plastics, Ltd., Birmingham 
and Ernest N. Wright, Ltd.. Wolverhampton. 

NeEw Moror-Cark Facrory aT KENILWORTH.— Wilks, 
Mackie & Co., Ltd., of Dorridge, near Birmingham, are to 
build a factory at Kenilworth for the manufacture of the 
“Marauder” motor car. The Marauder car is a sports 
model, utilising an engine and certain other parts made 
by the Rover Co., Ltd. Several cars have been built 
experimentally, and the firm now have sufficient orders 
to enable them to go into production, and to keep them 
busy for some time. 

A SuRVEY oF DuDLEY.—A survey of the borough of 
Dudley, Worcestershire, which has just been published 
by the University of Liverpool Press under the title of 
*“ Aspects of a Town Development Plan,” is largely con- 
cerned with social matters, but the industrial section 
contains some conclusions of interest, not only to Dudley, 
but to the whole of the neighbouring Black Country, 
The survey points out that since Dudley, which deve- 
loped as a centre of heavy industry, has lost its coal 
and iron trades, the town has ceased to be an indus- 
trial centre, and that more than 40 per cent. of its 
population are employed outside its boundaries. The 
view expressed in the survey, that the future of the town 
will be to act as a dormitory for the surrounding industrial 
area, has aroused opposition. Mr. R. H. Gibbons, borough 
engineer and surveyor, has stated that, while it is no doubt 
true that there will be no revival of heavy industry, the 
Council’s plans are designed to attract lighter trades, 
particularly light engineering. Provision is being made 
to accommodate new factories in the parts of the town 
zoned for industry. 

ELECTRICITY PLANS FOR THE WINTER.—The question 
of how the electricity load requirem2nts are to be met 
in the coming winter is under discussion in the Midlands. 
There is clearly no likelihood that there will be sufficient 
power to meet all requirements, especially if the weather 
should be severe, and any measures introduced will have 
to take this fact into account. Firms which can generate 
their own power, or can provide alternative means of 
driving machinery, will be encouraged to do so. A sug- 
gestion that staggering of working hours should be 
re-introduced has already met with opposition from 
both sides of industry. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


COLLIERY CASUALTIES.—The report of Mr. T. A 
Rogers, H.M. Inspector of Mines for the South Western 
Division, issued last week, shows that 94 miners were 
killed in the pits in the Division in 1950, one more than 
in 1949. Of this number, 83 died in accidents under- 
ground. The number of accidents increased by two, 
from 412 in the previous year to 414. The Division, 
states the Inspector, was shown in 1949 to have a pit 
accident rate “‘ worse than the average.” More than 
half of the accidents, in the opinion of mine inspectors, 
could be avoided by following the rules and exercising 
ordinary care. On a man-power basis, one person was 
killed in the pits for every 1,082 employed and one in 250 
suffered serious injury. 





SALE OF CARBONISATION PLANT.—The low-temperature 
carbonisation plant opened 12 years ago at Heolycyw, 
six miles from Bridgend, Glamorgan, has been purchased 
by R. S. Hayes, Ltd., engineers and machinery merchants, 
Bridgend. The purchase has involved the entire 
freehold property occupying a site of about 50 acres and 
comprising extensive railway sidings, workshops and 
offices and a considerable quantity of ferrous metals. 
The low-temperature carbonisation plant itself is not 
part of the purchase, but is being transferred to the 
North of England. The plant was shut down several 
years ago on Government orders. 





SEVERN BRIDGE ProJEcT.—Sir Percy Thomas, 
consultant architect of the Severn Bridge project, said 
last week that surveys had been made and that the 
plans for the suspension towers had been passed by the 
Fine Arts Commission. All that remained now was for 
Treasury permission to go ahead, but that seemed a long 
way off. The proposed bridge will have the third 
longest span in the world. 

WATER SUPPLY AT TENBY.—Tenby Corporation hope 
to receive a Government grant towards the cost of their 
Precelly water scheme, which is estimated to cost more 
than 200,0001. Ratepayers have been appreli nstve 
that the scheme, undertaken on orders from the Ministry 
of Health, would be an additional burden on the town, 
where the rates—nearly 30s. in the £—were the highest 
on record. The town council have decided to press their 
case for a grant. 

UNEMPLOYMENT STATISTICS.—Wales remains a “ black 
spot ” for unemployment. In June, 20,484 operatives 
were registered as out of work, comprising 13,340 men, 





487 boys, 5,946 women and 711 girls. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INCORPORATED PLANT ENGINEERS.—London Branch: 
Tuesday, September 4, 7 p.m., Electric Light Manufac- 
turers’ Association, 2, Savoy-hill, Strand, W.C.2. 
“‘ Storekeeping,” by Mr. J. Barrett. Peterborough 
Branch: Thursday, September 6, 7.30 p.m., Eastern 
Gas Board’s Demonstration Theatre, Church-street, 
Peterborovgh. ‘‘ Cutting-Tool Dynamometry as an Aid 
to Machine-Too] Maintenance,” by Mr. J. Purcell. 





LAUNCHES AND TRIAL TRIPS. 


LIGHT VESSEL No. 11.—Built by Philip & Son, Ltd., 
Dartmouth, for the Corporation of Trinity House, Lon- 
don, E.C.2. Nineteenth light vessel built for the Cor- 
poration. Main dimensions: 130 ft. by 25 ft. by 15 ft.; 
gross tonnage, 350. The lantern contains six 500-watt 
lamps giving a beam visible for 10 to 12 miles in clear 
weather. Launch, August 15. 

S.S. ‘* DEPTFORD.”’—Single-screw collier, built by 
Ss. P. Austin & Son, Ltd., Sunderland, for the British 
Electricity Authority, London, W.1. Second vessel of a 
series of three. Main dimensions: 257 ft. by 39 ft. 6 in. 
by 18 ft. 6 in.; deadweight capacity, about 2,700 tons 
on a draught of 17 ft. 1 in. Direct-acting triple-expan- 
sion engine of reheat design, developing 800 i.h.p. at 
78 r.p.m., constructed and installed by George Clark 
(1938), Ltd., Sunderland, and one coal-burning forced- 
draught boiler. Service speed, 10% knots. Launch, 
August 16. 


M.S. “ Sunnaas.”—Single-screw oi] tanker, built by 
the Caledon Shipbuilding & Engineering Co., Ltd., 
Dundee, for Iver Bugge, Larvik, Norway. Main dimen- 
sions: 470 ft. between perpendiculars by 64 ft. by 
35 ft. 6 in.; deadweight capacity, 13,500 tons on a 
draught of 28 ft. 5in.; gross tonnage, 9,500. Vickers- 
Doxford four-cylinder opposed-piston Diesel engines, 
developing 4,400 b.h.p., constructed by Vickers-Arm- 
strongs Ltd., Barrow-in-Furness. Speed; 134 knots. 
Launch, August 16. 

S.S. “British TALENT.’’—Single-screw oil tanker, 
built and engined by R. and W. Hawthorn, Leslie & Co., 
Ltd., Hebburn-on-Tyne, County Durham, for the British 
Tanker Co., Ltd., London, E.C.2. Main dimensions : 
643 ft. overall by 81 ft. by 44 ft. 6 in. to upper deck ; 
deadweight capacity, about 28,100 tons. Steam tur- 
bines with double-reduction gearing, developing a 
maximum of 13,750 s.h.p. Launch, August 17. 

M.S. ‘‘ NORDVARD.”—Single-screw cargo vessel, built 
by Short Brothers, Ltd., Sunderland, for the Klosters 
Rederi A/S, Bygdgy, near Oslo, Norway. Main dimen- 
sions; 425 ft. between perpendiculars by 58 ft. 9 in. by 
37 ft. 9 in. to shelter deck ; deadweight capacity, about 
9,400 tons on a draught of 26 ft. 1 in. N.E.M.-Doxford 
four-cylinder opposed-piston oil engine, constructed and 
installed by the North Eastern Marine Engineering Co. 
(1938), Ltd., Wallsend-on-Tyne. Service speed, 13} 
knots, Launch, August 17. 

M.S. ‘‘ MARGARET.”—Single-screw tug, built by Coch- 
rane & Sons, Ltd., Selby, Yorkshire, for Charrington, 
Gardner, Locket (London), Ltd., London, E.C.3. Main 
dimensions: 70 ft. between perpendiculars by 18 ft. by 
8ft.6in.; gross tonnage, 66. Six-cylinder Diesel engine, 
developing 450 b.h.p. at 300 r.p.m., constructed by British 
Polar Engines, Ltd., Glasgow, and installed by Charles D. 
Holmes & Co., Ltd., Hull. Launch, August 18. 

M.S. “ JEAN-HELENE.”—Single-screw trawler, built 
and engined by Chantiers et Ateliers Augustin Normand, 
Le Havre, France, for the Armement Pannequin, 
Boulogne, France. Main dimensions: 105 ft. between 
perpendiculars by 23 ft. by 13 ft. 3in. ; fishroom capacity, 
4,450 cub. ft. M.A.N. six-cylinder four-stroke single- 
acting Diesel engine, developing 450 h.p. at 207 r.p.m. 
and a speed of 104 knots. Launch, August 18. 





EQUIPMENT FOR STUDENTS OF GaAS-TURBINE TECH- 
NOLOGY.—Since moving to Farnborough in 1950, the 
School of Gas Turbine Technology has been adding 
steadily to its range of instructional sectioned gas-turbine 
engines, and now claims to possess the best collection in 
the country. The present range of sectioned jet engines 
includes examples of the Power Jets W2 /700, Rolls-Royce 
Derwent I and III, de Havilland Goblin, Metro-Vick 
Beryl, and Junkers Jumo engines. Turbo-propeller 
tyDes on show include the Rolls-Royce Trent, Dart and 
Clyde engines, and the Bristol Theseus, Armstrong- 
aw Mamba, and Napier Naiad engines. In addition 
© the sectioned engines, two engines are kept for test 
Purposes at the Napier test beds in Acton, London. At 
a these are a W2/700 and a Naiad. They are 
a A oy students themselves to obtain performance 

- It is hoped to increase the range of gas-turbine 


engines in the near future. 


CONTRACTS. 


FERRANTI, LTp., Hollinwood, Lancashire, have re- 
ceived an order from the Aluminum Co. of Canada, Ltd., 
for power transformers totalling 400,000 kVA, to operate 
at 300,000 and 275,000 volts. These transformers are 
to be installed at the new hydro-electric stations at 
Kemano and Kitimat in British Columbia. 

CELLACTITE & BRITISH URALITE, LTD., Cellactite 
House, Whitehall-place, Gravesend, Kent, have received 
an order from the London Midland Region of British 
Railways for 36-in. diameter protected-metal extract 
roof ventilators for the machine shop and north and 
south erecting shops, at Crewe Locomotive Works. 

CRYPTON EQUIPMENT, Ltp., George-street, Bridg- 
water, Somerset, have received a large order from the 
Near East covering the supply of 12 Crypton B.100 motor 
analysers, 40 ‘‘ Portatest ’ portable electric test sets, 
12 multi-range electrical test sets, four heavy-duty 
electrical test benches and three new distributor 
analysers. 

MARCONI’s WIRELESS TELEGRAPH Co., LTp., Chelmsford, 
Essex, state that the television equipment ordered by 
the Municipality of Bogota, Colombia, briefly referred 
to on page 207, ante, will consist of a 5-kW vision trans- 
mitter, a 3-kW sound transmitter, a television studio 
including teleciné apparatus, and a specially-constructed 
vehicle which will contain all the equipment necessary 
for televising special functions such as public ceremonies, 
theatre plays and open-air events. 

THE BIRMINGHAM RAILWAY CARRIAGE & WAGON Co., 
Lrp., Smethwick, Birmingham, 40, are the main con- 
tractors for the construction of 14 Diesel-electric loco- 
motives of 955 b.b.p. for general service on the 3-ft. 6-in. 
gauge Central Australian Railway. They will build the 
mechanical portion and deliver the complete locomotives. 
We are informed, however, that technical responsibility 
is vested in Sulzer Bros. Ltd., and that the locomotives 
are to be known as the Sulzer type. The Diese] engines 
are to be supplied by SuLZER Bros. (LONDON) LTD., 
31, Bedford-square, London, W.C.1, and the complete 
electric transmission and contro] equipment is to be 
supplied by CROMPTON PARKINSON LTD., Chelmsford, 
Essex. 





BRITISH STANDARD 
SPECIFICATION. 


TxeE following publication of engineering interest 
has been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of the paragraph. 


Methods for the Sampling and Testing of Mineral 
Aggregates, Sands and Fillers—A complete revision of 
the 1943 edition of B.S. No. 812, which covers the 
sampling and testing of mineral aggregates, sands and 
fillers, has now been issued. The publication has been 
entirely re-arranged so as to allow all tests of a similar 
kind to be grouped under one heading. In the section 
dealing with particle-size analysis, methods of sieving 
are specified in greater detail than has hitherto been 
the case, separate requirements being given for coarse, 
fine and all-in aggregates and for fillers. A new 
section, comprising a glossary of rock and mineral 
names, terms of origin and textural terms, has been 
added. [Price 6s., postage included.] 





Ban ON USES OF NICKEL PosTPONED.—The Ministry 
of Supply and Board of Trade announce that, following 
representations by industries affected by the Nickel 
(Prohibited Uses) Orders, it has been decided that the 
date from which the nickel-plating of articles listed in the 
Second Schedules to the Orders will be prohibited, shall be 
October 1, 1951, instead of August 22,1951. It has also 
been decided that the disposal] of articles containing 
controlled material, or which are nickel-plated, shall be 
permitted without licence up to December 31, 1951. 
These changes are being made to allow manufacturers 
more time to turn over to alternative methods of produc- 
tion and to dispose of existing stocks. 





COURSES IN PHOTOELASTICITY.—A course of 15 lectures 
and demonstrations on the practical application of photo- 
elastic methods to the investigation of two-dimensional 
stress distributions will be held on Mondays, from 5 to 
6 p.m., commencing on October 8, in the \Faculty of 
Engineering, University College, London. A course of 
ten lectures and demonstrations on recent developments 
in the photoelastic investigation of three-dimensional 
stress problems will be held on Mondays from 5 to 6 p.m., 
commencing on February 18, 1952. The fee for the first 
course is 84 guineas, and for the second, 6 guineas. 
There are, moreover, a few vacancies for students desiring 
to do practical work in the photoelastic laboratories. 
The fee for one day a week, throughout the session, is 
10 guineas. Students wishing to attend the courses 
should communicate with the secretary, University 





College London, Gower-street, W.C.1. 


PERSONAL. 


PROFESSOR C. A. COULSON, Ph.D., M.A., D.Sc.» 
F.R.S.E., who has occupied the chair of theoretical 
physics in University of London, King’s College, Strand, 
W.C.2, since 1947, has been appointed Rouse Ball 
Professor of Mathematics in the University of Oxford, 
as from January 1, 1952. 


The Council of the Institution of Miningand Metallurgy, 
Salisbury House, Finsbury Circus, London, E.C.2, have 
unanimously elected Mr. VERNON HARBORD, A.R.S.M., 
F.R.1.C,, F.I.M., President of the Institution for the 
session 1952-53, in succession to Sm Lewis L. FERMOR, 
O.B.E., D.Sc. (Lond.), A.R.S.M., F.R.S. 


Dr. EDWIN GLAISTER, M.Sc. (Eng.) (Lond.), 
A.M.I.Mech.E., has been appointed to the University of 
London Readership in Mechanical Engineering, tenable 
at the Imperial College of Science and Technology, South 
Kensington, London, 8.W.7. He will enter upon his 
new duties on October 1. 


Mr. J. P. S. CLARKE has relinquished the chairmanships 
of Stephenson Olarke Ltd. and Associated Coal and 
Wharf Cos. Ltd., and his membership of the management 
committee of the Powell Duffryn board for reasons of 
health, but is remaining a director of these companies 
and of Powell Duffryn Ltd. Mr. E. W. GANDERTON is 
succeeding Mr. Clarke in the appointments he is vacating. 
Sm HENRY Wrison Smits, K.C.B., K.B.E., has been 
elected a director and vice-chairman of Stephenson 
Clarke Ltd., and has joined the board of Associated Coal 
and Wharf Cos. Ltd. POWELL DUFFRYN LTD. announce 
that as from August 21 their registered office is 19, Berke- 
ley-street, London, W.1. (Telephone : GROsvenor 3801). 
The previous registered office, at 40, Lime-street, London, 
E.C.3, remains the City office of the company and the 
transfer office continues at 17, Overton-road, Sutton, 
Surrey. 


REAR-ADMIRAL J. H. F. CROMBIE assumed the posts 
of Flag Officer Commanding in Scotland and Northern 
Ireland and Admiral Superintendent, Rosyth Dockyard, 
on August 14, in succession to VICE-ADMIRAL SIR ANGUS 
CUNNINGHAME GRAHAM, C.B.B. 


Mr. W. E. Lovertmper, M.I.N.A., M.I.Mar.E., is 
retiring on September 50 from his active capacity as 
engineering director at the Hartlepool works of Richard- 
sons, Westgarth & Co., Ltd., but retains his seat on the 
board. Mr. Loveridge has been appointed a director of 
London and Overseas Freighters, Ltd., and will act as 
consultant and adviser on technical matters. 


Mr. I. C. GREEN, who has been manager of the Finnie- 
ston Diesel-Engine Works, Glasgow, of Messrs. Harland 
and Wolff, Ltd., for many years, has retired for reasons of 
health, and Mr. ERNEST F. SoucHoTTE has been trans- 
ferred from the company’s Belfast Works to take charge 
of the Finnieston Works. Mr. W. OC. CRAWFORD has 
retired from the managership of the firm’s Scotstoun 
Works, Glasgow, also for health reasons, and has been 
succeeded by Mr. FREDERICK H. DUNCAN, who has been 
assistant manager for a number of years. 


The London Transport Executive, 55, Broadway, 
S.W.1, announce that Mr. A. C. Epricu, A.M.LO.E., 
who has been senior assistant to the permanent-way 
engineer (railways) since 1944 has now been appointed 
permanent-way engineer (railways) and will report to 
the assistant civil engineer (permanent way). Mr. A. R. 
Purves, B.Sc. (Eng.), A.M.I.Mech.E., A.M.Inst.Pet., 
who has been assistant works engineer (Charlton) since 
1945, has been appointed an officer of the Executive 
with the title of engineering superintendent (road 
services). Mr. T. C. Batt, A.M.I.Mech.E., M.Inst.F., 
F.G.S., who became assistant plant engineer in the early 
part of the present year, has been appointed plant engi- 
neer (omnibuses and coaches) and will report to the works 
manager (omnibuses and coaches). 


Mr. H. Srreets, formerly chief technical engineer,to 
Richard Sutcliffe, Ltd., Universal Works, Horbury, 
Wakefield, Yorkshire, has been made technical director. 


Mr. N. I. BonD-WILLIAMS, B.Sc., has been nominated 
to fill a vacancy for an ordinary member of Council of the 
Institute of Metals caused by the death of Mr. Harry 
Davies, F.1.M. 


~~ 
Mr. W. C. JoHNnson, A.M.I.C.E., M.L.W.E., is now 
waterengineer to the City of Winchester ; he was formerly 
water engineer for Douglas, Isle of Man. 


Mr. PETER WRIGHTSON, O.B.E., deputy managing 
director of Head, Wrightson & Co., Ltd., Thornaby-on- 
Tees, has been elected to a seat on the north-eastern 
district board of Martins Bank, Ltd. 


Mr. P. G. LIVERSIDGE, secretary of Spear and Jackson 
Ltd., Savile-street East, Sheffield, 4, has retired after 
50 years of service with the firm. He became secretary 
in 1935. 


STRAIN AND ROBERTSON, consulting engineers, 154+ 
West George-street, Glasgow, C.2, announce that their 





telephone number has been changed to DOUglas 8941-2. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
gmilar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed | N: 


to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING ” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 
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THE NEGLECT OF SCIENCE. 


Dvurtnc the last ten years of the Napoleonic wars 
the expenditure of Great Britain averaged 841. mil- 
lions per year ; in 1814, it was 106. millions and at 
the end of the wars the country was carrying a debt 
three times the size of the national income, The 
fact that this situation was successfully faced and 
dealt with was mainly due to the great industrial 
expansion fostered by, and, indeed, based on, the 
mechanical developments and applications of steam 
power made possible by the genius of a chain of 
inventors and workers whose names are honoured 
in the history of engineering and mechanical 
science. Lecky, the historian, wrote that “ England 
might well place the statues of Watt and Arkwright 
by the side of Wellington and Nelson.” 

On a more formidable scale, Great Britain is 
faced, in 1951, by a situation of the same type as that 
ruling in 1815. Although the sums concerned are 
vastly greater, it is not the financial aspect which 
presents the greatest difficulty. The relation 
between the national debt and the national income 
is probably not greatly different from that of 1815, 
but the lead in manufacturing ability which carried 
the country through the earlier crisis is no longer 
held. Much has been said and written about the 
undesirable social conditions induced by the indus- 
trial revolution, but, at least people did work hard 
in those days ; there was undoubtedly much suffer- 
ing and an unfair distribution of the profits from 
labour, but the cardinal fact is that the nation’s 
difficulties were surmounted and an era of pros- 
perity inaugurated. The social conscience of to-day 
would not permit a return to the conditions of a 
century or more ago, but at least it would appear 
desirable, and even necessary, that an effort should 
be made to recapture something of the devotion to 
work which characterised those earlier days. 

This desideratum, it is to be feared, is contrary 
to the spirit of the welfare state, but in the long 








run, and possibly not a very long run either, it 
may be found that the amenities which are now 
being enjoyed cannot be sustained in any other 
way. Britain now holds no lead in manufac- 


29 | turing ability and is dependent on overseas trade, 


not only for the maintenance of the present standard 
of living but for very existence. There is no lack of 
demand for British products, mainly due to world 
shortages caused by the war and the disruption of 
the industries of many Continental countries, but 
these temporary conditions will pass. There appear 
to be two ways in which tho foundations of a more 
enduring prosperity could be laid. The first is a 
frank acceptance by organised labour of the possi- 
bilities of modern labour-saving appliances and a 
willingness to use, them to the full; this is the basis 


243 | of American industrial leadership. The second is 


proper utilisation of the scientific ability, which 
has never been lacking in this country, by ensuring 
that the advances made possible by investigations 
in laboratories and research departments are fully 
applied. To ensure a prosperous Britain both 
methods are ; 

The Duke of Edinburgh, in his Presidential 
address to the British Association, quoted Sir 
Henry Tizard to the effect that the weakness of this 
country was not in fundamental research, but in 
its applications in practice. In a recent book,* 
Professor F. E. Simon makes the same point. He 
gives two reasons for the present state of affairs ; the 
first is that ‘‘ British industrial firms have in the 
last fifty years largely changed into financial under- 
takings, being run by financiers and accountants ” ; 
the second is that this country is gravely lacking in 
institutions providing higher technological educa- 
tion. In connection with the first reason he points 
out that technical and scientific experts are seldom 
placed in positions of full authority in British 
industry or the British Civil Service. They are 
available for consultation by non-scientific boards 
and directors, but are not themselves appointed to 
positions in which they can control policy. This 
matter has been discussed on a number of occasions 
in these columns in the past. The most hopeful 
thing to be said about it at the moment is that 
there are evidences of a change of heart and that 
the appointment of technical directors is now 
common, although it is to be feared that in many 
cases they may be out-voted by the non-technical. 

It is generally admitted that in pure science this 
country need fear comparison with no other, but 
the point has frequently been made that the results 
of scientific work have not been applied in practice 
to the extent they might have been. Professor 
Simon quotes the well-known case of aniline dyes 
and states that “‘ More recently the production of 
penicillin has also been allowed to slip out of our 
hands.” He admits that the attitude of industry 
towards science and scientific research has improved 
somewhat as a result of lessons learned during the 
war, but contends that matters are still far from 
satisfactory. Although the many research depart- 
ments and associations are having important influ- 
ences on the general attitude of industry towards 
research it is probable that, for many years, indus- 
trial firms will continue to be largely controlled by 
“financiers and accountants.” It would not be 
possible, or, perhaps, desirable, to turn these 
people into scientific men, but it would be of 
great value if in some way they could be instructed 
in the scientific point of view. Professor Simon 
quotes a scientific member of the House of Lords 
as saying “I am sure if the ordinary scientist 
knew as little about history and literature as the 
ordinary arts man knows about science, he would 
be certified and locked up within a fortnight.” 

An incident bearing on the same point was given 
by the remark of a world-famous historian to the 





* The Neglect of Science. Essays addressed to Laymen. 
By F. E. Simon, C.B.E., F.R.S. Basil Blackwood, 49, 
Broad-street, Oxford. [Price 8s. 6d. net.] 
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effect that his knowledge of the fact that water 
expanded when it froze, so that ice floated, greatly 
impressed his own academic circle ; it was concluded 
that he had added scientific to his historical attain- 
ments. Professor Simon does not suggest any 
method by which some rudimentary notion of 
scientific method can be given to tbe laity, though 
his own book is a useful contribution. It is a 
reprint of a series of articles in The Financial Times, 
which were probably read by many non-scientific 
people. The suggestion has been made, though 
he does not mention it, that a useful idea of the 
broad principles of science might be given to arts 
undergraduates by requiring them to study the 
elements of some scientific subject during their first 
two years. It has, of course, always been the 
purpose of the British Association to spread a 
knowledge of science more widely, and it is stated 
that 4,000 people attended the Edinburgh meeting ; 
unfortunately, they were probably mostly the 
converted. The relative appeal of science to the 
general public, as compared with some other matters, 
is illustrated by the fact that 250,000 people are 
expected to attend the Festival of Music and Drama. 

The ill effect of the ignorance of scientific matters 
of many non-technical boards of directors has 
possibly been somewhat overstated by Professor 
Simon ; research departments are now a common 
feature of British industry. The second reason 
which he gives for backwardness in the commercial 
application of scientific advances probably has more 
substance. The advertisement columns of this 
journal and others furnish evidence of the demand 
for scientifically-trained engineers, and the reports 
of research asociations frequently refer to the 
difficulty met in recruiting technical staff. Pro- 
fessor Simon’s explanation of this state of affairs 
is that there are not enough educational institutions. 
Various committees have reported on this matter, 
but he considers that their recommendations fall 
far short of the requirements. He states that “‘ the 
latest lukewarm report of the Advisory Council on 
Scientific Policy is very disturbing . . . the setting 
up of one or more new Institutes of Technology is 
obviously regarded as too big an undertaking.” 

The type of foundation to which Professor Simon 
refers is represented by the Zurich Technische 
Hochschule, the Institute of Technology at Delft, 
and various institutions in America, such as that 
at Massachusetts. He thinks that the nearest 
approach to an institute of this kind in the United 
Kingdom is the Imperial College in London. The 
Zurich Hochschule has nearly 100 full-time profes- 
sors, about the same number of associate and 
assistant professors and 150 assistants for an 
undergraduate body of roughly 2,000. The position 
of this country is ‘“‘ now similar in many ways to that 
of Switzerland ” and in view of the relative popula- 
tions “this country ought to possess ten ‘ Zurich’ 
institutes.” Professor Simon is quite satisfied with 
British universities and their scientific departments ; 
what he is calling for is more technological education. 
In pure science, we are behind no one, but for its 
application we are short of trained men. Illustrations 
of the value of a plentiful supply of scientifically- 
trained technologists were furnished by the remark- 
ably quick development of methods for the manufac- 
ture of the atomic bomb, and the large-scale produc- 
tion of penicillin, in America. Another point 
put forward is that scientific workers are not paid 
adequate salaries in this country; there has been 
an improvement recently in the universities, but it 
is stated that research workers are still underpaid. 
It may be contended that Professor Simon’s aims are 
impossible of attainment owing to the financial 
issues involved, but this is entirely a matter of a 
sense of proportion, The question is whether enor- 
mous State expenditure on social services and 
Government offices is a better insurance for the 
future than the proper cultivation of the scientific 
ability latent in the country. 


ELECTRICITY SUPPLY 
SOUTH AFRICA. 


In the latest report* of the Electricity Supply 
Commission of South Africa it is stated that “ the 
problem of power shortage is world-wide. Besides 
the war losses, the world went short of normal 
replacements during the years when every major 
country’s energies and resources were concentrated 
on the manufacture of arms. At the war’s end, time 
was needed for reconversion from war to peace 
production, and now production is retarded by a 
‘partial reversal of this process, caused by the 
rearmament of the great Powers and the consequent 
shortage, for industrial purposes, of plant, labour 
and materials.’ The universal shortage of power 
has a cumulative effect: for instance, power cuts 
in the United Kingdom affect the manufacture of 
plant for South Africa.” It is clear that the present 
international situation is having an unfavourable 
effect on non-military activity, though, as far as the 
United Kingdom is concerned, it does not appear 
that the arms programme is responsible for the 
power shortage which is affecting industry and the 
public generally. Shortage of generating plant has 
been an acute problem ever since the termination of 
hostilities. 

The statement in the report that “the problem 
of power shortage is world-wide ” suggests that this 
country is not the only one in which influences 
other than military preparations are responsible for 
delays in the provision of adequate power services. 
How far these influences may operate in South 
Africa it is not necessary to consider bere, but, as 
that country is dependent on Britain for a major 
part of its power plant, conditions here are at 
least partly responsible for the situation there. 
In January, 1943, Mr. Churchill, then Prime 
Minister, circulated a note to the Cabinet on the 
subject of promises about post-war conditions. 
He stated that a dangerous optimism was growing 
up about the conditions it would be possible to 
establish after the war and wondered “ whether 
we are not committing our forty-five million people 
to tasks beyond their compass, and laying on them 
burdens beyond their capacity to bear.”+ Subse- 
quent events have justified Mr. Churchill’s fears, 
and the “dangerous optimism ”’ which has led to 
attempts to introduce all the amenities which were 
so glibly promised by politicians has created a 
situation in which doubts must arise about how 
long the country will be able to afford some of those 
that it has actually achieved. 

Apart from these doubts, the “dangerous 
optimism ” has led to a slackening of effort at a 
time when it should have been intensified. Reduc- 
tion in the hours of work, and the payment of wages 
at levels having little relation to the value of the 
services rendered—in short, a policy of more money 
for less work—have created conditions with which 
the people of this country are only too familiar. 
It has no doubt had effect in a number of other 
countries, but referring only to South Africa, 
with which this article is primarily concerned, it is 
partly responsible for the fact that new connec- 
tions in the Rand undertaking of the Electricity 
Supply Commission may be refused until more plant 
becomes available, and that restrictions in supply 
which have operated in connection with the gold 
mines since 1949 have been extended this year 
to all classes of consumer. 

An aspect of the situation created by present 
policy is illustrated by the fact that the 424,000 kW 
of plant installed in the Klip power station of the 
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* Twenty-EKighth Annual Report of the Electricity Supply 
Commission for the year ended 31st December, 1950, with a 
Brief Review of its Activities up to 30th April,1951. Elec- 
tricity Supply Commission, Escom House, Rissik-street, 
Johannesburg. 
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Rand undertaking up to, and in, 1940, cost 15-4], 
per kilowatt, but the 150,000 kW of plant planned 
for the new power station at Vierfontein, which is 
being built to serve the new goldfields in the Organe 
Free State, is estimated to cost 55/. per kilowatt. 
The South African pound was devalued in Septem- 
ber, 1949, but this in itself is not sufficient to explain 
a considerably more than three-fold rise in costs, 
especially as sterling was devalued in the same 
month and the greater part of South African 
electrical plant is purchased in this country. The 
rise in the cost of raw materials, which is one of the 
items responsible for the rise in the cost of manufac. 
tures, is basically determined by labour charges, 
which have risen in many countries without output 
correspondingly increasing. The report does not 
give any particulars, but it states that even a 
moderate-sized power station cannot be completed 
in Jess than four to five years. This condition also 
rules in Great Britain and is again a function of 
labour productivity. Whether the standard of 
living which is being aimed at, and the material 
equipment on which it must be based, are attainable 
under present conditions the future will show, but 
it seems possible that people generally are being 
set “tasks beyond their compass.” 

The report of the Commission presents abundant 
evidence of the energy with which it is facing the 
problem which it has been set. The particular 
service with which it is concerned is both an amenity 
to the public generally and a necessity to modern 
industry, and if attainment of the standard of living 
which appears to be aimed at in most parts of the 
world is not achieved in South Africa the fault will 
not be with those responsible for the activities of 
the Commission. Its work covers the operation of 
eight undertakings. Some of these are contiguous 
and electrically interconnected, but six areas 
completely isolated one from the other are served. 
The nearest points on the Cape Western system, 
which covers an area in the neighbourhood of 
Cape Town, and the Border undertaking, serving 
the hinterland around East London, are more than 
300 miles apart. Kimberley, the centre of the 
Cape Northern undertaking is 340 miles from East 
London. From the point of view of output the 
Rand undertaking, which in 1950 carried a maxi- 
mum load of 939,000 kW, is by far the most 
important system. A major part of the output of 
this undertaking serves mining properties and there 
is also a heavy compressed-air load. In 1950, 
573 million units were supplied to the Rand system 
from the Witbank undertaking wlich adjoins it. 
The other important systems are the Natal Central 
and the Durban. These are contiguous, the Durban 
undertaking serving the coastal area and the Natal 
undertaking the inland district extending up to and 
into the Orange Free State. The Sabie undertaking 
is a small hydro-electric system serving isolated 
mining properties in the north of the Transvaal. 

Particulars about the output and performance of 
the 25 power stations owned by the Commission 
must be sought in the report. These comprise 
13 steam stations, 5 Diesel stations and one hydro-: 
electric station supplying electric power and 6 com- 
pressed-air stations. By far the largest steam 
station is Klip, with 424 MW of plant. The largest 
Diesel station is Port Shepstone, which contains 
four sets of a total capacity of 3,400 kW. Sabie, 
the only hydro-electric station, is equipped with 
three 450-kW sets. The aggregate installed capacity 
of the Commission’s power stations at the end of 
last year was 1,513,975 kW and the energy being 
displayed in meeting, or attempting to meet, the 
demand, is indicated by the fact that plant under 
erection, or on order, will bring the total capacity 
up to 2,487,705 kW. Seven new power stations are 
being built. Without going into details, it may be 
mentioned that, on December 31, 1950, 29 turbo- 
generator sets were on order, ranging in size from 
15,000 to 60,000 kW. 
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NOTES. 


RaTIONING OF CARBON STEEL. 


Tue Ministry of Supply has announced that the 
control of the distribution of the main forms of 
carbon steel will be introduced on December 3, 
1951, and that the new arrangements will be similar 
to those in operation up till May, 1950. As from 
December 3, no person will be allowed to acquire 
carbon steel in the form of ingot, billet, bloom, slab, 
tinplate or sheet, bar, plate, angle, round, sectional 
material, rail, sleeper, hoop, strip, tube, pipe, tyre, 
axle, wheel, blocks for forging or pressing, colliery 
arches, pit props, spring material, wire rod, wire, 
wire rope wire strand, unless an “LIS. 
authorisation ” has been obtained. These author- 
isations will be issued to firms to acquire specific 
quantities of steel for specific purposes. The 
authorisation will allow firms to acquire the steel 
direct or permit their sub-contractors to purchase 
steel to fulfil sub-contracts. These arrangements 
do not apply to building and civil engineering firms, 
who will receive a notice from the Ministry of Works 
giving them instructions on how to apply for the 
steel they need. Firms who, formerly received 
I.S. authorisations will shortly be asked by the 
appropriate department to send in applications for 
allocations of carbon steel. Ministry of Supply 
regional controllers will ask firms who formerly 
received 1.8. authorisations from regional offices to 
apply tothem. Steel-using firms, with the exception 
of sub-contractors, which will be requiring carbon 
steel and have not had an authorisation previously, 
should make application early in September. If 
the requirements are for more than 25 tons of steel a 
quarter, the firm should apply to the department 
with which it normally deals on matters of pro- 
duction. If the firm uses 25 tons, or less, a quarter 
(including not more than 10 tons of sheet), it should 
apply to the Ministry of Supply regional controller. 
I.S. authorisations will not be needed to buy small 
quantities of carbon steel (one ton a quarter, or less, 
according to the form of the steel). Iron and steel 
stockholders will need licences to acquire controlled 
types of steel for re-sale. A further announcement 
will be made concerning the distribution of alloy 
steel, but the present arrangements for controlling 
the distribution of sheet steel, tin-plate, terne plate 
and black plate will remain unaltered. 


COMMEMORATION OF THoMas NEWCOMEN, 
1663-1729. 


Thomas Newcomen, the inventor of the reciprocat- 
ing steam engine, was born in Dartmouth, Devon, 
in 1663. He came of a Lincolnshire family, but his 
grandfather, the Rev. Elias Newcomen, had been 
presented in 1600 to the living of Stoke Fleming, a 
few miles from Dartmouth, and thereafter the 
family (or that branch of it) made Devonshire their 
home. Thomas is said to have been apprenticed 
to an ironmonger in Exeter, though no documentary 
evidence of this statement is known to exist ; but it 
is known that he set up in business as an ironmonger 
in Lower-street, Dartmouth, and there he developed 
his steam engine—or, more strictly, atmospheric 
engine—the earliest known example of which was 
set to work in 1712 near Dudley, Staffordshire. 
He died in 1729, in London, and was buried in 
Bunhill Fields. Until 1929, there was no memorial 
to him in his native town or elsewhere, but in 
that year, as a result of efforts by a local com- 
mittee, supported by the Newcomen Society 
and by the Devonshire Association, a memorial 
was erected in the Town Gardens at Dartmouth. 
It consists of a block of Dartmoor granite, bearing 
a plate with an inscription, and beneath it another 
on which is engraved a representation of a New- 
comen engine. Annually, thereafter, a chaplet 
of laurel was laid upon the memorial, at the instance 
of the Newcomen Society, on August 5, the anniver- 
sary of Newcomen’s death ; but the local committee 
of commemoration was disbanded a number of years 
ago and the ceremony seemed in danger of losing 
\ts Meaning for many of the younger townsfolk. 
Recently, however, through the activity of a resi- 
dent, Mr. Percy Russell, F.S.A., steps have been 
taken to reconstitute the committee and to bring 
‘he ‘annual ceremony into greater prominence ; 





and this year, on August 16 (the eleven days “ lost ” 
from the calendar in 1751 having been added to 
the date, to keep it clear of the August Bank 
Holiday) the collaboration of the Dartmouth Rotary 
Club was obtained to bring the event into greater 
prominence. In the presence of the Mayor (Alder- 
man A. M. W. Chapman), the President of the 
Rotary Club (Councillor F. C. B. Kirk), Mr. B. 
Magenis (secretary of the former Newcomen Memo- 
rial Committee, to whom the erection of the 
memorial was greatly due), and a number of guests, 
the chaplet was deposited by Mr. J. Foster Petree, 
@ vice-president and President-elect of the New- 
comen Society, after which the party proceeded 
to the Yacht Hotel, where they were the guests 
of the Rotary Club at luncheon. This was followed 
by an address on the economic consequences of 
Newcomen’s engine, by Dr. W. G. Hoskins, reader in 
economic history at the University of Oxford. 
Mr. Petree then outlined the circumstances which 
led to the formation of the Newcomen Society in 
1921, and the researches subsequently carried out 
by the members of the Society in the history of 
engineering in general and the Newcomen engine 
in particular. Mr. Percy Russell, in thanking the 
speakers, said that active steps were being taken to 
put the annual commemoration of Newcomen on 
a formal basis, adding that the Mayor had 
expressed his intention to call a meeting in the 
autumn, to discuss the formation of a standing 
Newcomen Committee. 


INTERNATIONAL SYMPOSIUM ON ABRASION 
aT DELFT. 

We have now received from the Rubber-Stichting, 
Delft, Holland, the detailed programme of the 
International Symposium on Abrasion which, as 
previously announced, is to be held from Novem- 
ber 14 and 15 in the new building of the Rubber- 
Stichting, in the Oostsingel, Delft. The Symposium 
will be opened on the morning of Wednesday, 
November 14, by the President, Dr. Ir. R. Houwink, 
who is Director-General of the Rubber-Stichting 
(“Rubber Foundation”), and the Director of 
Research, Dr. H. C. J. de Decker, as secretary of 
the organising committee, will present various 
communications. Papers will then be delivered 
by Dr. F. B. Bowden, reader in physical chemistry 
at the University of Cambridge, on “ The Friction 
of Solid Surfaces” and by Ir. H. Blok, research 
chemist in the Royal Dutch-Shell Laboratory at 
Thornton, Cheshire, on “ Principles of Wear Pre- 
vention.”? The members will be entertained to 
luncheon by the Rubber-Stichting, after which there 
will be a demonstration of apparatus for the mea- 
surement of abrasion and wear. In the afternoon, 
two more papers will be presented, these being on 
““The Chemistry of Wear,’ by Professor Ir. J. J. 
Broeze, Director of Research, Royal Dutch-Shell 
Laboratory, Delft ; and on “‘ Morphological Aspects 
of Abrasion and Wear,” by Dr. Ir. G. Salomon, of 
Delft. On Thursday, November 15, the morning 
session will be devoted to two papers, namely, 
“ Abrasion and Wear of Rubber,” by Mr. J. M. 
Buist, of the Rubber Service Laboratory of Imperial 
Chemical Industries, at Manchester, and “ Studies 
in the Abrasion of Rubber,”’ by Dr. A. Schallamach, 
of the British Rubber Producers’ Research Associa- 
tion, Welwyn Garden City. In the afternoon, 
Dr. N. A. Brunt, of the Paint Research Institute, 
Delft, will present a paper on “The Abrasion 
Resistance of Paints,’’ and Dr. R. D. Stiehler, Chief 
of the Testing and Specifications Section of the 
United States National Bureau of Standards, will 
contribute one on ‘Some Factors Influencing the 
Road Wear of Tyres.” Dr. Decker will then present 
a general survey of the symposium, which will be 
formally closed by Dr. Ir. Houwink. A programme 
of excursions, mainly to industrial and Government 
laboratories, is to be arranged for the two following 
days, but particulars of these are not yet available. 
Forms of application to take part in the symposium 
may be obtained from the secretary, at the Rubber- 
Stichting, Postbox 66, Delft, and the completed 
forms should be returned not later than September 
30. It is pointed out that the number of partici- 
pants must be limited to 150; it is our intention, 
however, to reprint the papers in ENGINEERING as 
soon as possible after the symposium. 


Tue “ Mopet]Encmerer” Exuririon. 

The Model Engineer Exhibition opened at the New 
Royal Horticultural Hall on Wednesday, August 22, 
and will remain open daily from 11 a.m. to 9 p.m. 
(Sunday excepted), until Saturday, September 1. 
The opening “ceremony” was unusual in that it 
was performed by a radio-controlled model, 4 ft. 
long of a Churchill tank, constructed by Mr. A. T. 
Tamplin, of Birdham, Chichester: it will respond 
to 16 different radio “ orders,” and inaugurated the 
exhibition by bursting through a large poster screen. 
A message from the Rt. Hon. Winston Churchill, 
which was read, contained the statement that 
‘“* Model engineers play a part in our industry in 
war and peace, and help to preserve our heritage of 
craftsmanship,” the concluding claim in which is 
amply demonstrated by the models displayed. 
The entries seemed to be rather less numerous 
than in some former years, but there is no diminution 
in the standard of workmanship, which reaches 
levels that few professionals could improve upon. 
Having remarked, in connection with a previous 
exhibition, on the rarity of models of Cornish 
engines, we were pleased to note a good example, 
the work of Mr. R. F. W. Jarvis, of High Wycombe. 
Ship models, which are numerous, run much to 
type, but it is notable how many are now radio- 
controlled. A model of some historic interest is 
one of the Great Eastern, lent by the Telegraph 
Construction and Maintenance Company; it is 
claimed to be over 100 years old, having been made 
before the ship was built. She was laid down in 
1853. Another loan exhibit is an ingenious engrav- 
ing machine. The most numerous section of com- 
petition entries is that of “sailing models of any 
period,” in which there are 35; the next largest, 
small locomotives and rolling stock, etc., and work- 
ing model steamers, have 28 each. There are some 
striking exhibits on the stands of various clubs ;. 
and, in the trade section, some notable displays of 
machine and hand tools, and of work. Of particular 
interest, too, are the demonstrations of craftsman- 
ship in action, including practical blacksmithing. 
Finally, mention may be made of the large tank, 
in which radio-controlled boats, and one that is 
sound-controlled, are periodically exercised ; and a 
motor-racing track, on which scale-model Grand 
Prix cars are operated, three at a time. 


Tae ‘“ America” Cup. 

A nautical centenary which appears to have 
escaped the attention of entrants in the competitions 
of the Model Engineer Exhibition, mentioned above, 
is that of the yachting “ classic,” the original race 
for the America Cup, in August, 1851. The schooner 
yacht America, of 170 tons, and designed on the 
general lines of the Sandy Hook pilot boats then 
in use, had crossed the Atlantic under sail earlier in 
the season and, against what seems to have been 
a not very skilful opposition, carried off a 100/. cup 
offered by the Royal Yacht Squadron for a race 
round the Isle of Wight. The syndicate of American 
yachtsmen who owned the America presented the 
cup to the New York Yacht Club, some six years 
later, as an international challenge cup. In the 
hands of that Club it has remained, in spite of 
repeated attempts to win it back; and appears 
likely to remain until either the rules governing 
competition for the cup are altered materially, or 
British taxation policy is amended drastically to 
enable a class of wealthy amateur yachtsmen to 
develop again. The America was designed by 
George Steers and built by W. H. Brown; weli 
built, evidently, because she sailed in later years 
to the Mediterranean and to Australia, was used 
as a blockade-runner in the American Civil War, 
was scuttled in a Florida creek, raised, and saw 
further service as a picket-boat, a training ship for 
midshipmen, and a patrol vessel. In 1870, she was 
fitted out as a yacht again, remaining as such for 
many years; and eventually was roofed over and 
used as a floating yacht-club house. Now, we 
understand, she is preserved as a maritime museum. 
A builder’s half-model in the headquarters of 
Lloyd’s Register of Shipping, at 71, Fenchurch- 
street, London, bears the date August 22, 1851, 
as that of her historic race ; but the authoritative 
Memorials of the Royal Yacht Squadron, by the Hon. 
Montague Guest, formerly librarian of the R.Y.8., 





‘and W. B. Boulton; gives it as August 23. 
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THE BRITISH ASSOCIATION 
MEETING AT EDINBURGH. 


(Continued from page 214.) 


Contra-Ftow Heat AppaRATvs. 


WHEN the proceedings were resumed in Section G, 
session A, on Monday morning, August 13, the 
chair was occupied by Professor R. N. Arnold, vice- 
president of the Section, who called on Mr. C. E. 
Tliffe to deliver his paper entitled ‘“‘ Recent Develop- 
ments in the Methods of Proportioning Contra-Flow 
Heat-Exchange Apparatus.” This paper is re- 
printed on page 252 of this issue of ENGINEERING. 

The first speaker in the discussion which followed 
the reading of the paper was Mr. J. M. C. Dunlop, 
who asked whether the method described by the 
author could be applied to the case of water flowing 
through the tubes of a heat exchanger with a con- 
densing fluid on the other side. He also wished to 
know if it were possible to verify by measurements 
the performance of a heat exchanger of the type 
discussed and, if so, what form of measuring instru- 
ment was used. He had always understood that 
it was very difficult to measure accurately small 
changes of temperature in large flows of gases and 
liquids. Mr. Iliffe replied that the method he had 
described could not be applied exactly as it stood to 
the case of a condenser with water on one side and 
a@ condensing fluid on the other, even if of the 
contra-flow type. The calculations he had given 
were at present being checked in connection with the 
regenerative type of heat exchanger. A large amount 
of checking remained to be done on cooling towers, 
but in the case of the contra-flow recuperator the 
method had given the thermal ratios actually 
obtained in practice. 

Mr. C. W. Marshall, who followed, said the cooling 
tower was a feature of the landscape which was not 
altogether popular nowadays, and it was interesting 
to note that the area occupied by the cooling towers 
in many cases was much greater than that required 
for the rest of the station; but it must not be 
forgotten that the cooling tower rendered great 
service to the country in making it possible to build 
reasonably efficient generating stations near the load. 
The situation of the cooling towers was a matter 
of great concern to the people living near the gener- 
ating station. It had been found that the specific 
volume per unit of heat dissipated was very variable, 
and it had soon become apparent that but little fun- 
damental study of the thermodynamics of cooling 
towers had been made. In the examination of the 
problem, however, a theory of cooling had been 
evolved which had enabled tests to be made under 
any weather conditions. In his view, the next 
important point was that the velocity of the air 
passing up through a tower varied from zero at the 
circumference to a maximum at the centre; there 
might be two maxima, due to the form of construc- 
tion. His colleagues hoped to publish a paper 
which would, at least partly, remove the existing 
ignorance on cooling towers. They had been 
examining the question of the use of the splash bar 
and had come to the conclusion that the cooling 
should be done entirely by film. 

In replying, Mr. fliffe said that with regard to 
the area occupied by cooling towers, he believed 
the old wooden towers passed about 80 gallons per 
square foot per hour and that the concrete towers 
now passed nearly double that amount. Conse- 
quently, the latter occupied a much smaller ground 
area. On the other hand, the height had increased. 
He agreed with Mr. Marshall that film-type cooling 
was preferable to drop-*ype cooling, but pointed 
out that drop surface was cheap, whereas film 
surface was expensive. ‘Tests were being made on 
cooling towers, but we still lacked for the splash 
type the data available for the film type, which 
had recently been dealt with thoroughly by Carey 
and Williamson. They had tested particular types 
of splash bars, but it was difficult to say what the 
optimum arrangement of bars would be; but a 
start had been made. With regard to wasted space, 
presumably Mr. Marshall had in mind that a tower 
might be 200 or 300 ft. high and that the water 
entered at a height of 30 or 40 ft. above the ground. 
He supposed that was inevitable in the case of the 


natural-draught tower, but more consideration 
should be given to the use of the forced-draught 
tower, which would be smaller. 

Mr. 8. Weinberg, who continued the discussion, 
said that in heat-transfer apparatus fixed tempera- 
ture differences were usually involved, and he did 
not think enough consideration had been given to 
the possibility of largely increasing heat-transfer 
coefficients. In conventional heat-transfer appara- 
tus, such as that using water, and in the cases of 
steam and hot-gas cycles, speeds of a few feet per 
second were generally considered in the first case 
and of perhaps 100-200 ft. per second in the second 
case ; but a new field had been*opened up in the 
study of the enormously high-speed injection engines 
in rockets, combustion turbines, and so on. In 
those cases, gas speeds could reach 4,000 or 5,000 ft. 
per second, and great quantities of heat had to be 
transferred across a comparatively small area of a 
correspondingly small bulk. It would be inter- 
esting to know how the first two equations of the 
first group the author had given should be combined 
so that, as the speed increased, the relative impor- 
tance of one or other of the dimensionless groups 
became less and less in favour of one factor, such as 
the friction factor. It was known in practice, 
without recourse to the latest heat exchanger in 
use, that steam nozzles in turbines which had 
seemed to be going up to Mach numbers of perhaps 
14-2 could apparently lose something like 10 per 
cent. of the initial energy in a manner which was 
associated with heat transfer through the walls. 
It would be interesting to hear what the author had 
to say about the possibility of using very high 
speeds and correlating the dimensionless data to 
produce heat-transfer coefficients sufficiently large 
to avoid that trouble. In power-station apparatus, 
one of the limitations was fouling and it would be 
necessary to use a fouling factor which became 
increasingly significant at times of cleaning, for 
instance. He asked how it would be possible to use 
a method of design in which the overall heat- 
transfer coefficient was a combination of several 
factors, one of which was a compromise. 

In reply to Mr. Weiner, Mr. Iliffe said he could 
not discuss the question of high gas speeds if 
supersonic effects, etc., had to be considered, but 
the heat-transfer and friction factor would hold for 
very much higher speeds than were used in heat- 
exchange apparatus. He referred to the contra- 
flow recuperator, and said the purpose of the method 
he had outlined was to find precisely what was the 
best speed to give the most economically suitable 
heat exchanger. The speed was automatically 
taken into account in solving the equations and 
getting the optimum value. The problem of 
fouling presented a wide scope for research. It was 
a very important point; but so far as the gas 
turbine was concerned, even if it did foul, it was 
very easily cleaned. The lengths of the parts 
were small and in the disc type only measured an 
inch or two; they could be cleaned quickly by air. 

Mr. W. W. Campbell, discussing the economic 
proportioning of heat-exchanger surfaces, said it 
might be taken that for a given plant performance, 
7 and A were fixed. When there were variations of 
the constants considerable arithmetical work was 
involved. That was the approach adopted some 
years ago when designing steam condensers; and 
there was an almost legendary account of the 
number of calculations made before the Hams Hall 
cooling towers were designed. There was an 
alternative approach, consisting of partial differen- 
tiation of an expression for the total cost, including 
costs of variations in efficiency and coal consump- 
tion, in surface, in pumping power, in pressure loss, 
and so forth, partially differentiating the whole and 
dealing with the system of differential equations. 
That approach, in the case of steam condensers, was 
dealt with very fully in Bottomley’s classical paper 
in 1942, and there was no reason why the same 
approach should not, mutatis mutandis, apply to 
other forms of heat-exchange surface. The cooling- 
tower issue was extremely complex, especially in 
the case of the natural-draught tower, which 
involved, to a very large extent, a meteorological 
problem. So far, it had not been possible to use 
some of the meteorological analytical methods 





owing to lack of data. § The official tests on cooling 





towers were now fairly elaborate and maybe more 
reliable. They were quite complicated, involving 
the assistance of a good number of men, as well as 
inconvenience to the contractor and to the station 
staff ; sometimes they were made in the middle of 
the night in order to secure better meteorological 
conditions. The data slowly accumulating, how- 
ever, might now provide further information on the 
design of natural-draught towers than had been 
available in the past. It should not be assumed 
that mechanical-draught towers had not been con- 
sidered. It did not follow that the mechanical- 
draught tower would solve compietely the problem 
of height, because problems of re-circulation might 
arise, and in certain cases where mechanical- 
draught towers had been considered, it had been 
found ne to increase the height of the towers 
considerably to avoid this effect. 

Mr. Iliffe agreed that the method of recuperator 
design as he had described it would lead to the 
disadvantage Mr. Campbell had mentioned. He 
had adopted that method because it was the simplest, 
and also because it corresponded to the published 
data, so far as he was aware. He knew of the 
alternative partial-differential method, but he had 
never considered adopting it because, when using a 
method which was satisfactory, there was no par- 
ticular reason to change ; there were more important 
things to do. It did not surprise him that the 
economics of the forced-draught tower had been 
worked out, though he had not seen anything 
published on the subject; but the question of 
height needed to be looked into seriously from the 
point of view of the amenities of the locality. He 
had had practically no experience with forced- 
draught towers, but thought that re-circulation 
could be avoided more easily by the use of induced- 
draught. If the height of towers could be reduced 
considerably, even if not as much as had been 
hoped for, it was well worth while. 

Dr. Ezer Griffiths, O.B.E., F.R.S., raised the 
question of full-scale experiments ; and, in regard 
to instrumentation, said he understood that the 
author had had difficulty in measuring small 
temperature differences. He asked what the 
difficulty. was. Mr. Iliffe replied that full-scale 
experiments had been carried out on many forced- 
draught towers, but he had not heard of any such 
experiments on natural-draught towers. With 
regard to instrumentation, he would not say that the 
temperature differences were small. The tempera- 
ture rises involved in measuring the thermal ratio of 
a heat exchanger were quite large; of the order of 
200 deg. or 300 deg. F. The measurement was 
made by traversing a thermocouple. 

Mr. T. D. Patten asked if the author had con- 
sidered the initial warming-up period, and whether 
it depended on the heat-conducting efficiency of the 
metal in the regenerative type of heat exchanger. 
He also raised the question of the allowance for 
entry pressure. To this, Mr. Iliffe replied that he 
had not considered the initial warming up. So far 
as recuperators were concerned, there were many 
empirical data on warming up, but he had not made 
a detailed investigation. To allow for conductivity 
in the regenerative type of heat exchanger would 
be entirely complicated. In the type of matrix 
used to-day, the transverse conductivity effect 
could be more or less ignored. With regard to 
longitudinal conductivity obviously, as the length 
of the material increased, the longitudinal conduc- 
tivity had more effect ; but he believed that in all 
likely designs the loss due to that cause could be 
kept below one per cent. In his method, he had 
allowed for the entry pressure; he took it as 
number of velocity heads. Schmidt had introduced 
@ factor, but the speaker was not clear whether it 
was meant to cover entry loss. f 

No other member wishing to speak, the Chairman 
closed the discussion, with a vote of thanks to the 
author. 


Heat TRANSFER DURING CONDENSATION 
or STEAM. 

He then called on Mr. A. Hampson to present his 
paper on Heat Transfer during Condensation of 
Steam, which we reprinted on page 221 of our issue 
of August 17. After delivering the paper, Mr. 
Hampson showed a cinematograph film which 
illustrated in a very effective manner the develop- 
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ment and coalescence of drops in drop-wise con- 
densation and also showed the effect of the addition 
of solvent “‘ promoters.” 

The discussion which followed the reading of the 
paper was opened by Mr. S. Weinberg, who said 
the general object of studying heat transfer during 
condensation was a negative one; what we were 
really interested in was how little of the metallic 
area we needed to cover the condensation. In 
design, we required to know how much of the metal 
surface was free from condensation, and we could 
then assess roughly the total heat transfer. To that 
end it would be better to have large hemispherical 
drops rather than small ones. It seemed that the 
use of a solvent promoter which reduced the local 
surface tension would tend to defeat the object by 
producing smal] drops rather than large ones. He 
believed the drops formed suddenly at a definite 
size, and that microscopic study at a great magnifica- 
tion would reveal that they did not become infinitely 
small. He asked why the promoters which had been 
used all tended to reduce the surface tension of the 
water. To this, Mr. Hampson replied that the 
principal operation going on was probably coales- 
cence ; it was not known what was formed on the 
surface ; it was desirable to know what happened 
between the drops. He was afraid, however, that 
it was not very clear what was going on. His 
impression was that the process was unstable, and 
that minute droplets were formed ; but he did not 
think that was of great importance because the 
operation was so rapid. There was a good deal of 
heat going through the minute drops; large drops 
were not wanted necessarily, but tiny drops, 

Dr. I. G. C. Dryden spoke on the action of the 
promoters. We were considering, he said, a soap 
firmly fixed to the metal surface. As to drop size, 
the larger drops must be formed from smaller ones. 
It seemed from the film and the slides shown by the 
author, that, after 24 hours or so, the effect of a 
mono-layer was gradually decreased. He asked if 
that ruled out the use of fatty acids for the purpose, 
or whether there was a regenerative effect. 

Replying, Mr. Hampson said he had tried injec- 
tions into the steam. There was then a rather long 
period, of half an hour or more, of excess promoter, 
in which the heat transfer would balance, so that it 
was necessary to inject the promoter at the period 
of no load in the condenser. After the period 
mentioned, however, there was a gradual recovery 
and, depending on the fatty acid used, the effect 
would continue for two or three hours, or more. 
When using benzyl mercaptan the change from 
mixed to drop-wise condensation could be fairly 
rapid ; but the benzyl mercaptan had features which 
were not desirable. It had, however, given ten 
days’ continuous operation 6n a copper surface. 

The next speaker, Mr. J. R. Appleton, said the 
phenomenon of drop“wise condensation had been 
known for a number of years; it was referred to 
about 20 years ago in some work initiated by 
Professor Gerald Stoney. The author had not 
mentioned the method of calculating the actual coe- 
fficient of heat transfer. Reference had been made 
to the rates of the water flowing down the plates as 
being much in excess of that over the bottom tubes 
ofa condenser. Surely, he said, at the bottom of the 
condenser the amounts of water falling would be 
considerably in excess of the water running off the 
plate. He believed it was 20 to 30 in. per hour, 
which must in effect give, with the flooding of the 
falling water from the higher tubes, something like 
film condensation at the bottom. Obviously, drop- 
wise condensation was not the whole point in a 
steam condenser. Guy and Winstanley had obtained 
various values of heat-transfer coefficients from 
selected tubes in a steam condenser, and their 
results ranged from something like 2,000 down to 
almost zero, although the figures could never go 
down to zero; but he believed the actual tem- 
peratures used were not correct. Finally, he felt 
that the boilers, or steam generators, would suffer 
from the injection of promoters; there would be 
drop-wise evaporation: on the boiler tubes, which 
he did not think would be desirable, apart from any 
chemical reactions that ntight take place. 

Mr. Hampson replied that the effect of drop-wise 
condensation was noted by Spoelspra, in the 
first case, even earlier than the work of Professor 


Stoney. The calculation of heat transfer coeffi- 
cients required the measurement of the temperature 
drop on the steam side, i.e., from the actual surface 
of the metal plate to the body of steam across 
it; for the steam there was an automatic check 
between pressure and temperature. It was only 
possible to measure the plate temperature slightly 
below, say, 0-020 in., the surface, and estimate the 
surface temperature from that. If the surface were 
interfered with, its nature would be changed. The 
heat-flow rate could be obtained from the water side 
or steam side and the check between the two varied 
by less than 2 per cent. The effect of a non- 
condensable gas was shown in Fig. 8, and it could be 
seen how serious it was. He wished to point out 
that with 0-1 per cent. of gas in the steam, and with 
drop-wise condensation, the surface coefficient was 
still three or four times what it would be for film-wise 
condensation. About the heat-transfer coefficient 
of the tubes of the condenser, he said he had not 
the faintest idea. There were many effects which 
were quite intangible. In regard to practical 
applications, he agreed that appreciable quantities 
of oleic acid would be undesirable, but he did not 
think the small quantities he had been using would 
give rise to much trouble; the quantities required 
were minute. If, however, a promoter was used 
in the boiler water there would be film-wise 
evaporation, which was undesirable; what was 
wanted was nuclear boiling. - 

Mr. W. W. Campbell asked whether it was possible 
to determine from the change of volume of the drop 
the amount of heat transferred in a particular time ; 
to which Mr. Hampson replied that he and his 
colleagues had tried to do that four or five years 
ago, but the results had not been satisfactory. They 
had worked first with a horizontal plate, but with 
drops on a vertical plate they could not achieve the 
necessary accuracy. 

No other member wishing to speak, the chairman 
closed the discussion, with a vote of thanks to the 
author, and adjourned the meeting. 


HieH-VottTaGE PowEr TRANSMISSION. 


In session B, where Sir Claude Gibb presided, 
two papers were read on electrical engineering 
subjects. The first of these was “ The Development 
of High-Voltage Power Transmission with Particular 
Reference to Hydro-Electric Projects,” by Mr. 
T. G. N. Haldane, which will be found reprinted on 
page 249 of this issue of ENcmvzERING. Mr. Hal- 
dane having delivered his paper, the chairman, 
after referring to the many points of importance 
in it, called upon Sir Harold Hartley, K.C.V.O., to 
open the discussion. 

Sir Harold said he was not qualified to discuss the 
details of the rival techniques which the author 
had described but he felt strongly about the future 
importance of transmitting large blocks of power 
because, as he hoped he had made clear in his 
Presidential Address the previous year, the world’s 
future depended more on supplies of energy than 
on any other single factor. The potential water 
power in the world was roughly equivalent to the 
total world consumption of energy to-day, but only 
a small proportion of that water power was being 
tapped. The rising costs of fuel and its limited 
supply gave added importance to the need for 
utilising fully hydro-electric power in the future. 
As the author had stated, a large proportion of the 
available water power was at very great distances 
from what seemed likely to be centres of consump- 
tion, and although in Britain the prospect of 
requiring to employ direct current transmission 
might be small, from the points of view of its 
probable importance in the world as a whole and 
the future of Britain’s export market, the subject 
merited careful study. 

The chairman said he believed that a consump- 
tion of electricity in Great Britain equivalent to 
five times the level of present production would still 
not amount to demand saturation. The fact that 
Britain was short of energy, whether it be from 
coal, coke, gas, electricity or petroleum, was the 
most certain indication that the standard of living 
had increased since before the war, and the one 
thing that had not kept pace with the improvements 
in the application of electricity and power generally 








to the service of man, to increases in productivity, 


and to improvements in the standard of living, was 
the output of fuel. He foresaw a glum future, at 
least for the next ten years, and, unquestionably, 
every possible alternative source of power should 
be utilised. This would inevitably involve the use 
of long-distance extra-high-voltage transmission. 

Professor R. O. Kapp said that the author had 
produced a paper which all those concerned with 
transmission would welcome, cherish, and refer to 
frequently. It was impossible to criticise the 
matter but attention might be drawn toa point that 
was implicit and might be of interest, namely, the 
limitations on long-distance transmission. Those 
who had grown up with the lower voltages tended 
to believe that if one required to increase the dis- 
tance one increased the voltage. That might be 
said to be the result of thinking in terms of direct 
current, but, with alternating current, one reached 
a limit, which at 50 cycles per second was 930 miles, 
and then ran into another set of difficulties. It 
was wrong to believe that greater distances could 
be reached merely by increasing the voltage, or by 
changes in the line construction. The two limiting 
factors at long distances were what was known as 
the Ferranti effect, namely, the rise of voltage on 
switching off, and the phase displacement between 
the ends of the lines, the theoretical limit of which 
was 90 deg. Both these could be shown to be 
functions of distance, frequency, and the velocity 
of light, over which one had no control! The 
author had mentioned that one.reduced the line 
reactance by using a multiple conductor; it was 
worth remembering that if one increased the capaci- 
tance, the product of the two, which was a pure 
function of the velocity of light, was not affected. 
That was inescapable and that was the reason why, 
if, in addition to increasing the voltage, one wished 
to increase the distance beyond, say, 400 or 500 
miles, there was nothing for it but frills like shunt 
reactors and series capacitors. 

Mr. Winfield said that the consumption of the 
earth’s resources had proceeded on a “ plum” 
policy, but the plums had now largely gone. Every 
year, power was having to be sought farther away 
and it was well known that it must be handled in 
larger blocks than before for reasons of economy. 
The cost of transmission was the major issue in 
any development of water power. In alternating 
current transmission the cost per unit had to be 
kept down and, in consequence, the transmission 
voltage had been pushed up over the past 60 years 
until at present nearly 400 kV had been reached 
and the authorities now saw themselves being 
caught in the toils. At those higher voltages, costs 
were rising very steeply and it was becoming difficult 
to keep down the cost per unit. The lines, as they 
stretched further, in effect became of reduced 
capacity, so that not only did the cost per mile 
increase but the capacity was less. Some compen- 
sation was possible, but it generally amounted to 
expedients designed to keep the line capacity up. 
What lay ahead, therefore, was still larger schemes 
at still greater distances with the costs of trans- 
mission per unit tending to rise all the time, and he 
could not see any easy solution. With the rising 
cost of coal some of the dams were now becoming 
“plums” but most of the plums in water power 
throughout the world had been worked out. 

Direct-current transmission was, therefore, of 
great importance but it could not be considered for 
small plants owing to the heavy cost of the termina] 
equipment. Furthermore, over small distances, 
direct current could not complete with alternating 
current. For long distances, however, direct-current 
transmission offered an inherently cheaper line with- 
out many of the disadvantages of alternating current. 
In the field ahead, therefore—that of larger outputs at 
greater distances—it appeared that direct-current 
transmission could help to keep down transmission 
costs and assist the development of water power. 
He did not think anybody could say with certainty 
if it could be done, but the Swedes, Germans and 
Swiss, in particular, had been working on the prob- 
lem for ten years or more. Britain lagged behind, 
probably owing to the war, and had gone into the 
matter only during the past three or four years, 
but it could be said that in all four countries trans- 
mission engineers had reached the stage where they 
agreed that they saw no technical difficulties in 
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direct-current transmission which could not be 
surmounted by an extension of the present methods, 
and were satisfied that, so far as preliminary esti- 
mates could show, direct current had economic 
advantages compared with alternating current. On 
the other hand, they were all agreed that much costly 
development was required before it would be 
possible to proceed on a large scale. They could try 
out the scheme on a small scale but could not be 
certain of the validity of the conclusions until 
they had experimented on a large scale. The 
position had been reached where the world demanded 
that they should prove or disprove the case for 
direct current, but that required a lot of money. 

The underground cable had many possibilities, of 
which Mr. Haldane had mentioned a few, such as 
crossing the Channel, and in the last few weeks he 
had heard of an enquiry from Canada in a similar 
connection. In Eastern Canada there was no coal 
readily obtainable and it was impossible to import 
coal owing to the cost. The Canadians, therefore, 
were looking to the Hudson Bay coal, many miles 
away. Recently, it had been pointed out that the 
transmission lines could be shortened considerably 
by cutting across the Hudson Bay, and the Canadians 
had asked if a direct-current scheme was practicable. 
Similar examples could be found in many parts of 
the world. Furthermore, the power stations in 
the Thames estuary were becoming saturated and 
economic considerations were forcing the authorities 
to consider burning coal in the Midlands for London 
and transmitting something like 1,000,000 kW 
overland. That would be all right until 1960, but 
by 1970, 5,000,000 kW would be required and there 
would be considerable opposition to overhead lines. 
The alternative to unsightly overhead lines was a 
cable. There was undoubtedly a clear case for 
making investigations into direct-current trans- 
mission but money was required. 

Mr. T. Lawrie said he felt sure that everyone 
present shared the doubts expressed by Mr. Haldane 
about the prospect of getting enough coal in the 
future, but it should be emphasised that one of 
the obvious ways of saving coal was to electrify 
more and more, If the thermal efficiency of power 
stations were increased from 20 per cent. to 25 per 
cent. they would give double the amount of power 
for very much less than double the amount of coal. 
If the extra power were put to good use in factories 
it would provide a more efficient form of power than 
at present, and there would be a further saving 
because fewer factory chimneys would be belching 
black smoke as a result of the incomplete and 
inefficient combustion of coal. If the railways were 
electrified, it would probably save 9,000,000 tons 
of coal a year, and if the coal mines were electrified 
it might save a further 6,000,000 tons. These were 
substantial amounts, not perhaps in the coal budget 
of the country as a whole, but at least in the budget 
of the electricity industry, and if, in the next few 
years, the supply industry could show such great 
savings in coal consumption, there need be no 
apprehension about the construction of the power 
stations which were so greatly needed. 

Mr. A. Feiner expressed the view that there was 
an increasing probability that instead of having to 
take the power to the people it would be necessary 
to take the people to the power. Dealing with the 
question of line-charging capacities, particularly 
with very high alternating voltages, he said that 
one of the difficulties facing the designer of a water- 
turbine generator was the production of stable line- 
charging currents at limiting power factors, and he 
would welcome some information on the line charg- 
ing capacity per mile of a 275-kV or 375-kV single 
circuit system as compare! with one of 132 kV. 
Secondly, he had been associated with alternating 
current convertors for some time and he assumed 
that an invertor would be used for transforming 
direct into alternating current but, at one time, 
the difficulty of inverting had been considerable and 
he would like to know if that had been overcome. 

Mr. C. Cherry said that Mr. Haldane had not 
mentioned the possible influence that recent research 
on materials of high dielectric constant and high 
dielectric strength might have on transmission in 
the future. He asked if such work might not be 
of great assistance in the transformation of direct- 
current and if the use of such materials might not 





affect the design of high tension transmission lines ? 

Mr. Haldane, in his reply, said he entirely agreed 
with Sir Harold Hartley on the extreme importance 
of ensuring supplies of energy and, therefore, on 
the importance of direct-current transmission in 
order to make available the more distant energy 
resources. His only comment on Mr. Winfield’s 
remark on the great importance of pushing ahead 
with research on direct-current transmission in this 
country was that the canalising of research was 
highly beneficial. If one started off without a 
clear idea of what one wanted to achieve progress 
was likely to be slow. That was why he wished to 
concentrate efforts for the time being on the definite 
idea of getting interconnection with the Continent. 
Sir Claude Gibb had referred to the coal shortage, 
and with that he agreed wholeheartedly, being 
convinced that Britain was on the verge of a really 
acute coal shortage which would present a far worse 
problem than the present shortage of generating 
capacity. However, the 275-kV grid which the 
British Electricity Authority were about to develop 
would have an important effect not only in meeting 
the shortage of generating plant but also in connec- 
tion with the coal shortage, because it would enable 
generation to be concentrated in the highly economic 
stations. In that way surprisingly large quantities 
of coal would be saved. Mr. Haldane also thanked 
Professor Kapp for his complimentary remarks on 
the paper and for drawing his attention to the 
limitations on long distance transmission. He could 
not agree with Mr. Lawrie, however, that greater 
electrification was going to solve the coal shortage 
problem, although he thought the speaker had 
probably not intended to imply as much. His own 
view, after trying to assess the probable shortage in 
1961, was that after taking into account the possi- 
bility of a certain amount of new electrification, the 
electrification of the coal mines, and power stations 
achieving higher thermal efficiencies, the consump- 
tion of coal for generation purposes was going to be 
far higher than was generally thought and certainly 
higher than the CoalBoardthought, and there would, 
be a shortage of coal. He could not answer Mr. 
Feiner’s question about the charging capacity 
offhand and could only say it was very high. He 
agreed with Mr. Cherry about the importance of 
research on materials of high dielectric constant, 

The chairman thereafter proposed a formal vote 
of thanks to Mr. Haldane, which was carried with 
acclamation. 

(To be continued.) 





ENGINEERING IN THE 
FESTIVAL OF BRITAIN.* 


X.—Sorentiric Exurpits in THE DoME oF 
DiscovERY AND ScrENCE Museum. 

Tue exhibits in the Dome of Discovery at the 
South Bank Exhibition have been selected to 
illustrate the general theme that an outstanding 
trait in the British character has always been 
initiative in discovery and invention. This task 
they perform sufficiently well, although it may be 
wondered whether their large number and great var- 
iety may not cause the wood to be obscured by the 
trees. The story is toldin eight sections—the land, 
the earth, polar regions, sea, sky, outer space, the 
physical world and the living world, but the alloca- 
tion of the exhibits to these sections often appears 
to be a little arbitrary. 

On an external podium, in addition to the 275-kV 
oil circuit-breaker, described on page 696 of our 
17lst volume (1951), an ancient table engine is 
exhibited by Messrs. Smith Kendon, Limited, 
132, Borough High-street, London, S.E.1. This 
has been in the possession of the firm for over 
100 years and was in operation until three years 
ago. Modernity is represented by the Railton car 
on which Mr. John Cobb made the world’s land- 
speed record and by a main undercarriage of the 
Brabazon aircraft. A Rotaprest head, 12 ft. 6 in. 
diameter and 1} in. thick, is exhibited by Messrs. 


* Articles in this series on the Dome of Discovery, the 
Royal Festival Hall, the temporary bridges, the “‘ Skylon,” 
civil engineering works and exhibits at the South Bank 
Exhibition, appeared in the previous volume of ENGI- 
NEERING (vol. 171), in the issues of April 13 and 20, 
May 4, 11 and 18, and June 1, 8, 15, 22 and 29, 1951. 





G. A. Harvey and Company (London), Limited. 
London, 8.E.7. This was spun from a flat chrome 
Colclad disc, 15 ft. 10 in. in diameter and weighing 
5} tons ; and is of a type used for the ends of pres. 
sure vessels in the oil and chemical industries. An 
exhibit of engineering interest, which, however, falls 
outside the classification mentioned above, is the 
three-dimensional admittance diagram, designed by 
Mr. D. C. Johnson, Department of Engineering, 
University of Cambridge. This consists of a graph, 
which has been constructed to demonstrate the 
theory that a tuned damper can be used to reduce 
the torsional vibration of a crankshaft. Since the 
motion possesses two components, one in phase and 
one in quadrature with the force, the admittance 
lines employed become space curves. These com- 
ponents are represented as displacements along 
perpendicular axes, while a third axis represents 
the frequency. The graph is constructed for a 
damper, which is isolated from the crankshaft. 
The admittance lines for the crankshaft are drawn 
on @ sheet of paper, which is placed beneath the 
base of the other graph and the admittance of the 
damper and crankshaft combined, at any particular 
frequency, can be obtained by measuring the distance 
between the damper line and the crankshaft line in 
the plane corresponding to the frequency. 

Perhaps the most impressive exhibit in the Dome 
is the 74-in. reflecting telescope, which is being made 
by Sir Howard Grubb, Parsons and Company, 
Newcastle-on-Tyne, for the Mount Stromlo Obser- 
vatory of the Australian Commonwealth. This 
instrument is designed on Newton’s reflecting 
principle and is generally similar to that at the 
Radcliffe Observatory, Pretoria. The star-light 
in the form of parallel rays passes down a skeleton 
tube, at the bottom of which is a paraboloidal 
mirror. It is thus reflected up the tube and falls 
on a Newtonian flat mirror, opposite which is a 
holder for a camera or eyepiece where provision 
is also made for spectrographic examination. 
By substituting a convex mirror for the flat mirror 
the light is reflected back towards the base of the 
tube and through a hole in the main mirror, where 
it is brought to a focus at the Cassegrain focus. 
The focus can also be brought to the coude focus 
just outside the lower bearing of the polar axis. 

The main mirror of the telescope is 76 in. in 
diameter, 12 in. thick and weighs 2 tons. The 
front face of the glass is hollowed out and was 
polished to form a paraboloidal surface, which is 
coated with a film of aluminium. The tube is 
pivoted on a declination axis which, in turn, is 
pivoted on a polar axis at right angles to it. To 
control the steady angular movement about the 
polar axis, which is necessary to counteract the 
effect of the earth’s rotation, the drive is transmitted 
through an 8-ft. diameter worm-wheel with 960 teeth. 

In the Land Section of the Dome the principal 
exhibits of engineering interest are a model of the 
Tekapo power station in New Zealand and of an 
impulse turbine, both of which are shown by the 
English Electric Company, Limited, Kingsway, 
London, W.C.2. Models of a steel bridge for 
Middle Harbour, Sydney, are exhibited by the Cleve- 
land Bridge and Engineering Company, Limited, 
Darlington, and of various types of aircraft, includ- 
ing the Viking and the Speedbird Stratocruiser, by 
the British Overseas Airways Corporation. The ex- 
hibits in the earth section are designed to show 
what has been done by digging, boring, experiment 
and scientific reasoning to explore the earth’s crust 
and what has resulted therefrom in the way of 
the discovery and use of metals. The equipment 
required by those who explore those parts of the 
earth where the climate is extreme forms the 
principal theme of both the polar and the sea sec- 
tions. 

In the Sky Section the displays summarise what 
is now known about the weather and deal with the 
air masses which envelop the earth and with the 
three main layers of ionised vapours, which exist at 
heights between 70 and 250 miles. The process by 
which these layers are ionised is exhibited, as are 
their diurnal changes of intensity. Their effect on 
radio propagation is demonstrated on an animated 
wall diagram, which shows the way in which the 
waves become deflected and illustrates skip and 
other reception phenomena. The effect of sunspots 
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on the earth’s magnetic field and the intense con- 
vection which results is shown on another model. 
A complete weather forecasting unit is in operation 
which indicates how the information obtained with 
meteorological appliances is collected, recorded 
and analysed. Illuminated wall maps show the 
positions of the weather reporting stations in the 
Northern Hemisphere and illustrate the radio and 
teleprinter networks over which coded weather 
reports are sent to the Central Forecasting Office 
at Dunstable. These maps indicate the positions 
of the floating meteorological stations in the 
Atlantic (of which the United Kingdom maintains 
two) and of other stations where Radiosonde and 
flight investigations are carried out. In this part 
of the Dome, there is also a representative collection 
of present-day meteorological appliances for indicat- 
ing and recording pressure, temperature and humi- 
dity. These include the Radiosonde in which the 
necessary measuring and telemetering equipment is 
carried aloft by a balloon. The indications of 
these instruments during the ascent are translated 
into electrical signals in the audio-frequency band 
and are used to modulate a radio frequency trans- 
mitter which, in turn, radiates them to a ground 
station. As a contrast, a model is shown of Merry- 
weather’s tempest prognosticator, which was dis- 
played at the 1851 Exhibition. This consisted of 
glass tubes containing leeches, which were sus- 
pended from radial arms attached to a central 
column. With the approach of certain weather 
conditions the leeches were supposed to climb the 
neck of the tube and by their position to act as 
meteorological prophets. 

The Outer-Space Section of the Dome is designed 
first to illustrate how astronomy is used for the 
accurate determination of time and then to present 
a summary of what is known about a number of 
heavenly bodies. Among the exhibits is a recon- 
struction of the Greenwich time ball, which used 
to be dropped at 1 p.m. every day to enable ships 
in the Thames to regulate their chronometers. A 
number of early chronometers and escapements 
are shown, among them being a Fifteenth Century 
alarm clock and a striking clock movement by 
Fromanteel dating from about 1675. Of the later 
clocks mention may be made of the standard 
sidereal clock, constructed by Messrs. E. Dent and 
Company to the specification of Sir George Airy 
between 1868 and 1872 and used at Greenwich until 
1920. This is said to be one of the most accurate 
clocks ever constructed. Modern equipment is 
exemplified by a phonic-motor clock controlled by 
& quartz crystal, which has an error of only one 
second in three years. 

What is known of the working of the solar system 
is demonstrated by an orrery devised by the Sondes 
Place Research Institute. This consists essentially 
of a clock movement in which a sphere, representing 
the sun, is mounted on a central pivot and other 
spheres, representing Pluto, Uranus, Jupiter, the 
Earth, Venus, Mars, Saturn and Neptune, on the 
ends of arms of different lengths. The lengths of 
these arms represent the radial distances of the 
planets from the sun on a logarithmic scale which 
has been modified to reduce the distance of the most 
remote planet (Pluto) to 16 ft. The diameters of 
the sun and the planets are also scaled down 
logarithmically and further arbitrary reduction 
factors have been employed, except to the Earth, 
Mars, Mercury and Venus. The distances of the 
satellites (which are also shown) from their planets 
have been scaled down empirically, so that they 
can pass both each other and the satellites of neigh- 
bouring planets. The speeds of the planets round 
the sun have been scaled up linearly, as also have 
been the revolutions of the planets on their own 
axes. 

Owing to the small ellipticity of their orbits the 
planets are arranged to follow concentric circles 
round the sun. The orbits of the satellites are 
also made concentric. As it is not known whether 
Pluto revolves on its own axis it was made sta- 
tionary, but the rise and fall of its elliptical orbit 
round the sun above and below the ecliptic plane 
has been reproduced. Saturn’s rings are represented 
by a transparent plastic collar placed round its 
equator and marked with dots of fluorescent paint. 
As the orbital speed of Mars’ innermost satellite, 








Phobos, is greater than that of the planet, its speed 
has had to be reduced considerably to prevent per- 
sistence of vision. The spheres representing the 
sun and planets are of copper or aluminium sheet 
and those of the satellites of solid brass and steel. 
They are coated with fluorescent paint and are 
displayed under ultra-violet light, the arrangement 
being such that a three-dimensional effect is 
obtained. 

The mechanism is driven by a 1}-h.p. motor 
through a V-belt and worm gearing. The output 
shaft of this gear is directly coupled to the shaft 
of the sun, which is } in. in diameter and runs 
at 27 r.p.m. The planets are driven from this 
shaft through hollow spindles of seamless steel 
tube, which are keyed to turntables consisting of 
circular ribbed plates of cast aluminium. Arms, 
consisting of two beams of T-section aluminium 
alloy, 3 in. by 1} in., set at an angle to each other 
and sheathed on the top surface with No. 16 gauge 
aluminium sheet, are bolted to the turntables. In 
all but three cases, these arms carry base castings 
which support turrets housing the driving mechanism 
for the axial rotation of the planets and the orbital 
rotation of their satellites. Mercury, Venus and 
Jupiter are, however, belt driven directly from the 
turntables of the planets above them, while each 
of the other six planets is driven, at the correct 
speed, from the turntable through bevel gearing 
and a clockwork train in the turret. The inclination 
of the axes of the Earth, Mars, Uranus and Neptune 
to their orbits has been reproduced by mounting 
the gearing in their turrets at the requisite angle 
and fitting universal ball joints to the vertical drives. 
The complete mechanism is mounted on a steel cradle 
which is fixed to an angle-iron frame. This frame 
stands on channel members which are connected 
to the display stand and are arranged so that the 
ecliptic plane is at an angle of 45 deg. to the floor. 

EXHIBITION OF ScrENCE aT SouTH KENSINGTON. 

The Exhibition of Science at South Kensington 
may be regarded as a supplement to the displays in 
the Dome of Discovery, although its theme is more 
limited since it is devoted to illustrating present-day 
knowledge of the inner structure of matter, both 
living and inert. It occupies the ground floor of the 
centre block of what will eventually be an enlarged 
Science Museum but which for the moment consists 
of a basement, ground and first-floor, with a tempor- 
ary roof over the central well. Completion of the 
construction of the new building to this stage was 
hastened by the Ministry of Works, so that it would 
be available in time for the Festival. 

The exhibition is arranged in three parts dealing, 
respectively, with the physical and chemical 
nature of matter, the structure of living things and, 
under the heading of “‘ stop press,”’ with some of the 
latest research work that is now being done. In 
the first part it is shown how matter is made up of 
one or more of 90 elements and how those elements, 
which are similar in their use and action, form 
regular groups. The way in which these elements 
make up the earth’s crust and the inner structure 
of the atoms themselves are also illustrated, as are 
the constitution of rocks and crystals and the chemi- 
cal behaviour of elements and their combinations. 
It is pointed out, however, that few of these elements 
are ever found alone. Usually, several are combined 
into one rock or mineral and each influences the 
colour, weight and texture of the compound. 
There are many thousands of these compounds, and 
a display is given to illustrate their uneven distri- 
bution in the earth’s crust. 

Considerable space is devoted to advancing 
evidence that matter is made up of separate particles, 
as shown for instance by the Brownian movements, 
and that the atom itself consists of a heavy central 
nucleus with electrons moving round it in such a 
way that they are more likely to be found in some 
places than in others. The link between atoms 
and electricity is illustrated by a number of exhibits 
describing the early work of J. J. Thomson, while 
the investigations of Aston into the existence of 
isotopes, and of Rutherford, Cockcroft and Walton 
on the structure of matter are similarly demon- 
strated. 

Since, however, physicists are not only concerned 
with matter, but with radiation, the opportunity is 





taken to show how this extends from the longest 


radio waves through heat waves, light waves and 
X-rays to the shortest and most penetrating 
y-rays, which are given out by radioactive materials. 
The nature of these radiations is illustrated by 
examining those which make up ordinary light, 
and it is shown how they travel and can be deflected, 
reflected, diffracted and used in telescopes and 
microscopes of both the optical and the electron 
types. In another section, the relation of the process 
of chemical combination to the physical structure 
of the atom is illustrated by displays showing how 
compounds formed by the transfer of the outer 
electrons of the constituent atoms usually arrange 
themselves in crystals and how the distribution of 
the atoms in a crystal can be worked out from the 
patterns discovered by Lave and used by Bragg. 
The exhibition contains an interesting display of 
crystal patterns, including one showing how mica 
consists of a complicated structure built up of 
aluminium, potassium, silicon, oxygen and hydrogen 
atoms. On the other hand, the outer electrons 
of metals are not firmly held by their nuclei, but form 
a loose cloud which links the latter together. A 
model shows how this cloud can easily be set in 
motion by heat or electricity, so that it drifts 
through the whole mass of the metal and arranges 
itself in one of three crystal patterns. The crystalline 
pattern of alloys is also illustrated by similar 
models. Finally, the third way in which elements 
can combine by sharing the outer electrons between 
two atoms, so that the latter remain neutral and 
no charge ions are formed, is shown. Since all car- 
bon compounds are of this kind, these displays form 
a natural introduction to the exhibits showing the 
leading role which this element plays in plants, 
animals and all living organisms. 

In the “stop press”’ section of the exhibition, 
displays are given to indicate how the knowledge 
we have acquired, and which is illustrated in the 
preceding sections, is being used either through 
the aid of the five human senses, or by such “ sixth 
senses” as the effect of light on a photographic 
plate or the conversion of radio waves into sound 
or luminescence, to make further discoveries. A 
particular feature is made of the instruments which 
are being employed for these purposes, including a 
cathode-ray oscillograph shown by Mullard Elec- 
tronic Products and a mercury discharge lamp 
with a black glass bulb, so that only ultra-violet 
radiation is emitted, which is exhibited by the 
Electric Lamp Manufacturers’ Association. A 
projection microscope is shown by the Hummel 
Optical Company and a Blackett cloud chamber by 
the Physical Laboratories, University of Manchester. 
How calculating machines can be used to relieve the 
human brain of many mechanical tasks in calculation 
is illustrated by the “‘ Nimrod ” computer, which is 
being shown by Messrs. Ferranti, Limited, and is 
attracting a great deal of attention. Considerable 
space is devoted to murals and other means of 
illustrating what is being done on cosmic rays and 
to investigate the constitution of outer space. 

THE Scrzence Museum, Past anp Foururs. 

Another exhibition which, although distinct in 
organisation from the Festival of Britain, also 
illustrates the advances that have been made during 
the past 100 years, is that arranged in No. 1 gallery 
of the Science Museum, under the title of the 
“ Science Museum—Past and Future.” The main 
purpose of this exhibition is to display representative 
scientific and engineering objects from the collection 
in the museum, many of which have had to be 
stored for many years owing to lack of space, and 
some of which have not previously been shown 
publicly. The exhibition also endeavours to 
portray the history of the Museum, which is ade- 
quately described in a pamphlet compiled by Mr. F. 
Greenaway. Among the pictures displayed are 
three, one depicting the museum as it was in 1857, 
another showing from the air the area now occupied 
and a third giving an artist’s impression of the new 
designs envisaged for future development. Among 
the models are some of the earliest and latest forms 
of mechanical power-transmission equipment, while 
other sections are concerned with early civil 
engineering, navigation. and transport. There is 
also a section on industrial chemistry, including a 
model of an ancient woad mill and workinz models 





of Nineteenth Centnry fire-fighting equipment. 
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ANNUALS AND REFERENCE BOOKS. 


Technical Reference Book of Compressed Air Terms 
and Standards.—This almost-book but much more than 
brochure, first published in 1932 and now, in its third 
edition, considerably enlarged, is issued at 10s. 6d., 
including postage, by the British Compressed Air 
Society, 94-98, Petty France, London, 8.W.1, who 
describe it as “an official work of reference for the 
Compressed Air Industry, to establish definite stan- 
dards for Manufacturers and Users of Air and Gas 
Compressors, Exhausters, Pneumatic Tools and 
Appliances.” It contains, inter alia, the relevant 
British Standard Specifications, advice on the installa- 
tion and maintenance of pneumatic plant, and numerous 
tables, graphs and data relating to compressed air 
and gases, the operation of rock drills and other 
pneumatic tools, pipe-line losses, etc., as well as 
conversion factors, logarithms, etc.; all useful informa- 
tion, though the logarithms might have been omitted. 
Also included, however, are numerous “ definitions ” 
which, we suggest, are much in need of revision; for 
some (e.g., “ absolute temperature”) must be suffi- 
ciently familiar to anyone competent to take a practical 
interest in the compression, exhaustion or use of air, 
and many more are not definitions at all, but descrip- 
tions, sometimes so loosely worded as to be hardly 
worth the space that they occupy. For example, the 
‘“‘ definition” of a displacement pump refers to it 
only as a device for pumping water, though some ofits 
more important uses are in pumping acids and other 
corrosive liquids; while that of the air-lift pump— 
so worded that it would apply as well or better to the 
displacement pump—makes no reference whatever 
to its basic principle of operation, namely, the creation 
of an artificial difference in density between a column 
of liquid which has been aerated and another (usually 
surrounding it) which has not. These are only two 
instances out of many that invite criticism. It may 
be that most users of the book, being themselves in the 
industry and so not requiring definitions of the appli- 
ances that they make and use, seldom refer to these 

ges; but there must be many others who would 

nefit by a greater precision. 

An International Bibliography on Atomic Energy.— 
Some indication of the rapidity with which knowledge 
of atomic energy is accumulating is provided by this 
monumental volume of 880 pages which contains over 
24,000 references to books, research reports, technical 
papers and articles in scientific and technical journals 
on the purely scientific aspects of the subject. It is the 
second volume of two prepared by the United Nations 
Atomic Energy Commission, the first, published in 
1949, having dealt with the political, economic and 
social implications of the development and use of 
atomic energy. In this second volume, the information 
is listed under five main headings and numerous sub- 
headings, and all the main “ chapters ” are prefaced by 
a short introductory essay or essays written by persons 
distinguished in the field. Thus, in the first chapter, 
Professor Pierre Auger writes on fundamental nuclear 
science, and the references on this subject are listed 
under twelve main sub-headings and numerous sub- 
ordinate headings. The second chapter on the physics 
and engineering of nuclear raactors is prefaced by 
an essay by Sir John Cockcroft. This, like the others, 
was written for an earlier publication of the information 
in parts, and is dated December, 1948. It seems a pity 
that, in all these cases, an opportunity was not taken 
before issuing the material under one cover to have the 
essays revised and brought up to date. To do so in 
the case of the lists of papers would, of course, have been 
an impossible task and, presumably for the reason that 
the references do not extend beyond 1949 and are far 
less complete for both that year and 1948 than for 
earlier years, the editors preferred to retain the essays 
in their original form. The other main sections of the 
book deal with the biological and medical effects of 
high-energy radiations, isotopes in biology and medicine, 
and applications of radioactive tracers in non-biological 
sciences and technology. All the main headings are so 
well subdivided that the finding of references to specific 
subjects should present no difficulty, while the work of 
particular authors may be located quickly by means of 
the index of authors printed as an appendix. The 
United Nations Organisation is to be congratulated on 
providing this most useful guide to the vast literature 
of atomic energy, which will be welcomed by all those 
engaged on the subject or seeking information con- 
cerning it. The book carries the United Nations 
Publications’ sales number 1950.1X.1 and is obtainable 
from H.M. Stationery Office, P.O. Box 569, London, 
8.E.1, at the price of 75s. 





HEAT TRANSFER DURING CONDENSATION OF STEAM: 
ERRATUM.—We regret that in our reprint of Mr. H. 
Hampson’s British Association paper on the above 
subjeot an error occurred in the expression in the penulti- 
mate paragraph on page 223, ante. The differential dD 
with which the expression terminates should be deleted. 





LABOUR NOTES. 


Some noteworthy changes in the outlook and policy 
of the Trade Union Congress are recorded in the annual 
report of its General Council, which was published on 
Tuesday last. This rather long document, of nearly 
250 pages, will be presented to the 83rd annual congress 
of the T.U.C., which is due to be held at Blackpool 
during the week commencing September 3. The pleas 
of the General Council during recent years for the 
exercise by trade unions of some restraint in the presen- 
tation of demands for wage increases are replaced by 
suggestions that the unions should endeavour to 
maintain the level of real wages, by demanding fresh 
increases for their members. At tae same time, the 
Government is urged to establish “a new and more 
stable ” level of prices as soon as possible. The General 
Council’s policy of wage restraint was far from popular 
with some of the affiliated unions, which, in practice, 
largely ignored it, and its rejection by a majority vote 
at last year’s congress was a severe reverse. 





Although, in the present situation, trade unions 
must endeavour to maintain real wages by pressing 
for increases, the General Council realises that such 
maintenance is unlikely to be possible for workpeople 
as a whole and that only some of the more favourably- 
placed sections may be able to achieve it. In fact, the 
increasing demands of the rearmament and export 
programme will result, in the immediave future at any 
rate, in a decline in the community’s standard of living. 
This could only be avoided, the General Council 
considers, if there were to be a considerable increase in 
production. In this connection, the possibility that 
production may be jeopardised by shortage of raw 
materials and the conversion of plants to rearmament 
projects emphasises the need for both sides of industry 
to co-operate as fully as possible in increasing the 
efficient use of all available resources and in eliminating 
wasteful methods. 





A period of considerable social and industrial strain 
is forecast by the General Council, owing to the present 
apparatus of price and production controls and of profits 
and income tax being insufficient to prevent wage 
increases from being offset by price increases, now that 
the relative wage-price-dividend stability of the last 
few years has broken down and everything is in motion. 
The General Council considers that the resulting spiral 
of incomes and prices is not likely, in this country, to 
result in any runaway inflation of a catastrophic nature, 
although it is dangerous, and, if carried too far, could 
have a damaging effect on the nation’s oversea trade 
balance. The efforts of the trade unions to increase 
wages cannot prevent, by themselves, a reduction in 
the standard of living, but they may mitigate it to a 
greater or less extent. There is a warning that the 
activities of certain extremists, who seek to utilise 
existing economic difficulties to further their own ends, 
might not only wreck the nation’s chances of obtaining 
stability, but could also set back the whole trade-union 
movement for many years. 





On the question of profits, the General Council refer 
to a statement by Mr. Harold Wilson, when President 
of the Board of Trade, that it was necessary for there 
to be a “ reasonable return” on capital employed in 
industry, if adequate supplies were to be forthcoming. 
If that return were reduced below a certain level, it 
would be easy for industry to evade price-control 
arrangements by, for example, lowering the quality of 
the articles produced or by causing the whole adminis- 
trative machine to stall. Price control in a largely 
private economy requires a certain amount of willing 
consent from manufacturers. The General Council 
recognises also that price control can, for the most part, 
deal only in terms of average costs. In spite of this, the 
General Council believes that more could have been done 
by the Government to reduce the permitted return 
to manufacturers, if necessary by reintroducing some 
of the associated physical controls which have been 
abandoned in recent years. 





The General Council states that it has reviewed the 
practicability of limiting profits by statute and that 
it has rejected the idea. The control of each firm 
would introduce “ a disastrous rigidity into industry ” 
and would “ break down under its own weight.” It 
is pointed out that 60 per cent. of all profit is taken 
away by the Government in the form of taxation. 
While this represents a large proportion, many firms 
could probably stand more, but, the General Council 
adds, other firms, particularly the smaller ones, could 
not. It has to be remembered, it is stated, that if all 
personal incomes above 2,000/. a year were to be 
taxed away completely, so that the person concerned 
had no income, the total yield would be no more 
than 230 million pounds. On the other hand, the 
General Council expresses its concern at the continuing 
increases in profits and dividends. It will consider 





the practicability of a capital gains tax. Nearly eight 
million workpeople belonging to 195 trade unions are 
affiliated to the Trades Union Congress. 





Retail prices increased slightly during the month 
ended July 17, according to an announcement by the 
Ministry of Labour on Monday last. The interim. 
index figure for all items stood at 126 at that date, 
compared with a level of 125 on June 19; for food only 
the figure was 137 on July 17, against 136 on June 19, 
The comparative figures for mid-January, 1951, were 
117 for all items and 127 for food only. During the 
two months between mid-March and mid-May last, 
there was a rise of five points in the index level for al] 
items, and of seven points in the level for food only, 
The Ministry records that the latest rise was due mainly 
to the higher prices of potatoes, milk and sugar, but 
there were also increases in the prices of many other 
articles. This index measures the average changes, 
each month, in the United Kingdom prices of goods and 
services which entered into the expenditure of working. 
class households before the war. It was commenced on 
June 17, 1947, the level at that date being taken as 
100 for all items and 100 for food only. 





The joint committee of representatives of the 
Railway Executive and the three principal railway 
unions, which was set up to improve the efficiency of 
the railway services and to effect economies in working, 
held its tenth meeting in London on Monday last, but 
little further progress appears to have been made. 
Beyond agreements providing for the reduction of 
knockers-up and of van guards in the London area, 
there has been little to show for the committee’s efforts. 
The main issues before the committee at recent meet- 
ings have been the proposals of the Executive for an 
increase in the number of lodging turns, and for the 
extension of the eight-hour roster by one hour’s over- 
time in some instances. The adoption of either of 
these proposals would enable more economical use to 
be made of train crews. 





These changes in working conditions, although 
apparently accepted by the trade-union leaders as not 
unreasonable, are extremely unpopular with the 
drivers and firemen concerned, and it is to this opposi- 
tion by the rank and file that the difficulties which the 
joint committee has encountered are largely due. 
Possibly with the object of avoiding a complete dead- 
lock between the two sides of the committee, the 
Executive made new proposals regarding lodging 
turns at the committee’s meeting last Monday. While 
these may not involve any drastic change in principle, 
they are understood to have been presented in a form 
more likely to secure the men’s co-operation in the 
proposed changes. The unions have undertaken to 
consult their memberships regarding the Executive's 
new proposals. These principally concern the Asso- 
ciated Society of Locomotive Engineers and Firemen, 
to which train crews beleng. No date has been fixed 
for another meeting of the committee. 





The arguments in favour of the joint claim of the 
three principal railway unions, for a wage increase of 
10 per cent., were presented by the general secretaries 
of the unions to the Regional representatives of the 
Railway Executive, at a meeting of the Railway 
Staff Conference in London on Tuesday. Some 
450,000 employees of British Railways are affected by 
these claims, which are estimated to cost the Railway 
Executive between 17 and 18 million pounds a year, 
if granted in full. Parallel claims have also been 
submitted formally on behalf of the members of the 
three unions who are in the service of the other Execu- 
tives of the British Transport Commission. This is the 
first occasion for many years that the three unions, the 
National Union of Railwaymen, the Associated Society 
of Locomotive Engineers and Firemen, and the Trans- 
port Salaried Staffs’ Association, have united to present 
a joint wage demand. 





The case for the unions rested principally on the 
argument that the wage increase of 74 per cent., con- 
ceded in February last, had been more than offset by 
rises in the cost of living during recent months and that, 
as a result, railway employees were now no better off 
than before the February increase was granted. It 
was pointed out that the figures of the interim index 
of retail prices had advanced by nine points during 
the first six months of the present year. Referenee 
was also made to the existing shortages of man-power 
on the railways and it was urged that wage levels 
must be raised substantially if the railway service was 
to obtain the new recruits it needed. The representa- 
tives of the Executive undertook to consider the 
union’s arguments and to call another meeting of the 
Railway Staff Conference, when the Executive's case 
will be presented. This meeting will probably be held 
in about three weeks’ time. 


@a.0 © Pkt a CO. keto sts ot 


>ao 


 — 


ee en ae od - i’ - oe 


‘So 


—s 22> >= 


aot 


, os Se On eit Oo On 


a> ao 


ST. 


rly ei ght 
ions are 


> month 
i by the 
interim. 
at date, 
00d only 
June 19, 
b1, were 
ring the 
ay last, 
‘1 for all 
od. only, 
mainly 
yar, but 
\y Other 
changes, 
ods and 
yorking. 
nced on 
aken as 


of the 
railway 
ency of 
rorking, 
ast, but 
- Made, 
tion of 
n area, 
efforts. 
t meet- 
. for an 
for the 
'8 Over- 
ther of 
use to 


though 


as not 
th the 
Dpposi- 
ich the 
y due. 
> dead- 
e, the 
odging 
While 
nciple, 
a form 
in the 
sen to 
utive’s 
Asso- 
remen, 


1 fixed 


of the 
ase of 
otaries 
of the 
ailway 
Some 
‘ed by 
vilway 
year, 

been 
of the 
ixecu- 
is the 
is, the 
ociety 
'rans- 
resent 


n the 
, con- 
et by 
that, 
er off 
i. It 
index 
uring 
renec 
ower 
levels 


ENGINEERING. 








AUG. 24, I95I. 





DEVELOPMENT OF HIGH- 
VOLTAGE TRANSMISSION WITH 
PARTICULAR REFERENCE TO 
HYDRO-ELECTRIC PROJECTS.* 


By T. Grazme N. Harpang, M.LC.E., M.LE.E., 
F.A.LE.E. 


WuEN the public supply of electricity commenced in 
the early 1880's, the main object was to provide a new 
means of lighting superior to gas. All the earlier Acts 
of Parliament dealing with electricity supply were 
termed ‘‘ Electric Lighting Acts ” and it was not until 
many years later that electricity became an important 
means of providing electrical power. Transmission 
distances were severely limited by the low voltages 
available in the early days of electricity supply, and 
the size of areas supplied was correspondingly small. 
As this restriction became less severe with the develo 
ment of higher alternating-current voltages—so largely 
due to the pioneer work of Dr. S. Z. de Ferranti—there 
arose controversy between the advocates of the 
“ central ” station and those who took a more parochial 
view of electricity supply. This was the dominating 
theme in discussions on electricity supply up to about 
the beginning of the second decade of this century. 
Those who urged the central-station idea wished to 
see each town, or portion of a large city, supplied by 
one central station carrying a wide variety of load and 
benefiting by the consequent diversity of peak demands. 
As the central-station idea caught on, and as trans- 
mission voltages continued to rise, this theme was 
extended to the interconnection of a number of central 
stations covering, collectively, a large area comprising 
a multiplicity of cities, towns and rural districts. A 
large-scale policy of this sort was first adopted in the 
development of the North-East Coast area and marked 
a milestone in the history of electricity supply. 
Another milestone was the creation of the British grid 
system, following the passing of the 1926 Act. 

With still further increase in transmission voltages, 
the scale of interconnection has steadily increased until 
to-day it has reached international proportions. At 
this stage, the problem is tending to become more 
political than technical, particularly in Western 
Europe. In parallel with this development, and also 
closely connected with increasing transmission voltages, 
was the search for sources of power other than coal. 
From the beginning, some countries which had no coal 
sought to develop their water power; and in other 
countries the increasing cost of coal has led to the use 
of water power even where located at considerable 
distances from the load centre. Apart from the 
economic incentive, there is now a growing conscious- 
ness, to which Sir Harold Hartley referred in his presi- 
dential address last year, of the obligation to explore, 
for the benefit of future generations, the non-expend- 
able sources of energy, before our expendable resources 
have been used up. 

Of the several ways in which we can reduce our 
dependence on coal or other expendable resources, for 
the world at large the most important is to make 
greater use of water-power resources, and to do so 
involves transmission of large blocks of power over 
greater distances than ever before. At the present 
time, the world’s greatest water-power transmission 
system is that from Boulder Dam to Los Angeles, a 
distance of 270 miles, over which some quarter of a 
million kilowatts are transmitted at 287,000 volts. 
If the great water-power resources of Norway are to 
be made available to Western Europe, this might 
involve a transmission distance of between 500 and 
1,000 miles. In several parts of the world there are 
very large sources of water power which may lie up to 
1,000 miles from the nearest large load centre; in 
fact economic transmission of large blocks of power 
up to a distance of nearly 1,000 miles would appear to 
be the goal of present development. The nearest 
immediate approach to this distance will be the Swedish 
600-mile transmission now in construction which, at 
& voltage of 380,000, will make available the water- 
power resources of the extreme north of Sweden. 

_ The urgency of the problem to which I am referring 
18 not perhaps sufficiently appreciated. Although 
there are vast resources of coal still available in many 
parts of the world, the difficulty and cost of producing 
coal, particularly in the European countries, including 
Great Britain, ‘have been steadily increasing. The 
National Coal Board has estimated the total demand for 
British coal at 240,000,000 tons per annum in the 
period 1961 to 1965. To meet this demand will require 
considerable effort and a further large capital invest- 
ment in the coal-mining industry. A study of the 
rate at which the consumption of electricity has been 
iereasing, and the rate at which thermal efficiency is 


improving, suggests that the coal required for power 
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generation will be appreciably higher than the amount 
which appears to be included in the Coal Board’s 
estimate. Bearing in mind the relatively low degree of 
mechanisation and of comfort standards in this country 
as compared with the United States, it seems very 
probable that an additional 10 million, or more, tons per 
annum will be required during the period 1961 to 1965, 
which may not be available. It does not appear that 
we can reckon on power from nuclear fission in any 
large quantity by that date. 

In this paper I propose, first, to make a general 
review of the position which high-voltage transmission 
has reached to-day and its prospects for the future ; 
and then to make special reference to some of the 
difficulties in choosing the best transmission system 
for a given task. The superiority of alternating current 
for transmission and distribution purposes has been 
maintained since it emerged some 50 years ago as the 
victor of the “ battle of the systems.” This superiority 
has been retained by constant development to meet 
the rapidly increasing demands upon it. 

When long-distance transmission by overhead line 
first came to be considered, the load which could be 
carried was found to be limited mainly by the react- 
ance. This caused not only drop in voltage, but ulti- 
mately, as the load was increased, instability, a situation 
in which the phase displacement between voltages at 
the beginning and end of the line is so great that a 
disturbance such as a fault, or even a switching opera- 
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tion, may “shake” the driving and driven machines 
out of step. The obvious answer was increase of 
voltage, and in Fig. 1 is shown the consequent rise of 
voltages caused by this striving for higher capacities. 
The 380-kV line, which is shown as the present highest 
voltage, is not yet actually in operation but probably 
will be next year. As already mentioned, it will, by 
transmission of some 300 MW over a distance of 
600 miles, make available the water-power resources 
of the extreme north of Sweden. 

With ever-growing requirements as to loads and 
distances it next appeared that a practical limit to 
increase of transmission voltage might be set by the 
size of conductor necessary to avoid excessive losses 
due to the ionic discharge known as corona. A voltage 
of 300 kV requires a conductor about 1-4 in. diameter 
and anything larger than this is found to be difficult 
to manufacture, transport and erect in reasonable 
lengths. This limitation also is in process of being 
removed by the introduction of the multiple or 
‘bundle ” conductor which, although first ae 
about 1910, has only recently been actually developed. 
This consists of two or more conductors connected in 
parallel and spaced apart at a distance fairly large as 
compared with the diameter of the components but 
still small as compared with the inter-phase spacing. 
A multiple conductor behaves electrically like a single 
] conductor, the corona starting voltage being much 
higher than that of an equivalent single conductor of 
cross-section equal to the sum of the cross-sections of 
the components. The diminution of corona loss in 
wet weather with multiple conductors is very marked, 
as the majority of the drops of water hanging from 


| the conductor are not in a region of maximum electro- 


static stress and so do not form points of discharge. 
It appears probable that the requirements of lines 
up to 400 kV will be satisfactorily met by the use of 


twin conductors, at least where the system neutral is 
solidly earthed. Twin conductors are being used for 
the Swedish 380-kV lines and the French 400-kV lines 
and for the 275-kV lines of the British Electricity 
Authority. On the projected German 400-kV lines it 
was intended to use quadruple conductors, but probably 
only because it was first intended that they should be 
earthed through arc-suppression coils. 

Although the primary reason for adopting multiple 
conductors is to minimise corona, there is another very 
noteworthy advantage. The larger effective conductor 
diameter decreases reactance and increases capacitance, 
and since line reactance is a big factor in problems 
relating to system stability, this makes greater power 
transmission possible with the same degree of safety. 
The increase is of the order of 10 to 20 per cent. for 
twin conductors and 30 to 40 per cent. for quadruple 
conductors. 

Much thought has been and is being given to the 
development of economic methods of counteracting, 
as opposed to reducing, line reactance. One obvious 
possibility is the neutralisation of line reactance by the 
use of series capacitors, but theoretical investigations 
indicated that the danger of over-voltages being set up 
across the capacitors by faults and switching surges 
was considerable. It has been left to Swedish engineers 
to make the first practical demonstration of the scheme. 
In January, 1950, a capacitor was installed at the Alfta 
substation of the Swedish State Power Board at the 
mid-point of a 300-mile 220-kV line. The capacitor 
is designed to compensate 20 per cent. of the line 
reactance and thus to increase the load transfer capa- 
city by about 25 per cent. Theoretical investigations, 
confirmed by experiments on models, show that, by 
subdividing a line with series capacitors and adding 
shunt reactors connected between line and earth to 
limit voltage rise at times of low load, stability pro- 
blems on the longest lines contemplated oan be satis- 
factorily solved. 

It appears that, at least during the next 20 years 
or 80, any transmission requirements likely to be 
encountered in Europe can be satisfactorily dealt with 
by the alternating-current system at voltages not 
exceeding 400 kV. Objecticns to the use of substan- 
tially higher voltages are the very high cost of the 
transformers and switchgear at the line terminations, 
and—a point sometimes overlooked—the very large 
amount of space required by the substations. We 
may then regard 400 kV as a practical limit of alter- 
nating-current transmission for some time to come, 
although the use of still higher voltages is not likely 
to present any insuperable technical difficulties. 

Switchgear and transformer problems are too special- 
ised to come, in full detail, within the scope of this 
paper. Circuit-breakers for very high-voltage use 
must of course have the desirable qualities common to 
all types of switchgear, including high speed and 
ability to handle large fault power. On very high- 
voltage lines, the additional complication and expense 
of features which improve stability, such as single- 
phase switching and automatic reclosing after transient 
faults, are fully justified and will no doubt be widely 








used. As to type, in Europe the air-blast breaker is 
tending to monopolise the high-voltage field, while in 
America the conventional tank-type oil switch is more 
in evidence. On the British 275-kV system, to which 
reference is made later, both types will be used. 

The problems associated with transformers for very 
hizh voltages are largely concerned with considerations 
of size and weight and, particularly in the case of 
remote hydro-electric stations, it is often necessary to 
install single-phase units. This has the incidental 
advantage that provision of one spare single-phase 
unit is often considered adequate cover against break- 
down. For the interconnection of the 380-kV and 
220-kV systems in Sweden and the 275-kV and 132-kV 
systems in England, auto-transformers are to be used, 
these having the advantages of lower cost, losses and 
impedance as compared with double-wound trans- 
formers. Use of auto-transformers involves the appli- 
cation of direct earthing which, although it has been 
British practice on the 132-kV grid since the beginning, 
has not been general European practice. However, 
while there may be scope for some difference of opinion 
as to whether arc-suppression coils are worthwhile at 
132 kV, it is now generally recognised that for all 
higher voltages their advantages are outweighed by the 
extra cost of insulating equipment, the difficulty of 
keeping the arc-suppression coils tuned, and their 
effect of aggravating the corona problem. 

The use of high voltages for transmission has neces- 
sitated a large amount of experimental work, not only 
to ensure satisfactory operation, but also to determine 
the most economical sizes and arrangements of con- 
ductors with a view to minimising capital costs and 
losses. The three most extensive research installations 
associated with high-voltage transmission are at Tidd, 
near Brilliant, Ohio, on the system of the American 
Gas and Electric Company; at Chevilly, near Paris, 
owned by Electricité de France ; and our own B.E.A. 
research station at Leatherhead, Surrey. All these 
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installations have test lines on which experiments 
may be made at voltages up to 500 kV. At Leather- 
head, the line, some 800 yards long, is carried on gantries 
instead of normal transmission towers and is specially 
designed to facilitate modifications of clearances to 
earth and between phases. The line has been used 
since November, 1949, mainly for tests at 275 kV with 
twin conductors as proposed for the B.E.A. super grid. 

By virtue of the insulation level necessary to meet 
normal service conditions, insulation and spacing 
between conductors need not be increased in proportion 
to voltage, and there are two important inducements to 
studying the lower limits of these features ; first, the 
reduction in capital cost, and secondly, the reduction in 
line reactance, which both vary with interphase 
spacing. 

The assessment of corona losses is a matter of con- 
siderable complexity, as many variables are involved 
and results obtained in one country may not be exactly 
reproduced in another; in addition, the accurate 
measurement of corona loss presents great difficulty. 
For this reason, authorities contemplating the use of 
voltages greater than 132 kV have generally preferred 
to carry out their own experiments rather than to rely 
on published data ; and a great deal of work is being 
carried out in this connection. A further matter 
which has been the subject of investigation is the 
possibility of interference to radio and television services 
by discharge from lines. At Leatherhead, it has been 
shown that a television receiver could be operated 
within ten yards of a 275-kV line with negligible 
interference. As shown in Fig. 2, which gives the prob- 
able line outages per 100 circuit miles per annum for 
Great Britain, high-voltage lines are relatively free from 
lightning trouble. 

Looking now specifically at the British grid, con- 
siderable progress in thought has recently been made, 
culminating in the decision to proceed with a 275- 
300 kV super grid. The British system is amply large 
enough for statistical analyses to be reasonably reliable 
and studies have shown both that a much greater 
degree of interconnection was justified as a result of 
savings due to diversity of various sorts—diversity of 
loads, diversity of estimating errors, diversity of 
weather conditions and diversity of breakdowns—and 
that these benefits, plus the reduction of the rupturing 
capacity needed in the switchgear, could best be 
obtained by superimposing a distinct new higher 
voltage system on the existing grid. A voltage of 
275 to 300 kV has been chosen for this ; it is hoped that 
the first portions will be in operation by 1955, and that 
the subsequent more eftective use of the available 
generating plant will have an important eftect in 
reducing load shedding. 

The new 275 to 300-kV grid will be combined with 
circuits provided for the direct transmission of power 
generated in the cheap coal areas, for instance the 
Midlands, to the densely-populated London area. 
Some of these transmission circuits may, in fact, be 
designed for future operation at 380 kV. Up to a 
few years ago it had been thought that it was generally 
cheaper to transport coal than to transmit electricity 
even over comparatively short distances. Although 
this may still be true as regards sea transport of coal, 
it is now accepted as no longer true with regard to rail 
transport of coal over distances up to about 150 miles. 
This change is due to the rising cost of rail transport 
and the development of extra-high-voltage transmission. 
It is also due to the increasing scale of the bulk trans- 
mission required. Fig. 3 shows an approximate com- 
parison of the costs of transporting coal by rail as 
compared with transmitting the equivalent electrical 
energy. The coal is assumed to have a calorific value 
of 11,000 B.Th.U. per pound and to be converted into 
electrical energy at an efficiency of 26-5 per cent. 
Electrical energy is assumed to be transmitted at 
300 kV over a distance of 125 miles. Present rail costs 
are of the order of 2d. per ton-mile. 

While the ease with which alternating current can 
be controlled and transformed to any desired voltage 
makes that system the natural choice for the great 
majority of transmission and distribution systems, 
there are exceptional situations where direct-current 
transmission would have technical and economic 
advantages if suitable :onverting and switching appa- 
ratus were available. The possibilities of direct- 
current transmission have therefore once again begun 
to engage the attention of engineers. The cases in 
point are the transmission of large amounts of power 
over very long distances and transmission by cable where 
overhead lines are impracticable, such as across consider- 
able expanses of water. The main advantage of 
direct-current transmission is that problems associated 
with the reactance and capacitance of the line or cable 
disappear, so that the costly compensating devices 
which have to be inserted at intervals in a long alter- 
nating-current line would be unnecessary. Direct- 
current transmission permits of greater power per 
conductor for the same insulation level than alternating 
current ; alternatively, the same power can be trans- 





mitted with fewer conductors while retaining the 
same voltage to ground. On the other hand, there is 
no method of stepping the voltage up or down in any 
way comparable in efficiency, simplicity and cheapness 
with the alternating-current transformer ; in addition, 
switching presents considerable difficulty, as the alter- 
nating-current principle of breaking the circuit as the 
current passes through zero is not available. 

No review of direct-current transmission possibilities 
would be complete without reference to the installation 
based on the constant-current system of Thury in 
France, which only went out of service in 1937 after 
some 40 years in service, but all present-day develop- 
ments are based on the conventional constant-voltage 
system. In the few direct-current transmission 
proposals which show promise of practical development, 
alternating-current generators would be used, the 
power being converted to direct-current by mercury-arce 
or valve rectifiers. At the receiving end, similar 
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devices would be used as inverters to transform the 
power back to alternating current for distribution. 
It is considered that there would be no insuperable 
difficulty in developing this method for use at the 
voltages required for very long distance transmission, 
say, 500 kV, except the very high cost of the develop- 
ment work, much of which would necessarily have to 
be carried out on an actual system. It seems likely 
that attention will be specially devoted to the most 
advantageous use of direct current represented by the 
second case mentioned above, namely, the transmission 
of power by underground, or more often under-water, 
cable. For various reasons, including lower peak 
voltage, ionisation and dielectric losses, a high voltage 
direct-current cable requires less insulation than the 
equivalent alternating-current cable and this, together 
with the elimination of the capacity charging current, 
makes direct current an attractive proposition for 
transmission where cables are essential. 

A project of great interest is the proposal to connect 
the island of Gotland with the Swedish mainland, a 
distance of about 60 miles, by a direct-current cable. 
The scheme has proceeded so far that it is to be put up 








to the Swedish Parliament during the current year for 
authorisation and will probably go into service about 
1954. First a single cable working at 100 kV will be 
laid, the sea and earth being used as return ; later, 
a second cable will be laid, the voltage across the two 
cables being 200 kV and the power transmitted 40 MW. 

The maximum transmission distances in Great Britain 
are comparatively small and are less likely to justify the 
use of direct current except where the loads to be 
transmitted are very large. On the other hand, there 
is the very important possibility of linking the great 
thermal system of Great Britain with the whole Conti- 
nental system, which is about half thermal and half 
water power. To do this, we should require to transmit 
very large blocks of power by submarine cable across the 
Channel, a distance of a little over 20 miles. Such 
transmission might be technically possible using 
alternating current, but would involve very serious 
difficulties due to the huge charging currents involved 
at very high voltages. It might be possible to provide 
reactive compensation, but this would be very costly. 
Consequently, direct current would have great advan- 
tages in this particular case and it seems that research 
on direct-current transmission carried out in this 
country should be directed primarily to the provision 
of a direct-current submarine link between Great 
Britain and the Continent. This is a matter referred 
to in the author’s presidential address to the Institution 
of Electrical Engineers some years ago, when it was 
suggested that the economic advantages of the inter- 
connection of Great Britain and the Continent should 
be studied. Since then there has been contact between 
the British Electricity Authority and Electricité de 
France, and the recessary study has been put in hand. 
The matter is, however, extremely complicated and 
involves many different factors. There is, for instance, 
the diversity in peak demand due to differences in 
habits, weather, climate and time. Apart from this 
there is the difference due to the fact that the Conti- 
nental system is largely dependent on water. All such 
diversities and differences tend to create arguments in 
favour of interconnection which are similar in character 
to the arguments which have led the B.E.A. to decide 
on interconnection of the various parts of this country 
by a new 275 to 300-kV system. For cross-Channel 
interconnection it will be necessary not only to prove 
the economic case but also to solve the technical 
difficulties before large-scale direct-current cable 
transmission becomes commercially feasible. 

Whereas the cross-Channel interconnection might 
be regarded as the primary objective, direct-current 
research in this country may also become of importance 
for certain Commonwealth transmission projects. 
A case which is somewhat similar to the cross-Channel 
project, though on a smaller scale, is the laying of a 
cable across the Cook Strait between the North and 
South Islands of New Zealand. The hydro-electric 
resources in the North Island are nearly fully utilised, 
but there is surplus in the South Island, which is less 
densely populated. The laying of a cable across 
Cook Strait, which at the narrowest part is some 16 miles 
wide, might effect great savings in the future in the 
amount of very expensive coal which would otherwise 
have to be burnt in thermal stations, unless geothermiec 
stations can be developed. 

Control of transmission, principally control of fre- 
quency, power flow and reactive current, presents 
many problems, except in cases of simple point to point 
transmission. The difficulties are more acute where 
the system is a loosely-knit one, the largest example 
of which is the Combined South Atlantic and Central 
Areas Group in the United States, with a peak load 
of 20 million kW. However, in view of the fact that 
in Western Europe there are already 50 transmission 
lines crossing international frontiers, Europe itself may 
in some sense be regarded as in process of becoming such 
a loosely-knit interconnected system with a total load 
approaching 30 million kW. In this country, and also 
in the second great interconnected system in the 
United States, namely the Pennsylvania, New Jersey 
and Baltimore, Washington Group, the system is much 
more tightly knit and represents what may properly 
be called a grid system. Speaking in general terms, 
in such systems the multiplicity of bilateral agreements 
is replaced by a single obligation on a controlling body 
to get the best out of the system. This, coupled with 
the fact that the existence of many cross connections 
makes the application of automatic equipment very 
difficult, has justified the continuance of a large degree 
of manual control in such systems. } 

The economics of transmission is a subject which 
may easily be over-simplified to the point of being 
quite aiiiies, and the danger of this happening 
is particularly great if the performance of the tran* 
mission system is considered apart from the generating 
system. ‘Transmission stud‘es must be related to the 
electrical system as a whole if the effect of the many 
relevant factors is not to be overlooked, and such 
fundamental facts or assumptions as ccal price, = 
of equipment, rates of load growth, probabilities 
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COSTS OF HYDRO-ELECTRIC PROJECTS. 
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generating-plant outage, etc., can all affect the results 
considerably, although none of them is specifically 
associated with the transmission system. As far as 
the lines themselves are concerned, even the apparently 
simple question of the cost per mile is frequently subject 
to a wide margin of error in the planning stages of a 
project because the line may traverse wild and hitherto 
inaccessible country. In fact, the best we can truth- 
fully say of the most careful study is that it enables 
us to eliminate all definitely bad alternatives, leaving 
the final choice largely a matter of judgment and experi- 
ence combined with policy considerations. 

When hydro-electric projects come to be considered 
it is more than ever necessary to study generation and 
transmission costs as one whole. In the design of the 
hydro-electric scheme, not only is there likely to be 
relatively long transmission, but there is also almost 
certain to be a degree of freedom in choosing the load 
factor, and the choice of load factor affects, and is 
affected by, the transmission costs. The fundamental 
decision to be made in connection with any particular 
hydro-electric scheme is, should it be proceeded with 
now, or postponed in favour of some alternative ? The 
alternative may be some other hydro-electric scheme 
but, provided it can be assumed that fuel is available, 
there is always one basic alternative with which the 
scheme can be compared—that of thermal generation 
at or near the load. Thus, what may be called the 
“thermal yardstick” is a measure to which useful 
comparisons may always be made, although, needless 
to say, it is a yardstick which has different dimensions 
in different parts of the world and at different times. 
For the purpose of the comparisons made later, the 
thermal yardstick is taken to be a generating cost of 
5l. per kilowatt of installed plant per annum and 
0-35d. per kilowatt-hour. These fi S are consistent 
with a present capital cost of about 55/. per kilowatt 
installed for a high-efficiency thermal station and with 
coal costing about 60s. per ton. For comparison with 
this, the total combined cost of the hydro-electric 
scheme and its associated transmission must be 
evaluated, but subject, of course, to policy considera- 
tions regarding coal conservation. 

Clearly the variation of load factor possible in the 
hydro-electric scheme itself (which is reflected in the 
load factor of the transmission line), the variation in 
line voltage and number of lines, and other electrical 
parameters, lead to many alternatves and some of 
these must be resolved by preliminary study before 
progress can be made. One way of making such a 
preliminary study is to evaluate total line costs for 
various loadings and load factors, including for this 
purpose as line costs all extra generating costs caused 
by transmission-line losses. These extra costs are of 
two kinds, that due to the power loss at time of peak 
and that due to the average energy loss over the year. 
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The first of these is clearly reflected in plant capacity 
while the second is reflected in additional consumption 
of fuel or water. In most hydro-electric projects it is 
possible to vary the daily peak output with but little 
change in civil engineering costs, so that the power 
losses can be provided for by installing slightly more 
generating capacity, a typical incremental cost for 
this being about 27/1. per kilowatt, i.e., about half the 
cost of providing the same extra capacity in the form 
of steam plant. In considering the second, the kilowatt- 
hour losses, two cases must be distinguished, one in 
which the river flow (for most of the year at least) is 
in excess of requirements, when the kilowatt-hour losses 
obviously cost practically nothing ; the other in which 
all the available water is used, when the losses definitely 
result in greater expenditure of fuel in the system as a 
whole and must be costed accordingly. The first of 
these cases seldom applies to hydro-electric projects 
in this country ; the second case is usually appropriate 
to Scottish conditions. 

Fig. 4 gives the results of such a preliminary study, 
showing the least total transmission cost for a variety 
of loads and load factors. Each curve is really the 
lower envelope of a series each representing a particu- 
lar voltage and number of lines. In all cases one spare 
line is included, i.e., one more line than is needed to 
transmit the maximum power, but for the purpose of 
calculating the energy losses all lines are assumed to 
be in use practically all the time. Fig. 4 brings out 
the influence of the kilowatt-hour losses, the curves a 
applying to a situation in which the losses are of no 
importance, while curves 6 and c, applying to 25 per 
cent. and 50 per cent. annual load factor, cy Sa 
include the cost of replacing kilowatt-hour losses by 
thermal generation at a cost of 0-35d. per kWh. In 
all cases the kilowatt losses are assumed to be made 
good by increased capacity at the sending end and 
costed accordingly. The curves also show that the 
total costs are by no means proportional to distance. 
For instance, at 300 miles the costs are only about 
twice the corresponding figures at 100 miles. This is 
due to the relatively high cost of the end-stations with 
short lines. 

The amount which can be economically invested in 
a hydro-electric project is clearly a function of the 
difference between the transmission costs shown in 
Fig. 4 and the cost of thermal generation at the load, 
the ‘thermal yardstick” mentioned previously, and 
in Fig. 5 this difference is shown for the same range 
of loads and distances, and for three alternative load 
factors. The ordinate of Fig. 5 has two scales, and 
of these the permissible annual cost per kilowatt of 
maximum capacity is more fundamental. The other, 
the permissible capital cost per kilowatt, is based on an 
arbitrary capitalisation at 6 per cent. Whether this 
is valid for a particular project depends, of course, not 








only on the rate of interest on capital but also on the 
life assumed for various parts of the hydro-electric 
installation. It should be noted, in connection with 
Fig. 5, that the kWh losses are not charged for curves 6, 
but for curves a they are charged at 0-35d. per kWh. 
The kW losses are charged in all cases on a basis of 271. 
per kW capital cost. 

As might be expected, the load factor of the project 
is much the most important variable, and the effect 
is such as to indicate the advantage of low load factor 
development, having in mind the relatively low incre- 
mental cost of additional installed capacity. The 
variation of permissible cost per kilowatt is seen to be 
appreciable, affected also by the size of the project, 
and the transmission distance has a substantial effect 
but by no means pro rata. On a large project at 
50 per cent. load factor, trebling the distance only 
reduces the amount expendable on the hydro-electric 
scheme by 15 per cent. The effect of having surplus 
water to cover kilowatt-hour losses is most noticeable 
at 300 miles and 50 per cent. load factor, when it makes 
a difference of some 5 per cent. in the amount which 
can economically be invested in the hydro-electric 
scheme. 

It must be remembered that these figures are the 
result of measurement with a yardstick which relates 
to our own present-day British conditions and do not 
necessarily apply elsewhere. Moreover, they relate 
to one particular stage of development. For our 
conditions, this does not introduce any difficulty 
because we are developing our hydro-electric resources 
at an advanced stage of general electrical development. 
Our existing electrical load is therefore very large in 
relation to any possible hydro-electric scheme, and 
thus the scheme can be fully developed at the start, 
with full assurance that its whole output will be 
immediately absorbed. Very different conditions may 
exist in other parts of the world. Many countries 
which have hitherto been largely agricultural are now 
anxious to develop industries and supply them with 
cheap power. Hydro-electric projects started in these 
circumstances may have to go through a prolonged 
period of ‘ growing-up,” during which a project, 
ultimately highly profitable, may accumulate sub- 
stantial losses during the early years while the potential 
output is only partly absorbed. As an alternative 
to postponement of such a project in favour of thermal 
generation local to the growing industries, financial 
stringency may well restrict the choice of transmission 
system to one cheaper than is known to be justifiable 
on a long-term view. The study of transmission 
economics, including the choice of voltage, is a difficult 
and complicated matter and in general it is not possible 
to arrive at a definite answer by pure calculation. 
Calculation should be used as far as possible, but we 
must always be aware of its limitations due to the 
inevitable uncertainties in the assumptions on which 
the calculation is based. In most cases, it is necessary 
to make some forecast of future, and largely unknown, 
conditions. This calls for sound judgment as well 
as vision, which qualities are in fact the essence of all 
engineering. 

With each upward step of transmission voltage, new 
technical problems are presented, the overcoming of 
which not only requires time and experience but also 
involves heavy cost. It must not, therefore, be too 
readily assumed that any voltage level, however high, 
is merely a matter of time. It may be some consider- 
able time before 400,000 volts is exceeded, but, never- 
theless, we are probably within sight of the half million 
volt mark enabling blocks of a quarter of a million 
kilowatts to be transmitted per circuit over distances 
not far short of 1,000 miles, though whether such 
transmission will be economic is another question. 
Direct-current transmission may eventually supersede 
alternating-current and increase this limit, but it would 
appear more probable that, for economic reasons, direct 
current will be used initially for the submarine-cable 
transmission of very large blocks of power. 





THE ENGINEERS’ GUILD.—We note that, of the 11 
members nominated for the Metropolitan Branch com- 
mittee election in the Engineers’ Guild, eight are em- 
ployed by nationalised or other public authorities. Of 
the 11 candidates, six belong to the Institution of Civil 
Engineers, four to the Institution of EJectrical Engineers 
and only one to the Institution of Mechanical Engineers. 
The ballot papers are to be returned by noon on August 
27. The election will take place on September 30. 

New Four-Jet BOMBER AIRCRAFT.—The second 
British bomber aeroplane propelled by four Rolls-Royce 
Avon jet engines, the SA/4, constructed by Messrs. 
Short Brothers and Harland, Limited, Seaplane Works, 
Queen’s Island, Belfast, Northern Ireland, recently 
made its first flight. It may be recalled that the first 
four-jet bomber aircraft, the Vickers-Armstrongs Valiant, 
which is also propelled by Avon engines, mad: its first 
flight in May this year. No details of performance have 
been released on either of these aircraft. 
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THE PROPORTIONING OF CONTRA- 
FLOW HEAT-EXCHANGE 
APPARATUS.* 


By C. E. Inirre, M.A., A.M.I.Mech.E. 


In general, the design of heat-exchange apparatus 
may be presented as the solution of three problems. 
The first of these problems is that of determining the 
laws governing heat transfer between a fluid and a 
surface or between two fluids direct, and the accom- 
panying skin friction. The second is to formulate 
the relation between the temperatures of the fluids 
and the heat-transfer coefficients and apparatus dimen- 
sions. The third problem is that of combining the 
solutions of the first two, so as to obtain the best 

ible proportions for the apparatus. An expression 
or the temperatures of the fluids is obtained as a 
result of solving the heat-balance relation between 
heat-transfer rate and rate of gain in enthalpy of the 
fluids. In the case of contra-flow apparatus, to which 
this paper is confined, this relation may involve only 
one independent variable, namely, distance along the 
th of one of the fluids. It is not surprising, there- 
ore, to find that considerations of optimum propor- 
tions have been carried farthest in such cases. 

The velocity of a fluid flowing over the surface of a 
body is in general of the same order as that of its 
mass mean velocity except in a layer adjacent to the 
surface, the ‘‘ boundary layer,” in which the velocity 
falls rapidly to zero. The thickness of this layer 
increases with distance travelled by the fluid over the 
surface. The effects of fluid flow over a body, such as 
heat transfer and skin friction, are thus expressible 
in terms of the least number of dimensions on which 
the thickness of this layer depends. The effects of 
fluid flow over a solitary thin plate, for instance, can 
be expressed in terms of its length in the direction of 
flow. In the case of flow between parallel flat plates, 
a limit is set to the growth of the boundary layer by 
their pitch. In this case, therefore, the effects of the 
flow must be expressed not only in terms of length 
as before, but of pitch as well. Finally, if the plates 
are very long in the direction of flow, the fluid effects 
on them may be expressed in terms of pitch alone. 

In the case of heat-exchange apparatus, heat transfer 
and skin friction can almost invariably be expressed 
in terms of a single characteristic dimension, depending 
on the shape and arrangement of heat-transfer surfaces 
employed. If 

D denotes this characteristic dimension, 

h - heat-transfer coefficient, 
skin friction, 


go ” 

k ie conductivity of the fluid, 

Cp we specific heat of the fluid at constant 
pressure, 

p density of the fluid, 


- viscosity of the fluid, 
v i mass mean velocity of the fluid, 


then dimensional analysis gives : 
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The three ratios appearing in equation (1) are respec- 
tively, from left to right, the Nusselt number, Reynolds 
sauiee and Prandtl number, while that on the left- 
hand side of equation (2) is termed the “ friction 
factor.” 

In general, the functions ¥, ¢ and f can be written 
as power functions. Furthermore, if the exponent of 
Reynolds number in equation (1) is then n, the corre- 
sponding exponent in (2) is commonly found to be 
n—1, a phenomenon which finds a theoretical basis in 
Reynolds well-known analogy between heat transfer 
and skin friction. In the case of given fluids, the 
designer of a given type of heat exchanger is at liberty 
to vary only the velocities of the two fluids and the 
corresponding characteristic dimensions. Since the 
exponent 7 is invariably a positive number less than 
unity, it follows that the heat-transfer coefficient can 
be increased only at the expense of increased skin fric- 
tion, and therefore with increased power losses in driving 
the fluids through the apparatus. It is, however, seen 
to be more profitable to obtain higher heat transfer 
through a reduction in characteristic dimensions than 
by an increase in fluid velocities, 

The degree of heat exchange effected by a heat 
exchanger is generally measured by the ratio of the 
heat actually transferred to that which would be 
transferred if the heat-transfer coefficients were 
infinitely great. When the water equivalent flow is 
the same for both the hotter and colder fluids, this 





* Paper read before Section G of the British Associa- 


ratio becomes merely the temperature change of either 
of the fluids divided by the difference in their entry 
temperatures, and is then often referred to as the 
“thermal ratio.” The condition of equal water equi- 
valent flows is substantially fulfilled by gas-turbine 
plants, and it is in connection with such plants that 
interest in heat exchangers has lately been renewed. 

The contra-flow recuperator employs a series of 
parallel ducts which perform the dual function of 
keeping apart, and transferring heat between, two 
fluids in opposite directions. The ducts are commonly 
plain round tubes, in which case the apparatus is 
referred to as a “ shell-and-tube ” type heat exchanger. 
Shell-and-tube type exchangers have recently received 
considerable attention, particularly in connection with 
industrial gas-turbine iastallations. In such appli- 
cations, the water equivalent flow W is the same for 
both the hotter and colder fluids, so that if these two 
fluids are respectively denoted by single and double 
primes, then the thermal ratio of such an exchanger of 
length L is 
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where P denotes the wetted perimeter, and W’ = 
WwW’ = W. 
For flow inside the tubes, D may be taken as the 
tube inside diameter, so that 
4W 
Cp pvP 





(4) 


For flow outside the tubes, it is usual to accept the 
same form of equations (1) and (2), with D given by 
equation (4) and referred to as the “hydraulic dia- 
meter.” 

If p denote the pressure of either fluid, and Ap its 
pressure drop through the heat exchanger, it can be 
shown that, for the same thermal ratio, the performance 
of the plant is unaffected provided that the quantity 
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remains unchanged. If only pressure drop due to 
tube skin friction be considered, then 


L 
Ap = 40 — : . . (6) 
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Finally, the weight, bulk, cost or any other limitation 
on the size of the exchanger may be written symbolic- 
ally 

S = F (L, D’, D’, P’, P’,é) . s @& 


where ¢ is the tube thickness. 

If the tube inside diameter and thickness are fixed, 
then so also are either D’ or D’, and P’ or P”, so that 
there remain the eleven unknown quantities, v’, v’, 
h’, h”, o’, o”, L, Ap’, Ap”, D’ or D’, and P’ or P”. 
For a given plant performance, n, and A will be fixed. 
Since equations (1), (2), (4) and (6) may be written for 
both the hotter and colder fluids, these equations, 
together with equations (3) and (5), provide 10 relations 
from which all but one of the 11 unknowns may be 
eliminated. Equation (7) then enables S to be plotted 
against this one unknown quantity and the dimensions 
for a minimum value of § to be determined. 

This procedure corresponds to that described by 
D. G. Shepherd before the American Society of Mechani- 
cal Engineers in 1947. Professor E. Schmidt has pre- 
sented a similar analysis to the Institution of Mechanical 
Engineers in 1948, in which equation (5) is replaced by 
N_ Ap’ , Av’ 


Gp p 

and = kept constant instead of A. Professor Schmidt, 
in effect, pointed out that his theory could be adapted 
to correspond to constant A instead of constant ~ 


but did not make this adaptation. 

In the simplest form of contra-flow regenerator, the 
hotter fluid enters at one end, the ‘‘ hot ” end, with a 
constant upper temperature, gives up part of its heat 
toa heat-storing body or “matrix” on its way 
through, and leaves with a variable lower temperature 
at. the other end, the “cold” end. The supply of 
hotter fluid is then shut off and the colder fluid enters 
at the cold end with a constant lower temperature. 
The colder fluid flows through the regenerator in the 
opposite direction, while absorbing heat from the 
matrix, and leaves at the hot end with a variable upper 
temperature. The supply of colder fluid is then shut 
off and the cycle of operations repeated. 

Equations (1), (2), (4), (6) and (6) given above for 
@ recuperator may be applied almost identically to a 
regenerator, while equation (7) requires only slight 
modification. Once an expression for the thermal 
ratio has been obtained, therefore, an optimum design 
of gas-turbine regenerator may be obtained on similar 
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Such an expression may be obtained on the basis of 
the following assumptions : 

(a) The thermal conductivity of the matrix is zero 
in a direction parallel to that of the gas stream and 
infinite in a direction at right angles thereto. 

(6) The water-equivalent flows, heat-transfer co. 
efficients, and velocities for the two gases may be 
different, but do not vary during a reversal period. 

(c) The entry temperature of either gas is constant. 

For a matrix of water equivalent M per unit surface, 
through which the hotter and colder gases pass for 
lengths of time ty’, t,”, respectively, dimensional 
analysis shows that the thermal ratio 


Qe = & (II’. 11”, A’, A”) : = 6 
where HM = Rf and A= nd . 
M WwW 


II and A are respectively referred to as the ‘‘ reduced 
period ” and “ reduced surface.” 

The calculation of nz received considerable attention 
by H. Hausen and W. Nusselt some 20 years ago. 
Hausen produced a set of curves of nz against A for 
different values of 11 for the case 

yy x 1 

- -. 
that is, for “thermally symmetrical” regenerator. 
Hausen’s method of calculation was extremely com- 
plicated, the accuracy of the result increasing with 
the number of simultaneous algebraic equations used 
to represent a pair of simultaneous integral equations. 
In a paper presented to the Institution of Mechanical 
Engineers in 1948, the author described a modifica- 
tion of this method giving a more rapid convergence, 
and used it to derive curves similar to Hausen’s for 
the cases 


The equality of a and ~, follows from that of W’t,’ 


and W” ty,” which corresponds closely to the gas-turbine 
case 


In @ communication on the same paper, R. W. 
Corbitt put forward the formula 
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where 7, is found from equation (3). 
This formula was found to agree closely with the 
author’s results over the range 


0-8 < nr [0-98 
Il 
0<— <0-6, 
<x< 


which corresponds to that of greatest practical utility. 
Mention should also be made of a paper by Professor 

O. A. Saunders and 8S. Smoleniec, read before the 

VIIth International Congress of Applied Mechanics in 

1948. These authors employed a relaxation form of 

calculation and gave design curves for thermally sym- 

metrical regenerators which considerably amplified 

those of Hausen in the region of greatest interest. 

The cooling tower presents an example of contra-flow 

heat exchange apparatus involving direct contact 

between the two fluids together with change of state 

of one of the fluids. As might be expected, the heat 

exchange process is in this case more complicated so 

that progress has been slower. Nevertheless, it now 

seems to be firmly established that this process fairly 

well satisfies the relations : 

wd@ =K(i — I)dvV = Gadi - (10) 

where 

w denotes mass-flow of water per unit of tower cross 
section, 

G denotes mass-flow of air per unit of tower cross 
section, 

V denotes volume of effective portion of tower per 
unit of tower cross section, 

K denotes overall transfer coefficient, 

@ denotes water temperature, 

i denotes enthalpy of moist air saturated at tem- 
perature 0, and 

I denotes enthalpy of actual moist air. 


In the A.S.R.E. Journal for November, 1916, B. H. 
Coffey and G. A. Horne gave a step-by-step numerical 
solution of equations similar to (10) except for the 
replacement of enthalpy by 4 closely pro rtional 
quantity which they termed “ cooling potential.” The 
present form was given to equation (10) by F. Merkel, 
in an article appearing in Z.V.D.I., January 23, 1926. 

In the absence of an analytical expression for + In 
terms of 8, equations (10) cannot both be integrated. 
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temperature drop divided by the harmonic mean of 
i—I. Approximating to this harmonic mean by an 
arithmetic mean, Merkel was able to integrate equations 
(10) completely and prepare a diagram connecting the 
top and bottom water temperatures with the moist- 
wv . 
KV 
The accuracy of this diagram is generally sufficient for 
a preliminary estimate of performance. 

Although the thermodynamic aspect of cooli 
tower behaviour is now well understood, there sti 
remains a wide field for research into the relation of K 
and pressure drop through the tower to the dimensions 
of the filland conditions ofoperation. It is unfortunate 
that published data bearing on this relation are often 
insufficiently complete. Extremely comprehensive re- 
sults have been published, however, on a particular 
forced-draught tower under widely varying operating 
conditions by A. L. London, W. E. Mason, and L. M. K. 
Boelter in the T'ransactions of the American Society of 
Mechanical Engineers, January, 1940, and on a differ- 
ent tower in the same 7'ransactions for October, 1943, 
by J. Lichtenstein. Results equally comprehensive, 
under less widely varying conditions of operation, 
however, have been published for different types of 
fill by W. F. Carey and G. J. Williamson in 1950, in 
the Proceedings of the Institution of Mechanical 
Engineers, together with valuable data on pressure 
drop. 

“4 the case of natural-draught towers, the air flow 
is automatically determined by the design of the tower 
and the other conditions of operation. This feature 
suggests the use of Merkel’s approximate method in 
which the ratio of air rate to water rate and the overall 
transfer coefficient are combined into a single function 
of the water rate. Such use of Merkel’s method was 
made by W. T. Bottomley in 1940 in the Transactions 
of the North East Coast Institution oi ngineers and 
Shipbuilders with encouraging results. 


0 8 
air enthalpy at entry, and the quantity a je 





HYDRO-ELECTRIC SCHEMES : 
MODERN TRENDS IN CIVIL 
ENGINEERING.* 


By T. A. L. Paton, B.Sc., M.I.C.E., M.Am.Soc.C.E. 


TE use of the income energy of the world in the 
form of water power has, in the past, not developed as 
rapidly as the capital energy in the form of power 
derived from coal, oil and other fuels. According to 
recent estimates, only 4 per cent. of the estimated 
potential water power of the world at mean flow has 
been developed, excluding the power of the tides, but 
advance in the transmission of power over long dis- 
tances, the linking up of generating stations by means 
of a Grid, the diminishing resources of coal and oil 
fuel, the lower rate of interest on capital and modern 
development in civil engineering have given consider- 
able impetus in recent years to the development of 
hydro-electric power. As an example, the schemes in 
hand, or being surveyed, in. the United Kingdom, 
principally Scotland, will increase the power available 
from hydro-electric schemes in Great Britain from 
2 per cent., as at present, to 10 per cent. of the present 
total electricity demand of the country. 

The available amount of water for any given scheme 
is the first consideration. The assessment of the mean 
yearly dischargs is still largely a matter of judgment on 
the part of the civil engineer, based principally on 
observations over varying pericds of years of rainfall, 
but also and increasingly on actual discharge of a given 
river. Elements of uncertainty are the percentage 
run-off from a given catchment, and the long-term 
variation. The deceptiveness of even long records 
may be appreciable ; thus, for the River Thames, with 
67 years of accurate records, successive 30-year periods 
differed from the present long-term mean by —10 per 
cent. and + 15 per cent. 

The statistical approach to this problem has exer- 
cised the minds of many over the past quarter century, 
but it is only of recent years that this method has 
become a useful supplement to the older methods to 
throw further light on this and indeed on many other 
problems. Attempts have been made to derive reliable 
weather cycles, related to sunspots among other 
variables, but without success. With so many variables 
involved, the theory of probability—based on the 
assumption that the run-off conforms closely to the 
Gaussian law—gives a valuable further weapon for the 
initial investigations. Economic considerations are so 
closely involved that any method of arriving at a more 
reliable estimate cannot be overlooked. 

_ No longer, too, are catchment areas regarded in 
isolation : they are linked in many projects by means 
of tunnels, canals and aqueducts to a common or 
to related reservoirs. This integration is carried still 
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farther in the uses to which the water so obtained is 
applied. ‘‘ Multip ” dams have shown the way 
to a more general outlook, and instead of benefits over 
and above those for which a scheme was designed being 
fortuitous, as in the past, every possible aspect is now 
being increasingly eonsidered. Thus, water supply, 
production of power, flood control, navigation, irriga- 
tion, amenities, fisheries, bird life and public health 
are all duly considered in almost every case. 

The war shortages of almost all materials, and also 
of man-power, with the large increases in costs of 
labour and materials all over the world has led to an 
orientation in outlook which looks for possible econo- 
mies in every direction. This has influenced the aspect 
and line of approach to every project. The survey of 
unmapped areas in overseas countries may now be 
carried out to a large extent from the air. What once 
took years can now be achieved in months, once the 
organisation has been set up. The location of a site 
suitable for a dam, from the geological aspect, can 
sometimes be more rapidly assessed by geophysical 
methods in the early stages ; although positive results 
can only be interpreted accurately by a proper geo- 
logical section developed from the results of borings, 
nevertheless such methods may show rapidly whether 
a site is clearly unsuitable, and save the loss of many 
months spent in drilling unprofitable boreholes. It 
may help also to determine the type of dam most 
suitable for the site. 

Turning to the dam structure itself, of the many 
types now in use, from earth fill and rock fill through 
the arch, the multiple arch, the buttress, the bull-head 
or T-head, reinforced or otherwise, the Ambursen, the 
gravity-arch, and the mass gravity, the emphasis has 
rapidly changed, though various types appear to 
prevail in different countries. In nearly all recent 
cases, the choice of dam has been wholly governed by 
the cheapest methods of construction combined with 
cheapest available material. Thus, in America, where 
large muck-shifting plant is available, and labour is 
expensive, the earth and rock-fill dams are achieving 
an ever-growing popularity, even for heights undreamt 
of until recently. The Stevens rockfill dam, or ‘‘ Mud 
Mountain,” as it was originally called, completed in 
1942, was the chief forerunner of this type; it is 
400 ft. from ground level, with a maximum base width 
of 1,620 ft. and a cubic content of just 2 million cub. 
yards. The growing knowledge and technique of soil 
compaction has rendered this possible, and indeed the 
addition of a puddled-clay or other type of thin 
impervious core is considered almost redundant for a 
properly graded and compacted earth dam. Where 
rock-fill dams are concerned, the core favoured is now 
the highly flexible impervious clay, of comparative 
narrow width, but protected from erosion or movement 
by a graded rock filter on both its upstream and 
downstream face, though over the former, while 
advisable, it is not strictly speaking essential. This 
core may be placed anywhere upstream of the central 
vertical position. Confidence in its stability is so great 
that it has been asserted to be safer than any other 
form of dam. One wonders, however, in the case of the 
all-earthen dam, whether burrowing animals may not 
in time induce harmful effects. 

An interesting demonstration of the suitability of 
the rock-fill dam in areas subject to earthquake is the 
Cogoti Dam in Chili, 240 ft. above ground level. 
Completed in 1939, it was subjected to a horizontal 
accelerating shock computed at 0-2g and the rock as 
a result settled about 1-3 ft.; it remained intact and 
no further settlement has since taken place. A some- 
what novel innovation in the construction of a rock-fill 
dam (that of Harspranget, Sweden) is the introduction 
of a solid block of concrete immediately behind the 
central cut off, enabling an inspection gallery to be 
introduced, from which drainage-well points have been 
drilled, acting as relief valves and enabling a watch to 
be kept on the imperviousness of the foundations. 
The central core requires special flexibility at its junc- 
tion with the solid concrete, and without very special 
precautions might prove a source of weakness. 

With increased knowledge and experience in concrete 
construction the concrete buttress dam is becoming 
increasingly popular, displacing the gravity structure. 
Its two outstanding advantages are that it solves the 
cooling problem for large masses of concrete and 
that it hom a saving in cost over the solid dam of 
from 20 to 30 per cent. Outstanding examples in 
the United Kingdom are the Haweswater dam in the 
Lake District and the Sloy dam near Loch Lomond. 
In Italy, in particular, where site conditions are 
eminently suitable, the arch variable-radius dam 
has been used extensively, the construction being 
marked by remarkably thin sections, even for very 
considerable height, at most reasonable costs. An 
instance of this type is the Lumiei dam of height 449 ft., 
and maximum thickness under 45 ft. In such cases 
it has been important to reduce the cost of transporting 
materials owing to the difficulty of access. 

One of the difficulties involved in massive concrete 
structures is to reduce the heat of hydration in the 





setting of the cement. Unless this is done, there is a 
serious risk of contraction cracks developing as the 
structure cools. Low-heat cement has been used in 
this country on a number of gravity dams, and in 
America the present trend is to reduce the temperature 
of the crushed stone, sand, cement and water, before 
mixing. Another approach to this problem of reducing 
the risk of contraction cracks is the grouting of coarse 
stone aggregate placed in situ, commonly referred to 
as ‘‘ prepact concrete.”” A “‘ colloidal” mix of cement 
and sand is pumped through pipes into the interstices 
between the closely-packed stones, the pipes being 
gradually raised as the level of the mortar rises. 

An all-important national aspect with regard to the 
design of dams is their safety in the event of war, when 
subject to aerial bombardment. It is probable that 
no dam could withstand a direct hit or near miss of an 
atomic bomb, but an earthen type primarily, and a 
rock-fill next, would suffer the least immediate disrup- 
tive effects. It was found, however, in the last war, 
that the destruction of arch dams by aerial torpedoes 
was no easy matter. The most vulnerable of all are 
undoubtedly the buttress or Ambursen types, though 
the damage would probably be local in the case of the 
buttress type and not necessarily accumulative except 
for very high dams; the Swiss defence authorities 
were so concerned with regard to one of their new 
dams under construction that they ordered complete 
filling in with concrete between alternate buttresses. 

A new technique in dam design which awaits develop- 
ment is that of prestressing to obtain a better distribu- 
tion of stress in a concrete structure and to prevent the 
development of contraction cracks. In one or two 
special cases this method has already been used, but 
it 1s unlikely to receive much favour in the case of large 
water-retaining structures until there is positive 
assurance that the tensioning wires or rods are fully 
protected from corrosion and ultimate failure. 

The subject of dams cannot be closed without 
mention of the vexed question of uplift in design, 
since much has been written on it in the past few years. 
Opinion has varied widely as to what extent a masonry 
or concrete dam is liable to the vertical uplift pressure 
due to the water head. One thing is certain—100 per 
cent. uplift intensity does occur near the water face 
of the dam, and it is virtually nil at the downstream 
face. The linear rate of change in intensity, assumed 
between 100 per cent. and 0 per cent., With the modifi- 
cations introduced by drainage galleries and boreholes 
along it is well known and is probably closely correct. 
But is this uplift intensity developed along the whole 
section effective over 100 per cent. of the area? This 
is the chief matter of controversy. The protagonists 
of 100 per cent. maintain that, since water penetration 
takes place between colloidal particles, the full area 
over which uplift takes place can be measured in depth 
by some microscopic amount, and therefore it is virtu- 
ally effective over 100 per cent. What they do appear 
to ignore is, however, that these colloids themselves 
are bonded together, and therefore their strength of 
bond must be taken into account, which resists the 
effectiveness of the full area developing. It would 
appear, therefore, that the full uplift is subject to the 
reduction brought about by this internal resistance. 
What this amount is will clearly vary, but it surely 
holds the clue to the reason why some dams are stable 
which, on the full-uplift theory, should have failed. 

Fish passes in this country have been of the con- 
ventional succession of pools or fish-ladder type, 
either with submerged orifices or overfall cross wall. 
Indeed, in most countries this is the case, though the 
United States first introduced a “ lift” or elevator for 
salmon on the Baker River or Salmon Pass Dam, 
which was completed in 1926. Few appear to have 
been constructed since that date. Recently, however, 
a new hydraulic fish-pass elevator has been developed 
by a Scottish firm which is virtually a sloping tunnel, 
and one of this design has been successfully installed 
at Leixlip dam in Ireland. It is quite possible that this 
may replace the more lengthy fish-ladder type, especi- 
ally where the site conditions are difficult. A new 
development in the fish pass at Pitlochry on the 
Tummel-Garry project is an observation chamber with 
glass windows where fish may be seen and counted on 
their way upstream. 

Linked closely with the construction of reservoirs 
is the control of floods. Provided that reservoirs are 
partly empty, they will always exert a modifying 
influence on the incidence of floods; this may result 
in a reduction either of the peak or of the length of 
its duration. If the reservoir is full, its effect is much 
less pronounced, due to its reduced capacity as mea- 
sured by its surface area only, plus any permissible 
flood rise. Where dams are required to store water 
for specific use, and where the incidence of rainfall is 
very uncertain, the storage water must be obtained by 
early filling, leaving little or no margin for later floods. 
Unless, therefore, special provision is made for dealing 
with floods at all times by keeping a reservoir low 
before a flood, and emptying after its occurrence, the 
influence of storage is inevitably haphazard, the benefit 
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received in floods varying appreciably. Proper insur- 
ance against floods cannot be obtained in these cir- 
cumstances, though it is always questionable whether 
it is economically worth while or possible to give 
absolute safety against freak storms, which may occur 
only once in 100 years or more. With the expansion 
of population and the increase in land areas required, 
the protection against flooding assumes greater empha- 
sis and importance, and so on certain projects special 
dams are now being built which when controlled in 
conjunction with others give additional security ; 
whereas the main dams are in general on the main 
rivers, these flood-control dams are on tributaries. 

The broader concepts of multi-purpose dams covering 
every possible use to which they can be put, and not 
confined solely to the two aspects mentioned, have 
thus arisen, but a sane balance must be maintained 
between expenditure incurred and total benefits 
obtained. The interests of the community may render 
a local project of national importance, requiring 
financing by the Government, wholly or in part. 

Where control of flood discharge over the spill- 
way is required, the Tainter gates appear to be 
losing popularity—there is always difficulty in staunch- 
ing them effectively. For smooth discharge with 
automatic operation the drum gates (such as being 
used at Pitlochry dam) are hard to improve on, and 
where these conditions are not essential and the length 
of spillway is not constricted, the Stoney roller gates, 
operated from a platform above, have advantages. 
Needle valves with dispersers are stili popular for 
small discharges under considerable head, and the 
Stoney gates, with their effective staunching, ease of 
operation, and recent improvements (removing largely 
the “‘ chatter’? under moderate heads) hold the field 
for sluices up to 100 ft. or more in depth. 

With the raising of the height of dams to 500 ft. and 
over, the discharge of excess water safely without 
endangering the foundations downstream of the works 
becomes a difficult problem. Some means of absorbing 
the kinetic energy of the water is imperative. Where 
small amounts are concerned disperser valves can be 
used, but the real problem is to cope with floods when 
the reservoir is full. In narrow gorges, the French- 
devised ski jump, with the power-house roof forming 
the toe of the spillway, has probably come to stay, 
The arrangement at the Boulder Dam, where batteries 
of valves discharge through connecting tunnels on either 
side of the canyon, mutually destroying their energy, is 
an ideal which can seldom, if ever, be applied except 
to a limited extent. The most promising method for 
a concrete or masonry dam would seem to be the 
overflow spillway, with a kick-up or bucket at its 
extremity, giving a trajectory discharge well away from 
the toe of the dam, where any pot-hole formed acts as 
a cushion, without jeopardising the safety of the struc- 
ture. This has not been tried yet on really high dams. 

In recent years, increasing attention has been drawn 
to the problem of silt deposition, and statements in 
the United States technical Press to the effect that 
over 60 per cent. of their existing reservoirs had a 
useful life of under 100 years has seriously perturbed 
the complacency of the water engineer. Study is being 
directed to the mitigation of this menace, and every 
possible method of preventing soil erosion is being 
tried, such as contour irrigation, the silting up of 
eroded gullies, etc.; special interception dams have 
been constructed in some instances. The rate of 
deposition in Lake Mead was such that its total life 
was given as some 250 years, but recent measures 
taken have resulted in a revised figure of 425 years. 
In few cases is it possible to store water so favourably 
as at Aswan, Egypt, due to the regulating of the 
occurrence of flood water, enabling the silt-laden water 
to be passed almost undisturbed through the 179 low- 
level sluices, and only the relatively silt-free water 
being stored later. This silt problem is common to all 
reservoirs, and calls for eternal vigilance. 

Recent new technique has changed the economics of 
tunnel-driving to a remarkable extent, reducing the 
cost of rock excavation and of lining tunnels so consider- 
ably that it has rendered feasible projects which might 
otherwise be debarred on account of their cost. This 
advance is largely due to Swedish developments, using 
drills with tungsten-carbide tips. Light high-speed 
drills weighing only 33 to 55 lb. can now be used, sup- 
ported on portable airleys for boring holes in rock to 
place the explosive charges. The steel is of only { in. to 
1 in. hexagonal section, with a 1-3 in. bit which can drill 
70 ft. into hard granite at a rate of 1 ft. per minute 
without requiring to be reground. Each rod will do 
from 700 to 1,200 ft. before being discarded ; the rate 
of drilling is 30 to 45 ft. per man-hour, inclusive of 
all other work implied, such as changing the drill rod. 
The advantages claimed for using such a rig are the 
reduction in men required, 30 per cent. less compressed 
air required, with length of headings from 3 to 5 miles ; 
the holes around the perimeter of a tunnel can be 
much closer, reducing the amount of over-breakage in 
an 11-ft. diameter tunnel, for example, by about 
25 per cent. as com with previous methods. 
‘The amount of high explosive used is also reasonable, 





about 1} Ib. per cubic yard of rock excavated. Because 
of the close tolerances to which excavation can be 
carried out, the cost of lining a tunnel is reduced 
appreciably. 

Where tunnels are subject to considerable water 
pressure a new technique for lining circular types 
has been developed in parallel with excavation; the 
shell, of thickness 1} in. to 4 in., is built up of precast 
blocks, on which is superimposed a compressive prestress 
of 3,000 to 4,000 lb. per square inch, which, in addition 
to preventing cracks, reduces the amount of tensile 
steel required. There are two methods of carrying this 
out, either by using high-tensile steel wire hoops—the 
small access holes being grouted later—or by direct 
grouting, inducing a compression stress 50 per cent. 
in excess of the maximum tensile stress which may 
develop under working conditions. Savings over 
previous methods in the United States by this new 
technique are computed at 30 to 50 per cent. The 
direct consequence of these developments would 
appear to be that larger sizes of water-carrying tunnels 
will be economically possible for future construction. 
The present largest in Great Britain is the recently- 
completed Clunie tunnel, in connection with the Clunie 
power station on the Tummel-Garry project; _ its 
equivalent diameter is 23 ft. and its length 9,158 ft. 

The manufacture of high-pressure pipes forming the 
penstock has been subject to a considerable advance 
in technique. Static heads on turbines have reached 
over 5,500 ft., and the previous costly method of 
strengthening pipes to resist such a head by reinforcing 
hoops at close intervals, shrunk on by heat-treatment 
similar to the method of renewing steel tyres on railway- 
carriage wheels, is being replaced by the much cheaper 
method of building the barrel with tensioned steel wire 
—somewhat analagous to the strengthening of a gun 
barrel. In this country, however, heads of such a high 
order are non-existent, and the greatest that can be 
developed is of the order of 1,000 ft. The increased 
reliability of welding for pipes up to 14 in. thick has 
extended its employment for the penstock pipes, 
affording considerable economy, with the added ad- 
vantage of reducing rivet resistance to the flow of 
water. 

While the changes already mentioned have a very 
pronounced effect both on design and the construction 
technique, the least spectacular and yet most noticeable 
change is that of the disappearance of the power house, 
hidden in a rock chamber. While Norway appears 
to have given the lead in 1921, it is only recently that 
there has been a rapid increase, with over 60 under- 
ground stations in operation or under construction. 

So far as either head or capacity are concerned, there 
appears to be no restriction with regard to the use of 
underground power stations, though the scope of choice 
of site with greater heads must clearly be advantageous 
more often than not. While claims have been made 
that this method of construction for the power house 
is in many cases cheaper by 10 to 30 per cent. than an 
outdoor type, the saving in cost may easily be offset 
by a longer transmission line. There are two dominat- 
ing considerations which override all others: firstly, 
the rock itself may be of any formation or type, but 
it must be sound and, secondly, there must be reasonable 
access for the supply or replacement of plant. Apart 
from the difficulty of access which is inherent in such a 
site, a further necessity is that of air conditioning. 
The technical advantages of underground power 
stations are the reduction of friction, since the intake 
length (which must be lined) is invariably shorter and 
the penstock can consist of a straight vertical or 
inclined shaft with branches to each turbine intake ; 
the elimination of surge tanks and chambers, and pen- 
stock valves; maintenance and depreciation costs are 
low ; in cold countries, ice interference is eliminated at 
intake and in the tail-race tunnel ; and security against 
avalanches. 

It has been found that the tail-race tunnel is often 
the most expensive item, since gradients require to 
be kept between the limits of about 0-05 and 0-025. 
In the siting of these power houses, there is a choice 
between two extremes. Firstly, the location may be as 
near the source of water supply as possible, giving a 
short penstock, thus reducing the friction losses, and so 
obtaining the maximum power. This may, however, 
involve difficult access, and a long tail-race tunnel 
which must be of liberal section, and probably a surge 
shaft to damp down waves. The tunnel need not be 
lined. The Swedes advocate this, and state that it is 
economical in good rock. Alternatively, the location 
may be near the tail race with a long penstock but easy 
direct access by tunnel, possibly along the tail race 
itself. In this case some power is lost and a surge 
chamber is essential. The power cables are easily 
taken to the surface, and the transmission line is 
normally shorter than with the other arrangement. 
hig good rock, the first alternative is probably the 

t. 

The outdoor power house itself is subject to changes 
in building technique, and reinforced-concrete portal con- 
struction with barrel roof has recently given a pleasi 
design. Its advantages are obvious in the unobstructed 





roof space made available, tending to reduce the overall 
height of the structure. Doubtless prestressing will 
be used in the near future, leading to a lighter type of 
construction ; and ultimately a small reduction in Cost, 
though at present there is little difference. Consider. 
able economy in the construction of the power house 
can be achieved by adopting the outdoor station type, 
the superstructure being omitted. This type appears 
to be adopted to an increasing extent in the United 
States, and, although this climate would seem not 
to favour its use, 1t is believed to be under considera- 
tion for one of the new smaller stations. Its chief 
attraction is the economy achieved in the larger 
stations. A variant on the outdoor station is the 
semi-outdoor, which differs from the other only to 
the extent of having separate covers for each ma- 
chine. 

The rise in the cost of both labour and materials 
and the shortage of labour has led to the design and 
extensive use of labour-saving plant and the careful 
revision of methods of design, so that the best possible 
use can be made of materials available. Belt con- 
veyors up to 30 in. in width are now used for trans- 
porting all types of materials to an increasing extent. 
Muck-shifting plant has been developed to an equal 
degree ; present limits for units are 45-cubic yard trucks, 
5-cubic yard shovels, and 6-cubic yard unit batch 
concrete mixers. Furthermore, many improvements 
have been made in the mixing and control of concrete, 
the latest type of plant performing the following 
functions: fast accurate automatic weigh-batching, 
automatic compensation for variations in moisture of 
sand and fine aggregate, instantaneous mix changes 
with a mix selector, interlocking operations to prevent 
errors, grouping of all controls at a central board, 
and complete recording of every batch poured. On 
one scheme, concrete output has reached a monthly 
total of 400,000 cubic yards and for a single plant 
10,000 cubic yards a day. Speed in placing has been 
enhanced by conveying the concrete in pipe lines with 
compressed air. Similar methods are applied to the 
bulk storage of cement. Large mixers enable an 
increase in the size of aggregate up to 6 in. diameter. 

This survey of the present position and trends with 
regard to the production of hydro-electric power 
cannot be completed without an attempt to dip into 
the future. The question arises as to the effect atomic 
energy may ultimately have on existing and potential 
hydro-electric plant when produced on a commercial 
basis. No opinion can be reached without an appre- 
ciation of the possible methods of producing power by 
such means. The only means of utilisation of atomic 
energy would appear to be by raising the temperature 
of water or a gas to a sufficiently high temperature to 
enable it to work a steam or gas plant. Among many 
difficulties are the selection of reliable parts normally 
subject to renewal which will stand up to the conditions 
involved, such as an efficient gland for a rotor controlling 
the circulation, and a lubricant which can be dealt with 
effectively ; and, finally, protection against the radio- 
toxicity induced by atomic energy. 

These problems are very big ones and will not be 
solved quickly ; if, and when a solution is obtained, 
the indications are that atomic power will certainly not 
be cheap, and, in the initial stages at any rate, will be 
in no position to compete with present sources of 
energy. It is extremely doubtful whether its cost of 
production can ever be less than that prevailing at the 
present day; its great significance will be its substitu- 
tion for the wasting asset of coal. It follows, if these 
premises are correct, that the hydro-electric station will 
always have a very positive value, at any rate, beyond 
any foreseeable horizon of time. It would, therefore, 
seem prudent to continue all possible development of 
this source of energy, including tidal power. 

A further significant source of energy must also be 

mentioned which is full of latent possibilities, namely, 
the tapping of natural sources of heat in the form of 
steam (mostly 95 per cent.) and gas, at considerable 
depths in the earth’s crust, akin to the energy source 
from which volcanoes are derived. - The Italians 
between 1926 and 1949, have achieved remarkable 
success in producing energy at Larderello in Tuscany, 
with various depths of bores reaching a maximum of 
4,800 m. (15,750 ft.) ; the pressures of the steam gases 
when reached have been from 15 to 18 atmospheres 
with a temperature of 140 to 215 deg. C. The amount 
of energy now produced per annum is over 1,000 million 
units. 
Finally, a paper dealing with modern trends in civil 
engineering works would not be complete without 4 
word on amenities, particularly applicable to the 
schemes in Scotland. There is no reason for such 
development to be an eyesore. The Galloway power 
scheme, completed in 1936, is a case in point where 
particular care was taken to avoid spoiling the amenities 
of the neighbourhood. Other important schemes 
where amenities were of special importance were Loch 
Sloy and Tummel-Garry. Much can be done to ensure 
that planning, design and maintenance are carried 
out in such a manner as to encourage tourists to visit 
and inspect modern hydro-electric schemes. 
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KELVIN-HUGHES MARINE RADAR 
SCHOOL, SOUTHEND-ON-SEA. 


In order to instruct ships’ officers in the use of their 
marine radar equipment, Messrs. Kelvin and Hughes 
(Marine), Limited, 107, Fenchurch-street, London, 
E.C.3, have recently opened a new and well-equipped 
school on the top floor of the Palace Hotel, at Southend- 
on-Sea, Essex. Formerly the firm operated a school 
at the head of Southend Pier, but this school is now 
closed and the apparatus installed there is employed 
for experimental and research work. 

The Kelvin-Hughes system, which was shown in 
the Exhibition of Industrial Power at Glasgow and was 
referred to on page 168, ante, is relatively simple to 
use and to maintain, but it is obviously highly desirable 
that ships’ officers who make use of the apparatus 
should understand its limitations as well as its capa- 
bilities ; both are fully explained in the school and 
technicians are also instructed in the proper mainten- 
ance of the equipment. 

The essential parts of the equipment are the scanner, 
transmitter, display unit, motor-generator and 
starter unit and monitor-signal unit. The scanner 
installed on the top of the Palace Hotel is illustrated 
by the photograph reproduced in Fig. 1. It is in the 
form of a truncated paraboloid, 5 ft. in width and 4 in. 
in height. The pulses, which have a wavelength of 
about 3 cm., are generated by the transmitter and are 
supplied to the centre of the scanner by a flared wave 
guide. The scanner is rotated continuously through a 
complete circle, by an electric motor, at a rate of 
30 r.p.m., and as the pulses have a range of about 
25 miles, a circle of 25 miles radius is covered. The 
pulses, which are of exceedingly short duration, recur 
at the rate of 2,000 per second; they have an angular 
width of 1-6 deg. in the horizontal plane and an angular 
depth of 27 deg. in the vertical plane. If a radiated 
pulse should encounter any material object, part of the 
energy is reflected back to the scanner, reaching it in 
the time interval between two transmitted pulses. 
During this short time interval the scanner is con- 
nected by an electronic switch to a receiving set the out- 
put from which is applied to the display unit. This 
incorporates a cathode-ray oscillograph designed so 
that the reflected energy appears in the form of a bright 
spot on a line radiating from the centre of the screen 
to the circumference. The line is made to rotate about 
the centre of the screen in synchronism with the rota- 
tion of the scanner and as the fluorescent material 
of the scanner is of the “‘ after-glow ” type, the bright 
spots resulting from the reflected pulses coalesce to 
form a small-scale map or plan, resembling a marine 
chart, of the area swept by the transmitted pulses. 
On this plan, a coast line, other vessels, buoys, and other 
objects of interest to a navigator appear in their 
correct relative positions, which are not affected by 
fog or other conditions of low visibility. 
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The cathode-ray oscillograph of the display unit, 
or plan-position indicator (P.P.I.), is 12 in. in diameter. 
Its appearance is shown in Fig. 3, and also in Fig. 144, 
on page 167, ante. Fig. 2 is a reproduction of a 
photograph of the screen with an image of an 
area 10 miles in radius from the Palace Hotel, 
Southend-on-Sea. The pier and the adjacent shore 
can be readily distinguished. The radial distance 
between the circles, in this case, is two miles, but 
three other ranges, of 1 to 5, 15 and 25 miles, can be 
brought into use by a switch on the display unit ; 
the small window near the bottom left-hand corner 
of Fig. 3 shows at a glance which scale applies to the 
image on the screen. It is possible, of course, to 
estimate the distance of any object visible on the 
screen from the known scale of the circles. To deter- 
mine distance more precisely, a single circle may be 
made to appear on the screen and its diameter varied 
until it cuts the object the distance of which is re- 
quired. The diameter of the circle is varied by the 
small knurled wheel partly visible under the window 
near the bottom right-hand corner of the display 
unit; above the wheel is an indicator on which the 
distance can be read directly in nautical miles and 
cables, 

Careful inspection of Fig. 2 will show a light line 
to the left of { the pier, also distinguishable by breaks 
in the' circles. In a ship installation, this line is 
set parallel to the longitudinal axis of the vessel, and 
from this line the bearing from the ship’s head of any 
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object visible on the screen can be measured. The 
measurement is obtained by means of an illuminated 
cursor on an azimuth scale engraved on a ring which 
surrounds the screen. 

The minimum range at which objects can be indicated 
on the screen obviously depends upon the height of the 
scanner above the water level, but, as usually mounted 
on a ship, the minimum range is 40 yards, and this is 
approximately the distance at which two objects on 
the same bearing but at different distances can be 
indicated separately on the screen. As the angular 
width of a pulse is 1-6 deg., separate objects which are 
closer than that in azimuth appear as one on the 
screen. These limitations, which are unavoidable, 
have little importance in practical navigation, though 
it is, of course, important that the navigator should be 
aware of them, and one of the functions of the school 
at Southend is to present them to the prospective user 
in their true proportions. 

Notwithstanding the limitations mentioned, ships 
equipped with this apparatus have been able on many 
occasions to enter or leave a congested estuary in a 
thick fog when vessels not so equipped were at a stand- 
still and to complete a long coastal voyage safely in 
conditions which rendered it impossible to take any 
visual bearings. 
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THE TRACTIVE RESISTANCE OF 
TROLLEY ’BUSES.* 


THe manufacturers of trolley-’bus electrical equip- 
ment who are members of the British Electrical and 
Allied Manufacturers Association have recently taken 
a valuable step towards standardisation by obtaining 
correct trolley-’bus tractive resistance curve, as shown 
in the accompanying graph. A comparison of the 
tractive-resistance figures previously used by the 
different manufacturers had revealed considerable 
divergence and it was found that few test data on the 
subject were available. 

As the actual value of tractive resistance — 
influences performance, particularly the balancing spee 
it is important that tendering companies should use 
accurate figures in order that the performance as shown 
by the calculated run curve can be obtained on the actual 
vehicles. It was therefore decided that all the com- 
panies concerned should combine to obtain resistance 
curves from actual tests. It was realised that no 
purpose would be served by making motoring tests, as 
all the necessary results could be obtained more simply 
and accurately from coasting runs, the reasons being 
as follows. It is possible to obtain only one point on a 
tractive-resistance curve by making a run at a balancing 
speed under power. A coasting run, however, gives 
points over the whole range of speeds through which 
the ’bus has coasted. Thus, a large number of motoring 
runs would have to be made to obtain a complete curve 
of tractive resistance, while only a few coasting runs 
are needed. Also, tractive effort cannot be measured 
directly without special apparatus ; in fact, the electri- 
cal input to the motor must be measured and converted 
to tractive effort by means of the motor characteristic. 
This introduces the possibility of several errors, which 
are not present in coasting. 

The first series of tests was undertaken on a two-axle 
double-deck trolley-’bus at Hastings, where there is a 
stretch of straight well-made level road along the sea 
front. Three forms of recording instruments were 
used to compare and, if necessary, obtain average 
values of tractive resistance. The instruments were a 
two-element cathode-ray oscillograph, a three-element 
Duddell oscillograph, and a paper strip recorder marked 
by means of intermittent sparks from two sparking 
coils. One spark was fired at equal intervals of distance 
covered by the trolley-’bus, and the other was fired 
at equal intervals of time. Distance impulses for the 
recorders were provided by means of a “ fifth wheel ” 
apparatus towed behind the vehicle. The variables 
recorded were speed, time and distance. Several runs 
were taken in each direction. There was no noticeable 
wind. The results obtained from the three recorders 
were remarkably consistent. The Duddell instrument 
proved to be the most useful in that photographic 
records of comparatively long runs could be made, 
whereas this did not prove possible with the other 
instruments. 

The second series of tests was carried out in London, 
on the London Transport system between Kingston 
Bridge and Hampton Court, on a three-axle double-deck 
trolley-’bus. The Duddell recorder only was used, in 
conjunction with a“ fifth wheel ” apparatus. The road 
was sensibly level and straight and the surface good. 
Nevertheless, a survey was taken and due allowance 
made for the gradients in calculating the coasting 
retardation (a gradient of only 1 in 400, which is 
normally negligible in trolley-’bus work, will introduce 
an error of over 5 1b. per ton). Several runs were taken 
in both directions to nullify the effect, if any, of the 
slight wind. Oscillograph recordings. were taken of 
speed, time and distance, the speed trace serving 
merely as a guide. On plotting the tractive-resistance 
figures obtained from the two series of tests as pounds 
per ton against speed, it was seen that there was a 
large difference between the curves for the two-axle 
and three-axle trolley-’buses, the latter curve being 
the higher. Probably the factors accounting for most 
of this are the difference in gear losses and the effect 
of the extra rear axle. 

The loss in the gears can be split up into gear-face loss 
and oil-churning loss. The former is a function of 
power transmitted, but the latter is purely a function 
of speed. Thus, the gear-face loss is properly shown 
on the motor characteristic, and the churning loss is 
obviously incorporated in the tractive-resistance curve, 
as it is a considerable drag on the trolley-’bus and is 
included in the resistance measured in coasting condi- 
tions. In view of the fact that the power taken in 
driving the motor during coasting is very small, the 
gear-face loss is even smaller and can be neglected. 
The difference between the motoring tractive resistance 
and the coasting tractive resistance is the sum of the 
motor loss and the gear-face loss. This additional 
loss is accounted for in the traction-motor characteristic 





* Communication from the British Electrical and Allied 
Manufacturers Association, 36 and 38, Kingsway, 
London, W.C.2. Abridged. 


and should not be included in a motoring tractive- 
resistance curve. 

Though the tests were made only on double-deck 
trolley-’buses, the curves obtained should in fact be 
applicable to single-deck trolley-’buses. Since the 
frontal area of a single-deck "bus is smaller than that 
of a double-deck "bus, the portion of the total resistance 
which is due to wind resistance will be less for the single- 
deck ’bus, which would give a slightly lower figure for 
the total tractive resistance in pounds per ton. This 
being so, the use of the test curves in calculating the 
performance of a single-deck ’bus will err slightly on the 
pessimistic side. As the gear loss has been divided in 
two, and the churning loss included in the tractive- 
resistance curves, the gear-face loss has to be included 
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in the motor characteristic and is to be specified at 
5 per cent., i.e., 5 per cent. of the input to the gears. 
In motoring, this will be the output from the motor, and 
in rheostatic and regenerative braking the output from 
the axle(s). For predicting the coasting retardation 
a figure of 0-4 mile per hour per second should be 
used. It was felt that the range of speeds over which 
trolley-’buses normally coasted was so small that a 
fixed value was justified. 





TRADE PUBLICATIONS. 


Contractors’ Plant.—Chamberlain Industries, Ltd., 
Argall-avenue, London, E.10, have produced a catalogue 
of the contractors’ plant, including bulldozers, com- 
pressors, concrete mixers, conveyors, cranes, hoists, 
lighting sets, pumps, tractors, winches, etc., which they 
have for sale and hire. 


Industrial Locomotives.—The Yorkshire Engine Co., 
Ltd., Meadow Hall Works, Sheffield, 9, who are associated 
with the United Steel Companies, Ltd., have issued a 
catalogue of their standard industrial locomotives, which 
include two 0-4-0 and two 0-6-0 steam engines, and the 
0-4-0 Diesel-electric locomotive which was the subject of 
an article in ENGINEERING, vol. 171, page 777 (1951). 


Lubrication in Steelworks.—The latest addition to the 
Wakefield series of publications dealing with lubrication 
in industry is entitled ‘‘ Steel Works Lubrication.” As 
with others in the series, it is a substantial and well- 
illustrated book which gives extensive technical informa- 
tion on the subject. Complimentary copies are obtain- 
able from C. C. Wakefield and Co., Ltd., Dept. P.D. 46, 
Grosvenor-street, London, W.1. 


Tube Joints.—Some typical applications of the Simplifix 
compression joints for tubes are illustrated in a brochure 
issued by Simplifix Couplings, Ltd., 157, Victoria-street, 
London, 8.W.1. The joints require no brazing or expan- 
sion of the tube, nor special tools; they are basically 
similar to a union joint, but the joint is made by a loose 
copper ferrule which is held in place by a collar and union 
nut. The firm have also published a price list of their 
brass and steel fittings for tubes. 


Gauges and Tools.—The second edition of Export 
Catalogue, each copy in English, French and Spanish, 
has been prepared by the Gauge and Too! Makers’ Associa- 
tion of Great Britain, 2-5, Old Bond-street, London, W.1. 
Most of the 137 pages are filled with illustrated advertise- 
ments of the member firms’ products, the others contain- 
ing indexes arranged alphabetically by products and 
firms, and a statement of the Association’s aims, objects 
and export activities. The catalogue is free to addresses 
abroad, but price 5s. to home addresses. 





NOTES ON NEW BOOKS. 


The Gas Turbine Manual. 

By R. J. WELSH, Wh.Ex., M.I.Mech.E., and GEOrrrry 

WALLER. Temple Press, Limited, Bowling Green-lane, 

London, E.C.1. [Price 25s. net.] 
A Book that deals, in the words of the publishers’ 
note, “ with all forms of gas turbines other than those 
for aircraft,” and is descriptive rather than mathe- 
matical, can afford to refer to almost every such gas 
turbine. In another 20 years, if the development of 
this type of engine proceeds according to plan, the 
situation will be different; meanwhile, this book 
serves a useful purpose, by dealitig at some length with 
the general principles, in language that the non- 
specialist can readily follow, and giving short specifi- 
cations of actual designs. The early history, which 
has been well covered in institution papers, is recounted 
in the first chapter. Thereafter, the authors deal with 
first principles of gas turbines, with basic metallurgy 
and thermodynamics, and with the different cycle 
arrangements that are possible. Compressors, turbines, 
combustion chambers, heat exchangers, intercoolers, 
and pre-coolers are described, with emphasis on the 
various forms they may take, and then there is a chapter 
each to gas-turbine locomotives, marine gas turbines, 
process gas turbines and power-station gas turbines. 
In the concluding chapters, brief descriptions are 
given of specific British and foreign machines in service 
or under construction, and two appendices are devoted 
to short specifications in tabular form and to a glossary 
of terms. The book is amply illustrated and the style 
of writing, in the main, suits the authors’ approach to 
the subject. 


The London, Tilbury and Southend Railway. 


By H. D. WELCH. The Oakwood Press, Tanglewood, 
South Godstone, Surrey. [Price 5s., postage 4d.] 
ANOTHER small volume to add to the Oakwood Library 
of Railway History, which now comprises eight books 
on some of the lesser railways of pre-amalgamation 
days. The London, Tilbury and Southend Railway 
was mooted nearly a hundred years ago, at a special 
meeting of the shareholders of the London and Blackwall 
Railway on November 24, 1851; the application to 
Parliament was made jointly with the Eastern Counties 
Railway. The Act received the Royal Assent on 
June 17, 1852, and the first section, from Forest Gate 
to Tilbury, was opened on April 13, 1854. The line 
was leased to the contractors who built it, Messrs. 
Peto, Brassey and Betts, who worked it until 1875, 
when the working was taken over by the directors. 
Mr. Arthur L. Stride was then appointed resident 
engineer and general manager, and remained with the 
company until it was taken over by the Midland 
Railway in 1912. The L.T. and S. Railway, though 
built to carry Londoners to Tilbury, whence they could 
be ferried across to the pleasure gardens at Rosherville, 
near Gravesend, eventually owed its prosperity to the 
rapid growth of Southend, coupled, as Mr. Welch 
points out, with the ‘“‘extreme lowness of fares, an 
excellent reputation for punctuality, and a far-sighted 
management, which provided new services as soon as 
they were needed.” The company had a small fleet 
of steamers, and its locomotives, all but two of which 
were tank engines, included the first Baltic (4-6-4) 
tank engines used in Great Britain. These were 
introduced in 1912 by Mr. R. H. Whitelegg, whose 
father, Mr. T. Whitelegg, was in charge of the loco- 
motive department from 1879 to 1910. 








Concrete Block Making Machines. 

By A. SOBOLEV, B.Sc.(Eng.), A.M.I.Mech.E., 

A.M.1.Struct.E. H.M. Stationery Office, York House, 

Kingsway, London, W.C.2. [Price 1s. net.] 
In 1947, the author of this report carried out an 
investigation on behalf of the Chief Scientific Adviser's 
Division of the Ministry of Works (since transferred to 
the Department of Scientific and Industrial Research) 
of the plant and processes used in the manufacture of 
concrete blocks, and of the methods and organisation 
of block-making works. The results are now issued 
as Special Report No. 17 in the series of National 
Building Studies, and provide a technical and economic 
review of considerable interest. The survey covered 
the plants of 28 firms out of the total of 108 operating 
at the time, their outputs ranging from 150 to over 7,000 
per day. Most of the firms, it was found, had only 
“ a limited knowledge of the properties of the materials 
and machines they used,” and much of the plant was 
rather primitive and not very efficient ; but some firms 
who saw the possibilities of large-scale production and 
wished to adopt better methods “‘ had no chance of 
doing so simply because no suitable machinery and 
plant was available.” Inventors and would-be makers 
who may be tempted by this quotation to adventure 
their time and money in attempts to correct this state 
of affairs would be well advised, however, to study 
carefully Mr. Sobolev’s informative report before 
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ENGINEERING, MARINE AND WELDING 
EXHIBITION AT OLYMPIA, 


INCORPORATING THE FOUNDRY TRADES’ EXHIBITION. 








Ir there is one exhibition which has no need to 
invoke the moral support of the Festival of Britain, 
1951, it is the Engineering, Marine and Welding 
Exhibition. Though the organisers, Messrs. F. W. 
Bridges and Sons, expect a record number of 
overseas visitors, due to the Festival, clearly they 
trust that “the largest event of its kind in the 
world,” first held in 1906, will continue to be a 
sufficient attraction to engineers, serving, as it does, 
professional and commercial interests quite unre- 
lated to popular expositions. The exhibition was 
opened yesterday, Thursday, August 30, in Olympia, 
London, and will remain open each weekday, from 





particularly for marine use; diving apparatus ; 
foundry equipment ; exhibits relating to the results 
of current research; and, of fundamental impor- 
tance, a multifarious selection of metals, alloys, 
plastics, forgings, castings and other raw materials 
and semi-finished products. Engineers and desig- 
ners to-day are confronted with a bewildering array 
of materials, and their problems are complicated by 
restrictions in supply and use; the biennial exhi- 
bition at Olympia provides an opportunity to 
examine many of these materials and consider their 
significant properties. Since the last exhibition was 





held, in 1949, the chief advances have been in 


than 19,000 B.Th.U. gross per lb., and a viscosity 
not exceeding 250 seconds Redwood No. 1 at 
100 deg. F., though they can be supplied to 
operate on heavy oils if required. The fuel con- 
sumption at the rated brake horse-power is 0-37 Ib. 
per brake horse-power per hour. A four-valve 
cylinder head with controlled turbulence gives 
a high thermal efficiency and good combustion at all 
loads. The operation of a single valve starts the 
engine by compressed air, and another lever or 
handwheel controls the governor and allows an 
adequate speed regulation. 

Figs. 2 and 3, on page 258, show two of the four 

















Fig. 1. 


10 a.m. to 8 p.m., until Thursday, September 13. 
The chief sponsoring organisations are the British 
Engineers’ Association, the Society of Motor 
Manufacturers and Traders (Marine Section), the 
British Electrical and Allied Manufacturers’ Associa- 
tion, the Institute of Welding, and the British 
Acetylene Association. The Foundry Trades Exhi- 
bition is now an integral part of the Engineering 
Exhibition. 

The principal exhibits are industiial and marine 
engines (mainly Diesel engines); ancillary equip- 
ment for engines, including gears, lubricating oils, 
etc.; marine propellers ; boilers ; water, steam and 
gas turbines ; instruments and automatic controls ; 
pumps; valves; welding and cutting plant, 
including ultrasonic flaw detectors, X-ray units, etc. ; 
a wide range of electrical equipment, such as motors, 
generators and switchgear; some machine tools 
and small tools; radio and radar equipment, 


electrical and electronic apparatus, but, as Diesel 
engines are, perhaps, the most prominent section, 
it is appropriate to start with brief descriptions of 
several of these ; others will be described in subse- 
quent issues. 

The National Gas and Oil Engine Company, 
Limited, Ashton-under-Lyne, are showing several 
Diesel engines for marine propulsion and auxiliary 
purposes, as well as vertical and horizontal industrial 
engines. Fig. 1, herewith, shows the type F4AUM6, 
which develops 624 shaft horse-power, and has a 
speed range of 250 to 500 r.p.m. It is a six-cylinder 
pressure-charged engine, and is one of a progres- 
sive series having five, six, seven and eight cylin- 
ders, developing 520, 624, 728 and 832 s.h.p., 
respectively. The corresponding normally-aspirated 
engines develop 380, 456, 532 and 608 s.h.p., 
respectively. The engines are designed for use 
with average-quality Diesel or gas oils of not less 





624-S.H.P. Marne Digset Encine; Nationa Gas anp Or ENGINE CoMPANY, LIMITED. 


Diese] units which are on the stand of Messrs. 
Crossley Brothers, Limited, Manchester, 11. Fig. 2 
shows a 3,000 brake horse-power marine unit which 
consists of two Diesel engines, type CRL 8, geared 
to a single-screw shaft through electro-magnetic 
couplings. It is the highest-powered Diesel engine 
in the exhibition. Each engine has eight cylinders 
and runs at 320 r.p.m.; with a gear reduction of 
24 to 1, this gives a propeller speed of 128 r.p.m. 
The arrangement of two engines coupled to one 
shaft is still somewhat novel. Two advantages 
which are claimed for it are the low overall height 
—a useful feature in passenger vessels—and the 
fact that the parts which must be handled in 
service are of relatively light weight. The overall 
length, including the couplings and gearbox, is 
31 ft. Both engines are of the same hand and 
rotate in the same direction. Similar Diesel units 
are made by Messrs. Crossley Brothers with hydrau- 
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Fig. 2. 3,000-B.H.P. Twin Dies eL-Enaine Marine Unit; Crosstey Brotuers, LIMIrep. 


lic couplings in place of electro-magnetic couplings. 
Either engine can readily be disconnected from the 
drive, the coupling preventing shocks in so doing ; | 
but normally both engines are manceuvred simul- 
taneously from a single control. 

The engine illustrated in Fig. 3, the ERN 8, has 
not been exhibited previously. It is also a marine 
unit, a direct-reversing type, which is rated at 
400 brake horse-power at 750 r.p.m., 320 brake 
horse-power at 600 r.p.m., 265 brake horse-power 
at 500 r.p.m., and 240 brake horse-power at 450 
r.p.m. It operates on the two-stroke cycle, with 
port-controlled loop-scavenge, and includes a light- 
weight tandem reciprocating scavenge pump at 
the forward end. The higher-speed versions are 
equipped with oil-cooled pistons and usually also 
with reduction gears. This type of engine is also 
available for locomotive purposes up to 900 r.p.m. 
and 480 brake horse-power. Other exhibits of 
Messrs. Crossley Brothers include a new scavenge- 
pump marine Diesel engine, type HRN 6, with a 
continuous rating of 670 brake horse-power at 
500r.p.m. It is representative of a range of engines 








up to 900 brake horse-power in eight cylinders, the 
guaranteed fuel consumption.of which is 0-360 Ib. | 
per brake horse-power per hour. 
The need to balance rotating parts occurs fre- | 
quently in production engineering, and it is con- 
venient to have a method of making the necessary | 
adjustments rapidly. It can be shown theoretically | 
that dynamic balance, if absent, can always be 
obtained by adding or removing mass in two | 
selected planes perpendicular to the axis of rotation. | 
One adjustment in each plane suffices, but it is often | 
more convenient to choose a pair of rectangular | 
axes in each of the two planes and make a correction | 
at two positions in each plane, determined by these | 
axes. There are thus four points of correction. | 
In the case of parts possessing axial symmetry, | 
such as armatures, the making of a single correction | 
in each plane usually presents no difficulty, since a | 
balance weight may be affixed equally easily at | 
any azimuth. When the part does not have such | 
symmetry, however, as is the case with a crankshaft, | 
for instance, it is an advantage to be able to choose | 
the points of adjustment to lie, say, on webs or | 
balance weights. To enable manufacturers to 
balance their equipment with the minimum of 
trouble, dynamic balancing equipment employing | 
electrical recording metods has been developed by | 
Messrs. W. and T. Avery, Limited, Soho Foundry, 
Birmingham, 40. The machine illustrated in 
Fig. 4, herewith, is one of a series which is being | 
exhibited by this firm. | 
The range of this particular model is from 2 Ib. 
to 200 Ib., and its sensitivity is high, being greater 
than is normally necessary in commercial practice. 
The machine consists of a bed on which are mounted 
two housings supporting the bearing pedestals as 
well as a driving head and indicating unit. Rack 
and pinion gear is provided for adjusting the position 
of the bearing housings along the bed. The speci- 
































Fic. 4. Execrro-Dynamic Batancrina MacuIne; W. anv T. Avery, Limrep. 


men to be balanced is supported on adjustable 
rollers which run on ball bearings, and the bearing 
pedestals are bolted to platforms which, when 
unlocked, are free to vibrate laterally. If necessary, 
the standard bearing pedestals supplied with the 
machine can be removed and replaced by others 


made to suit special requirements. The motor, 
which is contained in the driving head, drives the 
main spindle by means of a V-belt, the tension of 
which is adjustable, and accelerates the rotor to a 
fixed speed above that which would cause the 
supporting system to resonate. cne model 
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illustrated, the motor is of the squirrel-cage type. 
A reversing switch is built into the driving head, 
and may also be used for rapid stopping. On the 
larger models, a slip-ring moior and a manually- 
operated drum-type controller are fitted. This also 
includes a reversing switch for rapid braking. 
Vibrations of the bearings owing to unbalance 
in the specimen under test are converted to electrical 
signals at moving-coil pick-ups located in the bear- 
ing housings. The currents so produced are com- 
pared in a watt-meter with that produced by a 
phase generator driven from the main spindle. The 
watt-meter has a scale extending to 50 divisions on 
either side of a central zero and gives, on the opera- 
tion of a four-position switch, two readings in each 
of the selected compensation planes, which indi- 
cate the amount of unbalance there in terms of 
horizontal and vertical components, the angular 
positions of which are marked on the driving disc. 
The rotor may, of course, be set so that these 
positions are convenient ones for making adjust- 
ments. If correction is to be made at one point 
only in each of the selected planes, an angle-control 
mounted on the driving-head is turned till the 
watt-meter reads zero when the four-position switch 
8 set at “vertical.” -The angular position for 
correction is then shown on a protractor by turning 





the switch to “ horizontal,” the amount of correction 
required being indicated by the watt-meter. 

The machine is particularly suitable for serial 
balancing, for the meter indications are linear and, 
once a rotor has been balanced, a chart may be 
constructed by the aid of which the corrections 
required by similar rotors may be quickly deter- 
mined. The machine may also be set up, by the 
aid of four potentiometers and two switches con- 
tained in a compartment in the driving head, so that 
the addition or removal of material in one com- 
pensation plane does not affect the balance in the 
other. A balanced rotor is necessary for this pur- 
pose but, once set, the potentiometers require no 
further adjustment and the compartment containing 
them may be locked. Two driving shafts, one 
suitable for rotors up to the full capacity of the 
machine and the other for light rotors only, but 
giving greater accuracy, are supplied with each 
model. The provision of suitable adaptor shafts, 
which, of course, depend on the rotor under test, is 
left to the user but, in the case of the model illus- 
trated, a specimen driving sleeve, bored for a 
rotor shaft of § in. diameter and suitable for use with 
the lighter driving shaft, is provided. 

A new system of light-alloy construction, known 
as composite plating, is being shown by T.I. 


Aluminium, Limited, 10, Buckingham-place, 
London, 8.W.1, particularly in its application to a 
light-alloy barge, a section of which is shown. By 
using extruded sections, the main framing is integral 
with the plating. Messrs. Thorpe Brothers (Bess- 
borough Works), Limited, Molesey-road, West 
Molesey, Surrey, have built the 51 barge, as it is 
called, using material supplied by T.I. Aluminium. 
The barge is shown under construction in Figs. 5 and 
6, herewith. With the exception of hatch-covers, it 
has been built entirely from extrusions, complete with 
bulb angles, joggles, etc., which eliminate waste of 
material and make further forming unnecessary, so 
that all remaining work can be undertaken by 
normal shipyard labour. 

The barges are designed for use on the inland 
waterways of the Congo in accordance with the 
general requirements of Otraco (the Belgian Office 
d’Exploitation des Transports Coloniaux). The 
principal dimensions are: length, 77 ft.; beam, 
11 ft. 6in.; and depth to bottom, 4 ft. 6in. It is 
designed to carry 60 tons of general cargo in two 
holds each 30 ft. long. There are three bulkheads— 
one amidships and one at each end dividing the 
holds from the end sections. The barges are 
double-ended, bow and stern sections being identical, 
with heavy fenders attached so that they can be 
pushed if necessary instead of being towed in the 
usual way. Each barge is built from two construc- 
tional units, consisting of an end section or peak and 
a midship section 30 ft. long with a bulkhead 
between; they are being shipped in halves for 
assembly on arrival. The barges are longitudinally- 
framed. The stringers are spaced 12 in. apart and 
extend the full length of the barge, but do not run 
through the bulkheads (i.e., from section to section) ; 
where necessary, they are connected through the 
bulkheads by gussets. The transverse frames are 
spaced 6 ft. apart between the bulkheads. The 
panels for the bottom, sides, decks and bulkheads 
are built up by argon-arc welding from special 
extrusions which consist of a section of what would 
normally be the shell plating, with an inverted bulb 
angle or rib integral with it. The special sections 
used were delivered cut to exact length, thereby 
eliminating not only a great deal of work by the 
builders, but much waste of material in short ends 
and off-cuts. All extrusions were supplied in the 
fully heat-treated condition. 

The advantages of this method of construction 
are that fabricating is eliminated by the production 
of ready-made components, such as the panels with 
inverted bulb angles in one integral piece ; joggling 
is similarly unnecessary, since joggled contours are 
incorporated in the extrusions; forming by the 
builder (as in the case of rounded bilges) is dispensed 
with by the production of special sections to the 
required radius ; lining-up is no longer required, as 
extrusions are supplied to close tolerances designed 
to interlock ; waste is avoided by the same means ; 
and lifting and transportation problems are simpli- 








fied on account of the comparatively light weights 
involved. Quite apart from the advantage of this 
method of using light alloys, there remains their 
intrinsic advantage of resistance to corrosion by 
marine atmosphere and salt water, which results in 
a saving in maintenance that, over a number of 
years, can make good the additional cost of material, 
even in craft constructed by more orthodox tech- 
niques. 

Messrs. W. J. Meddings, Limited, Kingsley Works, 
Ipswich-road, Slough, Buckinghamshire, are showing 
a range of drilling and woodworking machines, 
among which is the multiple-head drilling machine 
shown in Fig. 7, on Plate XVIII. The machine is 
built up of units, and can be extended by adding 
extra table and leg units as required. A wide selec- 
tion of drilling heads is available, in } in., ? in., and 
} in. sizes, and in speed ranges lying between 80 and 
9,000 r.p.m. The surfaces of the tables are ground, 
and they are provided with a coolant trough; the 
support units are single castings. Intermediate drill 
tables can be supplied, and a mechanism is available 
for raising and lowering the drill heads and inter- 
mediate tables. A coolant tank, pump and fittings 
can also be supplied. 

The Audley Engineering Company, Limited, 
Newport, Shropshire, are showing a range of lubri- 
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valves, in cast iron, steel, and other metals, for 
working pressures ranging from 100 Ib. to 5,000 Ib. 
per square itich. The photograph reproduced in 
Fig. 8, Plate XVIII, shows a 16-in. full-area opening 
valve, weighing 1} tons, constructed for the Iraq 
Petroleum Company, for their 32-in. /30-in. crude-oil 
pipeline from the oilfields at Kirkuk to Banias on the 
Mediterranean coast ; the 32-in. diameter pipeline 
is divided at each valve point and feeds through a 
pair of valves with 16-in. rectangular ports. The 
valves are designed to withstand a working pressure 
of 1,000 Ib. per square inch over a period of many 
years ; the pressure drop across the valve is kept 
to a low value ‘by suitably-shaped inlet and outlet 
tubes. The operating-gear ratio has been selected 
so that closing of the valves must be carried out 
slowly, to avoid setting up hammer in the pipelines. 
The valves are butt-welded into the pipelines. 

The Audley Company are also demonstrating for 
the first time their compressible Hypermatic valve 
lubricants, developed in the first place by their 
American associate, the Nordstrom Valve Division 
of the Rockwell Manufacturing Company, Pitts- 
burgh, U.S.A., and adapted by the Audley company 
for use with Audco valves. The Hypermatic lubri- 
cants are compressible greases, either in the form of 
sticks or in containers for supplying grease guns ; 
they are fed into the valve lubrication system under 
a pressure about 50 per cent. above the line pressure. 
The latent energy stored in the grease causes it to 
expand and replace lubricant used up as a result of 
valve operation. In comparison with non-com- 
pressible lubricants, therefore, Hypermatic lubri- 
cants allow considerably longer periods of valve 
operation without maintenance. 

Messrs. Newman, Hender and Company, Limited, 
Woodchester, Gloucestershire, are showing the 
Newman-McEvoy automatic-lubrication conduit 
gate valve for use in oilfields, which they are manu- 
facturing under licence from the McEvoy Company, 
Houston, Texas, U.S.A. In addition to the actual 
valve, a Perspex model is also on view which illus- 
trates clearly the operation of the valve. The 
valve, shown in Fig. 9, Plate XVIII, is a double-disc 
gate valve, the upstream and downstream gates 
being actuated by a common carrier nut. Auto- 
matic lubrication of the valve is provided by a 
store of uncontaminated lubricant in cylindrical 
reservoirs in the valve seats. Lubricant from the 
reservoirs is forced into circular grooves, between 
each gate and seat and between the seat and body, 
by pistons in the reservoir, which are actuated by 
the pressure in the pipeline. The valve is available 
for pressures between 2,000 Ib. and 10,000 Ib. per 
square inch, either in stainless steel, or in an alloy 
steel with chromium-plated seats, gates and stems 
and cadmium-plated carrier nuts. For pressures 
between 500 Ib. and 1,000 lb. per square inch, 
carbon-steel gate valves are supplied with heat- 
treated Ex-Loy gates and alloy-steel stems. The 
Newman-McEvoy valve can be installed in any 
position, and is suitable for flow in either direction, 

The Butterley Company, Limited, Butterley, 
Derbyshire, are demonstrating their No. 5D 
ungeared inclinable open-fronted press, designed for 
light single-action or combination die work; a 
photograph of it is reproduced in Fig. 10, Plate 
XVIII. It is designed to give a load of 40 tons near 
the bottom ofits stroke. By changing a cam, which 
is easily accessible, the press may be used either for 
single stroking or for continuous running. It is 
controlled by a foot-operated roller-key clutch. 
The press is provided with a self-contained 5-h.p. 
cage-type alternating-current motor and a V-rope 
drive. In continuous operation, the ram performs 
90 strokes a minute.. The stroke is adjustable 
through a range of 1 to 44 in. The ram has a 
round die-stalk hole and clamp, side-bolt lugs being 
provided to give additional support to the die. 
A T-slotted bolster with a 44-in. diameter cored hole 
is provided. The available area of the slide is 
9} in. deep by 9 in. wide. The inclinable body of 
the press may be set at any angle between 0 and 
45 deg. 

The principal exhibit on the stand of Messrs. 
C. A. Parsons and Company, Limited, Heaton 
Works, Newcastle-upon-Tyne, 6, is the completely- 
bladed high-pressure turbine rotor for a 60-MW 
three»cylinder turbo-alternator shown in Fig. 11, on 











Plate XIX. This set is designed to run at 3,000 
r.p.m., the steam pressure being 900 lb. per square 
inch and the steam temperature 900 deg. F. The 
outstanding feature of this rotor is that the blading 
is arranged on a constant mean diameter. A single 
dummy balances the steam thrust on the blades. 
The cylinder used to meet these new levels of 
working pressure and temperature is shown in 
Fig. 12, on the same Plate. The design is novel 
in that vertical bolting for the horizontal joint is 
eliminated, the two halves of the cylinder being 
held together by clamps. The machining and 
fitting of these clamps are greatly facilitated by the 
blading being avranged on a constant mean dia- 
meter, as this results in a perfectly straight and 
parallel flange. The blading is of the end-tightened 
type throughout and is made of stainless iron. 
Another exhibit on this stand is a »-scale model 
of the 10-MW gas turbo-alternator now under con- 
struction at Heaton for the National Gas Turbine 
Establishment at Farnborough. This model, which 
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was made for the Festival of Britain, Land Travel 
Section, shows the appearance of the turbine, 
compressor, combustion chambers and heat ex- 
changers. The plant has been designed to provide 
a reliable source of power with reasonable effi- 
ciency and with that end in view its construction 
has been simplified as far as possible ; for instance, 
there is no reheating in the cycle. The particular 
cycle of operation chosen, however, gives both 
flexibility and stability over a wide range and 
this is the first time, so far as is known, that 
waste-heat recovery has been included in the 
design. After passing through the normal contra- 
flow heat exchangers the exhaust gases will provide 
hot water for circulation to surrounding buildings 
and offices, in conjunction with auxiliary oil-fired 
boilers. A model of a hydrogen-cooled turbo- 
alternator is also exhibited, to show the latest 
development in this class of plant. This is 

in two halves, the alternator being divided on the 
vertical centre line. One half shows the core and 
rotors in position, and the other enables the ports 
and gas coolers in the casing to be seen. The flow 
of the gas is indicated by arrows. 





Messrs. Samuel Denison and Son, Limited, 
Hunslet Foundry, Leeds, 10, are exhibiting a number 
of their well-known testing machines. One of these 
which is of ps:cial interest is the self-indicati 
universal testing machine, Model No. T42A2, illus. 
trated in Fig. 13, Plate XIX. This machine jg 
of the vertical type in which the specimen under 
test is held between steel wedges. Oil pressure ig 
used to apply the load, but no measurement js 
made of the pressure in the cylinder. Instead, 
the load on the specimen is determined by means 
of a system of sensitive weighing levers which are 
connected to a dial indicator. Friction between 
the ram and the cylinder is, therefore, of no conse. 
quence for the measurement, as it does not affect 
the reading on the dial. The dial indicator itself 
is a special feature of the machine. It has four 
ranges representing full, half, one-fifth and one. 
tenth capacity, respectively, so that there ar 
effectually four machines in one. The appr. 
priate capacity range is brought into operation by 
turning a handwheel. On any one range, only the 
scale appropriate to that range is visible; as a 
result, any confusion over the scales is avoided. 

The main column of the machine is a substantial 
iron casting which carries both the dial and the 
hydraulic straining unit. The head of the column 
also supports the lever system,-so that the column 
bears both the action and the reaction. At one side 
of the structure, the pump, electric motor and oi 
tank used to supply the hydraulic cylinder of the 
straining gear are mounted on a cast-iron stool. 
The cylinder is of cast iron and the ram is single. 
acting and fitted with a recovery spring. The 
pump runs at constant speed, but its displacement 
is infinitely variable by means of a hand-wheel, 
Fine control is obtained by means of a valve by 
which oil may be bled from the cylinder to the 
tank. The loading and unloading of the specimen 
can be performed with ease and precision, and a 
change in the rate of strain can be effected instantly. 
Moreover, the load can be held at any desired 
value. The return is controlled by a large valve 
which permits the expulsion of oil from the cylinder 
to the tank under the action of the recovery spring. 
This exerts an upward force greater than the 
weight of the straining head ; in consequence, the 
strain can only be applied positively during a test. 
An indicator on the column shows the direction of 
travel of the straining head. 

The oil pressure unit consists of a high-speed 
multi-piston pump having a variable displacement 
and driven by a constant-speed squirrel-cage motor 
through a flexible coupling. Features of. the 
machine, such as the arrangement of the weigh- 
beams, dial indicator and wedge boxes, are similar 
to those of other models manufactured by the 
company. An optional extra fitting is an over- 
load safety device, consisting of a solenoid-operated 
valve in the oil pressure system, controlled by a 
switch which is actuated by the steelyard as soon 
as the pointer on the dial moves a short distance 
beyond the maximum of the range. A large number 
of accessories can also be supplied. The machine 
needs no foundations other than a firm level floor 
and holding-down bolts. Its overall height is 
8 ft. 9} in., and its total weight is approximately 
2 tons 15 cwt. Alternative maximum ranges of 
15 tons and 10 tons are available with this model. 

Messrs. Barr and Stroud, Limited, Anniesland, 
Glasgow, who are well known as manufacturers of 
high-grade scientific instruments, including optical 
equipment, are exhibiting, by permission of the 
Admiralty, an instrument for supplementing radar 
as an aid to navigation. It was designed by the 
firm in collaboration with members of the Royal 
Naval Scientific Service and has been proved to 
enhance considerably the ease and accuracy of 
navigation by radar. It is especially useful when 
used at night or in fog. In radar, as used on board 
ship, the plan position indicator—generally known 
as the P.P.I.—provides an outline picture of the 
neighbouring coastline, shipping, buoys and other 
features important to navigation. This picture }8 
produced on the screen of a cathode-ray tube by 
radio echoes from the various objects in the vicinity 
of the ship. The navigator’s problem is to identify 
the objects appearing in the P.P.I. display and from 
them to determine the position of the ship. 
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Since the early days of radar as an all-weather 
navigational aid, the need has been felt for some 
way of superposing the radar picture on the ship’s 
Navigational chart. It was realised that, if this 
could be done, the information could be much more 
readily interpreted and that much time would be 
saved, particularly when information was required 
about the positions and movement of vessels. 
eations attempts were made to solve the problem 
put, for the most part, they were unsatisfactory 
owing either to the need for elaborate equipment 
: the lack of suitable means for bringing the scale 
i the P.P.I. display into agreement with that of 
the chart. Difficulty was also experienced in obtain- 
ing a satisfactory balance between the illuminations 
of the chart and the P.P.I. display. These diffi- 
culties have been overcome satisfactorily in the 
unit illustrated in Fig. 14, on Plate XIX. This 
2 - optical instrument which is fitted in front 
eel -P.I. and above the navigational chart, 

ch is laid on a suitable chart table. The opti- 


cal arrangement gi i i i 

-. gives a variable magnification, 
em enables the scale of the chart to be brought 
ang ly into agreement with that of the P.P.I 
AN im: ge of the | am ane 


he P.P.I. display, superposed on one 
the chart, is then viewed in the eyepiece, and 
. tenta brightness of the two images is adjusted 
= cans of a light-filter of variable density. The 
Perposition of the images is effected by a prism 





which transmits the light from the P.P.I. and 
reflects the light from the chart. The partially- 
reflecting surface of the prism is formed, not by 
means of the customary silvering, but by the 
deposition on the glass, in a high vacuum, of thin 
films consisting of layers of highly-refracting and 
poorly-refracting dielectric materials, arranged so 
that the colour of the light remains neutral. With 
this type of reflecting prism, losses by absorption 
are almost negligible, being about 2 per cent., 
compared with the 35 per cent. of metal films 
deposited on ‘‘ semi-silvered ” surfaces. 

Only two operating heads are used, one for setting 
the magnification of the chart and the other for 
varying the illumination of the image of the latter, 
When the calibration “ pips” of the P.P.I. equip- 
ment are switch-d on, concentric circles having 
equal and known increments of radius appear on the 
fluorescent screen. Concentric circles representing 
the same distances are drawn on the chart to the 
scale of the latter. Their centre may be at any 
convenient point. The chart is then moved into 
position under the instrument so that the centres 
of the two sets of circles coincide, and corresponding 
circles are made to coincide in the eyepiece by 
adjusting the magnification of the chart. After 
this, the instrument is ready for use and the calibra- 
tion pips may be switched off. The chart is moved 
about as required to fit the P.P.I. display. 


The occasions on which: the instrument may be 
used include buoy-maintenance, salvage, cable- 
laying, survey and fishing-protection, and navigation 
in congested channels. A simplified form of the 
equipment is being produced for small merchant 
vessels, etc. This will include all the main features 
of the standard equipment, but, being intended for 
use with smaller P.P.I. tubes, it will have a smaller 
range of magnification and, in consequence, its 
accuracy may not be so high. Other equipment 
exhibited by the company at Olympia includes a 
4 in. to 6 in. base navigational range-finder on an 
anti-vibration mounting, a l-m. base instrument 
of the same kind on a deck-tripod mounting, a sur- 
veying range-finder having the same base and 
mounted on a tall tripod, and a wide range of 
prismatic binoculars and monoculars. 

Messrs. Reavell and Company, Limited, Ranelagh 
Works, Ipswich, are showing vertical single-stage 
and two-stage air and gas compressors from their 
standard ranges, a four-stage compressor for 
pressures up to 3,500 lb. per sq. in., three types 
of rotary compressor, and rotary air motors for 
starting internal-combustion engines. Fig. 15, on 
Plate XIX, illustrates a vertical two-stage single- 
acting compressor, which is shown for the first time ; 
at its maximum speed of 480 r.p.m., it can deliver 
310 cub. ft. per minute of free air at a pressure of 
100 lb. per square inch, and requires 67 h.p. to drive 
it. Both cylinders, which are water-jacketed, have 
an 8-in. stroke ; their bores are, respectively, 14} in. 
and 8in. The cast-iron cylinder block is separately 
built from the crankcase, also of cast iron, so that, 
if desired, two equal cylinders can be substituted 
for the high-pressure and low-pressure cylinders, 
to give an increased capacity for lower pressures. 
The constructional features are similar to those of 
the well-known Reavell vertical single-stage com- 
pressors. The suction-valve and delivery-valve 
units, which are easily accessible and replaceable, 
comprise an assembly of steel plates, held on their 
seats by springs housed in pockets in the valve 
guards ; this design allows a light valve loading, 
as each valve plate seats independently. Automatic 
and hand-controlled unloaders are provided. The 
crankshaft is of Meehanite and is carried in two 
bearings with removable bushes, lined with white 
metal. The big-end bearings have split steel bushes, 
also lined with white metal, and the small ends of 
the connecting rods have phosphor-bronze bushes 
bearing on case-hardened steel gudgeon pins. The 
low-pressure piston is of aluminium, with cast-iron 
rings; the high-pressure piston and rings are 
cast iron. 

Messrs. Stream-Line Filters, Limited, Ingate- 
place, London, 8.W.8, are showing examples of their * 
filters for reconditioning used lubricating oil and 
insulating oil from electrical switchgear and trans- 
formers, and for filtering aviation kerosene for air- 
craft gas-turbines. Fig. 16, on Plate XIX, shows 
a P37XB Stream-Line filter, recommended for use 
in the lubricating system of engines develop- 
ing from 500 to 1,200 brake horse-power. The 
Stream-Line filter, which was invented by Dr. 
H. 8S. Hele-Shaw, F.R.S., consists essentially of 
one or more columns of specially. prepared paper 
discs compressed together, with a central circular 
hole; they are mounted on square-section rods 
passing through the centre hole. The inequalities 
of the paper surfaces form passages through the pack 
of almost molecular fineness. The liquid to be 
filtered is forced, either under pressure or by suction, 
through the outside of the pack to the centre hole ; 
the dirt is thereby retained on the outer surface of 
the pack. The filtered-fluid flows upward through 
each pack, in the space between the centre hole and 
the mounting rod, into the filter head. When the 
cake of solid particles which forms on the outside of 
the pack reduces the output of the filter, it can 
be restored to its original efficiency by blowing 
compressed air through the pack in the reverse 
direction. To enable the oil to flow freely, the filter 
is heated, either by electric immersion heaters ‘or 
by a jacket heated by steam, gas, hot water, or 
exhaust gases. 

The R. and G. magnetic level-control gear, made 
by Messrs. Bayham, Limited, 12, Lower Grosvenor- 
place, London, 8.W.1, for regulating the level of 








liquid in tanks, employs a magnetic coupling to 
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Fig. 20. CHatn CLutcH; RENOLD anD COVENTRY CHAIN CoMPANY, 


Lim ITED. 


transmit the motion of the float within the tank to 
the control mechanism outside it, which obviates 
the need for a mechanical connection, such as a 
spindle, through the tank wall, and a gland which 
might leak or deteriorate. The arrangement has 
the further advantage that the switch mechanism 
and its electrical connections are completely isolated 
from the interior of the tank. The principles of 
operation of the appliance will be understood by 
reference to Fig. 17, on page 260. The rise and 
fall of the liquid in the tank causes the float arm a 
to rotate about its pivot and to transmit its motion, 
through simple gearing, to the U-shaped magnet b. 
The latter rotates in a plane parallel to the wall of 
the tank, and its motion is followed by a similar 
magnet c, mounted on the casing of the instrument, 
outside the tank. When, owing to a rise or fall, the 
level of the liquid in the tank reaches certain pre- 
determined values, projections d or e on the spindle 
of the external magnet engage a trip lever f which 
tips a mercury switch g and makes or breaks an 
electrical circuit. The switch controls the opera- 
tion of a pump or a warning device. The appliance 
is mounted on a flange or pad of 6 in. outside dia- 
meter, welded to the tank wall, and is secured in 
position by means of six § in. diameter studs. A 
hole 3} in. in diameter is required in the tank wall, 
within the pad. The screwed boss h is to receive 
the electrical conduit, and i is a terminal block. 
The control can be used on tanks containing a wide 
variety of liquids and is particularly useful when 
tanks are situated remote from the control station or 
when they are not readily accessible. The company 
also market a directly-operated liquid-level switch 
and various other instruments for indicating and 
measuring quantities of fluids in bulk storage or 
flowing in pipelines. 

Messrs. Wilkinson Rubber Linatex, Limited, Cam- 
berley, Surrey, are showing some interesting applica- 
tions of Linatex, a rubber material used for linings 
to resist abrasion or corrosion in chemical plant, etc. 
Fig. 18, on page 261, illustrates a 12-in. Linatex single- 
stage centrifugal pum p for handling abrasive slurries 
in sand and gravel plant, etc.; this is exhibited 
for the first time. It has a capacity of 3,000 
gallons per minute against a head of 120 ft., 
and is believed to be the largest rubber-lined 
centrifugal pump made in this country ; pumps of 
similar design are available in sizes ranging from 
1 in., with a capacity of 20 gallons per minute, and 
an example of a l-in. chemical pump is also on 
view. The shrouded impeller is made almost 
entirely of Linatex rubber; no metal parts of the 
pump are exposed to abrasive wear. The shaft and 
bearings are of substantial proportions. The gland 
consists of two Linatex sealing rings, with feathered 





Fig. 21. 
CLUTCH ; 


edges, which bear on a gunmetal sleeve on the 
pump shaft. Between the two Linatex seals is 
a lantern ring through which the gland water 
is distributed. The sealing ring nearest to the 
impeller allows a small quantity of water to enter 
the pump casing, but, should the back pressure 
momentarily exceed the water pressure, the gland 
ring closes on to the shaft sleeve and prevents 
any abrasive material from passing the ring. The 
outer Linatex sealing ring serves to prevent 
gland water from escaping ; a gun-metal gland ring 
beyond the Linatex ring can be adjusted to allow 
sufficient water to seep through the gland to provide 
for its lubrication. Special tools are supplied for 
dismantling the larger machines. 

The firm are also showing the composite roller- 
driven Linatex ball mill illustrated in Fig. 19, and 
a single self-contained ball mill, designed for the 
fine grinding of chemicals, ceramics, etc. The 
composite model has the advantage that spare 
cylinders can be charged while the unit is running. 
The rubber linings of Linatex ball mills consist of a 
series of Linatex rings, compressed together to 
give a high resistance to abrasion, and held in 
place by tie-rods embedded in the rubber, so that 
metallic contamination of the contents of the mill 
is impossible. The noise level of the Linatex mill 
is unusually low. Other Linatex exhibits include 
conveyor-belt surfacing, lined pipework, valves, 
tanks, and hose, and rubber components such as 
sealing sections, anti-vibration units, flexible 
ducting, and gaskets. 

The Renold and Coventry Chain Company, 
Limited, 28, Deansgate, Manchester, 3, are showing 
precision roller chains and wheels suitable for drives 
up to 4,000 h.p.; large-pitch heavy-roller chains 
for the camshaft and auxiliary drives on Diesel 
engines ; and conveyor chains, wheels and attach- 
ments. To illustrate the adaptability of chain 
drives, there is a multiple-point running display 
of Renold roller chains and wheels. They are also 
showing components for power transmission, among 
which may be mentioned the Renold chain clutch 
illustrated in Fig. 20, herewith. Its mechanism 
consists of inner and outer friction rings actuated by 
cam-Operated chain toggles, whereby, it is claimed, 
a uniform contact is obtained throughout the friction 
surfaces. Fig. 21 illustrates the driving member of 
the clutch, with the inner and outer metal friction 
rings and the actuating chains, of which there are 
four in position. It will be observed that there is a 
gap in the fretion rings; this serves to locate a 
driving block on the clutch housing, which carries 
the cam levers (Fig. 20). The actuating chain links 
are between wedge blocks and slipper blocks. Two 


‘operating cams, not shown in the illustration, are 








Driving MEMBER AND Friction Rings oF CHAIN 
RENOLD AND CovENTRY CHAIN Company, LIMITED. 


located between the diametrically-opposite pairs of 
slipper blocks. The cams, which are rotated, 
through the cam levers, by axial movement of the 
operating bobbin seen on the left of Fig. 20, cause 
the slipper blocks to move relatively to each other 
and thus to compress the chain toggles to engage 
the clutch, or to release pressure on the. chain 
toggles for disengaging. The clutch is enclosed 
in an oil-filled housing. A simple means of adjust- 
ment is provided for regulating the clearance 
between the driving and driven members. 

Applied High Frequency, Limited, Goldhawk- 
road, London, W.12, are exhibiting high-frequency 
induction heating equipment with outputs of 25, 
74 and 1 kW, for various soldering, brazing, local 
hardening and annealing operations. The 25-kW 
heater, illustrated in Fig. 22, opposite, consists of a 
main frame of welded-steel angle covered with heavy- 
gauge steel sheet, so that it is suitable for use under 
the most arduous industrial conditions. The casing 
has two large doors for access and to provide 
adequate high-frequency screening. The heater is 
designed for connection to the three-phase 50-cycle 
mains and has a power consumption of 50 kW at 
standard voltage when giving full output, and of 
4 kW in stand-by conditions. The continuous- 
output power is 25 kW, or 35 kW on a 50 per 
cent. duty cycle with a maximum heating time 
of 8 seconds. The output frequency is from 
250 to 600 kilocycles. The valves operate well 
within the manufacturer’s rating, and though 
they are designed for natural-draught cooling, a 
centrifugal fan is provided to circulate air to them 
and other components. The transformers are 
vacuum-impregnated and the high-tension unit 1s 
oil-immersed. The set is fitted with overload 
devices for protecting all the valves and other 
parts, and the nature of any overload is indicated 
by lamps. To ensure maximum valve life, 4 
regulator maintains the filament voltage within the 
prescribed limits over a wide range of supply 
voltage. The doors of the cabinet are mechanically 
and electrically interlocked with the push-button 
switch controlling the main supply,-so that the 
current is automatically cut off if either door 1s 
opened. Moreover, if either door is opened the main 
switch can only be closed for testing purposes after 
special sequence of operations has been performed. 
The cooling water is also turned on and off auto- 
matically by operating the main supply switeh, 
and a flow switch is incorporated to prevent the 
equipment operating if the water flow is inadequate. 
A stepless control on the instrument panel gives an 
infinitely variable power adjustment from zero to 
full output. This control is obtained by varying 
the high-tension voltage by mean rof grid-controlled 
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Fig, 22. 25-K W Inpuction Heater; APPLIED HIGH 
FREQUENCY, LIMITED. 








Fic. 25. FrLoattinc Motor; Laurence, Scott 
AND ELEcTROMOTORS, LIMITED. 


rectifiers, thus enabling power adjustments to be 
made without any alterations to the load circuit. 
A variable inductor is fitted, which allows the 
selected work coil to be matched to the generator ; 
the power control and an automatic, self re-setting 
indicating process-timer can then be adjusted to 
give the required results. The heater is fitted with 
a test meter and 12-point switch, which enables the 
Operating conditions of each oscillator valve and 
the high-tension voltage to be checked. The 
performance of the voltage regulator can also be 
checked by a filament voltmeter, and the high- 
frequency current in the work coil is indicated on an 
ammeter, with which is incorporated an overload 
trip, so that the equipment is switched off when a 
maximum circulating current of 500 ayperes is 
exceeded. An hour meter enables the lives of the 
valves to be recorded. 

The high-frequency induction heaters exhibited 
by Radio Heaters, Limited, Wokingham, Berkshire, 
include the model illustrated in Fig. 23, herewith. 
This is designed to deliver a continuous output of 
34 kW at a frequency of about 400 kilocycles and is 
arranged for operation from the three-phase 50-cycle 
mains at 360, 400 or 440 volta The full-load power 
consumption is about 5 kW and the stand-by con- 
sumption 800 watts. The air-cooled transformer 
normally used is of the low-impedance radio- 
frequency type, and has a high current output 
°r its power rating. It is connected to a single 
Mullard valve with a silica envelope, which has a 











guaranteed life of 1,500 hours and can be re- 
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Fig. 23. 3$-KW Inpuction Heater; Rapio Fig. 24. 


Heaters, LIMITED. 

















** Vetonic ”’ Controt Unit ; LAvRENCE, 
Scott anp E.Lrectromotors, LIMITED. 

















Fie. 26. ELECTROMAGNETIC PERCOLATOR ; 


filamented. Three rectifier valves are provided. 
The radio-frequency condenser is a single-stack mica 
unit and is completely immersed in oil. The circu- 
lating energy in the circuit is 28 kVA, an unusually 
high value which, it is claimed, ensures good per- 
formance. Cooling of both valves and power trans- 
formers is effected by a 10-in. fan, which draws in air 
through a filter. The control panel carries a process 
timer with five different ranges: 0 to 10 seconds, 
0 to 30 seconds, 0 to 100 seconds, 0 to 10 minutes, 
and 0 to 30 minutes. 

Messrs. Laurence, Scott and Electromotors, 
Limited, Norwich, are showing one of their ‘‘ Speed- 
master ”’ single-unit variable-frequency converters. 
This machine is a development of the firm’s variable- 
speed alternating-current motor and is designed to 
supply power at a variable frequency to squirrel-cage 
motors used as variable-speed machines. It is 
intended particularly for use on the grouped drives 
of conveyors and run-out tables, and for refrigerating 





Rarrm Maanetic Macuines, Limirep. 


compartment fans on board ship. The “Speed- 
master ” and its starting and control gear is housed 
in a “ packaged ” unit, and the speed and direction 
of its rotation is controlled by push buttons at the 
motor. At the exhibition the ‘‘ Speedmaster ”’ is 
shown in association with a squirrel-cage motor of 
the floating type, which bas beem designed recently 
for driving the rollers on run-out tables. This 
motor, illustrated in Fig. 25, herewith, forms an 
integral part of the roller shaft, the motor being 
borne on a steel sleeve, which is fitted on an exten- 
sion of that shaft and is pulled up against a shoulder 
by a screw, permanently located inside the rotor 
sleeve. Thisscrew is also used for rapidly removing 
the motor, since by loosening it an integral collar is 
made to butt against the shoulder in the sleeve, 
thus forcing the latter away from the roller shaft. 
The stator rests on the motor bearings, but is 
prevented from rotating by a knuckle-jointed tie 
bar, attached at one end to the motor frame and 
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Fic. 27. Twrx Mono Pump; Mono Pumps, Limirep. 


at the other to the table structure. Apart from 
this flexible connection to the table, the motor has | 
no fixed mounting and is therefore free to float on | 
the extension of the roller shaft, thus it is un-| 
harmed by distortions of the roller, roller shaft 
and table, which may be caused by repeated 
changes of temperature and impact forces. The 
motors, which are preferably of the alternating- 
current totally-enclosed steelworks type, are sup- 
plied from *bus-bars in the table structure through 
individual junction boxes, flexible cable and a 
metalclad plug and socket. It is therefore possible 
to isolate each of them individually in a very short 
time. They can be supplied either at normal or 
at a variable low frequency, the latter being obtained 
at a low voltage either from a ‘‘ Speedmaster ”’ or 
from a “‘N-S” converter. The use of a low voltage 
affords protection against the failure of insulation, 
and, when the motors have to be run at variable 
speeds, the use of a ‘‘ Speedmaster ” greatly reduces 
the heat losses during starting and stopping as well 
as when plugging and inching. When the motors 
are run at a constant speed, the employment of a 
low frequency enables the number of poles to be 
reduced and improves the overall performance. 

The N-S frequency-converter is a compact appli-| 
ance, designed to provide a low-frequency supply for | 
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Fie. 29. 650-Vott 2,000-AmpERE AIR-BREAK 
Crrcuit-BREAKER ; DoRMAN AND Situ, LIMITED. 


is thus caused to rotate in one direction or the 
other, according to the sense of the unbalance. 
The servo-motor is connected to the induction 
regulator through gearing and drives it to a position 
corresponding to the set speed of the main motor. 
In this position the voltages across the potentio- 
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Fig. 28. Autromatic WaTER-PRESSURE SySTEM FOR SHips; Mono Pumps, Luurrep. 


from 2 to 3 tons, from 3 to 4 tons and from 4 to 6 
tons, according to the viscosity of the material. 

A wide range of electrical equipment is being 
exhibited by Messrs. Dorman and Smith, Limited, 
Manchester, 5, among which mention may be made 
of the 660-volt 2,000-ampere air-break circuit- 
breaker illustrated in Fig. 29. This circuit-breaker 
has been designed for controlling power-station 
auxiliaries and for use in industrial undertakings 
where heavy currents at medium voltages are encoun- 
tered. It is suitable for use on both alternating- 
current and direct-current circuits, and is of the 
single-break type with laminated inter-leaved 
copper brush contacts. Both main and auxiliary 
contacts are provided. The standard pattern is 
hand-operated, and a free handle mechanism is 
embodied to ensure instantaneous tripping when 
necessary. Accelerating springs are fitted to force 
the contacts apart when opening, and buffers are 
provided to prevent them rebounding and re-mak- 
ing the circuit. Interruption occurs in under two 
cycles. The phases are separated by barriers of are- 
resisting and heat-resisting asbestos-cement, and 
chutes of the same material, as well as magnetic 
blow-outs, control the arcing. These chutes are of 
the box type and are divided into a number of 
| narrow compartments by splitter plates. The 








gearless low-speed motors. In the example shown | meter ard the tachometer-generator become equal | usual overload and other protective devices are 
at the exhibition, the supply voltage is stepped down | and the field of the servo-motor consequently drops | embodied. 


to 60 volts by means of a dcuble stator winding | 
on the converter and this voltage is fed to the slip | 
rings of the rotor. By driving this rotor against 
the rotation of its magnetic flux, a reduced frequency 
is obtained at its commutator. No electrical | 
torque is necessary to drive the converter, and its | 


to zero. 
the induction regulator also ceases. The equipment 
will control speeds to within + 2 r.p.m. with a 
supply voltage and/or frequency variations of 
+ 10 per cent. at any load from zero to full load. 
In addition to the permanent magnetic equipment 


It therefore stops, and the movement of | 


The same firm are showing a miniature circuit- 
breaker which has been designed to deal with cur- 
| rents up to 50 amperes at alternating-current volt- 
ages of 500 and direct-current voltages of 250 volts. 
Tt consists of a main and neutral link unit, the 
| former being 5 in. high, 14 in. wide, and projecting 


speed (and therefore its output frequency) does not | shown on the stand of Rapid Magnetic Machines,|3 in. It is made up of two sub-assemblies compris- 


change with the load. 


| Limited, Lombard-street, Birmingham, 12, which| ing the fixed contact and blow-out device ; and the 


Three examples of the firm’s variable-speed|includes ‘“ Permaflux” drums and pulley-type| moving contact, actuating linkage and tripping 


alternating-current motors are being shown, one of | 
which is fitted with “ Velonic”’ electronic equip- | 
ment to give very precise speed control under 
varying conditions by altering the position of the 
associated induction regulator. This regulator, 
together with the starting and controlling gear, is | 
housed in the unit shown in Fig. 21, on page 263, and 
is operated from the remote-control pillar visible on 
the right of the same illustration. In its simplest 
form, this system of »ontrol consists of a potentio- 
meter, which is fed from a stabilised direct-current 
supply and is set in accordance with the desired 
speed. The difference between the resulting poten- 
tiometer voltage and the voltage generated by a| 
tachometer-generator, coupled to the motor shaft, 
is a measure of the difference between the desired 
and actual speeds. This differential voltage is fed | 
to an amplifier with two output circuits, connected 
to the two opposed field windings of a direct-current 
servo-motor which drives an induction regulator. 
The result is that the currents in the two field | 
windings are unbalanced and a magnetic field is 
created, which reacts with a constantly flowing 
direct-current in the motor armature. The motor 


separators as well as two types of swarf separators, 
the firm are exhibiting their electro-magnetic per- 
colators, a typical example of which is illustrated 
in Fig. 26, on page 263; they are employed in 
the ceramic industry for treating potters’ slip, 
glaze and “ther materials. The liquid or semi-liquid 
material to be treated flows under gravity through 
a stepped grid comprising a number of magnetic 
screens. These screens present a large number of 
edges of high magnetic intensity to the material 
so that it is effectively searched and re-searched 
as it percolates through them. The iron particles 
are thus extracted and the cleaned material is 
discharged at the lower end of the assembly. The 
percolator is fitted with an automatic discharge 
bridge, which collapses and diverts the flow when 
the current is switched off or fails. The extracted 
particles can be removed when the feed is stopped 
or at the end of a run by thoroughly hosing the 


|grids. The percolator is made in four sizes with 


grid widths of 6 in., 12 in., 18 in. and 24 in., respec- 
tively, the maximum electrical loading being 300, 
600, 900 and 1,200 watts at 250 volts in the four 
cases, while the hourly capacity is from 1 to 2 tons, 


device. The brass parts are nickel-plated and 
| the ferrous parts cadmium-plated, while the fixed 
|and moving copper contacts are silver-plated to 
‘ensure maximum conductivity. The mechanism 
|is of the free-handle type and the circuit-breaker 
can be operated like an ordinary tumbler switch. 
'It is provided with an electromagnetic overload 
trip, whieh can be either of the instantaneous or 
time-delay pattern. The latter consists of an 
hermetically-seaied brass tube filled with oil and 
closed at the “active ” end by an iron cap and at the 
“dead ” end by a brass cap against which a spring- 
loaded iron plunger presses. When the ampere- 
‘turns of the overload coil reach a pre-determined 
value this plunger travels towards the iron cap, 
compressing the spring and displacing oil as it does 
so, until it is pulled towards the cap, thus tripping the 
circuit-breaker. Normally, the plunger is con- 
structed so that it takes 15 to 20 seconds to re-set, 
but a special type, incorporating a valve, can be 
fitted to give instantaneous re-setting after tripp!ng- 

Messrs. Mono Pumps, Limited, 67, Clerkenwell- 


road, London, E.C.1, are demonstrating several of 


their rotary self-priming pumps for marine am 
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ENGINEERING, MARINE AND WELDING EXHIBITION AT OLYMPIA. 
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industrial applications. Fig. 27 shows the twin E4 
pump, which can be installed on marine engines for 
handling simultaneously water circulation and bilge 
pumping; the unit consists of two Size 4 pumps, 
each rated at 1,200 gallons per hour capacity at 
1,500 r.p.m., arranged side by side in a single 
housing. Each pump has its own shaft extension, 
but they can both be driven from a single power 
take-off. The Mono Pumps automatic water- 
pressure system for ships’ fresh-water and sanitary 
supplies is being demonstrated for the first time. 
A diagram of the system is reproduced in Fig. 28. 
It comprises a horizontal or vertical Mono pump 
and motor unit, the operation of the pump being 
controlled by an automatic starter. The pump 
delivers from the storage tanks through a non-return 
valve to a service tank which is under air pressure ; 
when the air is compressed to a predetermined value 
hy the water flowing into the tank, a pressure 
switch is thrown open and the pump motor is stopped. 
As water is drawn off from the service tank, the 
air pressure falls to a pre-set value, at which the 
pressure switch closes and the automatic starter 
brings the pump motor into action again. When 
it is necessary to replenish the air pressure in the 
tank, a snifter valve on the pump inlet is opened, 
and the pump, which is capable of pumping air and 
water, recharges the tank with compressed air. 
An air volume control on the tank automatically 
prevents any excess of air in the system. The 
capacity of the pumps available lies between 2 tons 
and 30 tons per hour of water, with a pressure range 
up to 65 Ib. per square inch. 

The stand of Birmabright, Limited, Woodgate 
Works, Quinton, Birmingham, 32—who, last week, 
celebrated the 2lst anniversary of their establish- 
ment by a reception and luncheon at the May Fair 
Hotel, London—is designed mainly to illustrate 
three comparatively recent- developments in the 
application of aluminium alloys to marine purposes. 
These are the lining of holds in refrigerated ships, 
and fish holds in trawlers, with Birmabright sheets ; 
the construction, in similar alloys, of ships’ super- 
structures, funnel casings, radar towers, stanchions, 
etc.; and the use of the Argon-arc process of elec- 
tric welding in fabricating structures from relatively 
thick plates of aluminium alloy, more particularly 
in the constructign of boat davits. The davit 
shown on the stand is of the crescent type and has 
been developed in conjunction with Messrs. Welin- 
Maclachlan Davits, Limited; it is typical of the 
equipment which is being supplied to two vessels 
now being built by the 8.A. John Cockerill Chantier 
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Dust-Removine Plant; TRAUGHBER Fitter Company, LIMITED. 


Naval, Belgium, for the Companhia Colonial de 
Navigacao, Lisbon, and affords a saving in weight 
of 52 per cent. over that of the corresponding steel 
construction. About half of the stand is occupied 
by a full-size model of part of a trawler’s fish hold, 
in which the Birmabright alloys are used for the 
linings, fish boards, shelves and stanchions, The 
design of the fish-hold lining was developed in 
association with Messrs. Gregson and Company, 
Limited, Newcastle-on-Tyne, as insulation engineers, 
and Messrs. Cook, Welton and Gemmell, Limited, 
shipbuilders, of Beverley, Yorkshire, and has been 
employed already in 18 trawlers. A model of one 
of these, the Cayton Bay, is shown on the stand ; 
this vessel has an aluminium-alloy superstructure, 
funnel and radar tower as well as the fish-hold equip- 
ment mentioned above. Examples of the extruded 
sections now available for marine uses are also dis- 
played on the stand, which is floored with a new 
type of floorplate having a “hob-nail” pattern 
which is claimed to be much superior to the diamond- 
pattern chequer plate, also shown. 

Equipment for the collection and disposal of 
industrial dusts, fumes and mists is made by the 
Traughber Filter Company, Limited, 41-42, Parlia- 
ment-street, London, 8.W.1, whose stand is arranged 
to show the principles of their three systems—the 
wet, semi-wet and dry systems. A sectional scale 
model is used to explain the operation of the wet 
filter with mechanical sludge conveyor; this type 
of plant, diagrammatic sections of which are given 
in Figs. 30 and 31, herewith, is built with capacities 
ranging from 3,000 to 100,000 cub. ft. per minute. 
On the company’s stand are also a working model 
of a semi-wet filter (the air passes through a cyclone 
unit and then through a wet stage), and a laboratory 
apparatus, incorporating the basic principle of wet 
dust collection, which is used for research and for 
obtaining data for the design of commercial equip- 
ment. Cyclones alone are used for the dry collection 
system, which, though not as. efficient as the wet 
and semi-wet systems, is appropriate for valuable 
metallurgical and chemical dusts. 

In the Traughber wet filter (Figs. 30 and 31) 
every dust particle is wetted. The dust-laden air 
or gas enters, as shown in Fig. 30, so as to impinge 
on a water-sprayed plate, where the heavier particles 
are removed. The flow is then through fine water 
sprays which effect a further cleaning, thoroughly 
wetting every particle ; a wetting agent is included 
in the sprays if the nature of the dust requires it. 
The partly-cleaned air is then bubbled through a 
water bath in which the remaining dust is eliminated. 





Thereafter it passes through layers of porcelain rings 
which absorb the moisture in the air, so that the 
fan diffuses only clean air to the atmosphere. The 
wet filter is self-cleaning, and the pressure drop 
remains constant. No mains water is used as the 
water is continuously circulated by a pump. 

The exhibits on the stand of Messrs. George 
Ellison, Perry Barr, Birmingham, 22b, include 
examples of their high and medium voltage switch- 
boards, starters for slip-ring and squirrel-cage induc- 
tion motors, and circuit-breakers and control gear 
for cranes. Among these mention may be made 
of the Bantam oil circuit-breaker, which has a 
capacity of 20 amperes at 660 volts. The mechanism 
and contacts of this circuit-breaker are enclosed in a 
cast-iron case, the joints of which'are packed so 
that it is dust-tight. The circuit-breaker is closed 
by a “free” handle, but cannot be held closed 
against the action of the automatic releases. It is 
opened by pressing a push-knob. In an emergency 
this knob can be struck violently without damaging 
any part of the circuit-breaker. A device is fitted 
whereby the contacts touch and then break circuit 
quickly and completely when the equipment is used 
for “inching.” Both the automatic over-current 
and over-voltage releases are operated by solenoids. 
The over-current releases can be set to open the 
circuit at any predetermined current value from 
the full rating of the coil upwards, After the 
releases have been operated, the circuit-breaker can 
be closed immediately, without hand re-setting 
being necessary or without replacements having to 
be fitted or an interval having to elapse while the 
metal parts cool down. The releases are also fitted 
with the firm’s triple-action dash-pot time-lag de- 
vices, which have been designed for direct-on 
starting. They permit high momentary overloads 
to pass but operate when these overloads become 
persistent. The gear controlled by the circuit- 
breaker is then completely protected without 
unnecessary stoppages being caused. 


(T'o be continued.) 





TELEVISION CONVENTION.—The Radio Section of the 
Institution of Electrical Engineers is organising a 
convention on “ The British Contribution to Telc- 
vision,” to be held from April 28 to May 3, 1952. The 
whole field of television will be covered by the following 
sessions: programme origination, point-to-point trans- 
mission, broadcasting stations, propagation, receiving 
equipment, non-broadcasting applications, and system 
aspects, There will also be a historical paper and a 
broad survey paper. 
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ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


XI.—Tue Exuresition Sarp “CAMPANIA” AND 
THE ULSTER FaRM AND Factory EXHIBITION. 


Sryce August 15, the Festival ship Campania 
has been at Belfast, its eighth port of call in a 
summer and autumn tour of some of the principal 
British ports; it has still to visit Birkenhead and 
Glasgow. The Campania carries a South Bank 
exhibition in miniature on its spacious hangar deck 
and flight deck, and is giving thousands who are 
unable to visit London a glimpse of the many themes 
of which the Festival treats. At Belfast, however, 
it has inevitably provoked comparison with the 
Ulster Farm and Factory Exhibition, and although, 
in the absence of generally accepted standards for 
such exhibitions, it is extremely difficult to appraise 
them critically and usefully, this can be said: that 
whereas the Ulster Exhibition does not attempt 
too much, the Campania suffers from trying to 
mirror too faithfully the South Bank Exhibition, 
itself severely limited by the restricted space. 

As engineering is accorded scant treatment both 
on the ship and at Belfast, there is no point in 
cataloguing or describing the few exhibits, but as 
engineers, in a sense, perform a liaison function 
between the scientist and the man in the street, they 
have a special interest in exhibitions which attempt 
to bridge that gulf. It would not be fair to assume 
that this is the only, or, indeed, the chief, purpose 
of such exhibitions—the theme of the Campania 
exhibition, for example, is some of the contribu- 
tions Britain has made to world civilisation, particu- 
larly in science, technology and industrial design ; 
and all the Festival activities are supposed to add 
up to “one united act of national reassessment and 
one corporate reaffirmation of faith in the nation’s 
future ’’—but non-technical explanations of nuclear 
physics and other mysteries are attempted, and it 
is therefore permissible to assert that the attempts 
have largely failed. Perhaps it is an impossible 
task. Nevertheless, the total effect on the mass of 
people may lead to a reaffirmation of faith in the 
nation’s future, since everyone must marvel at the 
enormous range and inventiveness of science and 
industry. Unfortunately, many visitors are them- 
selves “‘ specialists,” whether as scientists, engineers, 
sailors, farmers, etc., and most of them are not 
impressed with the way their special subjects are 
presented. The section labelled “ Engineering ” on 
the Campania consists of five photographs, of a 
foundry, a forge, a machine shop, a press shop and 
an electrical-engineering works, pasted on a large 
panel. The panel serves as a background, being a 
white-on-black drawing, in a pseudo-childish style, 
of some curious old buildings; one building has 
the word ‘‘ Foundry ” over the door, and the legend 
‘** Office hours, 9 to 6”’ on the window. This seems 
to be a singularly wanton use of words in an exhi- 
bition where, words being restricted, every one 
should justify itself. 

By creating phantasies for the Festival exhibi- 
tions which have appealed to many, the artist- 
designers have assumed the role of interpreters, 
interpreting to the layman the work of scientists, 
engineers and technologists. This they have 
attempted in two ways: by explaining in non- 
technical language, with the aid of models, drawings, 
etc., specific techniques and processes, and by 
creating esthetically pleasing or challenging displays 
which attract the layman without demanding con- 
centrated attention from him. The two approaches 
are not necessarily incompatible, but in many cases 
the effort to succeed in one has shut out the other. 
In the Ulster Exhibition, the designer has kept the 
themes to a minimum; as a result, the artistry is 
first-class and the visitor is able to learn a little 
while enjoying the displays. On the Campania, 
however, so much has been attempted in the way 
of explanation, and so many exhibits have been 
crowded into the limited space of the hangar deck, 
that the effect is to overawe_visitors with technica- 
lities without offering them compensations in the 
shape of pleasing displays. 

To take one example, the function of the research 
associations is the subject of a panel about 6 ft. 
square, on whieh the names of several are printed, 


together with photographs of investigations and a 
caption for each, thus: “ British Electrical and 
Allied Industries Research Association: Investi- 
gation of the failure of a fuse,” with some photo- 
graphs showing stages of the failure. That is pass- 
able. Another, however, reads thus: ‘ Pame- 
trada: research and design work on turbines ”’ ; 
the meaning of Pametrada (Parsons and Marine 
Engineering Turbine Research and Development 
Association) is not given, neither is there a photo- 
graph or illustration other than a supposedly 
decorative ledge, above the panel, which is a part 
section in wood of a turbine rotor and stator. We 
only noticed this turbine illustration as a result of 
studying the panel very carefully ; the majority of 
visitors must certainly miss it, and most of the few 
who see it are probably quite unenlightened. Two 
general legends on the panel are worth quoting : 
‘* Researchers discover what is feasible ; designers 
arrive at what is comely; industry starts with 
research and design”; and ‘‘The designer’s 
problem: to combine good looks, easy handling, 
long life. A homely example—the gas cooker.” 
These are hardly the phrases to use in connection 
with the British Shipbuilding Research Association, 
Pametrada, E.R.A., etc. How much better it 
would have been if all this deadwood had been 
cut out and the space used for one exhibit of, say, 
a model of the Lucy Ashton hull-resistance research 
ship, with a- brief but adequate explanation. 

Captious captions are indeed the bane of the 
Campania exhibition. “A ship is a cross between 
a pendulum, an hotel, a locomotive and a beast of 
burden ’’—it seems a pity, when it would have been 
safe for the designers to assume at least that visitors 
know a ship when they see one, that a mystery has 
been created where none existed before. The prize 
for this type of wordiness, however, must surely go 
to a caption which appears below a. model of a 
combined kitchen and dining room : “‘ Tosave space, 
the kitchen can be used to store washing and cleaning 
equipment, or it can be combined with the dining 
room ; but in either case the housewife who works 
in the kitchen must be brought back into the social 
life of the family.” 

The narrative of the Campania exhibition is in 
three parts, the Land of Britain, Discovery, and 
the People at Home. In the first part the sequence 
is the early settlers in Britain, the geological and 
geographical evolution of the country, agriculture, 
and minerals of the island; then industry, power, 
transport, the sea and ships. Industry is repre- 
sented by a large collection of varied products 
(some with the wrong catalogue numbers attached) ; 
power by a beam engine, a Rolls-Royce Dart turbo- 
propeller engine, a model of the Severn Barrage 
scheme, etc.; transport by models of locomotives, 
cars, aircraft, etc. ; and the sea and ships by radar 
apparatus, illustrations of harbours, etc. In the 
second part, dealing with Discovery, the sequence 
is the land, the earth, the living world, the physical 
world and outer space, the parts of a television set 
being used, in the physical-world section, as a 
means of explaining the significance of certain 
discoveries in physics. On the flight deck of the 
Campania, a number of small boats are arranged, 
with ample room for visitors to “‘ promenade ” ; 
after the encyclopedic crowding of exhibits on the 
hangar deck it is a welcome relief to examine the 
special designs and fine finish of these craft. 
They include a twin-screw Liverpool-type motor 
lifeboat, a folding sailing canoe, a motor launch, a 
15-ft. sailing dinghy of pressure-moulded laminated 
mahogany construction, and an aluminium-alloy 
racing yacht. The Campania has a special interest 
for Belfast people as she was laid down as a merchant 
vessel at the yard of Messrs. Harland and Wolff, 
Limited. The Admiralty took her over during the 
war, while she was still on the stocks, and converted 
her into a ferry aircraft carrier. Her conversion 
for the Festival was planned by the Director of 
Naval Construction, Sir Charles Lillicrap, in con- 
junction with Mr. James Holland, the exhibition’s 
chief designer, and was carried out by Messrs. 
Cammell Laird, Limited, Birkenhead. The Cam- 
pania has two Diesel engines, of 13,000 h.p., and has 
a speed of 18 knots. The principal dimensions are : 
overall length, 540 ft.; beam, 70 ft.; draught, 





23 ft. ; and gross tonnage, 16,408. 


At the Ulster Exhibition of Farm and Factory, 
the exhibition designers have succeeded in the tasks 
to which they are by nature best suited, namely, 
the creation of attractive displays from the elements 
of industrial processes. Linen, rayon, rope and 
pottery are well served in this way, but with ship- 
building and aircraft it bas only been possible to 
make the visitor conscious of the fact that these 
are two of the great industries of Northern Ireland. 
Agriculture, very properly, is well treated, both in 
the main exhibition building and outdoors, where 
there is a faithful reconstruction of an Ulster farm- 
stead of 1851, followed by a “‘ farm of the future,” 
where the agricultural uses of electricity are fully 
exhibited. 

The designers who have been responsible for 
these exhibition displays are still largely in the 
pioneering stage; they should therefore welcome 
criticism, especially from those whose products and 
processes they are using as the raw material of their 
art. True, much of the exhibition work cannot be 
classed as art, but the best of it can, even though 
it is akin to superior window-dressing. Engineers 
and scientists—and no doubt others too—must 
accept the fact that a balanced view of their work is 
not compatible with the highly selective and 
“‘head-line ” approach of this type of exhibition, 
They and the designers cannot hope to agree 
on what is relevant and irrelevant in the presentation 
of such an exhibition, but they know from experience 
that a complicated phenomenon, concept or process 
cannot be explained in simple terms to the man or 
woman sauntering round the exhibition. What 








one fool can understand, no doubt another can. But 
the first fool only understood by dint of clear and 
concentrated thought ; bigger fools, therefore, must 
not expect to be enlightened by a casual glance at a 
few illustrations and a potted description. 


NORTHAMPTON POLYTECHNIC, 
LONDON. 


THE prospectus and syllabuses of part-time day and 
evening courses in pure and applied chemistry at the 
Northampton Polytechnic, St. John-street, London, 
E.C.1, have now come to hand. The courses are 
intended for students in general chemical technology, 
metallurgy, electrodeposition, fuel technology, glass 
technology and glass-working, chemical engineering 
and clay technology. The part-time day courses are 
arranged to meet the requirements of employees 
released by their employers for one day a week through- 
out the session, while the evening courses are intended 
for students able to attend on three evenings a week. 
The courses lead to the associateship examinations of 
the Royal Institute of Chemistry, the licentiateship 
and associateship examinations of the Institution of 
Metallurgists, Ordinary and Higher National Certi- 
ficate examinations in general chemical technology and 
other examinations. Classes in chemistry in prepara- 
tion for the Intermediate B.Sc. (Eng.) examinations, 
and in engineering chemistry, in chemical engineering 
and in engineering metallurgy, are also held in the 
department. These classes, which are organised in 
connection with National Certificate courses in engineer- 
ing, are also suitable for students preparing for pro- 
fessional examinations such as those leading to the 
A.M.I.Mech.E., and the A.M.I.C.E. Normally, appli- 
cants for admission to courses in the department should 
be 17 years of age or over. The autumn term com- 
mences on Monday, September 24, and students who 
were in attendance last session should enrol at the 
Polytechnic from 2 to 4.30 on the afternoons, and from 
6.30 to 9 on the evenings, of Wednesday and Thursday, 
September 12 and 13. Prospective new students 
should enrol at these times on the afternoon and evening 
of Friday, September 14. Copies of the prospectus 
may be obtained on application to the Principal. 








FirsT SUPERVISING ELECTRICAL ENGINEERS NATIONAL 
EXHIBITION.—The Association of Supervising Electrical 
Engineers are arranging an electrical-engineering exhibi- 
tion, which will be held at the Royal Horticultural 
Society’s new hall, Greycoat-street, Westminster, Lon- 
don, S.W.1, on Friday and Saturday, March 28 and 29, 
1952. Government Departments and electrica] firms 
generally are being invited to take part. Working 
exhibits, labour-saving equipment, safety devices, and 
exhibits illustrating methods of economising in the use 
of electrical current will be particularly weloome. Further 
information may be obtained from the exhibition secre- 
tary, Mr. P. A. Thorogood, 35, Gibbs-green, Edgware. 
Middlesex. 
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THE AIRWAYS CORPORATIONS. 


Tue annual reports for the year 1950-1951 of the 
British Overseas Airways Corporation (B.0.A.C.) and 
British European Airways (B.E.A.) were published on 
August 29, and may be obtained from H.M. Stationery 
Office, Kingsway, London, W.C.2, price 2s. 6d. net 
and 3s. 6d. net, respectively. Both show encouraging 
reductions over the previous year in the losses incurred 
and in the operating costs per capacity-ton-mile. 
Both corporations are confident that ultimately, their 
deficits can be eliminated, although B.E.A. expect the 
current year to be harder than 1950-1951. 

The increased efficiency of B.O.A.C. is attributed 
partly to the re-organisation of staff and partly to the 
use of more modern aircraft. By the end of the ncial 
year, scheduled passenger services were carried out 
entirely by four-engined aircraft with pressure cabins— 
10 Stratocruisers on the North Atlantic route, 10 
Constellations between London and Sydney and, prior 
to the introduction of Stratocruisers in the early part 
of 1950, on the London to Montreal route, 22 Argonauts 
to the Middle East and Far East, and 16 Hermes on the 
African routes. Ten York aircraft serve as freighters. 
B.0.A.C.’s engine and propeller factory at Treforest 
was responsible for the overhaul of all the Corporation’s 
engines, other than Rolls-Royce engines; the factory 
also undertook engine overhauls for the Ministry of 
Supply, and for B.E.A. and other airlines, and was 
approved by the Civil Aeronautics Authority of 
America for the repair of American engines. B.O.A.C. 
has an excellent safety record: there has been no fatal 
accident during the period July, 1948, to June, 1951. 
Asis well known, B.O.A.C. have on order de Havilland 
Comet and Bristol 175 air-liners; the latter is still in 
the early stages of development. Five of the 14 Comet 
aircraft on order are to be modified by fitting Rolls- 
Royce Avon engines in place of de Havilland Ghost 
engines; the Avon-engined Comet is expected to 
operate economically over the London-New York route. 
The Ghost version will go into service, it is hoped, 
early in 1952 on African routes. 

British European Airways have suffered from a 
shortage of aircraft and crews; the Airspeed Ambas- 
sador aircraft—which B.E.A. prefer to designate as the 
Elizabethan class—should have been delivered in 
January, but have suffered delays owing to technical 
troubles. They are, however, expected to start 
operations this autumn. 

During the year, B.E.A. introduced the world’s 
first scheduled helicopter passenger service between 
Liverpool and Cardiff; and the prototype Vickers- 
Armstrongs Viscount air-liner made the world’s first 
scheduled propeller-turbine-aircraft passenger flights 
between London and Paris and, later, London and 
Edinburgh. The safety record, regrettably, was marred 
by two fatal accidents, in which only three persons 
survived. On March 31, 1951, B.E.A. had in service 
43 Viking aircraft (27 seats), on the continental routes, 
22 passenger Dakotas with 28 seats and three Dakota 
freighters, and four Pionairs—i.e., modified Dakotas 
with a fuselage rebuilt to B.E.A.’s own standard with 
accommodation for a crew of 2, and increased seating 
capacity for 32 passengers. Ten more Dakotas were in 
process of conversion, and two Dakota freighters were 
being converted to take Rolls-Royce Dart turbine 
engines. In addition, there were 20 Rapides—which 
B.E.A. prefer to call Islanders—five helicopters, and a 
Bristol Freighter, which was found to be the only 
aircraft suitable for transporting Centaurus power 
plants to outstations. 

For economic operation on the continental routes, 
greater seating capacity is required, and B.E.A. 
believe that less luxurious accommodation should 
be provided. Twenty 47-seat Airspeed Ambassadors 
(Elizabethan class), 20 Vickers-Armstrongs Viscount 
(Discovery class) with a seating capacity of 40, 
and seven 20-seat Handley-Page Marathons (Clans- 
man class) are on order. The Viscounts are 
expected to go into service late in 1952 on the 
longer routes; the Marathons will operate on Scottish 
internal services early in 1952. In connection 
with the maintenance of Ambassador aircraft, some 
interesting development work, involving simulated 
flight tests on specially-designed rigs, is in progress. 
For long-term development, the possibilities of installing 
four Rolls-Royce Dart engines in a modified Ambassa- 
dor ar+ being studied ; the performance and long-range 
paylood should be enhanced, and the interchangeability 
of power plants between Ambassador and Viscount 
aircraft would be an economic asset. B.E.A. consider 
that the economic future of internal passenger services 
depends on the use of helicopters between city centres. 
J A ° rola acquire the twin-engined 13-seat Bristol 

wy 1953. 





ENGINEER BUYERS AND REPRESENTATIVES ASSOCIA- 
TION.—The first edition of a guide and list of members 
of the Engineer Buyers and Representatives Association, 
47, Victoria-street, London, S.W.1, has been issued. 
The Association was registered as a company limited by 
Suarantee in 1948, and now has about 300 members. 


THE POWER-GAS CORPORATION. 


THE Power-Gas Corporation, who celebrated their 
jubilee this year, are building a new works on a 100-acre 
site about half a mile south of the present Parkfield 
works, Stockton-on-Tees. In general, the principles 
behind the layout are that each production department 
should be provided with twice the floor space occupied 
at present, with room for redoubling in a logical manner 
should this prove necessary. Emphasis has also been 
placed on flexibility to cater for the efficient manufac- 
ture of larger and heavier products according to what- 
ever the market demands may be in the future. After 
the overall layout of the factory had been decided, the 
detailed planning of the first part, namely, the con- 
structional shop, was started. The fabric of this new 
shop has already been completed and the installation 
of the machinery is well in hand, a creditable achieve- 
ment, considering that the decision to build the new 
factory was only taken in January, 1949. 

The new shop has been laid out for the manufacture 
of general mild-steel, stainless-steel and non-ferrous 
platework, and will be equipped to deal with plates up 
to two inches thick. It consists of four transverse 
bays 85 ft. wide by 250 ft. long and two longitudinal 
bays 65 ft. wide by 340 ft. long. The crane tracks in 
the transverse bays are 30 ft. above the ground and 
those in the ay eae bays 50 ft. above the ground, 
the tracks in the lower bays being cantilevered out 
below those of the high bays, easy transfer of material 
from bay to bay thereby being achieved. Twelve 
overhead cranes are provided, the heaviest having a 
capacity of 50 tons. The crane tracks in the two 
heavier sections, however, are designed to take two 
50-ton cranes per bay, so that, in the future, it will be 
possible to handle almost any size or weight of vessel 
by the addition of further cranes. A stockyard, 
served by rail, road and an overhead crane, is provide 
at one end of the building, and a services building, 
containing an X-ray room, stores, sub-station, etc., is 
located along the side of one of the high bays. 

The main considerations influencing the choice of 
this layout was the large variety of work undertaken 
and the flexibility needed to maintain a balance between 
operations and control of work in progress. A further 
factor is the desirability of carrying out the main 
movement of material by cranes other than those 
required to serve production processes. Accordingly, 
the bulk of the processes will be carried out in the 
transverse bays and the end 170 ft. of the longitudinal 
bays, while the transfer, collection and distribution of 
material will be accomplished in the high longitudinal 
bays. It is anticipated that this layout will lead to 
considerable economies in production by better 
utilisation of the available machines. 

The equipment to be installed includes levelling rolls 
capable of handling plates 8 ft. wide by 1 in. thick; 
three sets of bending rolls, the heaviest of which will 
accommodate plates 12 ft. wide by 1} in. thick; two 
plate-edge planing machines, one 30 ft. long and the 
other, a double-headed machine, 40 ft. long; two 
guillotine shears, the larger of which will be capable of 
cutting plates 12 ft. wide and 1 in. thick ; and a rotary 
shearing machine, having a capacity of 1 in. In 
addition to a range of presses to be transferred from 
the existing works, the equipment in the press bay 
will include a 1,150-ton four-column flanging press and 
a 200-ton open-sided progressive flanging press, both 
designed by the Corporation’s own staff. Continuous- 
welding equipment capable of handling vessels 160 ft. 
in length will be installed, together with ancillary X-ray 
facilities, while other plant will include a producer-gas 
fired plate-heating furnace 15 ft. wide and 20 ft. long 
and a bar furnace 25 ft. in length. 





COMMITTEE ON RADIO COMMUNICATION AND RADAR 
MEASURING INSTRUMENTS.—Three associations whose 
interests include matters relating to the development 
and production of radio-communication and. radar- 
measuring instruments have collaborated in the forma- 
tion of a joint committee which will advise their respective 
councils on such subjects. The associations are the 
Radio Communication and Electronic Engineering Asso- 
ciation, the Radio and Electronic Component Manu- 
facturers Federation, and the Scientific Instrument 
Manufacturers Association. Membership of the joint 
committee, which is known as the Joint Advisory Com- 
mittee on Radio Communication and Radar Measuring 
Instruments, is open to any member of the associations 
who is concerned with the development or production of 
this class of measuring instrument. The committee will 
consider commercial and technical questions brought to 
its notice by members, Government departments, etc. 
It is particularly expected that the provision of this 
single channel for consultation with Government depart- 
ments will prove convenient both to the industry and 
to the Government. The committee is administered from 
the offices of the Radio Communication and Electronic 
Engineering Association, 59, Russell-square, London. 
W.C.1. 





JIGS AND FIXTURES FROM 
STANDARD COMPONENTS. 


Ir is axiomatic that, although jigs and fixtures vary 
considerably in design, many of them possess common 
features, and in several instances some of the parts are 
identical. Most design offices are well aware of this, 
and some cater for it by compiling a reference book 
showing those standard parts which should be used 
whenever the opportunity occurs. The logical sequence 
to filing standard designs is to manufacture and keep 
a stock of the actual parts so that they can be drawn 
on at will. Very few firms, however, are able to 
do this, particularly these days, as most tool rooms 
are fully occupied coping with every-day demands. 
In an effort to assist firms in stocking such parts, 
therefore, J. B. Purefoy Unit Tooling, Limited, 
Upper Tilt Works, Cobham, Surrey, have developed 
and put into production a wide range of those parts 
which, in their opinion, are required constantly and 
are therefore suitable for standardisation. The 
original list of such parts was drawn up after a careful 
analysis had been made of the individual items com- 
prising the different types of jigs and fixtures and from 
time to time further parts have been added in the 
light of experience, so that the present list covers a 
wide variety of standard parts ranging from cast-iron 
sections designed to form jig bodies to such items as 
clamping devices, swing bolts, thumb screws, etc. 

The standard sections are made from high-grade 
close-grained cast iron and to save work when used for 
building jigs they are accurately machined on all faces. 
They are supplied in lengths of 1 ft., 1 ft. 6 in., and 2 ft., 
according to size, and the range includes H and U 
sections, angle sections and T sections. For the 
H sections, the flange width and overall depth are 


4 | equal, the sizes ranging from 3 in. by 3 in. with a flange 


and web thickness of $ in., to a maximum of 8 in. by 
8 in., the thickness of the flange and web in this case 
being 1} in. The U sections also have equal widths 
and depths, the sizes varying from 1} in. by 1} in. to 
8 in. by 8 in., the corresponding thicknesses of material 
being # in. and l}in., respectively. Equal angles only 
are made and these extend from 3 in. by 3 in. by § in. 
sections to a maximum of 8 in. by 8in. by 1} in. The 
equal T sections are supplied in a similar range but the 
smallest unequal-offset T-section measures 4 in. by 4 in. 
by } in., while the largest has similar dimensions to the 
angle section, namely, 8 in. by 8 in. by 1} in., the offset 
of the vertical member varying according to the size. 

In view of the fact that the sections are machined all 
over, it is often possible to obtain a complete jig body 
simply by cutting a ae from the appropriate section. 
A good example is furnished by the drilling jig illus- 
trated in Fig. 1, on page 268, the body of which consists 
of a short length of standard U section to which has 
been added other standard parts such as a swinging 
latch, shoulder screws and thumb screws. Use of 
standard sections, however, is by no means confined to 
the construction of drilling jigs. Fig. 2, on page 268, 
for example, shows a simple turning fixture made 
from a pjece of standard angle section fitted with a 
boss or spigot to holdit in the chuck of the lathe. The 
fixture is completed by the addition of a stud and dome 
nut, both of which are covered by the list of standard 
parts, while the fitting of the simple pin locating device 
makes it suitable for both single-ended and double- 
ended right-angle fittings. 

It is not possible, of course, to base all forms of jig 
on the standard sections; as a consequence, Messrs. 
Purefoy have produced what might well be termed 
other basic components. For the construction of 
plate drilling jigs, for example, there is a standard 
selection of jig plates varying in size from 4 in. by 3 in. 
to 10 in. by 8 in. These are drilled at the corners so 
that, by the addition of four standard feet bolts, each 
can be converted into the complete framework of a 
plate drilling jig. A typical example is illustrated in 
Fig. 3, on page 268, which is designed for drilling and 
counterboring four holes in the bosses and drilling 
four holes in the top of the cover shown at the side 
of the jig. A recess is bored in the jig plate to suit the 
spigot at the base of the component and the bosses are 
located in the correct position by an adjustable V block. 
The drilling bushes for the holes in the four bosses are, 
of course, fitted in the jig plate while those for the holes 
in the top of the cover are fitted to a removable 
auxiliary drill plate held in position by a captive “ C” 
washer and domed nut. As well as for the jig plate, 
Purefoy standard parts are used for the feet bolts and 
nuts, the central stud, the domed nut, captive “C” 
washer and the knurled screw for adjusting the V block. 

Basic parts are also available for constructing 
milling and turning fixtures. As a rule, the milling 
fixtures are built up on standard baseplates of which 
several sizes are available, the dimensions of the face 
ranging from 6 in. by 6 in. to 14 in. by 24 in. These 
baseplates are of cast iron accurately machined and are 
complete with holding-down lugs, tenon slot and datum 
faces. One of these baseplates is illustrated in Fig. 4, 





where it is shown equipped for straddle-milling the 
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boss and angular face of the component shown to 
the right of the jig. Location is by a central spigot 
and the boss is set at the correct position by means of 
the swinging V block fitted to one side of the plate, 
the jig being completed by the addition of the stud, 
domed nut and “C” washer, the last three items 
being standard Purefoy components. A block fitted 
at one end of the plate is used for setting the cutter at 
the correct angle for milling the angular face. 

For the construction of turning fixtures, standard 
circular adaptors are used. ‘Lhese are supplied either 
as plain circular blanks or already recessed and drilled 
to it directly on to the spindle of the leading makes 
of capstan and turret lathes. Both types are available 
in diameters ranging from 6 in. to 12 in., the thickness 
of material remaining constant at ljin. They are made 
from good-quality close-grained cast iron and, like the 
standard sections, are accurately machined all over. 
The thickness of material permits slots to be formed 
in the faces and, in addition to forming the basis of 
turning fixtures, they may be used in the construction 
of rotary milling fixtures. 

In addition to the chief components that have been 
described, there is a vide range of smaller parts which 
include hand and thumb nuts, clamping devices, packing 
blocks and swing bolts, etc. The hand and thumb nuts 
are made from cast iron and nickel-plated steel, respec- 
tively, and are available with both Whitworth and 
British Standard Fine threads in all sizes. There 
is also a series of quick-release nuts designed so that 
they can be tightened or loosened by a quarter of 
a turn. The soars devices include both plain 
and slotted clamps, release springs, ‘“‘C”’’ washers 
both of the plain and captive type, spherical washers 
and seatings, domed nuts and heel pins. Other items 
in the standard range which may be mentioned are 
swinging latches, feet bolts and nuts, shoulder screws, 
studs, T-nuts and tenons, the last named being for 
use with the baseplates. Several of the components 
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mentioned above have been used in the construction 
of the jigs shown in the illustrations ; the drilling jig 
shown in Fig. 1, for example, is fitted with a standard 
swing latch held in place by shoulder screws, while 
that shown in Fig. 3 is equipped with such standard 
items as feet bolts and nuts, and a stud with a captive 
“C” washer and domed nut. 

There are several more standard parts such as thumb 
and wing screws, screw jacks and eccentric locators, 
but these are too numerous to describe in detail 
here. It will be clear, however, that, by using the 
various parts, much work can be saved in the tool- 
room, and the machines normally occupied on the 
ge of jigs employed on more urgent work. 

heir use also saves a considerable amount of detail 
work in the drawing office as the parts are specified 
merely by their reference numbers. On the other 
hand, it is usually found necessary to prepare general- 
arrangement drawings of the completed jigs and 
fixtures and, to assist the draughtsmen in their prepara- 
tion, Messrs. Purefoy have produced a series of tracing 
templates comprising true-to-scale drawings of the 
various parts which are easily slipped under the 

neral-arrangement drawing and traced. Quite apart 
rom the saving of time and material both in the 
drawing office and toolroom, there is the further 
advantage that, when a replacement part is called 
for, it can be supplied directly from the stores. 





COMBINED TAP AND DRILL.—Mr. Reginald Bastien 
has patents pending on a combined tap and drill; it 
has two flutes, but the lands are relieved down the centre 
so as to form two cutting edges on each. It is marketed 
by the R-B Sales Company, Station-road, West Drayton, 
Middlesex. 





THE USE OF RUBBER IN BITUMEN 
FOR ROAD SURFACING. 


THE rubber industry received its greatest impetus 
when the need first arose to equip motor vehicles with 
pneumatic tyres. As more was learnt about the 
properties of rubber, it was only natural that efforts 
should be made to find new fields in which natural 
rubber could be used, particularly in view of the 
rapidly rising production. Its use in connection with 
roads appeared to be an obvious outlet and as early as 
1915, a company known as Rubber Roadways, Limited, 
was formed under the auspices of the Rubber Growers’ 
Association in London for the purpose of investi- 
gating this aspect. Since this time, much work has 
been done with regard to the possible use of rubber 
road blocks, while attention has also been directed to 
the incorporation of rubber into tar and bituminous 
materials for the treatment of road surfaces. Since the 
end of the second world war, rubber-asphalt materials 
have come into greater prominence as a result of work 
carried out not only in Great Britain, but also in other 
countries; Dutch and Indonesian scientists, for 
example, were largely responsible for developing 
methods of producing rubber in particle form and 
showing that, in this form, it can be mixed with asphalt 
and bitumen. 

Although satisfactory results were frequently 
obtained in small-scale trials, the earlier work © 
development was hampered by lack of money. In 1949, 
therefore, the rubber producers in Malaya approved & 
proposal to raise larger funds for rubber research 
generally, and as the supply position ;with regard to 
rubber powder had shown improvement, efforts were 
made by the British Rubber Development Board to 
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have trial sections of powdered rubber-asphalt road 
surfaces laid in this country. As a consequence, 
several such sections were laid, notably one at Leeds, 
where, in 1950, the City Corporation Highways Depart- 
ment commissioned the surface dressing of a stretch of 
the Leeds-Selby road, the dressing consisting of rubber- 
bitumen sprayed on to the existing surface and coated 
With j-in. whinstone chippings. The bitumen used 
was 60-80 penetration heated to approximately 
300 deg. F., to which 24 per cent. by weight ‘* Mealo- 
tub” rubber powder was added and stirred in. The 
mixture was maintained at this temperature for 14 
hours and then fluxed with 18 per cent. asphaltic oil, 
after which it was placed in barrels and allowed to cool. 
Subsequently, it was reheated to 300 deg. F. in the 
Spraying machine, at which temperature it was applied 
to the road surface, a Johnston rotary-brush sprayer 





being used for this purpose, which worked in conjunction 
with a gritter of the same make. Although the rubber- 
bitumen showed a remarkable tenacity, no difficulty 
was experienced with the spreading. The mix was 
sprayed at the rate of 5 square yards to the gallon and 
the chippings laid at between 70 and 90 square yards to 
the ton, the work being carried out by Messrs. Crowley, 
Russell and Company, Limited, Castleford, Yorkshire. 

Results obtained from this experimental section 
indicated that rubber-bitumen spraying is superior to 
ordinary bitumen spraying, particularly with regard to 
adhesion of the aggregate to the road surface. The trial 
section has withstood a rather severe winter under 
heavy traffic without showing marked signs of wear, 
and the rubber-bitumen still sticks tenaciously to any 
pieces of aggregate removed from the road surface. 
As a consequence, the Leeds Corporation undertook 


what is believed to be the first large-scale resurfacing 
work in this country using a rubber-bitumen mix. The 
work was again undertaken by Messrs. Crowley, Russell 
and Company, Limited, and a mile and a half of the 
main Leeds-Wetherby road was resurfaced. In this 
case, a 60 to 70-penetration bitumen flexed with light 
creosote oil was used, the oil being added after the 
rubber-bitumen mix had been heated with constant 
agitation for approximately three hours at a tempera- 
ture of 300 deg. F. The mix was delivered to the site in 
insulated road tanks at a viscosity of 300 to 320 seconds 
standard tar viscometer, and was applied at a tempera- 
ture of between 280 and 300 deg. F. As for the 
experimental stretch, the mix was applied to the road 
surface by means of a Johnston rotary-brush sprayer 
at a rate of between 5 and 6 square yards to the 
gallon ; this machine is shown in operation in Fig. 1, 
on this page, from which it will be noted that no 
difficulty was experienced in spreading. It was used 
in conjunction with a Johnston gritter which distributed 
j-in. whinstone chippings at approximately 70 to 80 
square yards per ton, consolidation being carried out by 
a 10 to 12-ton roller. Here, also, the material proved 
extremely tenacious; this will be evident from an 
examination of the photograph reproduced in Fig. 2, 
which shows the wheel of the gritting machine passing 
over a pool of rubber-bitumen mix. This tenacity 
proved so strong that in certain places sections of the 
existing road surface were picked up by the wheel. 

Apart from giving greater elasticity to the bitumen, 
the addition of rubber also imparts a definite increase 
in the viscosity over ordinary spraying bitumen at 
elevated temperatures. While the viscosities of 
rubber-bitumen and ordinary bitumen are the same at 
25 deg. C., at 30 deg. C. the rubber-bitumen is 30 per 
cent. higher; at 35 deg. C., 17-7 per cent. higher ; 
at 40 deg. C., 25 per cent. higher; and at 45 deg. C. 
as much as 46 per cent. higher. Furthermore, obser- 
vations on the comparative ductility of both grades 
at low temperatures point to the rubber-bitumen as 
being unaffected at the lowest temperatures anticipated 
in this country. Rubber-asphalt road surfaces laid in 
America recently, which have been subjected to 
intense extremes of climatic variations, have behaved 
exceptionally well and-have received most favourable 
reports. 

According to information published by the British 
Rubber Development Board, when rubber latex is 
added to hot bitumen it coagulates to form a rubber gel. 
This can be dispersed throughout the bitumen by con- 
tinuous stirring during the addition, the water which 
separates from the rubber during coagulation evaporat- 
ing from the hot rubber-bitumen in a few minutes. 
The resultant mixture possesses some rubber-like pro- 
perties and is tough and gelatinous. On the other 
hand, rubber powder as used in the work at Leeds 
may exist in bitumen as a dispersion of fine particles of 
rubber crumb, in which the identity of the original 
particles is preserved, or as a rubber gel, or as a mixture 
in which the rubber has been broken down so that it is 
a mobile liquid. The final state in which the rubber 
powder exists depends on both the temperature and 
the period of heating to which the rubber has been 
subjected during mixing with the bitumen and subse- 
quent processing. It has been found that rubber, 
either as particles or in gel form, will cause a substan- 
tial increase in the viscosity of the bitumen to which 
it has been added. The presence of particles of rubber 
in bitumen causes a pronounced reduction in its duc- 
tility due to stress concentrations occurring around the 
particles and the consequent “ necking” and early 
breaking of the bitumen thread. In a composite road 
mixture, however, the small proportion of rubber 
particles will cause no appreciable further reduction in 
ductility than that already resulting from fine granular 
matter in the mixture. When the particles are broken 
down to form a gel, the ductility returns to its original 
high value. Probably the most important quality 
imparted to bitumen by the addition of rubber is the 
elasticity of the resultant mixture. This feature, as 
was discovered at Leeds, can be retained under the 
combined effect of traffic and weather for periods of at 





least twelve months. 

Much has been learnt already from the various test 
sections laid down and as more experience is gained 
it will, no doubt, prove possible to determine the exact 
proportion of rubber powder which should be mixed 
with the bitumen to meet the different requirements 
of road surfaces under changing climatic condi- 
tions. Further experiments will probably indicate also 
whether the introduction of rubber necessitates changes 
in the bitumen or aggregate content of existing specifi- 
cations. 

It is not possible yet to be definite with regard to the 
effect that rubber-bitumen has on the sideways-force 
coefficient or anti-skidding properties of the road 
surface. When first laid, there is little difference 
between rubber and non-rubber bitumen surfaces, 
but tests now in progress point to rubber-bitumen 
surfaces retaining their anti-skid properties for a 





greater length of time. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE LATE PROFESSOR GILBERT CooK.—AS we close for 
press, we have learned with great regret of the death, 
on August 28, of Professor Gilbert Cook, F.R.S., Regius 
Professor of Civil Engineering and Mechanics in the 
University of Glasgow, and President of the Institution 
of Engineers and Shipbuilders in Scotland. A memoir 
will appear in next week’s issue of ENGINEERING. 





REDUCTION OF INDUSTRIAL POWER CONSUMPTION.— 
Mr. Charles Murdoch, chairman of the Scottish Board for 
Industry, announced in Glasgow on August 21 that 
industrial firms in Scotland would be required to reduce 
their electricity consumption by 20 per cent. in the 
mornings and late afternoons between November and 
February, to lessen the risk of power cuts during the 
winter. This, he said, might mean staggered hours in 
some cases, and firms would have to submit schemes of 
work to the Board by the middle of October. 

ScoTTisH INDUSTRIAL ESTATES.—It was announced on 
August 10 that, in the first six months of this year, ten 
firms had moved into new factories provided by Scottish 
Industrial Estates, Ltd., while three other firms had 
had extensions built to their premises. The area of 
productive factory space thus made available was 
869,561 sq. ft., compared with 715,921 sq. ft. in the 
corresponding months of 1950. 

STIRLING HaRBouR JeEtTry.—Bailie H. Burt, repre- 
senting Stirling Town Council, has opposed a proposal 
by the Forth Conservancy Board to demolish the jetty 
at Stirling Harbour. He maintains that, under an agree- 
ment entered into 30 years ago, the Board are bound to 
maintain the jetty. 

RUNWAYS AT PRESTWICK AIRPORT.—The removal of 
an undulation in the main runway at Prestwick airport 
to allow “‘ Stratocruisers ” an improved take-off has now 
been completed. Drainage work at the end of the run- 
way has been carried out and foundations are now being 
laid for a 400-ft. extension to the west, which will increase 
the length of the runway to 7,000 ft. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


STEEL-TRADE OUTLOOK.—Interest is increasing in the 
resumption of the rationing of distributable tonnages of 
iron and steel, referred to in our columns on page 243, 
ante. The movement is unwelcome, but is regarded as 
being necessary. The problems involved in the apportion- 
ing of available supplies of steel are bound to be great, 
but they have been met in the past and the hope is 
expressed that the threatened serious difficulties of the 
near future will be competently handled. 

PNEUMATIC UNDERGROUND STOWING AT CROOKHALL 
COLLIERY.—An experiment in underground pneumatic 
stowing for the re-filling of worked-out coal seams is now 
being carried out at Crookhall Colliery, Consett, Co. 
Durham. A _ stone-crushing, screening and mixing 
machine, specially constructed for the National Coal 
Board, was delivered last week at the colliery and is 
being erected at the pit-head. The machine will crush 
and mix slag and other waste materials which normally 
would be conveyed to the rubbish heap, and the treated 
material will be taken down the pit and forced into 
worked-out seams by a pneumatic stowing machine. 
Similar experiments have been carried out in the North- 
East Coast area, in the past, but this is on a more com- 
prehensive scale than previous efforts, 

TRANSPORT OF EMPLOYEES TO WILTON Facrory.— 
Difficulties are foreshadowed in the provision of adequate 
means of transport for employees at the rapidly extending 
Wilton Works of Imperial Chemical Industries, Limited. 
Wilton is some six or seven miles from Middlesbrough, 
and the only form of public transport at present available 
is an omnibus service. As it is expected that, within the 
next three years, between 4,000 and 5,000 persons will 
be employed at Wilton; a committee, called together at 
the request of the Regional Transport Commissioner, are 
endeavouring to seek a solution. The provision of a 
railway station in the vicinity is one of the proposals. 





LANCASHIRE AND SOUTH 
YORKSHIRE. 


CONSEQUENCE OF DEARER FUEL O1.—It is estimated 
that the recent rise of 14d. per gallon in beavy fuel-oil 
prices will add more than 200,0002. a year to steel- 
production costs in the Sheffield area. Since 1948, 
Sheffield steel firms have changed to oil-firing many 
open-hearth steel-melting furnaces. More than 150,000 





tons of fuel oil a year are burned in steelmaking furnaces 
in the Sheffield area, representing a quarter of the entire 
consumption of oil by the British iron and steel industry. 





UNFILLED VACANCIES.—The number of notified 
vacancies in Sheffield industry continues to grow. It 
has now reached 5,215, comprising vacancies for 2,830 
men, 849 boys, 621 women and 915 girls. An employ- 
ment service information room has been opened at 
Sheffield Employment Exchange to assist officials in 
dealing with employment problems. The lists of vacan- 
cies include posts not only in Sheffield, but also in other 
areas of the British Isles and also various places abroad. 





SUGGESTED POWER-CUT WARNINGS.—The Sheffield 
Chamber of Commerce suggests that warnings of impend- 
ing power cuts should be given by air-raid sirens. It is 
regarded as the cheapest and simplest method. The 
sirens would be used to warn both industrial consumers 
and the public. Mr. A. E, Hahn, secretary of the Cham- 
ber, says that more than one kind of siren warning could 
be given so that firms in different sections of the rota 
scheme employed would know when it was their turn. 
The proposal has been passed on to the British Electricity 
Commission and to the Yorkshire Electricity Board. 





PITMEN STUDENTS.—Among the 450 students attend- 
ing the National Coa] Board’s summer school at Oxford 
which ends to-morrow, September 1, are a hundred 
pitmen, namely, one from each of the Board’s 50 areas 
and 50 deputies. The other students are from all depart- 
ments of the industry ; they are accommodated in six of 
the colleges, have discussed the industry’s problems in 
small] groups and presented collective reports on the 
results, 


THE MIDLANDS. 


WOLVERHAMPTON Factory SOLD.—The Swan Garden 
Works at Wolverhampton, which were recently put up 
for sale by the British Rollmakers Corporation, Ltd., 
have been bought by Qualcast, Ltd., of Derby. The 
Swan Garden Works, which were equipped as a roll 
foundry and machine shop, were sold because the Cor- 
poration are concentrating their activities at their new 
works at Crewe. Qualcast, Ltd., who already have a 
works at Wolverhampton, will operate their newly- 
acquired property in conjunction with the older Crane 
Works at Horseley Field. 

AGRICULTURAL IMPLEMENT PRODUCTION PROBLEMS.— 
In view of the raw-material shortage, Harry Ferguson, 
Ltd., of Coventry, have decided to obtain from overseas 
some of the implements used with the Ferguson tractor. 
Orders are in hand in Spain, at Johannesburg, and in 
Sweden. Deliveries of some of the implements ordered 
have begun already. 

SHUTTERING FOR WOODHEAD TUNNEL.—The Bir- 
mingham and Blackburn Construction Co., Ltd., are 
constructing, at their Birmingham works, the steel 
shuttering to be used in concreting the Woodhead tunnel 
through the Pennines, on the main Manchester-Sheffield 
line of British Railways. The shuttering is claimed to 
be the largest yet used in this country, being 80 ft. long, 
and is mounted on wheels to enable it to be moved 
forward as concreting progresses. 


INSTRUCTIONAL COURSE IN IRON AND STEEL.—The 
second instructional course on the subject of iron and 
steel, designed for school teachers, began at the Bilston 
steelworks of Stewarts and Lloyds, Ltd., on August 27. 
It lasts a week, and about 30 science teachers and careers 
masters from various parts of the Midlands are taking 
part. Some of the subjects under discussion are the iron 
and steel industry’s training scheme, and the employ- 
ment of youths; the teaching of iron and steel manu- 
facture ; and the question of what the industry desires 
from the educationalist. 

ELECTRICITY SUPPLY IN THE COMING WINTER.—The 
Midland Regional Board for Industry, at their meeting 
in Birmingham on August 21, considered possible steps 
to meet the power shortage in the coming winter. Sug- 
gestions were made to extend the use of private generating 
plant, to remove part of the load to nights, to reintroduce 
the staggering of working hours, and the internal rear- 
rangement of loading. The Board will write to the 
8,000 indastrial consumers in the Midlands, stating the 
Government’s requirement that an overall reduction of 
20 per cent. in consumption must be effected during peak 
hours, and asking how it can be met. Staggering of 
hours, which proved most unpopular in previous years 
with both managements and workpeople, may be neces- 
sary, but, the Board state, would be adopted only as a 
last resort. 

FACTORY FOR GLASSWARE AT STONE.—A new factory 
for Quickfit and Quartz, Ltd., is to be built at Stone, 
Staffordshire, where the firm already have one works, 





The new premises will be devoted to the production of 
jaboratory and industrial glassware. 


ITALIAN MINERS IN THE MIDLANDS.—Following the 
recent decision of the National Union of Mineworkers to 
accept foreign labour in British pits, a small party of 
Italian miners has reached the Midlands. The men 
have been in Yorkshire for some weeks, studying the 
English language and customs, and are now at the 
National Coal Board West Midland Division’s Kembal] 
colliery, at Stoke-on-Trent, where they are undergoing 
training. In due course, they will be sent to pits in the 
North Staffordshire area. The West Midland Division 
has had a recruiting officer in Italy for some time, and 
it is expected that other Divisions will follow suit. 





PERMISSION GIVEN FOR CEMENT WORKS IN DERBy- 
SHIRE.—Following the holding of a public inquiry at 
Chapel-en-le-Frith, the Minister of Local Government 
and Planning (Mr. Hugh Dalton, M.P.) has decided to 
allow a cement works to be built, and limestone and clay 
to be worked, at Dove Holes, Derbyshire. The Ketton 
Portland Cement Co. propose to establish there a one-kiln 
works to produce 100,000 tons of cement a year. The 
Minister imposed the conditions that trees shall be 
planted to screen the works, that the layout and design 
shall be agreed with the local planning authority, and 
that no more than one kiln shall be installed without 
his approval. The National Parks Commission had 
stated that they would not oppose a single-kiln works, 
the site being just outside the Peak District National 
Park, but they would oppose strongly any extension of 
the workings into the Park. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


ELECTRIFICATION OF SOUTH WALES Docges EQurr- 
MENT.—The Docks and Inland Waterways Executive 
have announced that a scheme, estimated to cost 
525,0001., for the electrification of the pumping equip- 
ment at Cardiff, Newport and Swansea docks and the 
improvement in the electric services at the docks has 
been approved by the British Transport Commission., At 
Cardiff, existing steam pumping plant at the Commercial 
graving dock will be replaced by two 42-in. diameter 
axial-flow electrically-driven pumps, and No. 1 power 
station at the Queen Alexandra Docks, which now 
houses steam-driven hydraulic and impounding pumps, 
will be electrified. This will necessitate the installation 
of a duplicate feeder capable of serving six electrically- 
operated 42-in. axial-flow impounding pumps and four 
800-gallon per minute and 600-gallon per minute turbine 
pressure pumps. The cost of the work will be about 
190,0007. Over 230,0007. is to be spent at Swansea, 
where an entire reorganisation of the electrical services 
at the South Dock is scheduled. A new ring main and 
the reorganisation of the low-tension service at the 
King’s and Prince of Wales Docks are to be undertaken, 
as well as the replacement, by electrically-driven turbo- 
pumps, of the existing steam plant for hydraulic power 
and pumping at the Eastern, Western and South power 
stations. Newport is to have a new ring main with the 
object of increasing and improving the existing single- 
feed supply to meet the increased demands made by the 
six 10-ton grabbing cranes recently installed at the new 
iron-ore discharging berth. The existing steam plant 
for hydraulic power at the South Lock is to be replaced 
by electrically-driven pumps. The cost of the works at 
Newport is expected to exceed 100,0002. 

ABERAMAN PHURNACITE BRIQUETTE PLANT.—AD eX- 
tension to the National Coal Board’s Phurnacite plant at 
Aberaman, Aberdare, which has cost 400,000I., is to be 
opened by Mr. Alfred Robens, the Minister of Labour and 
National Service, on September 6. The plant has been 
in existence since 1942. Extensions were planned by the 
Powell Duffryn Co., Ltd., in 1946, and work started on 
doubling the 40 ovens used in the production of fuel 
briquettes in 1949. The present output is 480 tons daily. 

SEVERN BRIDGE AND SOUTH WALES ROADS SCHEME. — 
The British Road Federation have made a plea for the 
speeding up of the Severn Bridge scheme and the build- 
ing of new roads between South Wales and the Midlands. 
The Federation have emphasised that the vast industrial 
re-development of South Wales would never be a success 
unless it were integrated with that of the Midlands. 





RePparrs TO Om TANKER “ Narica.”—A ship- 
repairing order was secured for South Wales last week. 
The tanker Narica, owned by the Anglo-Saxon Petroleum 
Co., Ltd., London, was dry-docked by the Mountstuart 
Dry Dock Co., Ltd., Cardiff, for extensive renewals 3 
her cargo tanks. The order will involve the fitting ° 
about 500 tons of new steelwork and will give employ- 
ment to a large number of craftsmen for some months. 
The ship, which is about eight years old, has carried 
about 120,000,000 tons of crude oil to the refineries. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—London Branch : 
Tuesday, September 4, 7 p.m., Electric Light Manu- 
facturers’ Association, 2, Savoy-hill, Strand, W.C.2. 
* Storekeeping,”” by Mr. J. Barrett. Peterborough 
Branch: Thursday, September 6, 7.30 p.m., Eastern Gas 
Board’s Demonstration Theatre, Church-steet, Peter- 
borough. ‘‘Cutting-Tool Dynamometry as an aid 
to Machine-Tool Maintenance,” by Mr. J. Purcell. 
Glasgow Branch: Tuesday, September 11, 7 p.m., 
The Engineering Centre, 351, Sauchiehall-street. 
Glasgow. Discussion on “ Electronics in Production.” 
East Lancashire Branch: Tuesday, September 11, 7.15. 
p.m., The Engineers’ Club, Albert-square, Manchester. 
Open Meeting. South Wales Branch: Tuesday, Sep- 
tember 11, 7.15 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. Discussion on ‘‘ Modern Applica- 
tions of Rubber in Industry.”’ 

ROYAL AERONAUTICAL SOCIETY.—Monday, September 
10, 6 p.m., The Royal] Institution, 21, Albemarle-street, 
W.1. 39th Wilbur Wright Memorial Lecture on “‘ The 
Well-Tempered Aircraft,” by Mr. A. E. Raymond. 


INSTITUTION OF WORKS MANAGERS.—Birmingham 
Branch: Tuesday, September 11, 7 p.m.. Grand Hotel, 
Birmingham. Annual General Meeting. (To be fol- 
lowed by a dinner.) 

INSTITUTION OF PRODUCTION ENGINEERS.—Liverpool 
Section: Wednesday, September 12, 7.15 p.m., North 
Western Gas Board’s offices, Radiant House, Bold-street, 
Liverpool, 1. Film Display by Messrs. Taylor, Taylor 
and Hobson, Ltd. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Zast 
Midlands Centre: Wednesday, September 12, 7.30 p.m., 
Mechanics Institute, Nottingham. Opening meeting of 
1951-52 session. 


INSTITUTE OF PETROLEUM.—Wednesday, September 
19, 5.30 p.m., Manson House, 26, Portland-place, Lon- 
don, W.1. “ Our Unproduced Reserves: What Are 
They ? ” by- Dr. M. Muskat. 





CONTRACTS. 


WESTINGHOUSE BRAKE & SIGNAL Co., LTD., 82, York- 
way, King’s Cross, London, N.1, are supplying signalling 
equipment for the double-wire re-signalling of eight 
stations of the Eastern Bengal Railway, in Nastern 
Pakistan. Six of the stations will be provided, each 
with a 16-levér frame, the seventh with 19 levers and 
the eighth with 24 levers. For route and single-line 
control, certain levers will be fitted with electric locks 
and /or circuit controllers, while sidings will be controlled 
by key locks, for which the keys are released from levers. 
Other equipment provided includes station masters’ 
control slides, double-wire point mechanisms, and signal 
mechanisms and arm fittings for two and three-position 
signals, 





HOUSE JOURNAL OF MARSHALL ORGANISATION.—The 
first issue of Mettle, the new house organ of the Marshall 
organisation, has been sent to us by the Publicity Division 
of Marshall, Sons and Company, Limited, Gainsborough. 
It contains articles on the Fowler Challenger III trac- 
tor, the Road-Marshall Diesel tandem roller, engineer- 
ing apprentices and their work, the Royal Agricultural 
Society’s shows in former years, and other matters of 
interest. The magazine, which is edited by Mr. Gavin 
Starey, will record the activities and interests of the staff 
and employees of Marshall, Sons and Company, Limited, 
Gainsborough; John Fowler and Company (Leeds), 
Limited ; Marshal] Richards Machine Company, Limited, 
Crook, County Durham ; and the Spotborough Foundry, 
Doncaster, Metile contains numerous half-tone illus- 
trations, and is an attractive little production. The 
price per copy is 3d. 





TECHNOLOGY OF DIAMONDs.—<After the successful 
conclusion of a first lecture course on the subject of the 
“Technology of the Diamond and other Hard Sub- 
stances,” at the South East London Technical College, 
a second 10-lecture course on this subject has been 
arranged. It will commence on Monday, October 8, 
and will continue every other Monday until February 18, 
1952. Special lectures will be provided on shaped 
diamond tools, diamond truing tools, diamond dies, the 
production and use of diamond powders and diamond 
grinding wheels, diamond rock drilling, and the produc- 
tion of sapphire bearings. The lecturers will include 
Mr. J. C. Dawkins, Mr. P. Grodzinski, Mr. F. C. Jearum, 
Mr. G. R. Leeds, Mr. J. D. McClure, Mr. B. Morgans, 
and Mr. N. Smith. Applications to attend the course 
should be addressed to the South East London Technical 
College, Lewisham-way, London, S.E.4. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following pein of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 


price quoted at the end of each paragraph. 


Power-Driven Derrick Cranes.—The fourth revision 
of Specification B.S. No. 327: Part 1, covering power- 
driven derrick cranes, has just been issued. The 
specification was originally published in 1928 and was 
last revised in April, 1934. The new publication 
follows lines similar to the previous editions in that it 
indicates the minimum requirements for power-driven 
derrick cranes of the normal type and is intended to 
secure the general observance of such fundamental 
principles, as appear desirable, to secure reliability and 
safety without hampering the freedom of the crane 
maker in his selection of the most appropriate design 
for the purpose in view. The pr «ag however, 
does not deal with hand-operated cranes, which have 
been converted to power operation, but these are dealt 
with in B.S. No. 327, Part 2, entitled ‘‘ Hand-Operated 
Derrick Cranes,” and now undergoing revision. The 
present publication applies to Scotch-derrick (or stiff- 
legged derrick), guy-derrick and tower-derrick types 
of cranes and lays down requirements relating to the 
crane as a whole, including electrical equipment and 
provisions for testing. The clauses in regard to elec- 
trical wiring and cables have been brought into accord 
with the twelfth edition of the regulations for the 
electrical equipment of buildings, recently published 
by the Institution of Electrical Engineers. Another 
feature of the revision is the new appendix dealing 
with the design of struts. This appendix has been 
prepared to follow the general method of application 
of the Perry-Robertson formula adopted in other 
specifications. [Price 6s., postage included.] 


Power-Driven Mobile Cranes.—A new specification, 
B.S. No. 1737, covers several different types of road- 
wheel mounted or tracked power-driven mobile cranes. 
The types dealt’ with include the full-slewing, part- 
slewing and non-slewing types, which may be either 
fully mobile or semi-mobile and portable. The stipu- 
lations of the specification indicate the minimum 
requirements for power-driven mobile cranes of the 
types described. A feature which should be of con- 
siderable assistance is the comprehensive clause dealing 
with testing. Another feature is the appendix relating to 
the general method of application of the Perry- 
Robertson formula for struts. [Price 6s8., postage 
included.] 





EVENING COURSES FOR STUDENTS IN LONDON.—The 
Principal of the Sir John Cass College, Jewry-street, 
Aldgate, London, E.C.3, has sent us details of a number 
of evening courses and one series of afternoon lectures 
to be delivered in the college during the forthcoming 
session. In al] cases there is one lecture on a fixed day 
each week in each course, and the customary time of 
commencement is 6 p.m., while the duration is for one 
hour or more. Most of the courses start towards the end 
of September or the beginning of October, but two begin 
about a month later. The fee is ordinarily 25s. Excep- 
tions are noted ‘in the following summary. A course 
of 24 lectures on statistical methods in scientifio and 
industrial research begins at 6.45 p.m. on Monday, 
September 24. The first 12 lectures, to be givenin the 
autumn term, are on statistical analysis and those to be 
given in 1952 are on the design of experiments. The 
fee for this course is 27. 10s. On September 27, there 
begins a course of 12 lectures on industrial law which 
will be continued in the second and third terms by 
courses on patents and trade marks, The following 
evening, September 28, sees the commencement of a 
course of 12 lectures on spectrochemical analysis which 
will be supplemented by a laboratory course to be 
arranged later. The evening courses due to commence 
in October are three in number. One of approximately 
30 lectures and laboratory work, on the fundamentals of 
microbiology, begins on Tuesday, October 2; the dura- 
tion of each meeting is three hours and the fee 41. On 
Thursday, October 4, a special course of 10 lectures on 
crystal physics will begin. It will be followed in the 
second term by a complementary course on X-ray 
crystallography, details of which will be announced 
later. The two courses which were mentioned as begin- 
ning somewhat later are one of six lectures on the 
quantum theory of metals, given by Professor C. A. 
Coulson, F.R.S., which begins on October 30, and a 
series of six lectures on lubrication by six different 
specialists, commencing on November 1, at 6.30 p.m. ; 
the fee for each of these courses is 15s. The afternoon 
lectures referred to are on the general technology of 
petroleum. They are 20 in number and will be given at 
weekly intervals between October 4 and December 6, 
1951, and between January 10 and March 27, 1952, at 
2.45 p.m. The fee for the course is 30s. 





PERSONAL. 


LIEUT.-GENERAL SIR FREDERICK E. MorGAN, K.C.B., 
has been appointed Controller of Atomic Energy as from 
October 1, when the present Controller, Marshal of the 
Royal Air Force ViscoUNT PORTAL OF HUNGERFORD, 
K.G., G.C.B., O.M., D.S.O., is relinquishing the position. 

Smrk HENRY Prior, K.C.I.E., C.S.1., who has been 
principal regional officer of the Ministry of Local Govern- 
ment and Planning in the North Midland region for the 
past four years, has been appointed ironstone adviser 
to that Ministry with effect from August 27. Mr. 
P. St. B. SYDENHAM, C.B.E., is succeeding Sir Henry as 
principal regional officer, North Midland region. 

Dr. C. DannattT, O.B.E., M.C., M.I.E.#., director 
and chief electrical engineer, Metropolitan-Vickers 
Electrical Co., Ltd., Trafford Park, Manchester, 17, 
has been appointed director of research and education 
in place of Sir ARTHUR P. M. FLEMING, C.B.E., D.Eng., 
who, however, is retaining his seat onthe board. Mr. H. 
WEsT, M.I.E.E., M.I.Mech.E., assistant chief electrical 
engineer, has been elected to the board and appointed 
chief electrical engineer, in succession to Dr. Dannatt. 

Mr. J. W. BELL, of the Metropolitan-Vickers Electrical 
Export Co., Ltd., retired after over 48 years of service. 
He had been manager, Dominions Division, of the com- 
pany, from June, 1945, until September 1, 1950. 

COLONEL JOHN READING, M.B.E., B.Sc. (Eng.), 
M.1.E.E., staff engineer, General Post Office, has been 
appointed assistant Engineer-in-Chief of the Post Office 
as from October 1. 

Mr. Davip M. Watson, B.Sc., M.I.C.E., F.R.San.I. » 
M.1.W.E., has retired from partnership in Messrs, J. D- 
and D. M. Watson, consulting engineers, 18, Queen 
Anne’s-gate, London, 8.W.1. His services, however, are 
being retained as consultant to the firm. 

Mr. Wit11aM Hoy, M.B.E., after 32 years with the 
North Eastern Marine Engineering Co. (1938),Ltd., and 
their predecessors, retires from his position as resident 
manager, South Dock Works, to-day, August 31. He is 
to be succeeded by Mr. A. H. W. Dawson, until recently 
chief draughtsman, Wallsend Works. 


Mr. J. W. VoELcKER, A.C.G.I., B.Sc., A.M.I.E.E., 
has been appointed secretary of the City and Guilds of 
London Institute, Gresham College, Basinghall-street, 
E.C.2, in succession to Mr. G. C. STEPHENSON, A.C.A., 
who became secretary in 1924, and has now retired. 

Mr. H. TRENCHAM, M.I.C.E., M.I.E.E., consulting 
switchgearengineer to the British Thomson-Houston Co.,, 
Ltd., Willesden, retires this month after nearly 36 years 
of service with the company. 

SquaDRON LEADER D. R. KINNELL, M.LP.E., 
M.I.B.F., Assoc.I.Mech.E., has relinquished his appoint- 
ment as assistant to the works manager of Ashmore, 
Benson, Pease and Co., Ltd., Parkfield Works, Stockton- 
on-Tees, on his appointment as personal assistant to the 
general manager of Pratchitt Brothers, Ltd., Denton 
Iron Works, Carlisle, Cumberland. 

On October 15, CapraIn (E) H. J. B. Grylls, R.N., 
will assume the duties formerly carried out by CAPTAIN 
(E) L. A. B. Pere, D.S.0., M.V.O., R.N., as Senier 
Assistant Engineer in Chief (Technical), Departmen tof 
Engineer-in-Chief of the Fleet, Bath. 

Mr. G. C. THEW, M.A., A.M.LE.E., M.I.R.S.E., 
outdoor assistant to the signal and telecommunications 
engineer, North Eastern Region, British Railways, has 
been appointed assistant signal and telecommunications 
engineer, North Eastern Region, York, 

Mr. E. A. T. EDwARpDs, M.B.E., has been appointed a 
deputy labour relations officer of the British Electricity 
Authority, in succession to Mr. T. COCHRANE, who 
relinquished the post on retirement at the end of July. 

Vickers LTp., Vickers House, Broadway, London, 
S.W.1, have acquired the whole of the share capital of 
A.B.C. Motors, Ltp., Walton-on-Thames. Mr. R. M. 
DENNIS, who has been an executive director of A.B.C. 
Motors for many years, has been appointed managing 
director of that company. 

THE GLOUCESTER RAILWAY CARRIAGE AND WAGON 
Co., Lrp., Gloucester, announce that their London 
office was re-opened, as from August 14, at Albemarle 
House, 1, Albemarle-street, Piccadilly, London, W.1, 
under the management of Mr. G. E. EMBLETON, (Tele; 
phone : GROsvenor 8206.) 

FERGUSON PaILin Ltp., Higher Openshaw, Manchester, 
11, have transferred their London office to Bush House, 
Aldwych, W.C.2. (Telephone: TEMple Bar 8711-2.) 

BRITISH INSULATED CALLENDER’S CABLES LTD., inform- 
us that, as from September 10, the address of their 
Dublin office will be 53, South William-street, Dublin, C.1. 
(Telephone (unchanged): Dublin 78475.) 

HUNTING AND SON, LiMiTED, 26, Ryder-street, London, 
S.W.1, announce that a new publicity office, covering all 
the activities of the HUNTING GROUP OF COMPANIES, has 
been opened at 35, Old Bond-street, London, W.1. (Tele- 
phone: GROsvenor 7625.) The group publicity officer 
48 Mr. Y. GALITZINE 
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THE DISKUS GRINDING MACHINE. 


WE have received from the Rockwell Machine Tool 
Company, Limited, Welsh Harp, Edgware-road, 
London, N.W.2, the accompanying particulars and 
illustrations of the Diskus grinding machine, Model 
DSR, made by the Diskus Werke Aktiengesellschaft, 
Frankfurt-am-Main, Germany, for which the Rockwell 
Company have been appointed the British agents. 
Fig. 1 is a general view of the machine; Fig. 2 is an 
enlarged view of the encased grinding head and the 
work table; and Fig. 3 illustrates the rear of the 
machine, with the protecting covers removed to show 
the switchgear and the wheel-head driving motor. 

The machine has a vertical spindle carrying a seg- 
mental type of grinding wheel, and a power-operated 
magnetic circular work-table, which can be run out for 
loading. The spindle is housed in a slide having a 
power-operated vertical adjustment for the rough 
setting. Fine setting is achieved by the grinding-wheel 
spindle quill adjustment described below. The 
machine shown, the Model DSR.600/1000, has a grind- 
ing-wheel diameter of 24 in. and a table 40 in. in 
diameter, and weighs approximately 5} tons. A 
smaller model, having a 16-in. grinding wheel and a 
24-in. circular table, and a larger type having a 36-in. 
grinding wheel and a 40-in. table, are also being built. 
These machines have been primarily designed for grind- 
ing cast iron and steel, but they can also be used for 
— aluminium, bronze, carbon and ceramic 
materials. 

The main base and column are of fabricated steel 
cellular construction. The main upright carries the 
grinding head, controlled by push button for the rough 
vertical setting of the grinding wheel. The wheel spindle 
is driven through a flat belt by a 28-h.p. motor, and 
is supported by large totally-enclosed roller and ball 
bearings. The fine setting of the automatic feed is 
obtained through the worm-operated quill. The 
amount of stock to be removed can be read to 0-0001 in. 
Provision is made on the grinding-wheel head for set- 
ting over to give either cross or radial grinding. The 
circular magnetic table runs in special ways, automatic- 
ally lubricated, and constructed so as to exclude 
grinding dust and other foreign matter. A variable- 
speed drive to the table enables the most economical 
speed for the job to be selected. 

The grinding-wheel dcwn-feed operates automatically 
at each revolution of tie table and can be adjusted 
from 0-0004 in. to 0-002 in.; an automatic cut-out 
comes into operation when the pre-set required amount 
of feed has been obtained. The dressing of the grinding 
wheel is by means of hardened steel rollers, operated 
by a lever which can be swung into position when 
required and returns to its rest position automatically 
when not in use. The grinding-wheel segments are 
bonded to a plastic base, each segment being positioned 
by a single bolt which screws into the plastic part and 
is discarded when the segment has been used up. 
This method allows for speedy mounting of the seg- 
ments and promotes economy, as the whole of the 
segment can be used. A liberal supply of coolant is 
directed to the periphery and the centre of the wheel. 
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Fie. 3. SwrrcoHGEaR AND WHEEL-HEAD MorTor. 


The controls are conveniently grouped; push buttons 
control the coolant pump, the vertical adjustment of 
the grinding-wheel head, the table drive, the grinding- 
wheel motor, and the table run-out. A handwheel is 
provided to adjust the speed of rotation of the table, 
and the movement of a lever causes the table to run 
out to the loading position. A master safety stop 
switch is also provided. The sliding splashguards, 


mounted on a rail at the front of the machine, are 
shown closed in Fig. 1 and in the open position in 
Figs. 2. and 3. The large coolant reservoir is mounted 
on castors, so that it can be easily pulled out, from 
the end of the bed to the right in Fig. 3, tor 
cleaning. The machine is easily operated and will 
remove a large amount of stock in a given time, while 
being capable of very accurate work. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “‘ ENGINEERING ” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
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THE ROYAL DOCKYARDS. 


Few reports of the Select Committee on Estimates 
have contained more of professional interest than 
those recently published on ‘‘ His Majesty’s Dock- 
yards.”* The general terms of reference of the 
Committee were that they should “examine such 
of the Estimates presented to this House [of 
Commons] as may seem fit to the Committee . . . 
and to report what, if any, economies consistent 
with the policy implied in those Estimates may be 
effected therein”; it will be seen, therefore, that 
the Dockyards present merely one of a number of 
topics, and that the Committee, not having been 
appointed ad hoc, might well have been handicapped, 
by lack of the special qualifications that an ad hoc 
tribunal might be expected to possess, in dealing 
with a topic or series of topics requiring, more than 
most, some first-hand experience as a guide to their 
programme and procedure. On the other hand, the 
members of the Committee had the valuable 
experience of having probed previously into other 
matters of which, initially, they cannot have been 
wt all fully informed; and, in addition, their 
membership did include some who had first-hand 
knowledge of earlier inquiries into matters affecting 
the administration of the Royal Dockyards. 

The result is that they have carried out their task 
with notable perspicacity. The questions put to the 
witnesses have been characterised, in general, by a 
considerable shrewdness of perception; and they 
have elicited a body of information which, it is safe 





* Kighth and Ninth Reports from the Select Committee 
on Estimates, together with the Minutes of Evidence taken 
before Sub-Committee D and Appendi S 1950-51, 
His Majesty’s Dockyards. H.M. Stationery Office, York 
House, Kingsway, London, W.C.2. [Price 13s. net.] 








to say, has thrown new light—new, at least, to most 
of those who have not had intimate personal 
acquaintance with the details of Dockyard adminis- 
tration—on many points hardly to be understood 
by a perusal only of the Naval Estimates, and the 
recommendations put forward deserve correspond- 
ingly careful consideration. . 

The Committee make it clear, at the outset, that 
they have restricted their inquiry to the management 


6g | and working of the Royal Dockyards; they have 


not inquired into the plans, now being reconsidered 
by the Admiralty, for their post-war reconstruction, 
this being regarded as of “‘ a specialised character, 
separate from the main line of their inquiry.” They 
express themselves as being “satisfied that the 
general level of work remains very high and that 
there are no instances of gross inefficiency to which 
they would wish to call attention ; but they consider 
that they should make a number of recommendations 
on specific points which, when carried out, should 
result in an improvement in the general efficiency 
of the Yards and the spirit of management.” There 
are 21 recommendations, not all of which need be 
reviewed here; for instance, one deals with the 
appointment of doctors. Most of them, however, 
are concerned with industrial relations, managerial 
appointments, and expenditure on equipment. 

On the administrative side, undoubtedly the most 
important recommendation is that, in each Dock- 
yard, a general manager should be appointed, under 
the Admiral Superintendent; that departmental 
managers should be eligible for that post ; and that, 
normally, it should be held for not less than seven 
years. Moreover, to strengthen the management, it 
is suggested that, in the major Home Dockyards, 
managers and deputy managers should hold their 
appointments for not less than five years, and 
preferably seven, in a particular Dockyard. The 
post of personnel officer on the staff of the Director 
of Dockyards should be abolished, and the Labour 
Branch at the Admiralty should assume the co- 
ordination of personnel management policy and 
afford guidance to the Director of Dockyards in this 
field ; but the Admiralty should appoint a Senior 
Personnel Officer in each Dockyard, to be responsible 
directly to the Superintendent (or to the proposed 
general manager, if appointed as recommended), 
and that this Senior Personnel Officer should be 
“‘under the functional direction of the Labour 
Branch.” One of his main responsibilities should be 
“the stimulation of interest in the Joint Con- 
sultative machinery,” to which end “he should sit 
on all Yard Committees, not as a representative of 
the management or the men, but possibly as 
secretary.” It is urged, in this connection, that the 
meetings of Joint Production Committees should be 
held at regular intervals, and should not be can- 
celled or postponed because of a lack of items to 
discuss—which apparently, has been the case in 
some of the Dockyards. At the same time, it is 
recommended that the Admiralty Joint Industrial 
Council should be asked to consider the whole 
question of Joint Production Committees and, if 
necessary, to recommend changes in the method of 
election to them and in their constitution. 

It is recommended that the management should 
take the lead in drawing up agenda for meetings of 
the Joint Production Committees, ‘‘ even if the only 
item available is the progranime of expected work ”’ ; 
and, in various parts of the report, emphasis is 
laid on the need to keep the men informed on such 
matters as the reasons for working overtime—or, 
which sometimes may be a matter of even more 
concern to them, for working overtime in some 
departments and not in others—and mistakes in 
estimating ‘“‘job contract” prices. Considerable 
attention was devoted to the operation of the Merit 
Award Scheme, whereby consistent good work is 
recognised by an increase in wages over the normal 
rate for a particular trade. Under this Scheme, 
however, the number of men who might qualify in 
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each class of award was restricted by the terms of an 
Admiralty Fleet Order. This limitation naturally 
caused some heartburning among men who received 
less than some of their fellows, and the Select Com- 
mittee recommend, therefore, that the imposition of 
arbitrary percentage limits on the numbers of men 
eligible fer each range of bonus should cease. 

A subject which recurred frequently in the hearing 
of evidence by the Sub-Committee was the large 
proportion of apprentices who left the Admiralty 
service, many almost as soon as they bad completed 
their apprenticeships. Allied in a way with this 
problem, since it concerned the relative attractions 
of a Dockyard career and a post in a private yard, 
was the question of the openings available, or which 
might be made available, to naval officers, petty 
officers and technically-skilled ratings, to enter the 
Dockyard service. The Select Committee’s recom- 
mendations on these points are that an apprentice 
who wishes to change his trade during the first year 
of his training should be allowed to do so where 
practicable ; that ex-naval electrical artificers who 
may apply for Dockyard work in future should be 
trained up to the standard required, so that they 
may augment the skilled labour force in the Dock- 
yards; that the opportunity for promotion to a 
professional career in the Navy, via the Royal Naval 
Engineering College—a privilege which was formerly 
open to engineering apprentices in the Dockyards 
but was subsequently withdrawn—‘“ should be 
restored . . . forthwith”; and that electrical and 
engineering officers should be given the opportunity 
‘at some stage in their careers, roughly at the age 
of 35, to choose Dockyard service and to remain 
in it.” 

In connection with this last recommendation, it 
is proposed that, “‘ when this choice has been made, 
the officers concerned, and also constructive officers 
of the Royal Corps of Naval Constructors, should 
be given the opportunity of broadening their know- 
ledge of management methods.” This might be 
done, the Committee suggest, by a study of private 
shipyards, naval dockyards in other countries, and 
attendance at special courses such as those of the 
Administrative Staff College at Henley. On this 
proposal it may be remarked that the constructive 
officers, or a large proportion of them, already have 
fairly extensive opportunities to observe the practice 
of private yards during service as overseers, etc., 
on outside contracts for shipbuilding and repairs ; 
and, so far as our contacts with them are any guide, 
most of them are particularly shrewd observers. 
There is the incidental detail, though this is not 
directly stressed in the minutes of evidence, that 
those members of the staffs of private yards who 
have had the advantage—a very real advantage— 
of an apprenticeship in a Royal Dockyard, have a 
point of contact with the overseers, and with such 
visiting Admiralty officials as may be also ex- 
Dockyard apprentices, which greatly facilitates ex- 
changes of views. There is about it, indeed, a strong 
flavour of the “‘ old school tie ” attraction, so often 
foolishly derided by those who forget that “‘ tie ” is a 
word which does not signify only an article of per- 
sonal adornment. Some of the questions put to wit- 
nesses by members of the Sub-Committee appeared 
to suggest that there were risks of establishing too 
friendly relations between overseeing officers and 
the officials of private yards. The replies to those 
questions were firm and unequivocal, as would be 
expected by anyone with experience of such relation- 
ships; but the opportunity seemed to be missed 
to point out that there is no critic more usefully 
constructive than a candid friend. There are 
fundamental reasons why the Dockyards must 
always be different from private yards in their 
methods of management. The important thing 
is that each should be prepared to learn from the 
other, and this process should be materially assisted 
by a careful study of the Select Committee's 
report, 





THE ‘‘CLOSED SHOP”’’ IN 
BRITISH COLUMBIA. 
ALTHOUGH the jurisdiction of the Judicial Com- 
mittee of the Privy Council has become much 
restricted during recent years, their lordships are 
called upon from time to time to decide questions 
which are of general importance in every part of the 
British Commonwealth. A recent example is to be 
found in the case of White and Others v. Kuzych, 
(1951) 2 All. E.R. 435, which was heard in the Privy 
Council in June. It throws an interesting light on 
the methods adopted in one of the Dominions to 
promote the establishment of the “closed shop.” 
The facts are somewhat remarkable. The plaintiff 
in the action was a member of the Boilermakers’and 
Iron Shipbuilders’ Union of Canada. Having been 
expelled from the union, he claimed a declaration 
to the effect that his expulsion was improper. His 
case was heard by a judge in British Columbia, who 
found in his favour, and awarded him damages 
assessed at 5,000 dols. This decision having been 
affirmed (by a majority) in the Court of Appeal of 
British Columbia, the union appealed to the Privy 
Council. It appears that the union, of which the 
plaintiff became a member in 1943, had a contract 
with Vancouver Ship Repairs, Limited, at whose 
shipyard the plaintiff worked, one of the terms of 
which was that only members of the union would be 
employed. This constituted the shipyard a “‘ closed 
shop,” that being the policy of the union since its 
inception, as laid down in its Articles. To this 
policy the plaintiff was violently opposed, and he 
appears to have lost no opportunity of stating so in 

public. 

One of the Articles provided that any member 
guilty of unbecoming conduct and, in particular, of 
opposing the “closed shop” policy, might be 
brought before a committee of the union for trial, 
and that he might be expelled at a general meeting 
of the union after the report of the Committee had 
been considered. Having been found guilty, how- 
ever, he had a right of appeal to the Shipyard 
General Workers’ Federation. Part of the oath 
taken by every member of the union was that “I 
promise that I will not become a party to any suit 
at law or in equity against this union or the federa- 
tion, until I have exhausted all remedies allowed to 
me by said constitution and by-laws.” The plaintiff, 
having been “‘ tried ” by the committee and expelled 
by the union, brought his action against the union 
without having appealed to the federation. The 
“trial” by the committee was conducted in a 
remarkable manner. The plaintiff attended and 
was heard in his own defence. He was found guilty 
by a unanimous vote, and the committee made a 
report to that effect. This report was considered at 
a general meeting, of which the President was chair- 
man. He made a speech denouncing the plaintiff 
as a friend of the capitalist class—an intervention in 
no way justified by any by-law of the union. Ona 
show of hands a resolution expelling the plaintiff 
from the union was passed by 454 to 12. 

There were other features of this trial which led 
Mr. Justice Whittaker, who heard the case subse- 
quently brought by the plaintiff, to say that “ it 
cannot by any stretch of the imagination be said 
that the trial within the union was free from preju- 
dice and bias.” He came to the conclusion that, 
inasmuch as the committee who “tried ” the plain- 
tiff was not properly constituted, the proceedings 
were a nullity and that there was, in effect, no 
“decision ” which could have been the subject of 
an appeal to the Federation. On this point, how- 
ever, the judges in the Court of Appeal in British 
Columbia were at variance, although, as has been 
seen, they affirmed the first judge’s decision by a 
majority. That Court, too, investigated the cir- 
cumstances of the supposed “trial” with great 
care, one member of the court declaring that the 





trial committee was inexorably biased against the 


respondent. In the Privy Council, however, Lord 
Simon, delivering their lordships’ opinion, held that 
the circumstances in which the plaintiff was “‘ tried ” 
might have been investigated by the appeal tribunal, 
and that be should have prosecuted that appeal 
before proceeding to assert his rights in any court 
of law. In these circumstances, the Privy Council 
reversed the judgment of the Court of Appeal in 
British Columbia. 

Now arises a question of more general interest 
which came to light but which, unfortunately, was 
not decided in the course of the proceedings. It is 
this: Were not the whole proceedings tainted by 
illegality, inasmuch as they involved the application 
of rules which were in restraint of trade? Mr. 
Justice O’Halloran, one of the members of the 
Court of Appeal in New Brunswick, in the course 
of his judgment said : “‘ There could be in that trial 
committee as constituted no opportunity for judicial 
consideration of the question on its merits... 
The verdict for expulsion was insistently prejudiced 
and virtually decided before the trial was held.” 
After pointing out that expulsion limited or des- 
troyed the man’s prospects of obtaining work else- 
where, he said: “‘ A man has a right to work at his 
trade. If membership in a union is a condition 
attached to his working at this trade, then be has 
an indefeasible right to belong to that union. . 
The civil liberties of the subject cannot be decided 
by a trial committee set up by a labour union. 
That is the prerogative of the constituted courts of 
the country.” Dealing with these observations in 
the Privy Council, Lord Simon pointed out that 
they could only have been relevant to the question 
whether the union was an illegal association—a 
question which was not raised in the case ; but it 
is a question which might very well have been 
raised and decided. 

Lord Simon foreshadowed another point which 
might have arisen. Having stressed the fact that 
all the Canadian judges had justifiably condemned 
the methods adopted in the proceedings which led 
to expulsion, he said: “If it had been relevant to 
inquire into those methods, some difficult questions 
would arise, e.g., Is the conclusion of a judicial 
tribunal acting within its jurisdiction, which is 
arrived at in a way which amounts to a denial of 
natural justice, appealable, or, on the contrary, is it 
simply void and thus not subject to an appeal at 
all? And the further question would arise—how 
far the law on the subject of bias or prejudice or 
failure to apply natural justice extends to such a 
tribunal as the trial committee and the general 
meeting which is considering the committee’s 
report.” We lay special stress upon these observa- 
tions of Lord Simon, because other trade unions, 
even in this country, might be tempted to make 
by-laws enabling them to expel a member after a 
‘trial ” by a committee. 

This question, however, must remain undecided, 
because this New Brunswick case turned solely 
upon this: that the plaintiff had agreed to appeal 
to the Shipyard Workers’ Federation before having 
recourse to law. He did what many a party to a 
contract containing an arbitration clause has done. 
He who signs an agreement containing such a 
clause must invoke the aid of an arbitrator before 
bringing an action to assert his rights. If he 
does go to law, his action may be stayed pend- 
ing a reference to arbitration. He must have 
recourse to his chosen tribunal. In the case under 
notice, the plaintiff might have appealed to the 
Federation, and, on failing to obtain redress, might 
have brought his action. His excuse for not 50 
appealing was that it would have been useless 
because, according to him, the Federation “ would 
be sure to decide against him.” Similarly, one 
party to a contract may be reluctant to arbitrate 
when the time arrives, but, normally, arbitration 
will be a condition precedent to any appeal to the 
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NOTES. 


Prices oF IRoN AND STEEL Sorap. 


Tue Minister of Supply bas made an Order (Iron 
and Steel Scrap (No. 4) Order, 1951) increasing, as 
from August 27, the controlled maximum prices of 
iron and steel scrap. The increase is 2]. per ton 
except for compressed destructor scrap and two 
lower grades of unprepared process scrap; for 
these three grades, the increase is 30s. per ton. 
The purpose of the increase is to stimulate the 
collection of ferrous scrap, because of the decline 
in the supplies of imported scrap and the great 
importance of increasing steel production. A small 
part of the increase, it is stated, is needed to defray 
increased costs of collection, processing and hand- 
ling, particularly in the case of the smaller merchants 
and in the more remote areas. Subject to this, the 
Scrap Merchants Federation have given an assur- 
ance that the increase will be passed on to the 
owners of scrap so as to encourage them to return 
as much as possible. The Iron and Steel Cor- 
poration of Great Britain and the British Iron and 
Steel Federation support the price increase. The 
new Order is regarded as fixing the maximum prices 
of ferrous scrap for some years ahead. With the 
exception of two special grades of iron, the con- 
trolled prices of finished iron and steel are not being 
increased, but some adjustments are necessary in 
the prices of semi-finished steel. The Minister has 
made an Order accordingly (Iron and Steel Prices 
(No. 3) Order, 1951) and this also took effect on 
August 27. The Ministry of Supply, in announcing 
the increases, point out that, apart from small rises, 
mainly to meet additional transport costs, the 
delivery prices of iron and steel scrap have been 
kept stable since 1937. The maximum prices for 
iron and steel scrap, other than alloy steel, have 
ranged from 41s. 5d. to 189s. 4d. per ton, but, in 
the main, have not exceeded 51. per ton. Recently 
there have been indications that the low price was 
beginning to affect the volume of scrap flowing back 
to the iron and steel furnaces. Imports, mainly 
from Germany, have fallen from nearly 2 million 
tons per annum in 1949 and 1950 to an annual rate 
of less than 700,000 tons in the first half of 1951. 
The increased supplies of scrap which are expected 
to result from this price rise will provide an addi- 
tional volume. of a relatively cheap raw material to 
the iron and steel industry, which, together with 
the economies resulting from increased steel pro- 
duction, will help to offset the increased cost of 
scrap. The iron and steel industry has agreed, 
therefore, to carry the immediate effects of the 
increase in scrap costs. The engineering and other 
steel-consuming industries should benefit appreci- 
ably from the increased price for their scrap. 
There will be no increase in the prices of foundry 
products subject to price control, and the Ministry 
consider that it should be possible to avoid any 
general increase in the field of uncontrolled pro- 
ducts also. The price increases covered by 
Iron and Steel Prices (No. 3) Order are, for cylinder 
and refined iron, 25s. per ton, and for cold-blast pig 
iron, 15s. per ton. In the semi-finished steel cate- 
gories, billets will go up by 5s. per ton, sheet and 
tinplate bars by 7s. 6d. per ton, and forging ingots 
by 25s. per ton. 


EIGHTEENTH NaTionaL Rapio SHow. 


The 18th annual exhibition organised by the 
Radio Industry Council was formally opened at 
Earl’s Court, London, on Wednesday of this week 
(\ugust 29) by Vice-Admiral the Earl Mountbatten 
of Burma, and will remain open between 11 a.m. 
and 10 p.m. on each weekday until Saturday, 
September 8. Last year, the exhibition was held 
in Birmingham, to give persons in the Midlands 
én opportunity of seeing equipment suitable for 
the reception of television from Sutton Coldfield, 
but previously it had been customary to stage the 
show at Olympia, whence the name “ Radiolympia,” 
by which it has been familiarly known in the past. 
The changed venue has provided ample space for 
the exhibits, which cover an area of 130,000 sq. ft., 
compared with 100,000 sq. ft. at the last show at 
Olympia and a mere 40,000 sq. ft. at Castle Brom- 
wich last year. The exhibitors this year number 





121, compared with 90 last year and 169 in 1949 ; 
the decrease from the last-mentioned total being 
attributable largely to the absence of manufacturers 
of communications and radar equipment at present 
engaged on defence contracts. In spite of the 
demands of rearmament, however, and scarcities 
of materials, the market for radio and television 
receivers, both at home and abroad, continues to 
expand. Preliminary figures, recently announced, 
show that the value of exports of radio equipment 
in the first seven months of the current 
amounted to 12,213,000/., compared with 8,774,000I. 
in the corresponding period last year ; this represents 
an increase of nearly 40 per cent. and a total six 
times greater than the annual amount before the 
war. In spite of the fact that other countries have 
developed radio industries of their own, exports of 
British-made receivers in the first six months of 
1951 were 74 per cent. higher than in the same period 
of 1950. For the first time, certain manufacturers 
have found openings for their products in the 
American market. These figures speak for them- 
selves, and it is earnestly to be hoped that the grow- 
ing needs of rearmament will not cause a drastic 
curtailment of domestic production. This being 
the Festival year, manufacturers are making a 
special display of equipment likely to interest foreign 
visitors. Otherwise, the accent of the show is 
mainly on receivers suitable for the needs of the 
expanding television service at home. Some 60,000 
television receivers are being produced monthly 
by the industry, and those in use now number over 
a million. As in previous years, the show contains 
a viewing gallery where numerous commercial 
television receivers can be compared. Another 
special feature is a B.B.C. television studio from 
which live transmissions are being made which can 
be witnessed by visitors to the exhibition through 
glass panels in the walls of the studio. There are 
also several exhibits by Service and otber Govern- 
ment dep»rtments. 


A BatTreLLe RESEARCH INSTITUTE IN EUROPE. 


An international industrial research institute to 
serve the European economy is to be established in 
Europe this autumn by the Batielle Institute, 
Columbus, Ohio, U.S.A. According to Dr. Clyde 
Williams (director of the parent institute), the 
Battelle International Institute, as it will be called, 
will establish research investigations in existing 
research institutes of Europe and in European 
universities and technical schools. It will also 
operate its own laboratories on the Continent, the 
locations of which will depend on the outcome of 
negotiations now in progress (it may or may not 
be significant that the news of this proposal has been 
sent out by a news agency in Amsterdam). The 
new institute will be operated on a non-profit basis, 
and, as with the parent organisation, financial 
support will be derived from industrial sponsorship, 
from endowment, and from income from Battelle 
patents. Research will be conducted in applied 
chemistry and physics, metallurgy, fuels, ceramics, 
electronics, theoretical and applied mechanics, the 
engineering sciences, and agriculture. Dr. Williams 
anticipates the growth of Battelle research in 
Europe to an annual budget exceeding a million 
dollars within three years. ‘“‘The accumulated 
knowledge and experience gained through Battelle’s 
service to American industry,” he has said, “‘ can 
do much to help industry in Europe to increase its 
productivity, expand its markets, and reduce costs. 
At the same time, the establishment of research 
projects in Europe will create increased opportuni- 
ties for European scientists and engineers to work 
more effectively in their chosen fields.” Mr. John 8. 
Crout, formerly assistant director of the parent 
body, has been appointed executive director of the 
new institute. 

INTERNATIONAL CONGRESS OF REFRIGERATION. 


The International Congress of Refrigeration was 
opened at Church House, Westminster, London, on 
Wednesday, by Viscount Alexander of Hillsborough. 
In introducing Viscount Alexander to the 
assembly, the chairman, Viscount Bruce of Mel- 
bourne, joint-President of the Congress with Pro- 
fessor W. J. de Haas, referred to their pleasure in 
learning that His Majesty the King had graciously 
consented to be Patron of the Congress. In his 


inaugural address, Lord Alexander mentioned that 
he was interested in refrigeration from two angles, 
namely, his life-long association with the Co-opera- 
tive Wholesale Society and his service at the 
Admiralty. The Congress, he felt sure, would prove 
of great value not only because of the exchange of 
views and technical information, but also for the 
positive good which was bound to emanate from the 
meeting of delegates from the many countries 
represented. Nevertheless, if the Congress provided 
no more than an opportunity to discuss recent 
advances in the science of refrigeration, then it would 
have succeeded. Lord Alexander closed his address 
by referring to his pleasure in the appointment of 
Mr. C. David as director of the International 
Institute of Refrigeration, and said how glad he was 
to see him there. The International Institute of 
Refrigeration, it will be remembered, was estab- 
lished by an International Convention signed in 
Paris on June 21, 1920, by the representatives of 
40 yovernments. During the war, the work of 
the Institute was, of course, considerably restricted 
and contacts between nations greatly disorganised. 
Recently, however, the Technical Board, the Execu- 
tive Committee and a working party appointed by 
the latter have reorganised it on lines suited to 
facing the tasks ahead. The present Congress is 
the eighth of the series organised under the auspices 
of the Institute, and it is hoped that it will devote 
much of its time in continuing the work of reorgani- 
sation and that it will mark the beginning of closer 
co-operation between the member countries. During 
the course of the Congress, many papers covering a 
diverse range of subjects will be presented and dis- 
cussed, the papers being divided into seven different 
categories. The Congress proper closes at 10.30 a.m. 
on Wednesday, September 5, with a ceremony at 
Church House, but visits to various parts of the 
United Kingdom will continue until Monday, 
September 10. 


ELEcTricaL EQUIPMENT FOR THE CANADIAN 
MaRKET. 

According to a statement issued by the British 
Standards Institution, not all British manufacturers 
of electrical equipment destined for the Canadian 
market are aware that it is necessary to obtain the 
approval of the Canadian Standards Association, or 
of the facilities established under the egis of the 
B.S8.I. to enable such approval to be obtained with 
the minimum delay and expense. Since its incep- 
tion, the B.S.I./C.S.A. Approvals Division, 24-30, 
Gillingham-street, London, 8.W.1, has received 270 
applications for approval, and 80 per cent. of these 
have been dealt with completely in this country. 
The equipments have included cables, domestic 
accessories and appliances, industrial switchgear 
and control gear, machine tools, motors, welding 
equipment, food-preparing machines, office mach- 
inery, and fans. For industrial equipment, a three- 
phase supply at 550-600 volts, with full line voltage 
to earth, is used in some Canadian Provinces, 
whereas in the United Kingdom the supply does 
not normally exceed 440 volts with 250 volts to 
earth. The procedure in Canada for the approval 
of a piece of electrical equipment is to identify it 
by means of descriptions, sometimes accompanied 
by illustrations of the important parts; full com- 
pliance with the Canadian electrical code is assured 
by carrying out the tests specified, normally at the 
C.S.A. laboratories in Toronto. A similar pro- 
cedure has now been adopted in this country, except 
that the tests are carried out either in the manu- 
facturer’s works or by an independent test house. 
The B.S.1./C.S.A. Approvals Division takes an 
active part in the work, and its staff is fully con- 
versant with C.S.A. practice. 





MorTor Cars FOR HOME MARKET.—The number of new 
motor cars for the home market is to be limited to 80,000 
next year, according to an announcement by the Ministry 
of Supply. The needs of the defence programme wil! 
absorb a progressively greater proportion of the indus- 
try’s capacity; moreover, the industry’s total output 
will continue to be limited by the shortago of raw 
materials, and exports must be maintained at as high 
a level as possible. The home quota for 1951 is 80,000 
cars plus half of any production in excess of 460,000, So 
far this year, the output of cars is at an annual rate 





slightly below 500,000, which, if maintained, will give a 
maximum release to the home market of 100,000. 
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SIR ROBERT S. JOHNSON. 


Tue shipbuilding industry has lost a notable 
personality by the death, on August 28, of Sir 
Robert S. Johnson, for nearly 30 years managing 
director of the shipyard of Messrs. Cammell Laird 
and Company, Limited, Birkenhead, and chairman 
for the past 11 years. Sir Robert, who was 79, 
had been in poor health for some time and, for that 
reason, relinquished his managing directorship only 
a few weeks ago. 

Robert Stewart Johnson was a native of Northern 
Ireland and had his introduction to shipbuilding, 
as a boy, in Londonderry ; but his apprenticeship 
was served with Harland and Wolff, Limited, at 
Belfast, with whom he remained until 1904. He 
then joined the late firm of Workman, Clark and 
Company, also of Belfast, as naval architect, eventu- 
ally becoming managing director. In 1920, he 
was appointed manager of Messrs. Cammell Laird’s 
yard, with a seat on the board, and; two years later, 
succeeded to the position of managing director on 
the death of Sir George Carter. When, in October, 
1940, the then chairman of the company, Mr. W. L. 
Hichens, was killed in an air raid on London, 
Johnson took over the chairmanship also. 

Sir Robert, who was knighted in 1942 and had 
previously received the O.B.E. for his services in 
the 1914-18 war, faced a difficult task in his early 
years as managing director at Birkenhead. For a 
whole year the yard was without a single new order, 
and drastic economies were essential. The steps 
that he took, which included the closing of several 
whole departments, aroused much comment at the 
time; but they enabled the firm to survive the 
depression, and the subsequent history of the yard 
amply justified his decisions. He took little part 
in the activities of professional institutions, though 
he did once contribute a paper, on “ The Electric 
Propulsion of Ships,” to the Liverpool Engineering 
Society ; but he was a director of several other 
firms, including the Metropolitan-Cammell Carriage 
and Wagon Company, and, until recently, the 
English Steel Corporation, the Midland Railway 
Carriage and Wagon Company, the Patent Shaft 
and Axletree Company, and the La Mont Steam 
Generator Company. He was also a member of 
the Mersey Docks and Harbour Board. 





MR. HENRY ROBB. 


We referred briefly, on page 238, ante, to the death 
of Mr. Henry Robb, founder and managing director 
of the Leith shipbuilding and ship-repairing com- 
pany which bore his name, but space did not permit 
the inclusion in last week’s issue of any particulars 
of his career. These are now given below. 

Mr. Robb was a native of Glasgow, where he was 
born in 1874, but his youth was spent in Ayr, where 
he attended the Academy. His apprenticeship 
was served as a plater with S. McKnight and 
Company, of Troon, whose yard was acquired 
subsequently by the Ailsa Shipbuilding Company, 
and he remained with them for four more years as a 
leading hand. In 1901, he went to Greenock as 
assistant shipyard foreman with Scott’s Shipbuilding 
and Engineering Company, but left after a few 
months to become head foreman with Bow, 
McLachlan and Company, Paisley. Within a year 
he returned to Greenock on appointment as shipyard 
manager to George Brown and Company, a position 
which he held foreleven years. His next post was 
with Ramage and Ferguson, Limited, of Leith, also 
as shipyard manager, where he remained 1918. 

It was in the latter part of 1918 that he resigned 
his position in order to set up in business as a ship 
repairer, which he did in a small works in Leith. 
The business expanded rapidly under his able 
direction and, within a comparatively short time 
he had built a new works, where he was able to start 
shipbuilding. In 1924, he took over the Victoria 
yard of S. H. Morton and Company, where he began 
to specialise in the construction of coasters and 
small seagoing cargo vessels. Eventually, he took 
over the yard of Ramage and Ferguson. Mr. Robb 
was a member of the Institution of Naval Archi- 
tects, and a liveryman of the Shipwrights’ Company. 





LETTERS TO THE EDITOR. 


GENERALISED CO-ORDINATES 
IN VIBRATION PROBLEMS. 


To THe Eprror or ENGINgERING. 


Smr,—In most of the current literature on the 
vibration of linear elastic systems, displacements 
are adopted as co-ordinates for demonstration 
purposes, though systems of generalised co-ordinates 
are often discussed. It is interesting to employ the 
elastic forces as co-ordinates in certain cases, which 
can be illustrated by reference to the transverse 
motion of a system of n masses M,, M,..., M, 
attached to a straight, horizontal linear elastic 
beam, the mass of which is negligible compared with 
the masses M. If kj =k (@=1, Bes eig ME 
j = 1, 2, .. ,m) is a flexibility (deflection) coeffi- 
cient; y; (i = 1, 2, . . , n) is the displacement of 
mass M;; q; is the elastic force at M;; Q; is the 
generalised external force at M;; T is the kinetic 
energy of the system and U is the strain energy of 
the system, then in ft.-lb.-sec. notation :— 

i=n 
2Tg = y Mv 
i=1 
and », &) 


i=n 
2U= > an 
ree 


j=n 
Substituting y,; = L kj; q; in equations (1) :— 
j=1 





i=nj=n aoe \ 
2Tg= f ZX wy ag 
t+=l1j=1 
where 
r=n 
Bi = 2 Mr Keri rs » (2) 
r= 
i=nj=n 
2U= & kin 4G 
t#-lIj=1 
for dynamical equilibrium :— 
(az) oe 42 Qi i 1,2 )» (3) 
= = oo — = ; t=4,2,6+6,n 
dt \0q; Goi | Oui ‘ 


thus, the equations of motion can be written as 
follows :— 


=e i=n 
z Migi + 2 kids = Q 
i= 


1% 
Gi 


15" i=n 

2 Oe + kaigqi = 

o50, "8% 2, 2i Vi Q, . (4) 
yi=n ¥ i=n 

- & Bni Vi + & knidi = Qn 

9i=1 i=! 


It will be noticed that the co-ordinates q, repre- 
senting the elastic forces, constitute a general 
co-ordinate system. The generalised external 
forces Q are obtained by the condition that 


t=n i=n 
x F,5y; = = Q; 59; where F; represents the 
i=1 i=1 


corresponding actual external force. Direct appli- 
cation of Newton’s Third Law instead of Lagrange’s 
general form of equation (3) yields simplified 
equations of motion in some elementary cases. 
Yours faithfully, 
T. M. Cuartton. 
21, Tynedale-gardens, 
Stocksfield. 

Northumberland. 

August 2, 1951. 





THE BRITISH ASSOCIATION 
MEETING AT EDINBURGH. 


To THE Eprror oF ENGINEERING. 


Str,—In the report of the discussion on the 
utilisation of high-ash coals in Section G of the 
British Association meeting, in your issue for 
August 17, on page 214, ante, I have been reported 
as stating that the recirculation of flue gas through 
chain grates did not materially alter the fuel-bed 
temperature because the fuel bed was too thin. 
This is not correct. Experiments in our labora- 
tories show that the fuel beds on chain grates are 











too thin for there to be any appreciable endothermic 
chemical reactions. The effect of the flue gas on 
the fuel bed is mainly physical, depending upon the 
amount of recirculated gas and the specific heat of 
the constituent gases. 
Yours faithfully, 
BasBcock AND WILcox, Limrrep, 
W. G. MarsKELL, 
Superintendent, Research Department. 
High-street, Renfrew, 
August 24, 1951. 





THE BRITISH ASSOCIATION 
MEETING AT EDINBURGH. 


(Concluded from page 246.) 
Hypro-E.ectric DEVELOPMENT IN SCOTLAND. 


AFTER the interval in session B on the morning 
of Monday, August 13, the chairman called on 
Mr. T. Lawrie, general manager of the North of 
Scotland Hydro-Electric Board, to deliver his paper, 
entitled ‘‘ Electrical Aspects of Modern Hydro- 
Electric Development in Scotland.” This paper 
will be reprinted in a subsequent issue of ENGINEER- 
Inc. On its conclusion, Sir Claude Gibb, in declar- 
ing the meeting open for discussion, said that he had 
been impresed by Mr. Lawrie’s deduction, which 
was doubtless that of the North of Scotland Hydro- 
Electric Board, as well as of the British Electricity 
Authority, that the only way to solve electricity 
shortages was to build more power stations and to 
build them faster. It was not generally realised 
that one factor which contributed in a major degree 
to electrical load shedding in Great Britain was the 
rationing of coal and coke. If there had been 
adequate supplies of these for domestic use there 
would not have been the installation of some 
2,000,000 kW of electric radiators which, despite 
exhortations, appeals and broadcast warnings, 
people would continue to switch on if they felt cold. 

Mr. T. G. N. Haldane said that the matter which 
had interested him most was the scale of the deve- 
lopments, particularly those in Scotland, compared 
with what was required. The scale of kilowatt 
development was quite considerable but as regards 
kilowatt-hours, progress was not so encouraging 
because, if he was right in thinking that Great 
Britain would be short of at least 10,000,000 tons of 
coal in the comparatively near future, that was 
equivalent to about 20,000,000,000 units. As Mr. 
Lawrie had pointed out, the maximum development 
which could possibly be envisaged in the next ten 
years was about 10,000,000,000 units, which was 
probably an optimistic estimate, and it would go 
only half-way towards meeting the probable coal 
shortage. Hydro-electric developments in Scot- 
land, therefore, although they would make a very 
important contribution, would not overcome the 
coal shortage. 

In considering the economics of future hydro- 
electric developments in Scotland and in applying 
the thermal yardstick, it would be not unreasonable 
to base calculations on the cost of imported coal 
rather than that of coal produced in Great Britain, 
because the alternative to not proceeding with 
further hydro-electric development in Scotland 
might well be the importation of coal at very much 
higher prices than the present pit-head prices. He 
had been interested by the author’s reference to 
wind-power, particularly as chairman of the Elec- 
trical Research Association’s committee on the 
subject. Recent estimates and studies of designs 
indicated clearly that the economics of wind-power 
improved rapidly with the size of the windmill. 
Small windmills were very cheap for their kilowatt 
capacity, but the price rose towards the 100 kW 
mark, which was the size of the installation in the 
Orkneys, and then fell steadily to much lower figures 
for wind generators of 2,000 kW to 4,000 kW 
capacity. There were practical difficulties still to 
be overcome but there was at least a hope that, in 
the future, wind-power development in Scotland 
might be almost as important as hydro-electric 
development. 

Mr. Howarth asked the author for some indication 
of the price at which electrical energy was sold in 
the North of Scotland. He asked, as an example, 
what the consumer of 100 kW of power was charged, 
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and what was the normal domestic tariff. Mr. 
Lawrie replied that he did not have the precise 
figures for power but they were similar to those 
in other parts of the country. He would be 
happy to furnish details later. The domestic 
tariff was @ three-step one with a possible fourth 
step, and was based on the number of rooms. In 
the water-power areas, the first nine units per room 
yer quarter were at the rate of 54d. per unit and, 
for the next nine times as much, the rate was 1d. ; 
any additional quantity was at ?d. a unit, but all 
these rates had been increased by 10 per cent. at 
the beginning of 1951 owing to the inevitable rise in 
costs. In the two winter quarters when the rain 
was coming down fast there was also a fourth step 
for large consumers, for which the rate was 3d., 
but this also was subject to the 10 per cent. increase, 

With reference to peak load conditions, Mr. Lawrie 
said that the Loch Sloy scheme had been developed 
primarily to supply Central Scotland. In general, 
the farther north the supplies the more important 
did transmission costs become when power had to 
be exported. An even greater problem than that of 
exporting, however, was the difficulty of meeting 
the load in the Board’s own area, because the steam 
plants at Aberdeen and Dundee were becoming over- 
loaded and the demand throughout the whole area 
of the ports was growing in the same way as in 
the rest of the country. Mr. Haldane’s optimism 
with regard to wind-power was encouraging, but it 
was wise to hasten slowly. The Americans had 
started off with a mill of 1,000 kW capacity, but a 
blade had come off and the tower had collapsed. 
In Scotland, they had been more cautious and had 
begun with an installation of 100 kW capacity. 
They already knew that the biggest problem was 
that of the blades, which had tremendous forces to 
withstand in really strong gales. 

Mr. A. Feiner said that Mr. Lawrie had not 
explained that many of the high-voltage lines shown 
on his map had been constructed very recently, 
within the life of the North of Scotland Hydro- 
Electric Board. The Board was to be congratulated 
for hastening forward hydro-electric schemes which 
had lain dormant for one reason or another for at 
least half a century. ‘The wind turbine at Grandpa’s 
Knob, in the United States of America, which had 
been mentioned, was a. self-governing machine with 
variable-pitch blades.* It would be interesting to 
have details of the system in the Orkneys. There 
was obviously very great problems associated with 
rural electrification in Scotland, and it might not be 
out of place to mention that, surprisingly enough, 
the most intensive electrification in the world 
appeared to be in Japan, where the scheme was 
similar to the Scottish one. 

Mr. Lawrie replied that, so far as he knew, the 
governing of the Orkney windmill was similar to 
that at Grandpa’s Knob, and the blades feathered in 
strong gales. Distribution was a very big problem ; 
when the Board had started operations, only one 
farm in every fourteen in the area was connected 
to the mains, whereas in the remainder of the 
country the proportion was one in three. Every 
endeavour was being made to close the gap. In 
the United States of America, 85 per cent. of all the 
farms were already on the mains. It was difficult 
to meet the costs and make the distribution pay 
because, with a scattered population, many more 
yards of line were required to supply each consumer. 
The Board were compelled, therefore, to ask for 
guarantees or capital contributions, or both, from 
consumers. They did not like having to do this, 
but with the present high cost of materials, poles 
costing double what they did, and copper very 
much dearer than it was three years ago, there was 
no option. 

The chairman, in proposing a vote of thanks to 
Mr. Lawrie, said that, in 1941, when he was 
visiting a works on the outskirts of Glasgow, the 
chairman of the company, Lord Weir, had produced 
& map and expounded his ideas of the hydro- 
electric development of Scotland. The map with 
which Mr. Lawrie had illustrated his paper seemed 
to be a perfect representation of what Lord Weir 
had in mind, and tribute might well be paid to the 





* A detailed account of this installation wil] be found 
in ENGINEERING, vol. 154, page 81 (1942). 





basic work which he had done in the creation of the 
North of Scotland Hydro-Electric Board. 

The vote of thanks to Mr. Lawrie was carried 
with acclamation, and the meetng then adjourned. 
In the afternoon, visits were arranged to the works 
of Messrs. Bertrams, Limited, engineers and iron- 
founders; to the Edinburgh factory of Messrs. 
Ferranti, Limited ; and to the engineering depart- 
ment of Edinburgh University. In the evening, 
members of Section G were the guests of the 
governors of the Heriot-Watt College at a Conver- 
sazione held in the college, and were afforded an 
opportunity of inspecting the various laboratories 
and seeing items of equipment and samples of work 
produced by students. 

MetTats AND ALLOys. 

On the last day of the meeting, Tuesday, 
August 14, Section G divided into two sessions, in 
one of which, held jointly with Section B (Chemistry), 
four papers on metallurgical subjects were presented. 
The chair was taken by Sir Andrew McCance, F.R.S., 
who, in his introductory remarks, said he under- 
stood that that session was the first in the history of 
the British Association to be devoted wholly to 
subjects of metallurgical interest. It recorded, in 
consequence, a departure from tradition; but it 
was a departure which would be welcomed by a 
large number of people engaged in the production 
and in the study of metals and in their applications. 

The study of metals was not only an important 
industrial activity, but it was a study which offered, 
by the multitude of its still unsolved problems, more 
mental stimulation than the most unreasonable 
scientist had any right to expect. Long past were 
the days when Agricola could record that “‘ many 
persons hold the opinion that the metal industries 
are fortuitous and that the occupation is one of 
sordid toil and altogether a business requiring not 
so much skill as labour.” To-day, in spite of their 
chemical simplicity as elements, metals, in their 
behaviour and properties, presented problems which, 
by their complexity, were taxing the highest skills. 

The state of knowledge in regard to a few of these 
matters would be submitted to the meeting by 
men who had devoted much time to their study. 
The occasion, however, was by no means the first 
meeting of the British Association to receive an 
announcement of metallurgical discoveries. The 
chairman recalled that, at the Cheltenham meeting 
in 1856, Henry Bessemer had announced his 
revolutionary process for making steel from pig iron 
without fuel, by blowing air through it. When one 
read the details (as recorded in his autobiography) 
of how he came to read his paper at that meeting, 
one was impressed by the elasticity of the arrange- 
ments permissible in those happy times. The 
suggestion was first made to Bessemer a week before 
the meeting, although at that late date he was told 
to expect that his paper would be at the bottom of 
the list. At the meeting, however, it was the first 
paper read. The audience were expectant, for the 
rumour had gone round that there would be good 
fun: one of those cranks from London was going 
to tell them that malleable iron could be made 
without fuel. To their credit, Bessemer’s audience 
that morning had seen their mistake and had risen 
to the stature of that great occasion. In many 
works throughout the world the echo of that 
eventful day was still heard during the casting of 
millions of tons of liquid steel made each year by the 
process first described in that historic paper. 

If the latter half of the last century was devoted to 
developing the art of manufacture on an ever- 
increasing scale, the first half of this century had 
been occupied with an equally intense endeavour to 
understand the scientific principles of the processes 
in use. As the paper by Dr. Richardson, on the 
chemistry of metal extraction, would show, there 
was now a tolerably clear picture of the nature of 
liquid metals containing impurities and the slags 
which covered them. On the nature of their 
chemical interaction progress was also being made, 
the limitation of knowledge in that case belonging 
to the general ignorance of kinetic processes rather 
than to the particular difficulties of their metallur- 
gical character. In the first approach to those 
problems they were regarded of necessity as prob- 
lems in chemical statics. The enunciation of the 
phase rule by Willard Gibbs took a long time to be 





absorbed into active scientific circulation—largely 
due to the difficult manner of its presen tation—and 
many years were then spent in bringing existing 
knowledge of solids, liquids and solutions into a 
systematic scheme in accordance with its restraints. 
Digressing for a few moments on the phase rule, Sir 
Andrew said he had often wondered if there were any 
deeper significance in the curious fact that the rela- 
tion which gave the degrees of freedom for any 
system of chemicals in terms of the number of phases 
and components was exactly the same as one due to 
Cauchy, giving the number of edges in any system 
of regular polyhedra in terms of the faces and 
corners. Was there more truth than we were 
inclined to admit in Kronecker’s jest, ‘God 
invented integers—all else is the work of man” ? 

In the application of physical chemistry to 
metallurgical processes the static view was again 
dominant, for all the first attempts were concerned 
with equilibrium values. At the high temperatures 
involved, rates of reaction were also high and it was 
comforting to find that equilibrium conditions were 
often closely approximated. With the accumu- 
lation of accurate experimental facts, however, 
divergences made themselves more evident, and it 
was in that field that Dr. Richardson was now 
working. It could be expected that much useful 
information would be forthcoming from his con- 
sideration of diffusion rates in the kinetics of 
metallurgical reactions. 

The paper to be presented by Professor Cottrell 
on the strength of metals was very timely. Physi- 
cists had always been puzzled by the fact that metals 
were so much less strong than they ought to be from 
their atomic build. The reason first suggested by 
Taylor, that the crystal lattice contained numerous 
imperfections caused by gaps in the orderly arrange- 
ment of their atoms, had received widespread 
recognition, particularly after the ingenious bubble 
replicas of atoms, devised by Bragg, had shown that 
they were indeed a reality. In working out the detail 
consequences of those dislocations, Professor Cottrell 
had been one of the foremost investigators, and he 
would bring us up-to-date with recent developments 
in that field. 

The strengths of metals at ordinary temperatures 
were obviously related to their strengths at higher 
temperatures and the knowledge of how these could 
be improved had become a subject of major import- 
ance in recent years. The further development of 
the gas turbine and of jet propulsion, as Professor 
Quarrel] stated in his paper on modern alloys, was 
being hampered by our inability to produce alloys of 
the strength required at the working temperatures 
demanded by designers. The properties of the rarer 
metals with high melting points, and their alloys, 
were being actively explored. Without some 
scientific guidance, that would confine attention 
only to fields of composition where promising 
results could be expected, exploratory work of that 
kind would be expensive and slow. The study of 
alloys to bring to light the proper science of their 
admixture for a given result was, therefore, one 
of almost urgent importance, and the meeting would 
listen to what Professor Quarrel! had to say of 
progress in that field of work with more than 
ordinary interest. 

It had long been known that a substance like 
sealing wax, when slightly heated, could be bent 
readily without breaking, but if the same thing 
were tried when it was cold it would snap at once. 
At intermediate temperatures again it would bend 
under a gentle force, but would break if the same 
force were applied quickly. It was disconcerting to 
find similar characteristics appearing in steel. Yet 
the development of welding in shipbuilding during 
recent years had shown that steel possessing every 
appearance of toughness and ductility could break 
unexpectedly in the most brittle manner under 
certain conditions. These conditions were deter- 
mined by the temperature and by the character and 
distribution of the stresses. Much research work 
had been carried out on that matter and new facts 
had been discovered. Metallurgical art in that case 
had gone ahead of metallurgical science, since the 
problem of supplying material which made the 
practical danger negligible had been quickly 
solved, even if a complete understanding of the 
causes of that type of brittleness were not yet 
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reached. Mr. Robertson’s contribution on the 
brittle fracture of mild steel would carry us a stage 
farther on the road to a fuller comprehension of 
that difficult problem. The subjects for that session 
had been admirably selected to bring to notice some 
of the scientific questions which were receiving the 
active attention of all metallurgists at the present 
time. 

The chairman then invited Dr. F. D. Richardson 
to give his paper on “The Chemistry of Metal 
Extraction.”” We hope to reprint this paper in a 
subsequent issue of ENGINEERING, but give here a 
brief indication of its nature. Physical chemistry, 
the author commented, was rapidly becoming of 
great importance in extraction metallurgy. At 
present it was being applied mainly to elucidate 
the chemical nature of metal and slag systems 
which were very important in high-temperature 
processes. About half of all the fundamental 
research was going into iron and steel. The results 
were being felt in two main directions. The tech- 
niques of winning the major metals, which were 
arts established by long experience, were being 
changed by small but numerous improvements. 
The methods of winning the newer metals were 
being developed as a science, as new ideas born in 
the laboratory provided the foundation for new 
processes. 

The paper was not discussed and at its conclusion 
the chairman called on Professor A. H. Cottrell to 
deliver his paper on ‘‘ The Strength of Metals,” 
which formed the next item on the programme. 
Professor Cottrell, whose paper we hope to reprint 
later, said that metals usually deformed plastically 
by slip on certain crystal planes. Slip usually 
began at one place on a plane and then spread, 
the boundary of the slipped region being called a 
“ dislocation.”’ The slip processes started from a 
few initial dislocations which were always present in 
real crystals; and the yield strength of a metal 
depended on the presence of foreign atoms, precipi- 
tates, crystal boundaries and other irregularities 
which were obstacles to the propagation of the 
dislocations. 

After a brief interval, Professor A. G. Quarrell 
delivered the next paper on ‘Modern Alloys,” 
which will be reprinted in an early issue. Professor 
Quarrell remarked that one of the functions of the 
metallurgist was to provide the engineer with the 
alloys he required and without which many of the 
more spectacular engineering developments of the 
present age would not have been possible. The 
aircraft industry needed alloys with the highest 
possible strength-to-weight ratio, and the further 
development of gas turbines depended upon the 
production of alloys with still better creep, fatigue 
and oxidation resistance at elevated temperatures. 
Alloys with improved corrosion resistance were 
called for in marine and chemical applications, 
Many of these needs were being met by the con- 
tinuous metallurgical improvement of alloys of 
known types, but for some purposes it had been 
found necessary to develop entirely new alloys based 
on some of the metals which had not hitherto been 
used industrially to any great extent. Improved 
methods of extraction had enabled the properties 
of certain metals to be studied for the first time 
and it seemed that alloys based on them might 
become increasingly important in the future. 
Commenting on Professor Quarrell’s paper at its 
conclusion, Sir Andrew McCance recalled a reference 
made to the perpetual contest between the engineer, 
who specified the materials, and the metallurgist 
with regard to the possibilities of supplying them. 
He did not think the metallurgist required sympathy, 
however, because the demands made upon him 
provided that interest and variety in his work 
which might not otherwise exist. 

The last paper read at the joint session was one 
by Mr. T. S. Robertson, of the Naval Construction 
Research Establishment, Rosyth, and dealt with the 
‘* Brittle Fracture of Mild Steel.” The paper will be 
reprinted in a forthcoming issue of ENGINEERING. 
In it the author explained that notched-bar tensile 
tests indicated that acuity is important in brittle 
mild steels and went on to discuss criteria for the 
assessment of brittleness. Prior yield of the 
material through which the brittle crack propagates, 
he said, was common in nearly all present forms of 


test and to this he attributed the difficulty in 
interpreting laboratory test results in relation to 
brittle fracture in practice. He went on to describe 
a new form of test that propagates a shock crack 
at low temperature, explaining that the crack 

through material stressed at a nominal 
level allied to the stress carried by a structure in 
practice. A temperature gradient along the direc- 
tion followed by the crack rendered it possible to 
determine the temperature at which the material 
arrests the propagation of the crack. The effect of 
variation of the nominal] stress level had been investi- 
gated. A cinematograph film showing a test being 
carried out in the apparatus described in the paper 
was exhibited by the author. 

At the conclusion of the paper, | the chairman 
congratulated Mr. Robertson on the very ingenious 
experimental technique he had used in his work, 
adding that it would throw light on a difficult 
and important subject. He then invited discussion 
on the four papers presented during the morning, but, 
owing to the lateness of the hour, Professor J. A. 
Pope was the only speaker. 

Professor Pope said he had not been able to 
attend to hear the first two papers, so that he would 
confine his remarks to those by Professor Quarrell 
and Mr. Robertson, which dealt with metallurgy 
as it affected the engineer. Professor Quarrell, 
in his excellent survey of alloys available to the 
engineer, had emphasised their desirable properties 
by mentioning static tests, but the majority of 
engineering failures were fatigue failures, and the 
nature of a fatigue failure was fundamentally 
different from that of a static failure. In a static 
failure, if there were any local stress raisers they 
could be alleviated by plastic deformation; but 
the phenomenon of fatigue failure, even in a ductile 
metal fatigue crack, was produced without any 
deformation. Therefore, from the point of view of 
fatigue failures, the really brittle and the ductile 
materials were in very much the same category. He 
drew attention to that because when preparing 
alloys, or extruded sections in particular, the 
surface condition was of paramount importance 
from the fatigue point of view. The same thing 
applied in the heat treatment of steel to be machined 
after heat treatment. In his own work, for example, 
where steel was being held at 900 deg. C. for 30 
seconds between the salt bath and quenching, the 
fatigue life had been halved by polishing 0-001 in. 
from the surface. The answer was that minute 
notches were formed on the surface which had 
reduced the fatigue life. The size of the notches 
did not count, but their sharpness, from the point 
of view of stress concentration, did. The same 
applied to extruded alloys. Ifa section were taken 
from an extruded alloy and a specimen were mach- 
ined from it with a polished surface, then, in certain 
cases, it was found that the specimen had a very 
satisfactory fatigue life at 10 million reversals ; 
there was no such thing as fatigue limit. If, 
however, a specimen were taken which contained 
the extruded surface, the fatigue life was sometimes 
less than one-third. He suspected that this was 
due to something in the surface condition produced 
in the extruding process. These were matters which 
engineers would like metallurgists to look into. 

Regarding steels for gas turbines, the speaker 
said the engineer was concerned to maintain his 
thermodynamic cycle at maximum efficiency, i.e., 
he was concerned with the temperature of the gases 
he could use ; to him the temperature of the blade 
was secondary. If the gases were hot, the blade was 
hot ; but the blade was always working at a lower 
temperature than the gases, because there was a 
boundary layer of stationary air around the blade, 
and air was a bad heat conductor. There was a 
temperature drop between the gases and the blade 
which was a function of the heat which could be 
conducted away by the blade. Therefore, although 
the Nimonic alloys were excellent examples of 
metallurgical development, they had the drawback 








that they were bad conductors of heat, and an 
advance equal to improving the creep properties 
could be achieved if the same creep properties could 
be combined with good thermal conductivity. A 
matter of importance to the production engineer was 
machinability. Professor Pope referred to the use 
of materials which could be machined more easily 


and constructed in such a way that the blades could 
be water cooled. Better advantage could then be 
taken of the temperature drop in the stationary 
boundary air layer. Although the working blade 
temperature would be much lower than with 
Nimonic alloys, it might be possible to use higher gas 
temperatures. Congratulating Mr. Robertson on the 
experimental technique he had developed in his work 
on the brittle fracture of mild steel, Professor Pope 
said the problem had exercised his mind for some 
time ; but his approach had been less practical. It 
was that metals had two strengths, namely, a yield 
strength which was reached when plastic deforma- 
tion commenced, and a cohesive strength which was 
reached when rupture occurred. Those two funda- 
mental strengths of the metal were not governed by 
the same fundamental law. It could be assumed 
that the yield strength was affected by the shear 
stress, and the cohesive strength by the co-axial 
stress ; so that if there were a co-axial stress, there 
could be no shear stress, but the cohesive stress 
would rise. That led him to comment on the stress 
relationships in welding. We could attach pieces 
at right angles by welding which was not possible in 
riveted work, and stresses could arise which were 
not appreciated. Another point was that of the 
upper and lower limits of mild steel; he was not 
sure that in the brittle fracture of mild steel it was 
not one of the most important factors. If the speed 
of loading mild steel were increased, both the upper 
and lower yields would increase, but the upper 
yield was increased to a much larger magnitude than 
the lower yield; so that in-rapid loading the yield 
strength might be increased beyond the cohesive 
strength, and if that occurred, a ductile steel rapidly 
loaded would fail in a brittle manner. When a 
metal was work-hardened the yield strength was 
brought nearer the cohesive strength; that was 
one of the theories put forward. 

The chairman, expressing the thanks of the meet- 
ing to the authors for their papers, commented on 
the wide range they had covered and emphasised 
that the subjects were of very active interest at the 
present time from both the theoretical and the 
practical angles. They had illustrated the concen- 
trated effort that was being put into research on 
metals, which he was sure would lead to important 
developments. The meeting then terminated. 


Papers BY YounG ENGINEERS. 


Six papers by young engineers were read in the 
other session, in which Sir Claude Gibb occupied the 
chair. The first of these, by Dr. A. L. Cullen of 
University College, London, was entitled ‘ The 
Measurement of Microwave Power by Radiation 
Pressure.”” We propose to reprint this paper in a 
subsequent issue. The second paper was by Dr. 
A. H. Chilver, of Bristol University, whose subject 
was “Some Features of the Behaviour of Thin- 
Walled Structural Members in Compression.” This 
paper is reprinted on page 281 of this week’s issue 
of Enernzerrne. Dr. 8. A. Tobias, of Edinburgh 
University, delivered the third paper, which was 
entitled “‘ A Theory of Imperfection for the Vibra- 
tions of Elastic Bodies of Revolution,’’ and will be 
reprinted later. At the conclusion of Dr. Tobias’s 
paper, the chairman proposed that the first three 
papers should be discussed in the time remaining 
before the morning interval. 

The first speaker, Mr. R. W. Woollett, referring 
to Dr. Cullen’s paper, said it occurred to him that 
in connection with the plot of radiation force versus 
time, in Fig. 4, where the characteristic was gradu- 
ally rising, there were three effects present. First, 
there was the effect of the uneven heating of the 
circular rings on which the radiation impinged ; 
secondly, there was the effect of the warming-up 
of the oscillator after it was switched on; and 
thirdly, there was the moment of inertia of the 
mechanical suspension. He had noticed in the 
lantern slides what appeared to be evidence of 
overshoot in one case and of an over-damped 
oscillation in another. Dr. Cullen, in reply, said 
that the overshoot of about 0-8 per cent. showed 
that the system was slightly less than critically 
damped. The response time was of the order of 
30 to 40 seconds, but the subsequent rise of the 
characteristic took very much longer. This showed 





that inertia had nothing to do with the slow 
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rise. Uneven heating had a significant effect in the 
case of the solid-disc reflector because the radiation 
fell entirely on one surface and all the currents 
effectually flowed in that surface. In the case 
of the system of concentric rings, however, the 
current was almost uniform and uneven heating 
was not significant. With regard to the warming- 
up of the oscillator, there might be an effect, but 
he had also done some experiments using a power 
monitor and had found that the power rose instantly 
and then stayed nearly constant. 

Professor J. Greig asked if the length of the branch 
tube was critical, and Dr. Cullen replied in the 
affirmative. There was, he said, an infinite family 
of critical lengths. The circular tube which con- 
tained the piston on which the force was exerted 
acted like a transmission line having a short-circuit 
on it, and the function of the line was to transfer 
the short-circuit represented by the reflector to the 
slots which coupled the subsidiary wave-guide 
to the main wave-guide. When that was done, 
the slots, being effectually short-circuited, were in 
effect no longer there and the power could travel 
along the main guide. In the experiments a half 
guide wavelength had been chosen for the distance 
between the piston and the slots. 

Referring to Dr. Tobias’s paper, the chairman 
said it might amount to some slight measure of 
encouragement to Dr. Tobias to know that, when 
building turbines involving blade-tip speeds of 
1,200 ft. to 1,400 ft. per second, they would never 
dream of putting in the last row of low-pressure 
blades until each one had been weighed and the 
lot had been divided into five classes, namely, heavy, 
medium-heavy, medium, medium-light, and light. 
Although the difference between the heavy and the 
light blades might be no more than an ounce or so 
in many pounds, the improvement that was made 
when the blades were subsequently spread round 
evenly meant that when they came to balance the 
completely-bladed shaft dynamically it was very 
rarely, in a shaft weighing 23 or 24 tons, that they 
required balancing weights of more than ounces. 

After the morning interval, the session was 
resumed and the three remaining papers were read. 
These were “‘ Cantilever Sheet Piling in Cohesionless 
Soil,” by Dr. P. W. Rowe, of St. Andrews University; 
“A Note on the Construction of, and Preliminary 
Experiments on, a Model of Aberdeen Harbour,” 
by Mr. J. D. Lawson, of Aberdeen University ; and 
“Heat Treated Concrete,” by Mr. P. Clarkson, of 
Leeds University. Mr. Lawson’s paper is reprinted 
on page 283, of this week’s issue; the other two 
will be reprinted later. After their presentation, as 
insufficient time remained for discussion, the 
chairman brought the session to a close and this 
being the last meeting of Section G, he took the 
opportunity to thank the Recorder, Professor 
Fisher Cassie, and all those who had helped to 
make the Edinburgh meeting what he described 
as “ a happy and successful one.”’ In the afternoon, 
visits were arranged to the Harland Engineering 
Company, Alloa; to Portobello power station ; and 
to the paper mills of Alex. Cowan and Co., Penicuik. 

Next year’s meeting of the Association will be 
held in Belfast, from September 3 to September 10, 
1952, and the President will be Professor A. V. 
Hill, F.R.S. 





PREVENTION OF FIRE IN CARGO 
SHIPS USING OIL FUEL.* 


Tuk Ministry of Transport desires to call attention 
to a number of serious fires which have occurred in 
the engine and boiler rooms of ships and to certain 
precautions which should be taken. In one vessel 
propelled by heavy-oil engines, the oil-fuel settling 
tanks were fitted on an oil-tight flat over the main- 
engine exhaust pipes. The overflow pipes of the settling 
tanks discharged into a sump in the flat and the drain 
pipe from the sump made insufficient provision for 
conveying a sustained flow of oil fuel to a safe position. 
Consequently, when one of the tanks overflowed while 
being filled, the escaping oil overflowed from the 
flat on to the exhaust pipes and became ignited. 

In another case, in a cargo ship having oil-fired 
boilers, a fire started as a result of oil overflowing from 
the top of the settling tank, which was being pumped 
up; the tanks were situated over one end of the 
boilers, and this oil eventually ignited at the furnace 
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fronts. Though the air and overflow pipes had been 
led to a comparatively safe place on the boat deck, 
there were holes in the top of the settling tank, accom- 
modating wires connected with the mechanical float 
indicator, and through these holes oil could spill into 
the boiler room and over the fronts of the boilers. In 
another case, fire was due to an escape of fuel oil from 
the hot filter igniting when it came in contact with the 
boiler casing, about 2 ft. away. The ship became a 
total loss and 20 persons lost their lives. In another 
case, the vessel was lost through a fire which originated 
in oil which had leaked from the pipe conveying fuel 
to the burners, this oil having run down the cleading 
of the starboard boiler and impregnated the asbestos 
mattress on the lower part of the boiler. This pipe was 
not readily visible from either engine room or stokehold. 

To prevent similar accidents, it is recommended that 
steps should be taken to ensure that overflow arrange- 
ments do not permit the overflowing oil to come into 
contact with boilers or other heated surfaces where it 
might be ignited. Overflows from settling tanks and 
daily service tanks should be led back to the storage 
tanks or to an overflow tank, and an alarm device or 
sight glass in the overflow pipe should be provided to 
indicate when the tanks are overflowing. Serious con- 
sideration should be given to the provision of such an 
arrangement in existing ships. Care should be taken 
to see that the sounding arrangements or oil-level 
indicating gear on settling tanks and daily service 
tanks do not permit the escape of oil, should the tanks 
be overfilled. Where there is a possibility of oil, which 
might escape from any oil-fuel pump, filter or heater, 
coming into contact with boilers or other heated 
surfaces, provision should be made to prevent this by 
the erection of suitable screens. Oil pressure pipes 
which are used for conveying heated oil should be 
placed in conspicuous well-lighted positions above the 
platform. ‘ 

Adequate means of access should be provided from 
the engine room to the firing space in stokeholds in 
which oil-fired boilers are installed. A recent case 
illustrates this. Three single-ended boilers in a ship 
were arranged athwartships and were originally coal- 
fired, the firing space being at the forward part of the 
stokehold. On conversion to oil-fuel burning, oil 
storage and settling tanks were constructed across the 
ship at the forward end of the firing space. Access 
from the engine room was by a single passageway 
between the starboard and the centre boilers. A fire 
which started in the stokehold in front of the centre 
boiler could not be tackled effectively from that 
passageway and was soon out of control, with the 
result that the ship became a total loss. If there had 
been a second passageway in the port wing, it would 
have given the engine-room staff better opportunity 
to deal with the fire effectively at an early stage. 

In the interests of safety, owners of cargo ships 
using fuel oil should arrange that the oil-fuel installa- 
tions comply generally with the Ministry of Transport 
requirements in regard to such installations on passen- 
ger ships. Some of these requirements are included in 
the foregoing recommendations and in the following 
additional remarks. 

Serious fires have often originated from apparently 
insignificant causes, such as burning oil running out 
of the furnace fronts on to the tank top or an almost 
imperceptible spray of oil from a defective gland or 
joint; not perhaps readily noticeable, but easily ignited. 
The conditions which are most dangerous and which 
it is most important to avoid, are conditions which 
will allow a small fire to spread to waste oil that has 
been left to accumulate in the bilges or on the double- 
bottom tank tops. 

The use of coal and oil alternatively or simultane- 
ously, especially the latter, is strongly deprecated. 
Where either practice is adopted, the boiler rooms 
should be kept thoroughly cleansed of oil and coal 
refuse, particularly where alternative firing is em- 
ployed, before a change from one fuel to another is 
effected. The firing platform should be so arranged 
that the tank top can easily be inspected for cleanliness 
and so that, in case of fire, the fire appliances can be 
used effectually on the tank top. Woodwork should 
be rigorously excluded from boiler rooms, and no 
combustible materials should be stored near any part 
of the oil-fuel installation. Bs 

Special attention should be given to the positions 
and conditions of the fire appliances, and the means 
for closing the boiler room to exclude air. As the 
ingredients of froth-making liquids deteriorate at 
temperatures of 100 deg. F. or over, such extinguishers 
should be kept in as cool a place as possible. 

Where there is any possibility of oil leakage from 
storage or settling tanks, suitable gutters or coffer- 
dams should be arranged and the drainage from them 
led to sumps or wells. In order that the gutterways 
may be readily accessible for inspection and cleaning, 
the stokehold platform should be kept well clear of 
bulkhead plating. Save-alls or gutters should be 
provided under the pumps, heaters or strainers, and 
likewise at the furnace mouths, to intercept escaping oil. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 





Tais list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





EXHIBITION ILLUSTRATING HISTORY OF ALUMINIUM.— 
Thursday, May 10, to Friday, September 28. Organised 
by the Aluminium Development Association at their 
headquarters, 33, Grosvenor-street, London, W.1. 
(Telephone: MAYfair 7501.) See also our issue of 
May 18, page 599. 

18TH NATIONAL RapIO SHOwW.—Tuesday, August 28, 
to Saturday, September 8, at Earl’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, R ll-sq » London, W.C.1. (Tele- 
phone: MUSeum 6901.) 

8TH INTERNATIONAL CONGRESS OF REFRIGERATION.— 
Wednesday, August 29, to Tuesday, September 11, at 
Church House, Westminster, London, S.W.1. Held 
under auspices of International Institute of Refrigeration. 
Apply to the secretary of the Congress, Dalmeny House, 
Monument-street, London, E.C.3. (Telephone: AVEnue 
6851.) See also our issue of June 29, page 791. 

EUROPEAN MAOCHINE-TOOL EXHIBITION.—Saturdey, 
September 1, to Monday, September 10, at Paris. Further 
particulars obtainable from the General Commissary of 
the Exhibition, 2 bis, Rue de la Baume, Paris, 8e. See 
also our issue of January 12, page 34. 


Leipzig Fatrs.—Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messeamt, Platz des Friedens 8, Leipzig C.1, Germany. 

THIRD ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 
— Monday, September 3, to Friday, September 7, 
at Brighton. Convened by the Royal Aeronautical 
Society, and the Institute of the Aeronautical Sciences 
(of America). Apply to the secretary of the Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1. 
(Telephone : GROsvenor 3515.) 

SUMMER SCHOOL ON RELAXATION METHODS.—Monday, 
September 3, to Friday, September 21, at the Imperial 
College of Science and Technology, South Kensington, 
London, 8.W.7. Apply to Mr. D. N. de G. Allen at the 
College. (Telephone: KENsington 4861.) See also 
our issue of April 13, page 447. 

SECOND INTERNATIONAL CONGRESS ON ASTRONAUTICS. 
—Monday, September 3, to Saturday, September 8, at 
Caxton Hall, London, 8.W.1. Organised by British 
Interplanetary Society, 157, Friary-road, London, S.E.1. 
See aiso our issue of June 29, page 781. 


SUMMER SCHOOL ON Puysics oF SOLIDS.—Thursday, 
September 6, to Saturday, September 15, at the Univer- 
sity, Bristol. Apply to Mr. W. E. Salt, Director of Adult 
Education, The University, Bristol, 8. (Telephone: 
Bristol 24161.) See also our issue of April 13, page 429. 

ENGINEERING SCHOOL OF GHENT.—Saturday, Septem- 
ber 8, to Thursday, September 13, at Ghent, Belgium. 
Congress and exhibition in commemoration of the 75th 
anniversary of the A.I.G. (Association des Ingénieurs 
Sortis des Ecoles Spéciales de Gand). Apply to Professor 
G. Willems, 155, Rue de la Loi, Résidence Palace, 
Brussels. 

INTERNATIONAL FOUNDRY CONGRESS.—Monday, Sep- 
tember 10, to Friday, September 14, at Brussels, 
Organised by the Association Technique de Fonderie 
de Belgique, under the auspices of the International 
Committee of Foundry Technical Associations. Further 
information obtainable from the secrétaire-général, 
Association Technique de Fonderie de Belgique, 21, Rue 
des Drapiers, Brussels. 

BUILDING RESEARCH CONGRESS.—Tuesday, September 
11, to Thursday, September 20, in London. Detailed 
information may be obtained from the organising secre- 
tary, Building Research Congress 1951, 57, Onslow- 
gardens, South Kensington, London, S8.W.7. (Telephone: 
KENsington 8161.) 


CONFERENCE ON HEAT TRANSMISSION.—Tuesday, 
Wednesday and Thursday, September 11, 12 and 13, 
in London. Organised by technical societies in Britain, 
the United States, and on the Continent. Apply 
to the secretary, Institution of Mechanical Engineers, 
Storey’s-gate, London, 8.W.1. (Telephone: WHItehall 
7476.) See also page 96, ante. 

SUMMER SCHOOL IN AUTOMATIC COMPUTING.—Tuesday, 
September 11, to Friday, September 21, at the University 
mathematical laboratory,Cambridge. Apply to Mr. G.F. 
Hickson, Board of Extra-Mural Studies, Stuart House, 
Cambridge. (Telephone: Cambridge 56275.) See also 
our issue of June 1, page 673. 





FARNBOROUGH FLYING DISPLAY AND EXHIBITION.— 
Wednesday, September 12, to Sunday, September 16. 
Organisers: Society of British Aircraft Constructors, 
Limited, 32, Savile-row, London, W.1. (Telephone: 
REGent 5215.) See also our issue of January 12, page 
35. 
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CONGRESS OF INTERNATIONAL SCIENTIFIC F1LM Asso- 
CIATION.—Saturday, September 15, to Saturday, Sep- 
tember 22, at the Municipal Museum, The Hague, 
Holland. Information obtainable from the secretary, 
the Scientific Film Association, 4, Great Russell-street, 
London, W.C.1. (Telephone: MUSeum 2403.) See 
also our issue of May 18, page 612. 

CONGRESS OF INDUSTRIAL DESIGN.—Wednesday and 
Thursday, September 19 and 20, Royal College of Art, 
Exhibition-road, South Kensington, London, S.W.7. 
Organised by the Council of Industrial Design, Tilbury 
House, Petty France, London, S8.W.1. (Telephone: 
WHltehall 6322). See also page 164, ante. 

SYMPOSIUM ON PRESTRESSED-CONCRETE STATICALLY 
INDETERMINATE STRUCTURES.—Monday and Tuesday, 
September 24 and 25, at the Institution of Civil 
Engineers, Great George-street, London, 8.W.1 (note 
change of meeting place). Apply to the secretary, 
the organisers, the Cement and Concrete Association, 
52, Grosvenor-gardens, London, S8.W.1. (Telephone: 
SLOane 5255.) See also our issue of May 11, page 574. 


9TH INTERNATIONAL ROAD CONGRESS.—Monday, Sep- 
tember 24, to Monday, October 8, at Lisbon. Sponsored 
by the Permanent International Association of Road 
Congresses, 24, Rue de l’Université, Paris. Apply to 
the joint honorary secretary, British organising com- 
mittee, International Road Congress, Berkeley Square 
House, London, 8.W.1. (Telephone: MAYfair 9494.) 

INTERNATIONAL NAUTICAL EXHIBITION (MARITIME 
AND INLAND WATERWAYS INDUSTRIES).—Saturday, 
September 29, to Sunday, October 14, at Paris. Organ- 
ised by the Chambre Syndicale des Industries Nautiques, 
8, Rue Jean-Goujon, Paris, 8e. 

ASLIB ANNUAL CONFERENCE.—Friday, October 5, to 
Monday, October 8, at Ashore Hill, near Leamington 
Spa. Apply to the secretary, Aslib, 4, Palace-gate, 
London, W.8. (WEStern 6321.) See also our issue of 
March 23, page 350. 


33RD NATIONAL METAL CONGRESS AND EXPOSITION.— 
Thursday, October 11, to Saturday, October 20, at 
Detroit, Michigan, U.S.A. Apply to Mr. W. H. Eisen- 
man, secretary, American Society for Metals, 7301, 
Euclid-avenue, Cleveland 3, Ohio, U.S.A. See also 
our issue of January 19, page 79. 


WORLD METALLURGICAL CONGRESS.—Monday, Octo- 
ber 15, to Friday, October 19, at Detroit, Michigan, 
U.S.A., under auspices of the American Society for 
Metals. Apply to Mr. W. H. Eisenman, secretary. 
American Society for Metals, 7301, Euoclid-avenue, 
Cleveland, 3, Ohio, U.S.A. See also our issue of January 
19, page 79. 

ENGINEERING INDUSTRIES ASSOCIATION.—Tuesday and 
Wednesday, October 16 and 17, at the Horticultural Hall, 
Greycoat-street, Westminster, London, S.W.1. Apply 
to the secretary of the Association, 9, Seymour-street, 
London, W.1. (Telephone: WELbeck 2241.) 


ECONOMICS OF METALS.—Wednesday and Thursday, 
October 17 and 18, at the Park Lane Hotel, Piccadilly, 
London, W.1. Whole-day discussion and visits to 
laboratories, Organised by the Institute of Metals, 
4, Grosvenor-gardens, Westminster, London, S.W.1. 
(Telephone : SLOane 6233.) See also page 148, ante. 

INTERNATIONAL MOTOR EXHIBITION.—Wednesday, 
October 17, to Saturday, October 27, at Earl’s Court, 
London, 8.W.5. Organised by the Society of Motor 
Manufacturers and Traders, Limited, 148, Piccadilly, 
London, W.1. (Telephone: GROsvenor 4040.) 

26TH INTERNATIONAL BICYCLE AND MoToR-CYOLE 
SHow.—Saturday, November 10, to Saturday, Novem- 
ber 17, at Earl’s Court, London, W.14. Organisers: 
British Cycle and Motor-Cycle Manufacturers’ and 
Traders’ Union, Limited, Coventry. (Telephone : 
Coventry 62511.) 

BUILDING EXHIBITION.—Wednesday, November 14, 
to Wednesday, November 28, at Olympia, London, W.14. 
Organised by the Building Trades Exhibition, Limited, 
4, Vernon-place, London, W.C.1. (Tel: HOLborn 8146.) 


INTERNATIONAL SYMPOSIUM ON ABRASION.—Wednes- 
day and Thursday, November 14 and 15, at Rubber- 
Stichting, Oostsingel, Delft, Holland. Apply to the 
secretary of the symposium, Rubber-Stichting, Postbox 
66, Delft. See also page 243 in last week’s issue of 
ENGINEERING. 

SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXuHIBITION.—Monday, December 3, to Friday, Decem- 
ber 7, at Earl’s Court, London, S.W.5. Organised by 
the Smithfield Show joint committee, 148, Piccadilly, 
London, W.1. (Telephone : GROsvenor 4040. 

SYMPOSIUM ON CORROSION OF BURIED METALS.— 
Wednesday, December 12, at 4, Grosvenor-gardens, 
Westminster, London, 8.W.1. Organised by the Iron 
and Steel Institute. Apply to the secretary of the 
Institute at the address given above. (Telephone: 
SLOane 0061.) se: also page 190, ante. 


TELEVISION CONVENTrION.—April 28 to May 3, 1952. 
See page 265. 





LABOUR NOTES. 


Statistics issued by the Ministry of Labour and 
National Service indicate that the estimated total 
working population, comprising persons aged 15 and 
over who work for pay or gain or register themselves as 
available for such work, increased by 35,000 (11,000 
men and 24,000 women) during June. This increase 
is higher than that of June, 1950, owing to a greater 
rise in the number of women involved. The number 
of persons in the Forces rose during June by 5,000, to a 
total of 827,000. This total, however, does not include 
the “ Z” reservists recalled for 15 days’ training. The 
number of ex-service men and women on release leave 
at the end of the month was 8,000. The total number 
of persons in civil employment, in industry, commerce 
and services of all kinds, on June 30, was 22,301,000, 
comprising 15,012,000 men and 7,289,000 women. 
The number of unemployed persons registered on 
July 16, 1951, was 185,800, compared with 190,800 on 
June 18. The July figure represented about 0-9 per 
cent. of the estimated total number of employees, the 
same percentage as in June. The corresponding 
percentage in July, 1950, was 1-3. 





The Ministry of Labour’s statistics show that, during 
June, there was an increase of 19,000, from 4,153,000 
to 4,172,000, in the number of men and women em- 
ployed in the basic industries, which include mining ; 
gas, electricity and water; transport and communi- 
cation; and agriculture and fishing. Much of this 
increase of 19,000 was due to an estimated seasonal 
rise of 15,000 in those employed in agriculture. The 
number of wage earners on colliery books, however, 
fell by 900 during the month. The number of work- 
people employed in the manufacturing industries 
declined by 11,000, during June, namely, from 8,687,000 
on May 31 to 8,676,000 on June 30. The main decreases 
were 9,000 in the metals, engineering and vehicles 
group, 4,000 in the textile industries, and 4,000 in the 
clothing trades. There was, on the other hand, a 
seasonal rise of 5,000 in the food, drink and tobacco 
group. In the building and contracting industry, 
there was an estimated increase of 15,000 in the number 
of persons employed during the month under review, 
pF while the level of employment in the distributive 
trades remained practically stationary, there was an 
increase of 15,000 in the professional, financial and 
miscellaneous services group. 





Stressing the need for organising night work in many 
factories which hitherto have confined themselves 
to day shifts, Mr. E. J. Hill, general secretary of the 
United Society of Boilermakers and Iron and Steel 
Shipbuilders, in his monthly circular issued on August 
22, states that this winter is likely to be a hard one 
and that it is doubtful whether industry can maintain 
full employment unless some drastic staggering of 
working hours takes place. An alternative would be 
to transfer a substantial number of employees to night 
work. The demand for electricity, continues Mr. Hill, 
has shown a steep increase during the first six months 
of the present year and, as it is impossible to meet this 
rising demand by new generating capacity either this 
winter or for some years to come, drastic load-spreading 
is inevitable. During the past three or four years 
different methods have been adopted in an endeavour to 
solve this problem, with some degree of success, but 
load-shedding and power cuts have also had to be made 
with a consequent loss of production. Load-spreading 
by the staggering of hours, Mr. Hill observes, has fallen 
on the same employees each year, and consequently 
they are somewhat reluctant to continue this practice 
year after year without a solution being found. He 
expresses the hope, however, that the members of his 
Society will see the need for such drastic measures and 
will lend their support to the suggestions made, wherever 


possible. 


According to a statistical statement issued by the 
Ministry of Fuel and Power, the saleable output of 
deep-mined coal during the week ended August 18 was 
3,887,800 tons, compared with 2,437,100 tons in the 
previous week (which was greatly affected by recog- 
nised holidays) and 3,701,000 tons in the week ended 
August 19, 1950. When the opencast outputs are 
added, the totals become 4,123,200 tons in the week 
ended August 18, 1951, 2,579,400 in that ended August 
11, 1951, and 3,958,400 in that ended August 19, 1950. 
The numbers on colliery books were 699,700 on August 
11, 1951, compared with 695,400 on August 12, 1950, 
and the shifts worked per wage earner were 3-24 per 
week this August, against 3-29 last August. The per- 
centage of voluntary and involuntary absenteeism was, 
respectively, 8-12 and 6-57 this August, compared 
with 8-12 and 6-95 last August. The output per 
manshift shows a slight increase this year as com- 
pared with last, the overall figure being 1-08 tons and 
that at the coal face 2-96 tons on August 11, 1951, 
against 1-06 and 2-91 tons on August 12, 1950. 








Under the provisions of the Disabled Persons (Em- 
ployment) Act, 1944, financial responsibility for the 
training of blind persons in workshops for the blind 
has been taken over by the Ministry of Labour and 
National Service, which also furnishes financial assist- 
ance to local authorities in connection with the cost of 
the employment of blind persons in these workshops, 
Figures recently issued by the Ministry indicate that, 
of the 70 workshops approved by them on March 31, 
1950, 19 are managed directly by local authorities and 
51 by voluntary organisations acting on behalf of local 
authorities. During the year ended March 31, 1950, 
local authorities expended the sum of approximately 
548,000/. on the provision of employment for some 
4,014 persons. The amount of grant payable by the 
Ministry in respect of this expenditure is approximately 
290,000/. The cost, to the Ministry, of providing 
training for 407 adult blind persons in workshops 
for the blind during the year ended March 31, 1950, 
was about 101,000/. The accounts of workshops for 
the blind for the same year, however, show that the 
value of goods made by the blind employees totalled 
over 1,500,0001. 





In the course of his report to the annual general 
meeting of the National Union of Seamen, held in 
London from August 13 to 17, the general secretary, 
Mr. Tom Yates, C.B.E., gave a detailed review of the 
outcome of negotiations for a new wages agreement 
which was successfully concluded early this year. 
The general increase for all ratings including boys, 
he pointed out, was 2/. a month or 9s. 4d. a week. The 
new commencing wage for an able seaman, with food 
found by the owners, was 22l. a month, rising by four 
annual increments of ll. a month, to 261. The cor- 
responding maximum for donkeymen and pumpmen 
on oil-carrying vessels was 281; for greasers it was 271., 
and for firemen and lamp trimmers 26]. 10s. The new 
ra rate for a carpenter, with full efficiency pay, 
was 311. 





One of the most important provisions of the new 
1951 agreement, Mr. Yates continued, were the in- 
creases, in the compensation for each Sunday spent 
at sea, to one whole day’s leave or pay in lieu thereof. 
Sailing and arrival Sundays, hitherto treated as spent 
at sea, providing the ship had been away for at least 
9 hours, continued under the 1951 agreement, on the 
basis of one half-day if the ship were at sea from 9 to 
18 hours, and one whole day if more than 18 hours. 
The working hours for seamen had also been steadily 
improved in the course of years. An average 8-hour 
day had been established in the home trade, the 
45-hour week in port retained, and overtime rates 
increased. 


It appears, however, that some seamen do not share 
Mr. Yates’s opinion, expressed in this report, that no 
union can show a better series of agreements on wages 
and rates of pay than those quoted by him, and that 
other important changes in the conditions of employ- 
ment in the industry have been made in recent years. 
A dispute which began in a cargo vessel at Heysham 
on August 20 quickly immobilised six cross-channel 
steamers plying between that port and Northern 
Ireland, causing great inconvenience to passengers and 
merchants. At one time it appeared that the crews 
of the three steamers which run on the Holyhead to 
Ireland service would strike in sympathy, but this has 
been averted. The cause of the original trouble at 
Heysham, on August 20, appears to have been due to 
the refusal of the crew of the cargo vessel, which had 
been transferred from her home port of Holyhead to 
Heysham, to put to sea. A week later, however, on 
Monday, August 27, the first ship to leave Heysham 
since the stoppage, sailed with cargo but without 
passengers. The vessel, the S.S. Duke of Lancaster, 
was manned partly by her own crew and partly by 
seamen drawn from various parts of the country. 
Moreover, the crew of the Slieve League, the cargo and 
cattle ship in which the strike originated, decided to 
rejoin their ship on August 29. 





It was announced recently that colliers at 87 out 
of 114 coal pits in Yorkshire had refused to have 
Italian miners working with them. The need for 
additional men is so great, however, that Mr. W. E. 
Jones, general secretary of the Yorkshire area, National 
Union of Mineworkers, has stated that a serivs of 
meetings is being arranged at which Yorkshire miners 
will be informed that to allow Italians to work with 
them is in their own interests. The speakers will be 
officials of the union, but members of the National 
Coal Board are to be invited to participate. The 
object is believed to be to obtain approval for the 
introduction of 1,000 Italians at 20 collieries in York- 
shire during a period of six months. 


(Em. 
* the 
blind 
and 
ssist- 
st of 
10ps, 
that, 
1 31, 
and 
local 
950, 
itely 
ome 
the 
itely 
ding 
hops 
950, 
| for 
the 
led 


eral 
1 in 
Ary, 
the 
ent 
par. 
YS, 
Che 
ood 
our 


nen 
7L., 
lew 
ay, 


lew 


ent 
sof. 
ent 
ast 
the 


rs. 
ily 
yur 
the 


ire 
no 
[es 
at 
y- 


el 





AUG. 31, 1951. 


ENGINEERING. 








THIN-WALLED 


STRUCTURAL MEMBERS. 


























THE BEHAVIOUR OF THIN-WALLED 
STRUCTURAL MEMBERS IN 
COMPRESSION.* 


By A. H. Cuttver, B.Sc., Ph.D. 


THE use of thin-walled sections for small-scale 
buildings and for the secondary members of large 
frames has become a common feature of structural 
design in recent years both in this country and in the 
United States. In the production of standard steel 
sections, the inherent limitations of the hot-rolling 
process make it impossible to reduce the thicknesses 
of the flanges and webs below certain minimum values. 
Consequently, the use of hot-rolled steel sections as 
members carrying relatively light loads is uneconomical 
in comparison with thin-walled sections. The efficiency 
of both steel and light-alloy cold-formed sections has 
been proved in light occupancy buildings in which the 
live loads are moderate ; such sections have been used 
extensively in certain types of floor construction, as 
the structural elements of roof trusses, as purlins and 
as bracing members. 

In the early days of iron structures it was soon realised 
that a structural member in which the material is 
disposed at some distance from the neutral axis is in 
many ways more efficiently used than the correspond- 
ing solid section. It was found, however, from the 
experimental work of Sir William Fairbairn and Edwin 
Clark on wrought-iron sections that the efficiency does 
not increase in an unlimited fashion as the thickness 
of the material is reduced. Some of the tests in con- 
nection with the Britannia and Conway tubular bridges, 
carried out in 1850, indicated failures typical of thin- 
walled tubes of rectangular and circular cross-section 
in which local instability of the thin component plates 
was a primary cause. 

The wall thicknesses of the standard steel sections 
are such that compression flanges and webs are not 
prone to premature local waving. Early experiences 
of wrought-iron structures and the inherent difficulties 
in the hot-rolling process have both contributed, 
perhaps, to the choice of heavy proportions for standard 
steel sections. As a result, structural engineers have 
never shown any great interest in local buckling pro- 
blems during the past 100 years or so. Aircraft 
designers, on the other hand, have always appreciated 
the advantages of thin-walled members and have given 
more thought to design problems ever since the intro- 
duction of metal airframes. The wide use of light 
alloys in aircraft structures has further promoted 
interest in local buckling problems. 

As far as practical limitations allow, thin-walled 
Sections of any cross-sectional shape may be manu- 
factured. For aeronautical purposes, the extrusion 
process for light alloys has made possible any type of 
cross-section, with the result that reinforcing bulbs 
may be added to any unsupported component plates. 





_* Paper read before Section G of the British Associa- 
tion at Edinburgh on Tuesday, August 14, 1951. 
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In the cold-forming process, for both steel and light- 
alloy sections, the structural member is built up from 
a long strip of material of uniform thickness. This 
sheet is rolled or pressed in the cold condition into 
the desired shape. For general civil-engineering pur- 
poses the sections produced are similar to those of the 
heavier hot-rolled steel sections, such as angle, plain 
channel and fabricated I sections. Other types in 
use are Z, lipped Z, lipped channel and fabricated box- 
sections. With improved rolling techniques, other 
types of sections will no doubt become available for 
both general and specific uses in the future. In the 
case of cold-formed steel sections, the most popular 
sections at the present time are plain and lipped channel 
sections. Frequently, these sections are compounded 
to form both I sections and closed-box sections. Under 
certain conditions, sections having longitudinal ribs 
may lead to greater structural efficiency. 

In the past, researches into local buckling phenomena 
have been dominated by the interests of the aircraft 
designer. In the aeronautical field, much research has 
been carried out both in this country and in America. 
The theoretical work of Lundquist and Stowell,* 
published in 1939, indicated the critical instability 
stresses for certain types of sections ; many tests by a 
number of investigators on extruded light alloy sections 
have largely confirmed these early theories. In the 
civil-engineering field, interest in the use of cold-formed 
steel sections for supporting relatively light loads had 
been aroused in the United States before the last war. 
This led to the experimental work of Winter,+ pub- 
lished in 1946, on thin-walled cold-formed steel sections, 
and subsequently to a design technique now widely 
used in the United States. In this country, Baker and 
Roderick,t who were concerned with the more general 
structural properties of light-alloy struts, carried out a 
large number of tests, including some on thin-walled 
sections, showing distinctly local instability as a primary 
cause of failure. 

With the introduction of thin-walled sections into 
buildings and frameworks the structural designer is 
confronted with many problems; in particular, the 
design of struts and beams involves a consideration of 
the local instability strengths of the thin component 
plates of the sections. A thin-walled strut may fail in 
one of three ways: if the strut is slender it is prone to 
an overall column instability ; a few types of sections 
are particularly prone to torsional instability, in which 
any cross-section of the strut retains its original shape 
but there is a twisting of one cross-section relative to 
another ; a third type of failure is that due to local or 
plate buckling of the thin walls of the section ; local 
instability is an important design factor for short struts 





* E. Z. Stowell and E. E. Lundquist, National Advi- 
sory Committee for Aeronautics, Technical Note 743, 
1939. 

+ G. Winter, Proc. Amer. Soc, Civil Eng., Feb. 1946, 
page 199, , 

t J. F. Baker and J. W. Roderick, Aluminium 
Development Assoc., Report No. 3, 1948. 
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and struts of intermediate length in which there are 
thin wide component plates. Usually, the effects of 
column, torsional and local instability contribute in 
varying degrees to the collapse of a strut. In practice, 
end restraints are usually sufficiently great to prevent 
pure torsional instability of a strut; even combined 
forms of torsional and oho buckling are unimportant 
for the majority of sections, except angle sections which 
are usually inefficiently employed as struts. This 
paper is concerned primarily with the phenomenon 
of local instability in compressed thin-walled structural 
members. 

When a strut test is carried out with ball or knife- 
edge end connections, the onset of local instability leads 
to local changes in the torsional and flexural stiffnesses 
of the section. These localised effects bring about 
forms of failure in which local instability is combined 
with both column and torsional instability. For this 
reason, it is advantageous to isolate the local buckling 
phenomenon as far as possible by focusing attention on 
short lengths of sections compressed between the 
parallel platens of a testing machine. If care is taken 
in the choice of lengths of sections, other forms of 
failure may be almost completely eliminated. Unlike 
other forms of instability—such as flexural or torsional 
buckling—local instability involves complete dis- 
tortions of some cross-sections of a strut. The 
phenomenon is described by reference to a typical 
plain channel section, shown in Fig. 1, which is com- 
pressed between parallel platens; as load is applied, 
an elastic waviness first develops in the initially- 
distorted regions of the flanges and web. The half- 
wavelength of this elastic wave is of the order of the 
major cross-sectional dimension of the section, and in 
the case of long struts, it is practically unaffected by 
the overall strut length and the end conditions of the 
component plates. Large distortions occur at the 
critical buckling stress, as shown in Fig. 2, but complete 
collapse does not take place at this stage. Additional 
loading produces heavy concentrations of stress in the 
relatively unbuckled regions of the section, until 
plasticity occurs first in one wave. The amplitude of 
this wave then increases until the strut suffers a 
localised permanent distortion, the rest of the section 
remaining relatively undamaged, as shown in the 
family of struts in Fig. 3. Ultimate collapse of the 
section may occur at loads considerably in excess of the 
critical load. 

The theoretical approach to the local instability 
problem may be discussed by reference again to the 
particular case of a compressed plain channel section. 
For simplicity, it is assumed that the flanges of the 
section are exactly similar, Fig. 4, page 282, and that 
the buckled mode is one of symmetry about an axis A A 
through the centre of the web, Fig. 5. It is then 
necessary to consider only one half of the section to the 
one side or other of the axis of symmetry. A length L 
of the section is subjected to a uniform end compres- 
sion stress, o, Fig. 6, page 282. If both flanges and 
web plates are initially perfectly flat then, by the small- 
deflection theory of flexure, the differential equation 
which must be satisfied for each plate is 

Ow 204w ‘ Hw _ at Aw 
KE * drt Oy? * D dz*J1,2’ 
where w,,, is the deflection at any point of the plate 
perpendicular to the zy,,, plane. D,, , is the flexural 
rigidity of the plate and is defined by 


” Ef ] 
[ 12 (1 — v*)J1,2” 


where E is the modulus of elasticity and v is Poisson’s 
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ratio for the material. . Assuming that under the action 
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of compression stress both flanges and web buckle in m 
sinusoidal half-waves in the direction of compression, 
the solution of eq uation (1) is taken in the form 

maz 





w= dain 


i 1,2 
where ¢,, , is a function of y,,, only. The solution 
taken in this form implies that the ends z= 0 and 
x = L of the flange and web plates are simply sup- 
rted. Substituting this form for w,,, into equa- 
tion (1), the differential equation becomes 
ah 2min* dp 4 mat at m*n* $-0] 
dy* a dy* at D @ 1,2 
If 
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then . 
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provided £,,, #0. The relationships between the 
unknown coefficients in equation (2) depend upon the 
conditions of restraint along the edges y, = 0, y, = 0,, 
Y2 = Oand y, = } by. 

Along the free edge y, = 0 there are neither bending 
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nor shearing actions in the cross-sectional plane ; 
that is 

oe o| 

Oy? Ox* a. 
and 


Ow Aw 
3 + (2 — ”) art Oy = ol. 
for y, = 0. At the junction of web and flange it is 
pe there are no outward bending deflections ; 
then 


w,=0, for y, =d,, 


and 

w,=0, for y, = 0. 
Furthermore it is assumed that the internal angle at 
the corner of the section is maintained during buckling ; 
that is 


Ow Ow 
Fl, = (Fle for y, =b,, and y, = 0. 


Moreover, for equilibrium of bending moments at the 


corner hy Ot 
[> (art ve) | " [> (a . ve) | 


for y, = 6, and y,=0. Along the axis of symmetry 
the slope and shearing force are both zero in the cross- 
sectional plane ; that is 


-, 


E (a + F\ WL 4 
dv \az* * dy?) ~ iF 
for ¥g = $ dy. 


These eight boundary conditions yield the equations 
[A, y* — A, 8), = 0, 
[Aga 8* — A, By*), = 0, 
[A, coshab + A,sinhab + As cos Bb + A,sin Bb], 
= 0, 


and 


[A,asinhab + A,a coshab — A; Bsin Bb 
+ A, B cos Bb), — [Aga + Ay B], = 0, 
[D (A, y* cosh ab + Agy*sinhab — As 5% 00s Bb 
— A, &sin Bb)), — [D (Ay y? — Ag 5*)]g = 0, 
[Ay + As], = 0, 
[A,a sinh 4a + A, xcosh dab — Ay Bsind Bb 
+ Ay Boos ¢ Bb], = 0, 
[A,asinh ab + A,acosh tab + As Bind Bb 
— A, Boos t Bd), = 0, 


Le (ete de 


2 
ag traci abc wir’: Uppal alin aaa 
[[2% By* 5* + « B (y* + 8*) cosh « b cos Bb 
— (a? d* — By) sinha db sin Bb), 
x [D (y* + 8°) cosk 4a bcos ¢ Bd], 
+ [D (y* + 8°) (By* sinh ab cos 8b — « § cosh xb sin Bb), 
x [a sinh $a bcos 8b + Boosh ta bsin ¢ Bb), = 0. 
When the walls of the section are of uniform thickness t 
(say), the transcendental equation reduces to 
[2a By* 3* + a B (y* + 8*) cosh a b, cos Bb, 
— (a 8* — B*y4) sinh ab, sin 8b,] [cosh $a b, cos + Bd,) 
+ [By sinh @ b, cos Bb, — a 8 cosh « d, sin B b,] 
X [a sinh $a, cos ¢ 8b, + B cosh ta db, sin 4 Bb,] = 0. 
: - (3) 
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The critical compression stress, o,,, for a section is 
given by the solution of equation (3). A number of 
such solutions are shown in non-dimensional form in 
Figs. 7 and 8, which give the buckled forms and the 
buckling stresses. The behaviour of a thin-walled 
section consisting of a number of component plates is 
similar to that of a single flat plate. Short lengths of 
sections buckle into a single sinusoidal half-wave, but 
as the length of section is increased, the number of 
half-waves also increases until the buckling stress is 
materially unaffected by any further change in length. 
Observed elastic wavelengths are in excellent agreement 
with those predicted by theory, especially when there 
are a number of longitudinal half-waves. In Fig. 9, 
are shown the collapse loads for a number of struts, all 
having the same cross-sectional forms but of different 
lengths. As soon as the lengths of the section are 
sufficient to develop more than a single longitudinal 
half-wave the collapse loads are not appreciably 
affected by changes in length. 
Writing, for convenience, 


an / 2th 
2 


then 
@E 
CD, seeeetictmenvnnicnn 2 
Yer = 12 (1 — wb?” 
so that 
1 
Ccr = oyu 
where 
b, 1 12 (1 — v*) 
(0) = = beef BER? 
t 0, E 


Then for elastic instability, o,, is inversely proportional 
to @*. In this sense, the local buckling problem is 
similar to the strut instability problem, in which the 
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elastic buckling stress is inversely proportional to the 
square of the slenderness ratio. 

Some experimental results for cold-formed steel 
sections are compared with the theoretical elastic 
buckling stresses in Fig. 10. In each case, the experi- 
mental value of o¢y has been found by a “ Southwell- 
Line ” method applied to readings of flange deflections. 
There is a considerable deviation from the elastic line 
in the high stress region where the sections are most 

rone to yielding of the material ; there is a transition 
a the elastic line at abovt 16 tons per square inch 
to the yield stress at about 21-5 tons per square inch. 
In this country, structural designers prefer no waving 
of flanges or webs under working conditions, and the 
critical buckling stresses for sections are therefore 
important in design. This means that, in the low 
critical-stress region, design loads will be based on 
rather conservative estimates of collapse loads. 

It is apparent that the local buckling problem may be 
attacked in a simple manner, not unlike the approach 
to the strut problem. The method of analysis which 
has been described may of course be extended to study 
cases in which the free flanges of sections are reinforced 
with longitudinal lips, or the flange or web plates 
stiffened with longitudinal ribs. In both cases, the 
local instability stresses may be increased. An 
important extension of the work lies in a study of the 
effects of local instability on the overall column and 
torsional stabilities of thin-walled struts. 
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Fig. 2. WAVE-GENERATING MECHANISM 
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MODEL INVESTIGATIONS OF 
ABERDEEN HARBOUR.* 


By J. D. Lawson. 


A scHEME of development for the port of Aberdeen 
was outlined in an interim report by their engineer, 
Mr. John Anderson, M.I.C.E., to the Harbour Com- 
missioners in 1943 (The Dock and Harbour Authority, 
July and August, 1945). Among other features, the 
scheme provides for possible extensions to the existing 
North Pier and South Breakwater. Although the 
existing structures are remarkably effective having 
regard to the very exposed position of the harbour, 
there is nevertheless, under certain conditions, an 
"ndesirable “range” of water movement within the 
harbour, especially in the Albert Basin or Fish Dock. 
The purpose of the scale-model experiments is to study 
the probable behaviour of the various proposals and 
the mechanism of sand deposition in the navigable 
channel, where dredging is necessary. One problem 
which deserves consideration is the possible secondary 
effects of any new breakwaters and dock entrances 
upon currents and accretion or scour of the bed. 

Fig. 1 indicates the area embraced by the model 
which has been designed and built in the Engineering 





Department at Marischal College, University of Aber- 
deen, under the direction of Professor Jack Allen. 
A portion of the tidal stretch of the River Dee has 
been bent round into a more compact space ; observa- 
tions of tides and currents within the area concerned 
in the investigation confirm that this convenient device 
has no deleterious effect. Tides are generated by a 
counterbalanced steel plunger carrying water ballast, 
in a manner closely resembling that pone employed 
on models of the Severn, Liverpool Bay, Cheshire Dee 
and Tay estuaries. This method, including the 
ome train of gears for varying the stroke of the 
plunger so as to simulate an average lunar cycle of 
tides, has been fully described elsewhere.* The river 
flow of the Dee can be supplied either from an overhead 
tank or by pumping from the seaward end of the model. 
It is regulated by adjusting the head over one of a 
selection of calibrated orifices. 

Surface, or storm, waves are generated by the to- 
and-fro movement of an aluminium paddle 13 ft long 
by 2 ft deep hinged at its two lower corners (see Fig. 2). 
The stroke of this paddle can be varied at will by 
means of an eccentric and the frequency can be altered 
over a wide range with the aid of an “‘infinitely-variable”’ 
gear. It is proposed to alter the direction of wave 
propagation by guide baffles and by changing the 





* Paper read before Section G of the British Association 
at Edinburgh on Tuesday, August 14, 1951. Abridged. 





* “ Scale Models in Hydraulic Engineering,” J. Allen. 
Longmans, 1947, Chapter IX. 





position of the paddle. In the first place, waves are 
being generated from approximately due east. 

The horizontal scale of the model is 1 : 660 (8 ft = 
1 mile) and the vertical scale 1: 60 (1 in. = 5ft.) so 
there is a vertical exaggeration or distortion of 11: 1. 
The velocity scale is 1 : 4/60 or 1: 7-75, and a tidal 
period of 12-4'hours is represented in the model by 
8-73 minutes. While it is generally agreed that some 
distortion of the vertical scale is desirable and, indeed, 
essential in a tidal model, at the same time, an undis- 
torted scale is regarded as appropriate when surface 
waves and their propagation in harbours and on 
beaches is the predominant phenomenon under inves- 
tigation. Distortion of the vertical scale may mean that 
those waves of which the energy is dissipated on an actual 
beach are reflected on the steeper slopes in the model 
structure. Accordingly, it is realised that the present 
model of Aberdeen Harbour may not yield sufficient! 
precise results for final conclusions to be drawn on all 
questions addressed to it. It is believed, however, 
that valuable guidance will be provided as to the 
relative merits of proposed developments and that if, 
later, a larger model proves to be necessary, the time 
and labour spent on it will be greatly reduced ; more- 
over, experience with the present model will be useful 
in the design of any more elaborate type—for example, 
it will be known whether sufficient area of the North 
Sea has been included. It is also proposed to alter the 
vertical scale of the existing aie subsequently so as 
to give a vertical distortion of 7:1 and finally 3:1, 
in the hope that scale-effects may be detected and 
some allowance made for them if necessary. With each 
vertical scale, waves of different directions and fre- 
quencies will be tried. If the time scale for such 
waves is interpreted in relation only to the present 
vertical scale, it becomes 1 : J 60, or 1 : 7°75, as com- 
pared with — , or 1: 85-2 for the tidal period. In 
terms of the horizontal scale of 1: 660 and vertical 
scale of 1 : 60, the following data are applicable. 

(i) River discharge of the Dee (catchment area down 
to Aberdeen 816 sq. miles)—(a) average (based on river- 
gaugings at Woodend over a period October 1, 1929, 
to September 30, 1944, together with an estimate for 
the 288 sq. miles between Woodend and Aberdeen)— 


1,500 cusecs in Nature, represented by —————., or 
660 x 608 
0-005 cusec in the model; (b) peak (based on river- 
gaugings at Woodend—January, 1937)—44,000 cusecs, 
or 0-14 cusec in the model. 

(ii) Tidal range at Aberdeen—ordinary springs— 
12-75 ft. in Nature, 2-55 in. in the model. 

(iii) Wave height of, say, 15 ft. in the North Sea— 
3 in. in the model. 

(iv) Wave range of, say, 2 ft. in the Inner Harbour— 
0-4 in. in the model. 


(v) Current-velocity of 1 knot in Nature—— -, or 


7°75 
0-218 ft. per second in the model. 

The model bas been constructed in a waterproofed 
wooden box; exposed land masses were cast in 5: 1 
cement mortar; the bed has been moulded up to 
H.W.O.S.T. in sand passing a No. 10 sieve for the pre- 
liminary tide, surface current and wave observations ; 
in some places the vertically exaggerated underwater 
banks have been stabilised with a coat of neat-cement 
paint. At present, therefore, the whole bed is virtually 
fixed to preserve a constant configuration during 
observations of water movements. The photograph 
reproduced in Fig. 3, page 284, indicates the templates 
and collapsible “ formwork” used in casting the sec- 
tions of the harbour in cement-sand mortar. Fig. 4 is 
a photograph (reproduced by courtesy of Aberdeen 
Journals, Limited) of the model taken after construc- 
tion and during trial tests on the wave generator. 

Preliminary experiments have been confined so far 
first to tides. The rate of rise and fall in the model, 
as compared with that in Nature, for ordinary spring 
and neap tides is shown in Fig. 5, on pire 285. The 
effect of the River Dee flow on the tidal range at the 
various gauges has been investigated. For example, 
with ordinary spring tide conditions, a river flow of 
30,000 cusecs (large flood flow), and tidal range at the 
end of the South Breakwater of 13-1 ft. in the inner 
harbour at Pocra Quay the range is 12-3 ft. and at Vic- 
toria Bridge (about a half mile farther up the river Dee) 
it is 9-1 ft. Further, it is found in the model studies 
that, up to a certain discharge, the low-water level in the 
Pocra Quay basin is lowered with increased River Dee 
flow (see Table I, page 284). This phenomenon is 
accounted for by the fact that the high-velocity river 
flow at low-water exerts a “‘ drag” on the water in the 
basin; at higher discharges the effects of turbulence, 
channel shape and roughness counteract this “ drag” 
effect and the level then rises. 

Current movements in the model harbour have been 
observed and measured by (1) plotting the course of 
cork surface floats; (2) photographing illuminated 
surface floats ; and (3) plotting the course of immiscible 
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droplets. Methods 1 and 2 have been used for surface 
currents and method 3 for subsurface movements. By 
method 1, the passage of an equivalent 5-ft. immersed 
cork float is plotted with reference to a 1-ft. square grid 








TABLE I. Relction between River Flow and Low Water 
at Pocra Quay. 
River Dee | 
Flow, 0 2,000 | 5,000 | 10,000 | 20,000 | 30,000 
Cusecs. 
| 
Ft. In. | Ft. In. | Ft. In. | Ft. In. | Ft. In. | Ft. In. 
L.W.O.8.T. 
at Pocra 
Quay 93 9 23 92 9 1} 90 9 103 




















of cords supported in a horizontal plane 5 in. above 
H.W.O.S.T. Weighted pointers, hung from the cords, 
indicate the course taken by the float, while by timing 
the float between pointers the current speeds for the 
various sections of the channel are made known. 
A similar grid marked on plans of the harbour area 
facilitates transference of the float courses from model 
to paper. In method 2, a hollow Duralumin cylinder 
filled with paraffin and provided with a lid and small 
wick is loaded to give an equivalent 5-ft. immersion. 
With dark conditions in the laboratory, the movement 
of this lighted float is photographed from a position 
almost vertically above the model harbour. Several 
such courses may be plotted on the same photographic 
plate followed by an exposure of the model with the 
electric lights on. It is possible to open the camera 
shutter for known periods of time so that any one float 
course may be divided into several sections (shown as a 
broken line in the photograph). The current speeds 
for the several sections are calculated by measuring 
the length of these lines on an enlarged projection of the 
photograph. 

A comparison between methods 1 and 2 for surface 
current movements observed at half ebb of an ordinary 
spring tide with River Dee flow of 20,000 cusecs is 
given in Table II. Part of the discrepancy between 
the two sets may be due to the floats not having pre- 
cisely the same depth of immersion ; also it should be 
appreciated that velocities vary appreciably across the 
width of the channel. 


TABLE II.—Float Velocity in Knots. 








Victoria 
a River Section. ne Bridge to 
senaneied S. Breakwater. 
Cork float .. 2-74 1-16 1-74 
Lighted float 3-14 1-30 1-83 








A comprehensive set of observations taken in Nature 
in the entrance channel revealed a marked “‘ two-layer 
flow ’’ phenomenon for that particular set of tide and 
river conditions. Analysis of water samples showed a 
large density variation over the depth, accounting for 
the outward-flowing fresh river water on top and the 
denser tidal water being propagated into the harbour 
near the bed of the channel. In an attempt to repro- 
duce this effect in the model, ordinary “ fish-curing 
salt’ was added to the body of water in the model 
until sea-water density was attained and the river water 
was supplied from fresh-water tanks instead of by circu- 
lation through a centrifugal pump. The subsurface 
current movements were observed (method 3) by 
injecting, at any equivalent depth, a mixture of carbon 
tetrachloride and benzene coloured with Waxoline 
Victoria Blue B.S. dye. This mixture, proportioned to 
be of the same density as the water in the model, forms 
red droplets which are immiscible with water. The 
movement of droplets injected at known equivalent 
depths showed conclusively the .“‘ two-layer flow ” 
phenomenon. In fact, by injecting a series of droplets 
over the depth, the position of change-over from 
outward-flowing to inward-flowing water was quite 
distinguishable. The velocity/depth pattern observed 
in the model was similar to that in Nature, though, in 
general, the model velocities were smaller. It is of 
interest to remark on the quantity of salt required to 
maintain the correct density conditions. Assuming the 


river flow is fresh water and ‘he compensating discharge |. 


is sea water and the River Dee flow is 5,000 cusecs, 
5,000 

the fresh water added per hour = 307,000 x 3,600 = 

58-5 cub. ft. ; the salt added per hour = 1-6 x 58-5 = 

93-5 lb. approximately, and the cost at, say, one penny 

per lb. = 8 shillings approximately. 

At the time of writing, tests are in progress on wave 
reproduction in the model, and a series of observations 
has been taken for a range of paddle frequencies and 
strokes, using fixed tidal levels of H.W.O.S.T., 
L.W.O.S.T. and half-flood or half-ebb level. At one 
particular frequency of paddle oscillation the “ wave 
prs, gl as recorded on the Fish Dock gauge, reaches a 
peak value due to resonance within the harbour. The 
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wave height in the North Sea is measured on a scale 
graduated from still-water level and waves 15 ft. high 
(based on the vertical scale) have been produced by the 
wave generator. Wave heights in the Fish Dock, or 
Albert Basin have been estimated with the aid of 
pointer gauges attached to micrometer heads; the 
micrometers read nominally to 0-001 in. One of 
them is used for measuring the crest ; the other for the 
trough of the wave. The zero readings are established 
by adjusting the pointers to touch a still-water surface. 

More elaborate wave-measuring devices are con- 
templated for later tests. Meanwhile, it is found that 
these simple “visual methods” are adequate for 
preliminary or exploratory experiments. 





THE LATE Mr. J. MANN.—We have learned with regret 
of the death on August 9, following an operation, of 
Mr. J. Mann, founder and managing director of the Power 
Flexible Tubing Company, Limited, Derby Works, 
Vale-road, London, N.4. Mr. Mann, who was 70 years 
of age, established the business in 1908 and, largely by 
his personal efforts, built it up until, in the recent war, 
some 600 employees were engaged on the production of 
metallic hose and bellows, mainly for the Services. 





ON WAVE GENERATOR. 


SHIPWRIGHTS COMPANY’S PRIZES FOR APPRENTICES.— 
The Court of the Worshipful Company of Shipwrights 
have approved the recommendation of their Main 
Selection Committce, under the chairmanship of Sir 
Stanley Goodall, K.C.B., that the name of George William 
Moore, employed by Alfred Holt and Company, Limited, 
Liverpool, and winner of the Worshipful Company’s 
first prize in 1949, should be submitted to H.M. the 
King for the award of The King’s Medal. The following 
prizes are awarded, following the current year’s examina- 
tions: 501. to Arthur Walkden, shipyard apprentice, 
Vickers-Armstrongs Limited, Barrow-in-Furness; 40/. 
to Arthur Alderson, plater apprentice, Furness Ship- 
building Company, Limited, Billingham ; 301. to Charles 
Richard Blake, shipwright apprentice, J. Samuel White 
and Company, Limited, Cow?s, Isle of Wight ; and 25. 
to Robert Reid, shipwright apprentice, Burntisland Ship- 
building Company, Limited, Burntisland, Fife. The 
values of these prizes are the maxima permitted by the 
regulations. Consolation prizes were awarded of 251. to 
John Gray, Furness Shipbuilding Company, who also 
qualifies forthe Torrey Prize ; and of 15l.each to Bernard 
Leon Tomes, Yarrow and Company, Limited, Glasgow, 
and Vivian John Smith, Penarth Pontoon, Slipway and 





Ship-Repairing Company, Limited, Penarth, Glamorgan. 
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Fig. 5. POCRA QUAY, ABERDEEN HARBOUR 
Neap Tides Spring Tides 
Nature Nature 
® Average of Tides Recorded at Pocra Quay © Average of Tides Recorded at Pocra Quay 
Automatic Tide Gauge on :— Automatic Tide Gauge on:— 
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BOILER AND TURBINE TESTING.* 


By Caprarn (E) L. F. Incram, R.N., and Cartan (E) 
L. A. B. Pete, D.S.O., M.V.O., R.N. 


BroaDty speaking, testing of machinery will fall into 
one of four categories—research-testing, prototype- 
testing, proof-testing, or component-testing. Research- 
testing is required to prove that an idea is practicable 
or to determine design factors that may be employed 
with confidence. Under prototype-testing is included 
any new design which shows marked departure from 
previous practice or in which the factors of ignorance 
(sometimes called factors of safety) have been sub- 
stantially reduced. Proof-testing is really confirmation 
of correct manufacture and is a demonstration that 
repeats of an existing design achieve the standard of 
performance. It is also appropriate for new designs 
which depart but little from their predecessors. 
Component-testing may follow any of the above 
general lines, or a combination ofthem. It is frequently 
a matter of development, often aimed at improved 
maintenance, and it is therefore perhaps nearest to the 
heart of the sea-going engineer. 

It would save time and money if trials of propulsion 
machinery could be carried out afloat without delaying 
the completion and handing-over of the vessel. All 
proof-testing is normally done afloat and can readily 
be performed with sufficient accuracy to prove to the 
customer that he is getting what he specified, and at 
the same time provide the operator with a yard-stick 
against which to check performance on service. Trials 
afloat are, however, limited in the accuracy to which 
performance can be measured; wind and weather, 
draught, and state of bottom all affect the relationships 





_* Paper presented to the International Conference of 
Naval Architects and Marine Engineers at a meeting held 





in London on June 27,1951. Abridged. 


between ship’s speed, propeller revolutions and shaft 
horse-power ; measurements of liquid quantities are 
generally dependent on tank readings which are less 
accurate than the weighing arrangements practicable 
ashore ; it is usually impracticable to separate the main- 
engine condensate from that of the auxiliaries; and 
it is not usually possible to check the accuracy of the 
various gauges and instruments against a standard at 
reasonable intervals. It follows, therefore, that it is 
usually not possible to obtain test results afloat of 
sufficient accuracy to enable the designer to confirm his 
data. The designer of land generating stations is more 
fortunate, for his product is constantly operating under 
laboratory conditions, with detailed evidence immedi- 
ately available should performance not accord with 
design. The marine engineer has no such check. 

Because of the difficulty of obtaining accurate data 
from trials afloat, most of the information contained in 
this paper is derived from trials ashore. Shore trials, 
however, also have their limitations. No brake has 
a true propulsive characteristic ; rotational speed and 
torque must be adjusted to an assumed propeller law 
for each trial setting; an astern trial usually requires 
special provision ; and manceuvring trials are generally 
restricted. Flexibility of hull and its effect upon 
alignment problems are absent. The effects of salt- 
laden air, of tropical and of arctic conditions can 
seldom be simulated. It is, however, in the operating 
and maintenance aspects of the plant that shore trials 
are most lacking. No proof is the equal of user 
experience to show whether machinery has fulfilled 
requirements. 

Sir Charles Parsons, to whose genius all engineers 
owe so much, was very clear about the need for testing 
and the way it should be done. The Turbinia’s trials 
constitute a remarkable record of what can be done 
in the way of afloat trials. Between the two wars, 
naval machinery represented successive logical steps 





forward from previous designs ; sea trials were largely 
proof-tests and these proved a satisfactory method of 
recording limited advances. The re-engining of an 
old ship brings the aggregate of such advances clearly 
into the limelight ; in re-engining the Queen Elizabeth 
class the machinery space was reduced by one-third, 
the machinery weight was halved and the endurance 
at 10 knots was trebled. Especially in the case of 
boilers were these advances the reward of testing. 
Small-scale tests at Babcock and Wilcox’s works 
at Renfrew resulted in superheaters being sited in a 
bank just behind the fire-row tubes instead of near the 
outer tube rows. Successive shore trials of naval 
boilers, each carried to considerable overloads, enabled 
the forcing rates of boilers to be progressively advanced, 
and the resultant troubles, whether of circulation, 
feeding, or of carry-over, were dealt with at each step. 

The classic lesson, not to be repeated, was H.M.S. 
Acheron. Completed in 1931, she had experimental 
turbine machinery employing steam at 500 Ib. per 
square inch and 750 deg. F., her contemporaries using 
300 lb. per square inch, 625 deg. F. steam. She was, 
in fact, a marked departure from previous practice. 
Had the machinery been prototype-tested, preferably 
ashore, the troubles associated with the first use of 
high-pressure and temperature would have been 
appreciated and cured, and it would have been possible 
to have built into this country’s warships at a much 
earlier date the economies of fuel and space resulting 
from advanced steam conditions. Unfortunately, 
experience had not then pointed the need and the ship 
was used as an operational unit as soon as she d 
into service ; although her whole engine-room depart- 
ment struggled heroically with entirely new main- 
tenance problems, she became a lame duck. 

The principal resources available to the Admiralty 
for testing machinery ashore are described below. In 
addition to these facilities, Admiralty contractors 
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undertake component-testing of their own equipment, 
while most of the gas-turbine manufacturers are build- 
ing test cells capable of testing the complete machinery. 

oe Admiralty Fuel Experimental Station, Haslar 
(A.F.E.8.), was set up in 1902, primarily to study the 
burning of furnace fuel oil; practically all the oil- 
burning equipment used by the Royal Navy up to the 
present time has been developed by this station. 
From time to time, Haslar has been called upon to 
handle a wide variety of problems; the “ flaming sea ” 
method of beach protection, and the development of the 
liquid, pre-cooler for CO, refrigerators are examples. 
Nevertheless, the main function has always been 
boiler development. The station is now equipped 
with two boilers for general service and for long-term 
burner and refractory experiments ; a high-rating test 
boiler with elaborate instrumentation; an external 
combustion chamber for flame study, and another 
totally enclosed for operation under superatmospheric 
pressure. The latter provides for a more accurate 
determination of CO, and unburnt gases than can be 
obtained where the combustion chamber pressure is 
below the external pressure. Rigs are installed for 
atomiser testing, both routine and experimental. 
The station has well-equipped laboratories for refrac- 
tories and for oil analysis and testing, and also a test 
shop for miscellaneous experiments on boiler fittings, 
accessories and instruments. 

It has not been practicable to erect naval boilers for 
trial at Haslar prior to installation on board. These 
trials are carried out at the works of the main machinery 
contractors ; special facilities exist now at the Clyde- 
bank yard of John Brown and Company, and at the 
works of Yarrow and Company, Scotstoun, and the 
A.F.E.S. is made responsible for the conduct of trials 
and for instrumentation. In addition, boilers asso- 
ciated with prototype machinery installations selected 
for testing at Pametrada are thoroughly tested con- 
currently with the turbines. 

The activities of the Parsons and Marine Engineering 
Turbine Research and Development Association 
(Pametrada) are fully described in a paper* entitled 
“‘A Marine Turbine Research and Testing Station,” 
T. W. F. Brown, D.Sc., and cover both steam and gas 
turbines. Briefly, Pametrada was set up in 1944 by the 
shipbuilding industry with Government support. It 
has two main objectives—research and development 
to ensure that the design of turbines for the marine 
engineering industry is kept in the forefront of world 
competition, and the full-scale testing. of turbine 
installations. This paper is concerned with the second 
of these activities. 

A Heenan and Froude dynamometer, capable of 
absorbing 60,000 shaft horse-power at 160 to 360 r.p.m. 
is sited towards the centre of the main test bay ; while 
Daring-class machinery was being tested at the south 
end of the bay, a gas-turbine plant belonging to the 
Association was being erected at the north end. The 
circulating-water system can provide 25,000 gallons 
per minute for condenser cooling of plant under test. 
Space is available for the erection of a complete marine 
installation, boilers, turbines, condenser, and all 
auxiliaries. In addition to a supply of saturated steam 
at 250 lb. per square inch, the station has its own 
boiler which can supply 28,000 lb. of steam per hour 
at 1,200 lb. per square inch and 950 deg. F., with a 
second-stage superheater capable of raising the steam 
temperature to 1,150 deg. F. A further dynamometer 
of the Dynamatic absorption type, capable of absorbing 
4,000 shaft horse-power at 3,000 to 9,000 r.p.m., is 
also available, and there is ample space and the 
necessary resources to undertake component-testing 
concurrently with prototype-testing of the largest 
marine installations. One of the greatest assets which 
Pametrada possesses is its instrument laboratory, which 
is superlative in the production of electronic test 
equipment. A fine team of technicians, with this 
laboratory behind it, is rapidly making a name for itself 
in diagnosis. 

The Admiralty- Vickers Gearing Research Association 
(A.V.G.R.A.) is an Admiralty-sponsored research 
organisation which uses the facilities of the two manu- 
facturers of the largest gear-cutting machines—-Messrs. 
Craven Brothers and Messrs. David Brown (Hudders- 
field)—together with Messrs. Vickers-Armstrongs, Bar- 
row, and which is supported by specialist committees 
drawn from the leading technical men in the field of 
gearing throughout the country. Its work is almost 
entirely in the field of research testing. The first job 
was toimprove the accuracy of gear-cutting machinery, 
then to utilise that accuracy in the production of gears 
of high load-carrying capacity, and finally, in associa- 
tion with Pametrada, to determine appropriate design 
factors. The first call was for more accurate measuring 
instruments, and here the National Physical Labora- 
tory played a large part. The testing of gear-cutting 
machines is carried out both at the maker’s and at the 
customers’ works, and the load-testing of gearing is 
undertaken either at Barrow or at Pametrada. 





* Trans. N.E.C. Inst., vol. 64, page 21 (1947-48). 





The Distilling Experimental Station, Portland, 
(D.E.S8.), which is just being completed, is designed for 
prototype-testing of new designs of distilling plant, for 
component-testing of existing evaporators, and for the 
investigation of feed-water treatment and de-scaling 
processes. D.E.S. has its own boiler and electric 
generating plant and has space for three separate new 
designs under trial, in addition to the “ hack” plant 
which is bt yg of the hep in naval use at the 
end of World War II, and which will be used for com- 
ponent, development and process-testing. The merit 
of Portland as a site\is that the sea water there is free 
from effluent and of similar composition to that 
normally encountered at sea—a condition difficult to 
find elsewhere in Britain, other than at very isolated 
spots. 

Phe Naval Wing of the National Gas Turbine 
Establishment (N.G.T.E.) possesses equipment which 
includes compressors for supplying air up to four 
atmospheres pressure for full-scale testing of combus- 
tion equipment, and a power supply up to 6,000 shaft 
horse-power and 18,000 r.p.m. for testing compressors. 
A single-stage turbine rotor driven by air is provided 
as a rig test for turbine blading, and there are extensive 
laboratories for metallurgical, chemical and mechanical 
work. In addition, a test cell is being constructed for 
the Naval Wing in which gas turbines of medium power, 
suitable for marine propulsion, for electric generators, 
or other auxiliary purposes afloat, can be subjected to 
long-term testing under the direct control of. naval 
engineer officers, who will be assisted by the wide 
experience in gas-turbine work which is available in 
the Establishment as a whole. Large marine pro- 

ulsion units would normally be tested at Pametrada. 

f the potential advantages of the gas turbine for marine 
use are to achieved in practice, a research-testing 
establishment of this sort is clearly essential, since 
ability to operate satisfactorily under conditions similar 
to those which will be met in service must be developed 
concurrently with the advance to higher efficiency and 
lower weight and space requirements. 

The Admiralty Engineering Laboratory (A.E.L.) 
deals essentially with internal-combustion engines. 
Set up in 1917, the A.E.L. is concerned with three of 
the four categories of testing. Since its inception, all 
the Admiralty engines fitted in British submarines have 
been conceived at the Admiralty and designed by a 
combined team of A.E.L. and Chatham Dockyard. 
Single-cylinder units have been erected and tested at 
A.E.L., followed by full-scale engines which are built 
and tested at Chatham under A.E.L. supervision. 
A.E.L. experience was also utilised in preparing the 
guidance drawings to which Messrs. Vickers-Armstrongs 
have designed submarine engines for naval use. The 
laboratory has three test bays, with brakes capable of 
absorbing up to 2,500 brake horse-power. If, following 
experience in service, these engines appear prone to 
specific defects such as bearing trouble, piston-ring 
groove wear, etc., the original development engine is 
used for component-testing to develop a remedy for 
the trouble experienced afloat. 

Proof-testing is, of course, undertaken first in the 
shops, and then afloat as each new engine is installed 
in a ship, and this is the responsibility of the ship- 
builder and the Admiralty overseer. Prototype-testing 
of commercial designs is, however, delegated to A.E.L. ; 
type tests are undertaken, either at A.E.L. or at a firm’s 
works under A.E.L. oversight. The standard type test 
comprises three parts—(i) loop testing to confirm the 
enginemaker’s test figures and to determine the 
Admiralty test rating ; (ii) a series of tests selected by 
the Admiralty according to the application; (iii) if 
the engine is suitable and shows promise of adoption 
for service use, a further test of extended endurance to 
determine its useful life between major overhauls. 
The test may be carried out on a generator rating, i.e., 
constant speed and varying load, or a propulsion rating 
at varying speed, the loading following a “ cube ”’ law. 
The length of the endurance run is usually about 2,000 
hours. 

In the Daring class of destroyers, the steam condi- 
tions are 650 lb. per square inch and 850 deg. F., the 
superheat temperature being controlled by means of a 
two-furnace boiler. Boilers of Foster Wheeler and of 
Babcock and Wilcox design are fitted in different ships 
of this class. The Babcock and Wilcox design is very 
similar to a boiler of which full data are available to 
the Admiralty ; one of these boilers was provided for 
use of Pametrada in connection with the turbine trials. 
A Foster Wheeler boiler was therefore selected for the 
full range of boiler trials to be carried out at the 
Admiralty boiler test house at Clydebank. This boiler 
was designed for use in a closed stokehold ; it is fitted 
with an economiser, but not with an air preheater. 

The boiler under test provided steam for fans, fuel- 
oil pumps and other auxiliaries. Main steam from the 
superheater passed through meter recorders and then 
through a water-spray desuperheater to the condenser. 
Since the boiler was completed before its own steam 
auxiliaries were ready, six forced-draught fans, spare 
from Weapon class destroyers, were arranged in two 


groups of three in series, discharging into a closed boiler 
room. The exhaust steam from the auxiliaries was 
also desuperheated before passing to the condenser. 
Arrangements were made for feed-heating to the same 
degree as would be expected in the ship. Feed-water 
and oil-fuel rates were determined by graduated tanks 
and meters. 

The objectives of the trials were to prove that the 
boiler was capable of achieving its designed perform. 
ance ; to show what, if any, design modifications were 
required before it was fully suitable for naval use; 
and to obtain as much data and information as possible 
on the various aspects of boiler design and operation 
for the use of the Admiralty and of the designer. 

Tests began in January, 1948, and, after certain 
teething troubles, the boiler was steamed up to six- 
fifths full power to check circulation and to establish 
that the boiler could develop full power safely. This 
trial indicated that the boiler would be safe at seven- 
fifths full power, but readings taken of gas tempera- 
tures below the economiser showed a large degree of 
stratification, with temperatures of 1,150 deg. F. 
occurring against the side casing, apparently due to 
gas by-passing the superheater below the lowest tubes. 
With such temperatures there was a danger that any 
temporary cessation in feed might lead to damage of 
the economiser, and it was decided to fit a gas baffle 
between the main water drum and the superheater 
tube nest. As a result of this modification, the maxi- 
mum gas temperature below the economiser at full 
power was reduced to 1,000 deg. F., the mean tem- 
perature being about 860 deg. F. 

At this stage, attention was turned to combustion. 
The boiler was originally fitted with the Admiralty 
1943-type registers, an open-front type of register 
designed for closed stokeholds in conjunction with 
1,400 lb. per hour fuel-oil sprayer caps. With this 
arrangement, the flame volume was greater than that 
of the combustion chamber, so that burning continued 
into the tube banks; and there was impingement of 
fuel droplets upon the heating surfaces and refractories, 
necessitating considerable excess air to obtain a clear 
funnel. 

It was decided, therefore, to try the 1946-type 
register, which had been designed for use with 1,600 lb. 
per hour sprayer caps; in this design the air is led 
behind the boiler front and has a better flow into the 
register. These effected a considerable improvement, 
but there was still some impingement of the spray 
upon the heating surfaces, necessitating excess air to 
avoid smoke. Funnel-gas analysis showed 12 per cent. 
CO,, corresponding to an air: fuel ratio of 18-3: 1. 
The A.F.E.S. was therefore instructed to develop a 
larger sprayer to work with this register, with a view 
to fitting a smaller number of registers and increasing 
the distance between register centres and heating 
8 : 
Circulation trials were now commenced. R. L. J. 
Hayden has described* the Pitot tubes used for mea- 
suring the velocity of flow in the downcomers and the 
depression gauge which records the actual difference 
in pressure between the steam drum and the water 
drum, and, in fact, measures the motive head available 
for the promotion of circulation. This depression 
gauge is the result of experimental work at the A.F.E.S. 
With Admiralty three-drum boilers working at 400 lb. 
per square inch, experience showed that satisfactory 
circulation was ensured with a depression-gauge read- 
ing, at maximum rating, equal to one half of the vertical 
distance between the water level and the bottom of the 
fire-row tubes. Using the depression gauge and down- 
comer Pitot-tube records, and making assumptions 
which can be checked in the subsequent calculations, 
it is possible to determine mathematically the circula- 
tion conditions obtaining in a boiler. The heat transfer 
formule employed by E. D. Grimisont are normally 
used in these calculations. For a boiler of the type 
under test—a twin-furnace, single-uptake, 650 lb. per 
square inch, boiler with external downcomers—the 
Admiralty will accept, at the maximum boiler rating 
and a specified angle of heel, a minimum circulation 
ratio of 5, associated with an entry velocity of water to 
the fire-row tubes (the row with the highest rate of 
heat transfer) not less than 1 ft. per second, and a ratio 
by volume of water to steam leaving this row not less 
than 15 per cent. 

In the present series of trials, Pitot tubes were fitted 
in all the downcomers, the boiler was steamed at 
7/5th power, and the minimum circulation rate re- 
corded was6-27. Only the size of the auxiliary machin- 
ery available and the capacity of the oil fuel-burning 
equipment prevented trials being carried to an even 
higher rating. This circulation ratio of 6-27 provides 
an adequate margin for any angle of heel likely to be 





* “The Testing of Boilers,” Trans. I.Mar.E., vol. 62, 
page 85 (1950). 

+ “ Correlation and Utilisation of New Data on Flow 
Resistance and Heat Transfer for Cross-Flow of Gases 
Over Tube Banks,” Trans. A.S.M.E., vol. 59, page 583, 
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encountered on service, so that, from the circulation 
aspect alone, the boiler has a 40 per cent. margin over 
its full-power rating. ; 

After the 7/5th trial to investigate circulation the 
boiler was examined externally and internally, and 
found in good condition. In examining the brick- 
work, special attention was paid to the register quarls 
which had been supplied in proprietary brands by six 
manufacturers and from these some were chosen for 
future use in this type of boiler. The boiler having 
been proved as regards steaming capacity, and safety 
under steady conditions, the next stage comprised 
reliability, flexibility, and handling tests over the whole 
range of output, and at all rates of increasing and de- 
creasing power likely to be encountered on service, 
including emergency conditions. The boiler behaved 
admirably in nearly all respects except that the register 
arrangement proved clumsy to operate, the top register 
being 7 ft. 6 in. above the floor plates. This was 
occasioned by the fact that, at the time of design, the 
1,400 lb. per hour sprayer cap was the largest that 
had been developed. However, following on the earlier 
trials of this series, A.F.E.S. developed a 2,100-lb. per 
hour sprayer for use with the 1946 register, and a more 
convenient grouping was therefore practicable. 


(To be continued.) 





TRADE PUBLICATIONS. 


Diesel Generator Sets.—Diesel Equipment, Ltd., 
Cowley Mill-road, Uxbridge, Middlesex, have issued 
leaflets on their new series of Diesel generator sets, 
which employ Armstrong Siddeley air-cooled engines. 
The range is from 3 to 12 KVA. 

Bodywork for ’Buses, Coaches and Railcars.—Park 
Royal Vehicles, Ltd., Abbey-road, Park Royal, London, 
N.W.10, have published a book illustrating the many 
types and styles of bodywork they build for double- and 
single-deck *buses, trolley-’buses, luxury touring coaches 
and Diesel railcars. 

Compressed-Asbestos Jointing.—The properties and 
behaviour in service of their various grades of compressed- 
asbestos jointing are described with considerable technical 
information, based on tests carried out by Babcock and 
Wilcox, Ltd., in a booklet prepared by Richard Klinger, 
Ltd., Klingerit Works, Sidcup, Kent. 

Plates, Bars, Tubes, etc—John Cashmore, Ltd., of 
Great Bridge, Tipton, Staffordshire, and Newport, 
Monmouthshire, have issued a catalogue of the steel 
plates, bars, sheets, bolts, rivets, tubes, sections, etc., 
which they supply. It also includes useful tables and 
information on the safe loads for various sections. 

Aircraft.—A. V. Roe Canada, Limited, Malton, 
Ontario, Canada, have issued an illustrated brochure 
which gives brief notes on their activities and pro- 
ducts—the Orenda jet engine, the CF-100 all-weather 
fighter aircraft, and the Jet liner—and describes the 
history of the firm. Copies of the brochure may be 
obtained from Patrick Dolan and Associates, Ltd., 102, 
Park-street, London, W.1. 

Design of Welds.—A. brochure on welded roof trusses, 
recently noticed in these columns, has been followed by 
one on the design of welds, which is thus th2 second of a 
series on the design of welded structures published by 
the Quasi-Arc Co., Ltd., Bilston, Staffordshire. ‘‘ The 
Design of Welds” is by Mr. A. G. Thompson, B.Sc., 
A.M.I.C.E.,and Mr. F. Brookabank, M.A.,and is reprinted 
from Welding and Metal Fabrication. 

Valves, Water Gauges, etc.—A brief history of the 
development of valves is given in a booklet produced by 
Hopkinsons, Ltd., Britannia Works, Huddersfield. 
The firm was founded in 1843, and the booklet also gives 
its history, a short description of the present works, 
and details of the products, which include safety valves, 
high- and low-water alarms, pressure gauges, parallel-slide 
valves, link valves, electric valve controls, centrifugal 
Purifiers, steel castings, etc. 

Lubrication of Steam Turbines.—A handbook on the 
lubrication of steam turbines has been produced by the 
Shell Petroleum Co., Ltd., and is available in the United 
Kingdom from Shell-Mex and B.P., Ltd., Shell-Mex 
House, Strand, London, W.C.2. It is illustrated with 
Machine drawings of turbines, etc., and deals very fully 
with the performance and selection of turbine oils, 
methods of lubricating, oil-operated concrol gear, oil 
degradation, cleaning lubricating-oil systems, oil purifica- 
tion, gland seals of hydrogen-cooled alternators, etc. 

Aerial Cableways.—John M. Henderson & Co., Ltd., 
King’s Works, Aberdeen, who, in 1873, made the first 
aerial cableway in Britain, have produced an interesting 
book which illustrates and describes these “‘ cable cranes,” 
which are defined, to distinguish them from ropeways, 
as “a machine for hoisting, lowering and travelling a 
single load . . . on a steel-wire track cable or cables 
Suspended overhead in a single clear span between two 
Supports or anchorages.” The illustrations include 
Severe] of the Loch Sloy hydro-electric scheme, and other 
sites where Henderson cableways were used. 





RUBBER VALVES FOR INDUSTRIAL 
USES. 


THE accompanying illustrations show one of the 
range of valves manufactured by Messrs. Warren, 
Morrison Limited, 29, Bury-street, London, 8.W.1, 
and are designed primarily for handling corrosive liquids 
and gases, abrasive liquids, slurries and delicate fluids. 
Fig. 1 shows a complete 2-in. valve, and Fig. 2 shows 
the same valve with the body removed to reveal the 
simple mechanism, which is an adaptation for heavy 
industrial use of the laboratory practice of pinching a 
rubber tube with a metal clip. The flexible rubber 
tube, which is provided with flanged ends for making 
the pipe connections, completely isolates the fluid from 
the metal body and thus prevents the latter from 
corrosion or wear by the fluid being handled. The 
rubber tube is easily replaced when necessary. When 
the valve is open it is of full bore and allows a straight- 
through flow free from obstructions. 
































Fie. 2. 


Valves working on this principle have been in pro- 
duction for about three years, but certain modifications 
have been introduced recently. The earlier designs 
were operated by a single screw and closed from one 
side only. In the present design for valves of 2-in. 
diameter and above, as illustrated, the tube is closed 
quickly and easily from the top and bottom simultane- 
ously ; the spindles are provided with two-start square 
threads. The smaller valves are still closed from the 
top only. Throughout the range of sizes, the metal 
body (which can be supplied in aluminium, bronze, 
iron, etc., as desired) supports the rubber tube over its 
whole length, when open, so that the tube has to 
withstand fluid pressure only over comparatively 
small areas. 

The valves are intended mainly for low-pressure 
applications, up to 50 lb. per square inch, where it is 
desired to keep flow resistance to a minimum. The 
tubes can be supplied in various grades of rubber 
to suit the particular application; for abrasive 
fluids, tubes of Linatex rubber have been adopted 
recently. At present the valves are available in bores 
ranging from # in. to 3 in., but it is intended to produce 
larger sizes. The valves can be easily adapted for 
quick-acting or remote control. 


GLASGOW CORPORATION WATER 
DEPARTMENT. 


THE annual report of Mr. Stanley D. Canvin, 
M.I.C.E., general manager of the City of Glasgow 
Water Department, for the year ended May 31, 1951, 
shows that the average daily quantity delivered to the 
1} million consumers was 84,744,991 gallons, or 
69-61 gallons per head; this is an increase of 2,643,193 
gallons, or 2-48 gallons per head, over the figures for 
the preceding year. The largest quantity delivered 
in one day was 88,129,006 gallons, an increase of 
2,209,831 gallons over the peak figure for 1949-50, and 
occurred during the week ended December 26, 1950. 
Of the average of 84,744,991 gallons, 79,335,824 
gallons came from the Loch Katrine works and the 
balance from the Gorbals works. These consumption 
figures, it is observed, are considerably higher than the 
average for Great Britain as a whole; a circumstance 
which, in Mr. Canvin’s opinion, “ is undoubtedly related 
¢losely to the cheapness of the water, its softness, and 
the general belief in its abundance.” 

The report adds, in this connection, that, “ having 
regard to the high cost of new works, the importance of 
all possible measures for the checking of waste has been 
continuously under review.”” The number of the night 
sounding staff has been increased, and the arrangements 
for inspecting fittings have been re-organised to make 
possible a more frequent inspection. The result has 
been that, during the year, 38,358 fittings were found 
to be wasting water, an increase of 4,814 over the 
previous year. Fittings submitted for testing totalled 
261,859 (an increase of 51,743) and, of these, 3,048 
were rejected. Fittings approved on installations in 
premises totalled 93,261, or 7,760 more than in 1949-50, 
which is a reflection of increased housing activity ; it is 
noted, in another part of the report, that new service 
mains were laid to 15 housing schemes. Several of 
these new mains were of large diameter—15 in., 18 in., 
and 24 in.—and consequently made heavy demands 
on the available manpower; this is given as a main 
reason why the mileage of new mains laid, 20-6 miles, 
is about 4 miles less than in the previous year. In 
addition, however, about 15 miles of old mains were 
reconditioned by scraping. All of this work has been 
done by direct labour, and it is stated that the 11 pipe- 
laying squads employed at the end of the year under 
review contained 291 men. 

Progress on new works, it is stated, was less than had 
been estimated, largely due to delay on the West Main 
consequent upon the refusal of the Ministry of Transport 
to sanction the construction of the proposed vehicular 
tunnel under the Clyde, between Whiteinch and 
Linthouse, through which this main was to have been 
carried; because of the delay thus caused, it was 
necessary to postpone for a year the delivery of part 
of the pipes on order. In March, 1951, however, a 
deputation from the City Corporation, headed by the 
Lord Provost, went to London to confer with the 
Minister of Transport and the Secretary of State for 
Scotland, and eventually the Minister agreed to the 
construction of a separate tunnel under the Clyde, to 
carry the mains. Preliminary work on this tunnel 
was put in hand at once, under the direction of Messrs. 
Mott, Hay and Anderson as consulting engineers. 
At the Milngavie service reservoirs, the sinking of 
shafts and driving of tunnels to carry the 48-in. pipes 
which will serve the West Main made good progress ; 
and the contract was placed for laying 44 miles of 
36-in. pipe from Mugdock reservoir, at Milngavie, to 
the crossing of the Forth and Clyde Canal at Cloberhill. 
The canal will be crossed in a reinforced-concrete 
subway, with shafts on both sides of the canal. To 
construct these works, it was found necessary to build 
cofferdams, to enable short lengths of each half in 
turn of the canal to be pumped dry and excavated. 
In carrying out the works at Mugdock, the opportunity 
was taken to lay a new concrete floor in the straining well 
and to repair the brickwork arches to the headings ; 
in addition, a series of deep boreholes round the well 
were grouted with liquid cement mortar under pressure, 
to seal fissures in the rock. By these means, the 
leakage from the straining well was reduced by about 
70 per cent., a saving which, it was estimated, repre- 
sented a continuous supply to about 1,500 houses. 
Other new works included preparations for laying 
additional 48-in. siphon pipes across the Endrick and 
Blane valleys ; the completion of the new water-towers 
at Priesthill and Pollok, of 510,000 and 450,000 gallons 
capacity, respectively ; and the placing of a contract 
for another 500,000-gallon tower, to supply the Cranhill 
housing estate. 

Eleven pumping stations were in commission at the 
end of the year (excluding the hydraulic-power supply) 
and one—that at Springburn—was on a care and 
maintenance basis. ork was begun on a new pumping 
station at Cranhill, and the plant was ordered for 
another, at Castlemilk; both of these stations will 
Te-pump water from the East Main. The total capital 
expenditure during the year was 250,350/., which was 





about 39,0001. less than in the previous year. 
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NOTES ON NEW BOOKS. 
Electric Domestic Refrigeration Maintenance Handbook. 


The British Electrical Development Association, 
2, Savoy-hill, London, W.C.2. [Price 5s. net.] 


In the days before the war the electricity supply 
industry conducted an intensive campaign the object 
of which was to induce the householder to install a 
refrigerator and thus to secure the amenities which 
would follow from the storage of food at the right 
temperatures. The result has been, we do not doubt, 
the establishment of a body of satisfied consumers. 
Nevertheless, electrical refrigerators, like other engi- 
neering equipment, require maintenance, to carry out 
which is not always easy at the present time owing to 
the shortage of personnel of the right kind. This 
book, which is primarily intended for those concerned 
with the installation and maintenance of domestic 
refrigerators, is therefore to be welcomed. After the 
theory of refrigeration has been adequately discussed 
in an opening chapter, the flooded-expansion and dry- 
expansion systems are described and their installation 
and servicing explained. Impedance tube systems 
and hermetically-sealed units, motors, and absorption- 
type refrigerators are similarly dealt with, while there 
is a concluding chapter on workshop practice. Informa- 
tion on insulation, food storage and on the design of 
domestic refrigerators is given in appendices. The 
main emphasis throughout is rightly on pre-war models, 
many of which are approaching the end of their useful 
lives., A few typical examples of post-war equipment 
have, however, been selected for treatment. The book 
is well illustrated with reproductions of photographs 
and diagrams and the tables of service instructions for 
the different parts are a useful feature. We hope that 
it will have a wide circulation in the right quarters. 





Proceedings of the Second British Electrical Power Con- 
vention, 1950. 

British Electrical Power Convention, 16, Stratford- 

place, London, W.1. [Price 10s. 6d. net.] 
Tus book gives a full account of the proceedings at 
the British Electrical Power Convention which was 
held at Harrogate from June 19 to June 23, 1950, under 
the presidency of Sir Vincent de Ferranti. It is not 
intended for general circulation, but it may be men- 
tioned that it contains reprints of the papers by Sir 
Henry Self on ‘‘ The Economics of Electricity Supply ” ; 
by Mr. L. J. Davies on “ Advances in Lamps and 
Lighting”; by Mr. J. D. Peattie on ‘‘ The Operation 
of B.E.A. Steam Generating Stations”; by Mr. W. F. 
Simonson on “ Boiler Plant—Present and Future ”’ ; 
and by Mr. J. T. Moore on “ Large Modern Steam 
Turbo-Generating Plant,” as well as reports of the 
discussion and the various meetings, and of the speeches 
at the annual dinner and general meeting. It forms 
a useful record of an important gathering. 





A Short History of the Science Museum. 
By F. GREENAWAY, M.A., F.R.I.C. 
Office, York House, Kingsway, 
[Price 1s. net.] 


Or the many permanent results of the Great Exhibition 
of 1851, not the least important was the investment 
of a considerable part of its profits in the acquisition 
of the land in South Kensington on which arose 
eventually the group of museums and other public 
buildings between Kensington Gore and Cromwell- 
road ; and of those museums there is none that makes 
a wider appeal than the Science Museum, part of which 
—a much-needed and long-promised extension—is a 
special exhibition forming part of the Festival of 
Britain. The Museum has experienced many vicissi- 
tudes, and additions and subtractions of whole collec- 
tions, since it occupied the dingy corrugated-iron 
sheds that were known as “the Brompton Boilers,” 
and these are skilfully and compactly summarised by 
Mr. Greenaway in this commemorative pamphlet. 
The two wars interfered greatly with the expansion of 
the accommodation, which has never been able to 
overtake the growth of the collections. It may be 
that the increased respect in which science is held in 
high places may give to the Museum a better priority 
in matters of finance and building materials ; especially 
if a few copies of this Short History were judiciously 
bestowed in the Treasury, and the departments of the 
Chancellor of the Exchequer and the Lord President 
of the Council. 


H.M. Stationery 
London, W.C.2. 





30-Jahre Bayernwerk A.G@. 
Bayernwerk A.G., Munich. 

Tuis volume celebrates the 30th anniversary of the 
Bayernwerk Aktiengesellschaft, which operates a 
number of water Frond and thermal stations in south- 
east Germany and transmits their output to some half 
dozen large distributing concerns in Bavaria. The 
transmission system is also connected to that of similar 


concerns in other parts of Germany so that a country- 
wide interchange of power is possible. Two trunk 
lines are operated at 220 kV, and there are also 
extensive mileages of 110-kV and 60-kV line. The 
total three-phase output in 1949-50 amounted to 
2,206 million kWh, which is the largest figure that has 
been reached. In 1943-44 the corresponding amount 
was 2,185 million kWh, which was a record up to that 
date, but during the next year it fell to 1,477 million 
kWh and has only slowly recovered. These figures 
all refer to three-phase power, but in addition some 
125 million kWh of single-phase power were generated 
in the well-known Walchensee station for railway 
traction purposes. The volume contains succinct 
accounts of the development of the concern and it is 
interesting to see that some recovery is being made 
from the set-backs caused by the war, and that work 
on several new projects has started. Descriptions are 
also given of the principal existing power stations, sub- 
stations and other works and these are followed by 
details relating to the personnel and to the amenities 
provided for them. The book contains a number of 
excellent photographic illustrations and multi-coloured 
diagrams and, apart from its intrinsic interest, is a good 
example of modern German typography. It would, 
however, be improved by the inclusion of tables instead 
of or, as a supplement to, graphs. The book appears 
to be for private circulation only. 





Fractional Horse-Power Electric Motors; A Guide to 
Types and Applications. 
By E. K. Botrie, B.Se., A.M.I.E.E. Charles Griffin 
and Company, 42, Drury-lane, London, W.C.2. [Price 
15s. net.] 


DurRtnG recent years there has been a great increase 
in the use of small electrically-driven appliances, both 
domestically and in industry, in addition to the provi- 
sion of equipment, such as radar, in ships and aircraft. 
Marine and aeronautical applications are the work of 
specialists, but many of the domestic and industrial 
appliances are, in the first place, “‘ assembly jobs ” 
in which the motor may or may not be given expert 
consideration by the designer of the tool or machine 
that it is to drive. The purpose of Mr. Bottle’s book 
is to aid the designer to choose the most suitable motor 
and, where necessary, to modify his design to make the 
best use of the motor selected. It is a notably clear 
exposition of the characteristics, capabilities and 
limitations of fractional horse-power motors, and should 
be of particular value to an inventor of small power- 
driven tools, etc., whose skill is rather mechanical than 
electrical ; but the sub-title, we feel, may be rather 
misleading in its reference to “‘ applications.”” Ample 
guidance is given to the inventor to adapt his design 
to a suitable motor, if he can decide what type to use ; 
but nowhere is there a specification of the motor 
actually fitted to any typical refrigerator, vacuum 
cleaner, fan, electric razor, egg-whisk, sewing machine, 
power-driven hand tool, or other appliance. The 
usefulness of the book would be greatly extended 
if a selection of such examples could be included in a 
future edition. 


Power System Stability. 


By E. W. KIMBarRK, Sc.D. Volume II. Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
{Price 64s. net.) 


OnE of the objects which must be sought in the design 
of electric power systems is to increase their reliability 
by keeping instability to a minimum. This is a very 
wide subject, which is not without its complications, 
and is being dealt with by Professor Kimbark in three 
volumes. The first of these presents the methods of 
analysis and calculation which are necessary to deter- 
mine whether a system is stable when subjected to a 
specified disturbance. The effects of various factors 
on stability are also examined and the methods by 
which it may be improved are considered. The more 
practical aspects of the subject are dealt with in the 
volume under review, which is mainly devoted to the 
design of power circuit-breakers and protective relays. 
Material on the performance of protective relays during 
surges and out-of-step conditions is, however, also 
comprehensively treated by both algebraic and graphi- 
cal methods, thus providing much information which 
has not hitherto been available in book form. The 
same can be said of most of the materia] on rapid 
reclosure, so that Professor Kimbark’s book should 
be useful to those who are more interested in the pro- 
tection of power systems than in the subject of stability. 
Each chapter is followed by an exhaustive bibliography, 
among which we are glad to find references to British 
and Continental practice. The book, particularly the 
diagrams, is excellently produced and, apart from the 
difficulty of the subject, its only drawback will be the 
translation of American terms into those more com- 
monly used in British practice. Its rather high 
price may prove to be a handicap to its sale in this 





country. 


LAUNCHES AND TRIAL TRIPS. 


S.S. ‘“‘ CROFTER.”-—Single-screw cargo vessel, built 
and engined by John Readhead & Sons, Ltd., South 
Shields, for Thos. and Jas. Harrison, Ltd., Liverpool, 
First vessel of an order for two. Main dimensions: 
442 ft. between perpendiculars by 59 ft. 8 in. by 37 ft. Sin, 
to upper deck ; deadweight capacity, about 10,400 tons 
on a draught of 26 ft. 8 in. Triple-expansion steam 
reciprocating engines combined with low-pressure 
Bauer-Wach exhaust turbine and three forced-draught 
oil-fired boilers, develop 4,200 i.h.p. at 88 r.p.m, 
Service speed, 12 knots. Launch, August 16. 


M.SS. “‘ CopsEwoop ” and “‘ Eskwoop.’’—Two single- 
screw cargo vessels, built by the Burntisland Shipbuilding 
Co., Ltd., Burntisland, Fife, for the Constantine Shipping 
Co.,Ltd., Middlesbrough. Maindimensions: 214 ft. 6in, 
between perpendiculars by 35 ft. 4 in. by 16 ft.; dead- 
weight capacity, 1,600 tons on a draught of 15 ft. 6 in, 
Both vessels fitted with four-cylinder two-stroke trunk- 
piston directly-reversible Diesel engines, each developing 
640 b.h.p. at 250 r.p.m., constructed by British Polar 
Engines, Ltd., Glasgow, and installed by the shipbuilders, 
Speed, 10 knots. Launch (both vessels), August 17. 


M.S. ‘‘ BLUE Mist II.”’—Single-screw trawler, built by 
John Lewis and Sons, Ltd., Aberdeen, for Job Brothers 
& Co., Ltd., St. John’s, Newfoundland. Last vessel of 
a series of four. Muiin dimensions: 120 ft. between 
perpendiculars by 25 ft. by 12 ft. 6in.; fishroom capa- 
city, 7,000 cub. ft. Mirrlees six-cylinder direct-drive and 
reversing oil engine, developing 650 b.h.p. at 250 r.p.m. 
constructed by Mirrlees, Bickerton and Day, Ltd., 
Stockport, Cheshire. Speed in service, 114 knots, 
Launch, August 21. 

M.S. ‘“‘ Hitpina.”—Single-screw trawler, built by 
Cook, Welton and Gemmell, Ltd., Beverley, Yorkshire, 
for J. Marr and Son, Ltd., Hull. Second vessel of a 
series of four. Main dimensions : 123 ft. 6in. by 26 ft. 6in. 
by 13 ft.; gross tonnage, about 330. Five-cylinder 
opposed-piston Diesel engine, developing 700 b.h.p. at 
220 r.p.m., constructed by British Polar Engines, Ltd., 
Glasgow. and installed by Charles D. Holmes & Co., 
Ltd., Hall. Launch, August 21. 

M.S. ‘“* REGENT SPRINGBOK.”’—Single-screw oil tanker, 
built by the Blythswood Shipbuilding Co., Ltd., Scots- 
toun, for the Bowring Steamship Co., Ltd., London, 
E.C.3. Main dimensions: 516 ft. between perpendicu- 
lars by 70 ft. Gin. by 38 ft.; deadweight capacity, about 
17,600 tons on a draught of 30 ft. Rowan-Doxford 
five-cylinder two-stroke opposed-piston oil engine, 
developing 5,600 b.h.p. at 116 r.p.m. in service, con- 
structed by David Rowan & Co., Ltd., Glasgow. Speed, 
about 14 knots. Launch, August 21. 





BOOKS RECEIVED. 


Annual Report of the Ministry of Works for the Period 
lst January, 1950, to 31st December, 1950. Cmd, 
8306. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.] 

Aden Port Trust. Administration Report for 1948-49. 
Port Trust Office, Aden. 

Nigeria. Annual Report on the Department of Civil Avia- 
tion for 1949-50. The C.M.S. Bookshops, Lagos and 
Port Harcourt, and the S.I.M. Bookshop, Jos, Nigeria ; 
and the Crown Agents for the Colonies, 4, Millbank, 
London, 8.W.1. [Price 9d. net.] 

Department of Scientific and Industrial Research. Road 
Research Note No. 9. Recommendations for Plastic 
White Line Markings. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6d. net.] 

A Glossary of Petroleum Terms. Prepared by the Nomen- 
clature Sub-Committee of the Institute of Petroleum. 
Offices of the Institute, 26, Portland-place, London, 
W.1. [Price 1s. net, postage 3d.] 

The Association of Consulting Engineers. Selected Designs. 
Festival of Britain, 1951. Princes Press Limited, 147, 
Victoria-street, London, S.W.1. [Price 63s. net.] 

Dimensional Analysis and Theory of Models. By PROFES- 
SOR HENRY L. LANGHAAR. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
{Price 32s. net.] 

Surface Chemistry. By Dr. A. E. ALEXANDER. Long- 

mans, Green and Company, Limited, 6 and 7, Clifford- 

street, London, W.1. [Price 7s. 6d. net.) 

Laundries and Laundry Requisites. 1951. Anglo-Scot- 

tish Press Limited, 67, Fleet-street, London, E.C.4. 

[Price 7s. 6d.] 

Amerikanische Gaswirtschaft. Erfahrungen einer deutschen 
Studienkommission in U.S.A. By Dr. HEINRICH 
Kaun, Dr. ALFRED METTE, ERNST MICHEL, and DR. 
Pau ScHENK. Carl Hanser-Verlag, Leonhard-Eck- 
Strasse 7, Munich 27, Germany. [Price 7:80 D.M.] 

United States National Bureau of Standards. Miscellane- 
ous Publication No, 200. Annual Report, 1950. The 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
50 cents.] 
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ENGINEERING, MARINE AND WELDING 
EXHIBITION AT OLYMPIA, 


INCORPORATING THE FOUNDRY TRADES’ EXHIBITION. 


(Continued from page 265.) 


WE resume below our description of some promi-| pressure of 1,000 atmospheres, and smoke-eliminat- 
nent exhibits at the Engineering, Marine and| ing doors for Lancashire boilers, are also on view. 


Welding Exhibition. General views of the Grand 
Hall and National Hall appear on page 304. 
Among the exhibits representative of the work 
at the various establishments of the Department of 
Scientific and Industrial Research is a model which 
demonstrates the operation and control of plant 
for the recovery of ammonium sulphate and sulphur 
from power-station flue gases. This plant was 
developed at the Fuel Research Station, East 
Greenwich, where an installation capable of dealing 
with 25,000 cub. ft. of gas per hour is now in opera- 
tion. Those power stations which, hitherto, have 
washed their flue gases, have employed a method 
which yields calcium sulphate as a solution in water 





or as a Sludge. As this product has practically no 


Machines and equipment for the testing of foundry 
moulding sands are shown on the stand of Ridsdale 
and Company, Limited, 234, Marton-road, Middles- 
brough. An interesting item is a new design of 
the Ridsdale-Dietert moisture “teller’’ for the 
speedy and accurate determination of moisture in 
foundry sands. It is a cylindrical piece of apparatus 
arranged for standing on a bench, the height being 
20 in., the diameter 13 in. and the weight 19 lb. 
It consists of a heating element, a blower, a drying 
pan, and an outer insulated housing. The blower 
forces air over an electrically-heated resistance coil 
and down through the sample of sand contained in 
the drying pan, which has a finely-woven wire-gauze 
base. The temperature of the drying-air stream is 





portion of the card carries a transparent scale which 
is projected optically on to a screen below the 
binnacle. The correctors consist of 6 in. diameter 
spheres with Flinders bar, heeling-error magnets 
and transverse magnets. Access to the heeling- 
error magnets may be gained without removing the 
compass. Sighting is by means of rifle sights on 
the top cap of the binnacle and a revolving prism 
azimuth instrument mounted on the bezel. The 
optical projection equipment is contained in a 
tubular body, which is completely sealed. All 
moisture having been removed previously from the 
container, it is impossible for moisture to condense 
on the surfaces of the lenses. Light from an electric 
lamp in the side of the binnacle is concentrated on 
the surface of the compass card and, by means of 
an optical system, an enlarged erect image of a 























Fie. 32. 


commercial value in the form in which it is obtained, 
it has normally been discharged into rivers or 
dumped in the sea. Scrubbing by the ammonia 
process, however, yields ammonium sulphate and 
sulphur, both of which are valuable products at 
present. 

The method being used at the Fuel Research 
Station is the Simon-Carves process which was tried 
out in a pilot plant at Fulham power station before 
the war. A solution containing the sulphate, 
sulphite, bisulphite, thiosulphate and other com- 
pounds of ammonia in concentrated form is used 
to scrub the flue gases, and ammonia in the form of 
concentrated gas liquor is added to the solution at 
a rate depending on the absorption of sulphur 
dioxide. The concentrations are kept constant by 
running off liquor from the scrubber when necessary 
and replacing it by water. The liquor is filtered 
and heated to 200 deg. C. in an autoclave with a 
sma!! amount of sulphuric acid and, on decomposing, 
yields ammonium sulphate and a small amount of 
sulphur. Other exhibits shown by the Fuel Re- 
search Station include a one-third scale model of a 
vortex combustion chamber for burning pulverised 
coal in open-cycle gas turbines. This model 
demonstrates the operation of a full-size combustion 
chamber of the same kind at the Fuel Research 
Station. A multi-stage compressor with an output 





75-H.P. Narrow-GauGE LOCOMOTIVE ; 
Hornssy, LIMIreD. 
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controlled by a thermostat, and an automatic timing 
device is incorporated for the purpose of switching 
off the current after a pre-arranged period of time 
has elapsed. A moisture determination is carried 
out by weighing a 50-gramme sample of sand and 
spreading it in a thin layer over the drying pan. 
The pan is then placed in the apparatus and the 
drying hot-air draught switched on. The subse- 
quent re-weighing of the drying pan shows the loss 
in weight, and the percentage moisture is quickly 
ascertained, The average drying time for a green 
moulding sand, it is stated, is from 2 to 3 minutes, 
but, naturally, the time is dependent on the amount 
of moisture present and the clay content. Usually 
up to 8 per cent. of moisture can be recovered in 
2 minutes. 

A wide range of navigational and other equip- 
ment is being displayed by Messrs. W. F. Stanley 
and Company, Limited, New Eltham, London, 
8.E.9, a large proportion of it being products of 
their associated company, Messrs. Heath and 
Company. Sextants, binnacles and compasses are 
included, and attention is being directed specially 
to a projector binnacle of which the following are 
some details. The compass of the instrument, 
which is of the liquid type with the float incorporat- 





ing the ring magnets, is housed in a 93 in. diameter 
bow! and the card is 8 in. in diameter. 
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Ruston AND HorRNsBY, 


LIMITED. 


portion of the card covering an arc of 40 deg. is 
produced on a ground glass screen which is viewed 
in an adjustable plane mirror. No part of the 
optical projection system is above the compass, 
so that the view of the card is completely unob- 
structed and, as all stray light is screened off, the 
instrument may be used by day or by night. The 
parent company are showing a range of other 
instruments including several planimeters as well 
as theodolites and levels. 

British Insulated Callender’s Cables, Limited, 
Norfolk-street, London, W.C.2, are showing a 
selection of the wide range of cables and conductors 
they manufacture for all normal requirements on 
board ship. These cables satisfy the relevant 
clauses in Lloyd’s Register of Shipping Rules for 
Electrical Equipment and other recognised specifi- 
cations. The insulation employed includes varnished 
cambric, impregnated paper, and vulcanised rubber 
with sheaths of lead alloy or polychloroprene 
compound. Silicone-rubber insulated cables and 
“ flexibles,” which are capable of withstanding 
extremes of temperature from — 50 deg. to 120 





deg. C. under continuous operation, are also being 
exhibited, as are the tough rubber sheathed flexibles 
which have been produced for use with welding 
|machines. Mention may also be made of a machine 


The inner | which parts wire ropes so that their ends are left in 
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tapered form, thus enabling them to be drawn 
easily through blocks or pulleys and subsequently 
clamped. It is claimed that by the use of this 
apparatus the maximum time taken to part a rope 
can be reduced from 20 to 2 minutes. 

The exhibits on the stand of Messrs. Hoover, 
Limited, Perivale, Greenford, Middlesex, exemplify 
the range of fractional horse-power motors which 
they are now manufacturing. The output of these 
motors extends from 4 to }$ h.p. at 1,425 and 
2,850 r.pm. for single-phase and three-phase circuits, 
and they can be supplied with solid, flange or resilient 
mountings and an automatic belt-tensioning device. 
The standard motors conform to British Standard 
Specification No. 170-1939 for drip-proof motors, 
but they are also available within a limited range 
as totally-enclosed motors. The capacitor-start 
four-pole motors also comply with the requirements 
of Appendix D of the same specification. 

As regards construction, the stator laminations 
are die-cast into the body, which contains air ducts 
to ensure adequate cooling. The stator itself is 
spigoted on to the end frames, thus increasing the 
robustness. These frames are also die-cast and 
have been designed to incorporate the air cone and 
wind shield, thus eliminating the assembly of 
separate parts. The rotor laminations are stamped 
from the same high-grade steel as those of the stator ; 
the squirrel-cage, end rings and fan are of die- 
cast aluminium. The shaft, which is % in. in 
diameter, has been specially designed to ensure 
rigidity. It is carried in either sleeve or ball bearings. 

Messrs. Gilbert Gilkes and Gordon, Limited, 
Kendal, are exhibiting a model of a hydro-electric 
power station. It consists of one of their Turgo 
impulse wheels, which has been designed for working 
under an artificial head of 90 ft. and develops up to 
9 h.p. The turbine is direct-coupled to a 50-cycle 
alternator the speed of the set being controlled by 
a shaft governor. The water discharged ‘rom the 
turbine flows over a weir. A miniature switchboard 
indicates the load distribution, the voltage regulation 
and the frequency. 

The exhibits on the stand of W. T. Henley’s 
Telegraph Works Company, Limited, 51, Hatton- 
garden, London, E.C.1, include electric wires and 
cables for ships and shipbuilding purposes. There is 
a range of rubber-insulated cables with braided, fire- 
resisting, lead-alloy sheathed and wire-armoured 
finishes, paper-insulated cables for ring mains and 
varnished-cambric insulated cables, which are 
particularly suitable for installation in engine and 
boiler rooms. In addition, special wires and cables 
for radio, radar, telecommunication and signal 
purposes are shown, as are welding and trailing 
cables. Other exhibits on the stand are service and 
terminal boxes, a distribution board and a panel on 
which several electric soldering irons for industrial 
use are displayed. 

Various examples of Fathometer echo-sounding 
equipment are being exhibited by the Submarine 
Signal Company (London), Limited, Watford, 
Hertfordshire. They include a navigational visual 
indicator with a range of 150 fathoms, which can be 
calibrated in feet, fathoms or metres and is capable 
under normal conditions of indicating 150 soundings 
per minute. It is provided with two concentric 
scales below which are “on-off” switches for the 
complete equipment and for controlling the gain of 
the amplifier. There is also a push-button “ range 
check” switch, which is used to eliminate any 
ambiguities that may arise when the equipment gives 
readings from depths greater than 150 fathoms 
Mention may also be made of the graph recorder, 
which has been chosen by the Ministry of Transport 
as the standard equipment for all ‘ Baltic” type 
coasters. This has a range of 0 to 120 fathoms in 
two 60-fathom stages and is capable of recording 82 
soundings per minute under normal conditions. The 
recordings are made on dry electrolytic paper, so that 
there is, it is claimed, no risk of discoloration or 
shrinking. The chart is marked in 10-minute inter- 
vals and in appropriate depths and consists of a roll 
50 ft. long, which moves at a speed of 6 in. per hour. 
The previous hour’s soundings are visible without it 
being necessary to open the instrument case. The 
two positions are selected by an “on-off” switch 
and there are also switches for controlling the sensi- 

tivity and illuminating the instrument. 





Messrs. Broom and Wade, Limited, High 
Wycombe, Buckinghamshire, are showing a range 
of pneumatic tools, and stationary and portable air 
compressors, including a new portable plant desig- 
nated the SV220. It comprises a steel-framed 
trailer, with spring axles and pneumatic-tyred 
wheels, carrying the compressor and power unit. 
The V-type sleeve-valve water-cooled compressor 
has four cylinders arranged in two banks of two 
cylinders ; it delivers 210 cub. ft. of free air per 
minute at a pressure of 100 lb. per sq. in. when 
running at 1,200 r.p.m. The compressor is driven 
by a 65-h.p. Gardner five-cylinder Diesel engine. 

The Accurate Recording Instrument Company, 
Aric Works, Garth-road, Lower Morden, Surrey, are 
showing a wide range of indicating and recording 
vapour-pressure and liquid-expansion thermometers, 
a selection of pressure gauges and recorders, and 
an industrial thermostat which is particularly 
suitable for operation at low temperatures. The 
instrument employs liquid as the sensitive medium ; 
standard instruments can be adjusted over a tem- 
perature band of 200 deg. F., and can be supplied to 
operate at temperatures between — 240 deg. F. 
and + 500 deg. F. They are also showing a 
pressurestat which can be supplied as an adjustable 
indicating instrument, or can be pre-set at their 
works to any desired value. Twin Bourdon tubes 
are used, one of which is used solely to indicate the 
pressure in the system. Among the thermometers 
they are showing is a liquid-expansion indicating 
instrument developed originally for the brewing 
industry with a restricted range of 50 deg. to 
70 deg. F. and an accuracy within 0-1 deg. F. over 
this range. Over-range protection up to 212 deg. F. 
is provided. The instrument is also available as a 
recording thermometer. 

Messrs. Major, Robinson and Company, Limited, 
Scols Works, Warwick-road South, Manchester, 16, 
are showing hand- and power-operated tube- 
bending machines. One of their most recent 
machines is an electrically-operated machine for 
handling steam, gas and hydraulic pipes, of internal 
diameters up to 4 in. From the %-h.p. motor, the 
drive is through V-belts to a four-speed gearbox, 
and thence through a worm and wormwheel drive 
to the main shaft of the machine. The gearbox and 
motor are adjustable to allow for taking up stretch 
in the transmission belting. The motor is con- 
trolled by a push-button starter switch coupled with 
a no-volt and overload release ; a reversing switch 
provides for easy release of the tube after bending. 
The machine can also be supplied with special 
formers designed for bending more than one tube at a 
time. 

Messrs. Stratton and Company, Limited, Alve- 
church-road, West Heath, Birmingham, 31, are 
showing a radio receiver which has been specially 
designed for the use of sailors. It enables pro- 
grammes on four wavebands—l0 to 23-5 m., 
23-1 to 51-7 m., 110 to 250 m. and 246 to 575 m.— 
to be obtained on either a built-in loudspeaker, a 
pillow-speaker or plugged-in headphones. A seven- 
valve superheterodyne circuit, using miniature 
valves, is employed with a selenium rectifier in 
addition. The radio frequency stage is designed to 
give good results with long-distance reception or 
where only a short aerial can be used. The push- 
pull output stage, in conjunction with negative 
feed-back and a high-efficiency speaker, gives, it is 
claimed, adequate volume and quality. All the 
plugs and sockets are completely insulated and 
the metal cabinet can be earthed. Owing to this 
earthing and the internal screening, the direct 
pick-up of electrical interference and interaction 
with other receivers on the ship are prevented. 
A filter unit also reduces mains-borne interference 
from the ship’s motors toa minimum. All the com- 
ponents are of tropical grade. The aerial terminals 
are arranged to take either a double- or single-wire 
aerial, Precise re-setting of the tuning to any 
previously-logged station is possible. The weight 
of the set is only 32 Ib., the overall width and length 
being 16} in. and 10 in., respectively, and the 
height 8} in. 

The diversity of their products is emphasised by 
the display on the stand of Messrs. Ruston and 
Hornsby, Limited, Lincoln, the exhibits ranging 
from a complete Diesel locomotive to a small 











auxiliary pumping set built to meet the requirements 
of the Merchant Shipping (Fire Appliances) Rules 
(1948). The locomotive is illustrated in Fig. 32, 
on page 289. Basically, it is the surface version of 
their 10-ton mining locomotive introduced at the 
beginning of this year and described in ENGINEERING, 
vol. 171, page 396 (1951). It is driven by a 
Ruston and Hornsby Mark 4YEL four-cylinder 
compression-ignition oil engine developing 75 brake 
horse-power at 1,500 r.p.m., and the drive is trans- 
mitted through a Vulcan-Sinclair fluid coupling to 
a four-speed oil-operated gearbox, the latter being 
of a new design evolved entirely by the staff of 
Messrs. Ruston and Hornsby. It is of the fully 
constant-mesh type and each ratio is selected by a 
hydraulically-operated cone clutch, all clutches being 
of the same design and therefore interchangeable 
with each other. Oil under pressure for operating 
the clutches is supplied by a gear pump driven 
from the gearbox primary shaft and arranged in 
an accessible position on the front casing. The 
gears on the clutch shaft are, of course, in constant 
mesh with those on the layshaft and the drive is 
transmitted to the jackshaft through double-reduc- 
tion gearing arranged below the layshaft in a 
separate detachable casing. 

The flycranks are of the split type and are secured 
to the jack-shaft by through bolts. - Steel coupling 
rods of the fabricated type are used and these are 
fitted with oil-lubricated floating bushes designed 
so that they can be renewed without dismantling 
the rods. The locomotive frame is of the plate 
type and is built up from heavy-section material 
welded together to form a single unit. Steel cast- 
ings are used for the wheel centres and these are 
fitted with rolled-steel tyres shrunk into position. 
Cast steel is used also for the axleboxes, which are 
fitted with phosphor-bronze bearings and provided 
with renewable steel liners on the faces. Straight air 
brakes of the Westinghouse type are fitted as stan- 
dard and, in addition, there is a hand-operated 
parking brake. In working order, the complete 
locomotive weighs 10 tons and the minimum 
recommended weight of rail is, therefore, 25 to 30 Ib. 
per yard. The overall length, excluding the 
buffer beams, is 12 ft. 4} in., the height, measured 
to the top of the cab, 6 ft. 9} in., and the wheelbase, 
4 ft. As the locomotive can be supplied for various 
gauges ranging from a minimum of | ft. 118 in. toa 
maximum of 3 ft. 6 in., the overall width varies, 
being 3 ft. 10 in. for the narrowest gauge and 
4 ft. 10 in. for the widest. Performance varies, 
of course, according to the rolling resistances and the 
conditions of working but, assuming a resistance of 
20 Ib. per ton in first and second gears and 15 |b. 
per ton in the remainder, and a factor of adhesion 
of 4, the locomotive can haul on the level 270 tons in 
first and second gears, 203 tons in third gear and 
109 tons in fourth, or top, gear. When the loco- 
motive is ascending an incline of 1 in 50, these 
figures are reduced to 76 tons, 44 tons and 20 tons. 

In April of this year, Messrs. Ruston and Hornsby 
introduced a new range of four-stroke Diesel engines 
designed to meet the demand for heavy-duty units 
having a lower power-weight ratio. The range was 
described in ENGINEERING, vol. 171, page 463 (1951), 
but since this time, units have been adapted for 
use on board ship. Two such units are being shown, 
namely, the four-cylinder propulsion engine illus- 
trated in Fig. 33, on page 289, and the auxiliary 
generating set illustrated in Fig. 34, Plate XX. 
In general, the construction of the engine in each 
case follows closely that for the industrial units 
described previously. The crankcase and cylinder 
block are of monobloc construction and the cylinder 
bores are fitted with renewable wet-type liners. 
The cylinder heads are detachable, being cast in 
blocks of two, and each is fitted with the overhead 
valve gear and injectors, the valves being operated 
from the camshaft through push rods and rocking 
levers in the normal manner. An _ underslung 
crankshaft is fitted, bearings of the steel-backed 
copper-lead type being provided between each 
crank-throw. Pistons of low-expansion silicon- 
aluminium alloy are used and these are coupled to 
the crankshaft by H-section connecting rods 
fitted with steel-backed copper-lead big-end bear- 
ings split at an angle to facilitate withdrawal 
through the cylinder bores. Lubrication of all 
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moving parts except the gudgeon pins and pistons 
is by pressure, a gear pump being installed in the 
lowest part of the sump. 

The propulsion unit illustrated in Fig. 33 is fitted 
with double-acting piston-type sea-water circulating 
and bilge pumps driven through suitable gearing 
from the forward end of the crankshaft. A self- 
contained fresh-water cooling system can be supplied 
as an alternative, the equipment including a heat 
exchanger and oil cooler mounted at the forward 
end of the engine, together with a centrifugal-type 
fresh-water pump ; the engine illustrated is provided 
with this extra equipment. The propulsion unit is 
also fitted with a mechanically-operated reverse- 
reduction gear, the ahead clutch being of multi- 
plate design while the reverse gear is of the bevel 
differential type operated by a Ferodo-lined brake 
band. The reduction gear is of the double-helical 
type and the gear casing is arranged for sea-water 
cooling. It should, perhaps, be mentioned that 
the reduction gear is an optional extra, the makers 
recommending its use on heavier craft. The engine 
used to drive the generator illustrated in Fig. 34 
is the same as that used for propulsive purposes, 
but is not fitted with the extra cooling equipment. 
As will be seen from the illustration, the engine and 
generator are mounted on a single baseplate, the 
whole forming a compact unit. Four-cylinder 
engines are illustrated in both cases, but five- 
cylinder and six-cylinder engines are also available 
for the two applications. When used for propulsion 
purposes the service ratings of the four, five and 
six-cylinder engines at 1,500 r.p.m. are 67-5 h.p., 
84-5 h.p., and 100-75 h.p., respectively, and for 
the generator sets, 48 kW, 62 kW and 74 kW, 
respectively. 

The emergency fire pump referred to earlier is 
illustrated in Fig. 35, Plate XX; as previously 
mentioned, it has been designed to meet the require- 
ments of the Merchant Shipping (Fire Appliances) 
Rules (1948). The power unit is a standard Ruston 
and Hornsby IVSHZ single-cylinder Diesel engine 
running at 1,500 r.p.m., at which speed it develops 
11 brake horse-power. It is bolted to a common 
baseplate of welded-steel construction and is 
equipped with a circulating-water tank, fuel tank 
and all associated piping. The pump is of the 
centrifugal type with a 3-in. suction branch and a 
2-in. discharge branch, the output being 45 tons 
an hour against a head of 120 ft., 27 tons an hour 
against a head of 170 ft., and 22 tons an hour 
against a head of 180 ft. Means are incorporated 
in the pump to enable initial priming to be accom. 
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plished, the device being arranged for hand engage- 
ment and disengagement. The fuel tank is of suffi- 
cient capacity to ensure an uninterrupted run of 
from 4 to 6 hours but a larger tank can be provided 
if required. As will be seen from the illustration, 
the common baseplate is of girder construction 
and carries the engine, pump and all ancillary 
equipment, the whole making a neat and compact 
unit of moderate weight. 

Many of the exhibits on the stand of Messrs. 
John I. Thornycroft and Company, Limited, 
Smith-square, London, S8.W.1, consist of models, 
this, of course, being the only practical method of 
displaying their larger products, such as boilers, 
anti-smoking funnels and complete vessels. Some 
actual examples of their products, however, are 
being shown and these include their latest and 
largest industrial Diesel engine, namely, the type 
RZ6, a photograph of which is reproduced in Fig. 36, 
on Plate XX. This is one of a number being sup- 
plied to Messrs. Merryweather and Son, Limited, for 
coupling directly to centrifugal pumps. It is 
equally suitable, however, for other duties, such 
as for driving earth-moving machinery and is 
available also as a marine engine. As the type 
designation infers, there are six cylinders; these 
have a bore of 43 in. and a stroke of 6} in., the 
maximum output being 125 brake horse-power at 
1,600 r.p.m. Direct injection is employed, the 
combustion chambers being formed in the piston 
crowns ; the manufacturers claim that the detailed 
design of the combustion chambers is such that easy 
cold starting without recourse to heater plugs or 
other aids is ensured. 

In general, the arrangement of the engine follows 
accepted practice. The crankcase is machined 
from a deep-section iron casting and the cylinder 
block, also an iron casting, is secured to the crank- 
case by long bolts which also serve to hold the 
main-bearing caps in position. Aluminium pistons 
are used and these are joined to the crankshaft by 
H-section connecting rods machined from nickel- 
chromium steel stampings and fitted with steel- 
backed copper-lead big-end bearings. There are two 
separate cylinder heads, each of which covers three 
bores, and these are fitted with the inlet and exhaust 
valves operated in the usua] manner through push 
rods and rocking levers. The marine version of 
the engine is fitted with a reverse gear or, when 
required, a reverse-reduction gear. The ahead 
clutch, which is of the multi-plate type, and the 
epicyclic gearing for astern are operated by oil pres- 
sure, the oil being supplied by a pump embodied 
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in the gearbox. Instead of the more usual large 
reversing lever requiring considerable manual 
effort for operation, the clutches giving ahead and 
astern motion are controlled by moving a small 
control valve, the linkage of which is also connected 
to the fuel-injection pump so that the clutches 
cannot be engaged or disengaged when the engine 
is running at full speed. When incorporated, the 
reduction gear is integral with the reverse gear and 
is no longer a separate unit as on some of the earlier 
models. Helical gearwheels are used and are har- 
dened and ground to ensure quiet running. They 
are fitted with ball and roller bearings and the 
cast-iron casing is provided with a water jacket 
through which the cooling water passes on its way 
to the engine. 

The many uses to which their A.E.C. oil engines 
can be put are well illustrated by the display on the 
stand of Messrs. A.C.V. Sales, Limited, Southall, 
Middlesex, the exhibits including a Diesel-driven 
generator for use on board ship, a propulsion unit, 
a stationary power unit and a Diesel-electric loco- 
motive traction unit. The generating set is fitted 
with an A.E.C. type-A212 six-cylinder ship’s 
auxiliary oil engine of 120 mm. bore and 142 mm. 
stroke and having continuously-rated outputs of 
65 brake horse-power at 1,000 r.p.m. and 100 brake 
horse-power at 1,500 r.p.m. The engine is complete 
with a fresh-water cooling system incorporating a 
positive-lift sea-water pump, a heat exchanger, 
an oil cooler and a centrifugal fresh-water pump. 
It is coupled directly through a flexible coupling 
to a marine-type generator designed to have an 
output of 45 kW at 220 volts, when operating at 
1,000 r.p.m., the two units being mounted on a 
common fabricated-steel bedplate. The engine 
for the propulsion unit is similar to that employed 
on the generating set, having the same bore and 
stroke and the same output at 1,500 r.p.m., namely, 
100 brake horse-power. Similarly, it is provided 
with the same form of fresh-water cooling system 
but has an all-speed governor and a fully-equipped 
instrument panel. A _ reverse-reduction gear is 
provided, the reduction ratio being 1-96 to 1. The 
gearbox casing is water-cooled in accordance with 
usual practice. 

Like the two marine units just referred to, the 
stationary power unit is fitted with a six-cylinder 
Diesel engine having a bore and stroke of 120 mm. 
and 142 mm., respectively, and a continuously-rated 
output of 100 brake horse-power at 1,500 r.p.m. 
It is provided with a radiator cooling system and is 
complete with a toggle-action clutch arranged to 
drive a flat pulley. As will be seen from the 
photograph of the unit reproduced in Fig. 37, 
Plate XX, the engine, clutch and pulley are mounted 
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on a fabricated-steel bedplate, thereby rendering 
the unit entirely self-contained. The Diesel-electric 
rail-traction unit is fitted with the same engine 
as the power unit just described, but in this case 
it is coupled directly to a B.T.H. direct-current 
generator, the two units being mounted on a common 
bedplate of fabricated-steel construction. The 
complete unit is entirely self-contained and includes 
special electrical control gear designed for traction 
duties. All the engines referred to in the foregoing 
summary are fitted with the A.E.C.-Ricardo Comet 
Mark III combustion system and the remaining 
exhibits on the stand include a sectioned cylinder 
head and block cut away to show the principles of 
this system. 

The exhibits’on the stand of Messrs. W. H. 
Dorman and Company, Limited, Stafford, include a 
new six-cylinderyDiesel engine on view to the 
public for the first time. A photograph of the new 
engine is reproduced in Fig. 38, and performance 
curves in Fig. 39, on page 291. It will be noted 
from the latter that the engine develops a maxi- 
mum of 160 brake horse-power at 1,500 r.p.m. 
It is a four-cycle unit having a bore and stroke of 
135 mm. and 160 mm., respectively, the piston dis- 
placement, as a consequence, being 13,741 c.c. 
Direct injection is employed, the fuel being sprayed 
into toroidal-shaped combustion chambers formed 
in the piston crowns. The compression ratio is 
15-2 to 1 and the compression pressure is between 
520 Ib. and 530 Ib. per square inch, while the maxi- 
mum pressure developed is approximately 1,035 Ib. 
per square inch. Aluminium-alloy pistons, each 
fitted with three compression rings and two scraper 
rings, are used; they are arranged to work in 
wet liners of the detachable type with chromium- 
hardened bores. The gudgeon pins are fully- 
floating but located endwise by circlips, and are 
provided with lead-bronze-'ined bearings. The 
same material is used to line the big-end and main 
bearings, the diame er of the former being 3-68 in. 
and the latter, 4 in. 

Standard C.A.V. components are used in the 
injection system which, in addition to the injection 
pump and injectors, incorporates a feed pump, a 
priming device and a pre-filter. A C.A.V. centri- 
fugal governor is also fitted; it is usually of 
the idling-maximum speed type, but an all-speed 
governor can be installed if required. With the 
exception of the gudgeon pins, the timing gears, 
and the drive to the auxiliaries, lubrication through- 
out is effected by oil under pressure, the system 
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incorporating a Vokes twin-element filter of the 
full-flow type. Accessories provided with the} 
engine include a 24-volt C.A.V. starter motor and | 
associated dynamo, an oil-bath air filter, fuel filters 
and the usual form of decompression gear for 
assisting starting. Those engines governed in | 
excess of 1,350 r.p.m., and in cases where the drive | 
is taken from the front of the engine, are provided | 
with a torsional-vibration damper. The dry weight | 
of the unit, complete with flywheel housing and | 
electrical equipment, but without the flywheel, is | 
2,850 lb. The length, measured from the fan to | 
the flywheel face, is 5 ft. 11 in., the overall width, 
2 ft. 7 in., and the height 4 ft. 4 in. 

For the first time since the formation earlier this 
year of the David Brown Corporation, Limited, a 
representative selection of exhibits from the organi- 
sation’s gear, tractor and foundry groups is being 
shown together on one stand. One of the main 
exhibits, a David Brown MD4 Diesel marine engine 
coupled to a reverse-reduction gearbox, serves to 
illustrate the close collaboration between the 
companies within the group, as the engine is a 
product of David Brown Tractors, Limited, Mel- 
tham, near Hudderstield, while the transmission 
unit was made by David Brown Gears (London), 
Limited. The marine engine, a photograph of which 
is reproduced in Fig. 40, on this page, was first 
introduced in the spring of last year and was 
described in detail in ENGINEERING, vol. 169, 
page 565 (1950). As will be seen from the illustra- 
tion, the engine is of compact and clean design. 
It has four cylinders with a bore and stroke of 
3} in. and 4in., respectively, and develops 25-5 brake 
horse-power at 1,600 r.p.m. continuous rating. 
The design is quite straightforward. The cylinder 
block and crankcase are a monobloc casting of 











Fig. 41. 


nickel-chromium iron. Cast silicon-allovy pistons! 


are used, each fitted with three pressure rings 


and an oil-control ring, and they operate within 
replaceable wet-type liners of close-grained cast | 
iron. There are three main bearings of the replace- | 


able steel-backed type, the top halves of which 
are lined with whitemetal and the lower halves 
with copper-lead, the centre main bearing being 
designed to take the thrust. The cylinder head 
is an iron casting and is fitted with the usual form 
of overhead valve gear. Direct-injection is em- 
ployed, the fuel being injected into toroidal-shaped 
combustion chambers, formed in the piston crowns, 
by means of a C.A.V. monobloc fuel-injection pump 
working in conjunction with four-hole injection 
nozzles. A pneumatic governor is installed on the 
injection pump and an excess-fuel device is provided 
for starting purposes. 

As previously mentioned, the engine is shown 
complete with a reverse-reduction gearbox; it 
should be pointed out, however, that the reduction 
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gearing is an optional extra and does not form an 
integral part of the unit. The reverse gearbox 
is of the planetary bevel-gear type with fixed 
planet carriers, a single lever controlling the toggle 
mechanism which engages the Ferodo-lined ahead 
and astern clutch plates. Dry clutch plates are 
fitted but the gears run in an oil bath. Plein spur 
gears are used in the reduction gearbox, the shafts 
being provided with ball bearings ; the assembly is 
lubricated by splash from an oil-well formed in 
the bottom of the casing ; the latter is water-cooled. 

Other exhibits on the stand of the David Brown 
Group include the steel casting for the bottom 
half of a high-pressure turbine casing and a turbine 
gear-reduction unit. The steel casting, which was 
produced by the David Brown Foundries Company, 
weighs approximately 3 tons and forms part of an 
order for electrical-generating plant being supplied 
to the Orlando power station, Johannesburg, for use 
in conjunction with a 30,000-kW turbo-alternator. 
The gear-reduction unit was made by David Brown 
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and Sons (Huddersfield), Limited, and, like the 
casting, is intended for use in conjunction with a 
turbo-alternator. It is a 17-in. unit and has been 
designed to transmit 1,250 kW at an output speed 
of 1,500 r.p.m., the turbine speed being 6,000 r.p.m. 
The Group’s interest in the development of gear- 
cutting machinery is shown by a representative 
selection of gear cutting and finishing tools, together 
with measuring instruments, manufactured by the 
David Brown Tool Company. . 

Six, different types of industrial Diesel units 
are being shown by Leyland Motors, Limited, 
Leyland, Lancashire. One of these, which has been 
designated the PU600, is illustrated in Fig. 41, 
opposite. It is 95/125-h.p. unit, the engine having 
a bore and stroke of 4-8 in. and 5-5 in., respectively, 
and for continuous running has a maximum rating 
of 95 brake horse-power at 1,600 r.p.m. A thermo- 
statically-controlled cooling system is incorporated, 
the water being circulated by a belt-driven pump 
and cooling assisted by an engine-driven fan. The 
radiator is arranged for both engine-oil and water 
cooling and is fitted with an exceptionally large 
filler cap. A 39-gallon fuel tank is installed and 
the fuel system is provided with a C.A.V. type “ D” 
twin-filter assembly designed so that one filter 
element can be cleaned at a time with the engine 
still running. The single-plate clutch and rear 
drive are designed to 8.A.E. standard No. 1 with a 
plain taper shaft of 2 in. nominal diameter, sufficient 
to transmit the full engine power. The whole unit 
18 mounted on a rolled-steel sub-frame and is totally 
enclosed by a quickly-detachable canopy and side 
covers, which can be locked in position ; when 
locked, the battery and tool lockers, which extend 
along both sides of the unit, cannot be opened. 
An instrument panel is mounted at the rear of the 
unit and this also can be enclosed by a hinged lid 
which locks in position. The electrical equipment 
includes an axial starter motor, a_belt-driven 
dynamo provided with compensated voltage control 
and a 135-ampere-hour battery ; a starting-circuit 
‘witch, a starter button, an ammeter, and sockets 


for an inspection lamp are moun‘ed on the instru- 
ment panel, 
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An unusually wide range of metal-working 
machinery is being shown on the stand of Messrs. 
F. J. Edwards, Limited, 359-361, Euston-road, 
London, N.W.1, several of the machines being 
displayed for the first time. One of these, a high- 
speed nibbling machine, is illustrated in Fig. 42, on 
this page. It is of entirely new design and has a 
cutting capacity up to j-in. mild steel. It is 
arranged for mounting directly on the floor, has a 
throat gap of 32 in. and is provided with two large 
supporting tables. The ram is of the balanced- 
piston type and runs in long phosphor-bronze 
bearings at a speed of from 720 to 1,000 strokes per 
minute. It is adjustable for height, thereby allow- 
ing cutting to be commenced on the inside edge of the 
blank after pre-punching, the adjustment being 
effected by means of mitre gears operated through 
a handwheel conveniently placed on the head. 
The punch and die are made from hardened tool 
steel and the punch is held in a collet-type chuck 
which can be turned to cut in any direction. A 
stripper for clearing work from the punch is mounted 
on a slide in the throat of the machine and is 
combined with a circle-cutting device capable of 
cutting discs or rings up to 30 in. diameter from 
blanks from which the corners have been removed. 
With a square blank, the maximum size of circle 
that can be cut is 22 in. diameter and the minimum 
7 in. diameter. A counter-balanced flywheel regu- 
lates the movement of the eccentric shaft, the latter 
being mounted in Timken roller bearings, and the 
machine is arranged for a two-speed V-rope drive 
from a 2-h.p. motor mounted on a movable platform 
to permit adjustment in the tension of the ropes. 

The exhibits on the stand of Mesers. F. J. Edwards 
also include the universal punching, shearing, 
section-cropping and notching machine illustrated 
in Fig. 43, on this page. Four sizes of this machine 
are availabe, but that on show, namely, the KS15, 
is the heaviest that is suitable for portable use. 
It is a strongly built unit, the body being con- 
structed from heavy cast-steel sections and fitted 
with high-grade alloy-steel shearing blades capable 
of cutting steel plate up to % in. thickness of any 
length or width in successive cuts. Accuracy is 
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ensured by a cutting-line indicator and an adjustable 
hold-down clamp. Situated above the plate shears 
are two “‘slip-in” blades supplied as standard 
equipment for cutting up to 1-in. round or 1-in. 
square bars, but other shaped sections may be 
cut if the blades are provided with suitable aper- 
tures. The angle and “T” cropping mechan- 
ism is situated centrally in the machine and is 
capable of cropping sections up to 4 in. by 4 in. 
by % in. at right angles, and 3 in. by 3 in. by @ in. 
sections at 45 deg., self-adjusting clamps holding 
the work as it passes through the aperture. The 
punch and notching head are arranged at the 
opposite end of the machine and both tools are 
controlled by the same clutch. Normally, a rect- 
angular notching tool is supplied and this will also 
make mitre notches in angles, T-pieces, joists, 
channels and plates. Location of the punching 
tool is effected by means of a handwheel, and a 
stripper, together with an adjustable guide for 
punching holes in the edges of steel sheets, is 
provided. The machine is driven by a 3-h.p. electric 
motor running at 2,800 r.p.m. and giving 40 strokes a 
minute, the motor being situated at the top of 
the machine and the drive transmitted by multiple 
V-belts. All gearing is adequately covered and the 
working parts are lubricated by means of the 
Tecalemit one-shot system. 

The exhibits on the stand of the Hamworthy 
Engineering Company, Limited, Poole, Dorsetshire, 
are representative of their wide range of pumps 
and compressors, the emphasis being, possibly, on 
the marine side. The compressors on view include 
their type 3TMS8E two-crank three-stage machine 
developed for main starting duties. This machine, 
a photograph of which is reproduced in Fig. 44, on 
page 294, has a continuous rating of 246 cub. ft. 
free air per minute delivered against a pressure of 
600 lb. per square inch when operating at 500 r.p.m. 
First-stage compression occurs in annular spaces, 
while the second and third stages are effected on the 
buffer portions of the pistons. The cylinder walls 
are temperature-controlled and are lubricated by 
splash in the first stage and by mechanical lubrica- 
tors in the second and third stages. The inter- 
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coolers have extractable elements and are bolted 
pannier-wise to the main frame in such a way 
that they can be removed readily for cleaning. 
A Burgess combined air filter and silencer is fitted 
to the air inlet, and the valves, which are of the low- 
lift pattern, have plates of chromium-vanadium 
steel. Air cooling is employed for the cylinders but 
the first-stage valve pockets, intercoolers, second- 
and third-stage cylinder heads and the aftercooler 
are water-cooled, the jackets being fed from the 
mains supply or by a positive-displacement pump 
driven from the crankshaft. The machine is of 
robust construction, the crankcase, cylinder blocks 
and cylinders being of close-grained cast iron and the 
crankshaft and H-section connecting rods machined 
from steel forgings. The pistons also are of close- 
grained cast iron and are fitted with an adequate 
number of pressure rings, the first-stage pistons 
having, in addition, scraper rings to prevent an 
excessive quantity of oil entering the cylinders. 
The main and big-end bearings are of gunmetal 
lined with whitemetal and they are lubricated 
under pressure, the oil being supplied by a gear 
pump driven from the crankshaft. 

The principal exhibits of Messrs.¥ Mechans, 
Limited, Scotstoun Iron Works, Glasgow, W.4, 
are an aluminium-alloy class-B motor lifeboat and 
a set of twin-engine reply telegraphs which are 
electrically operated. The lifeboat, which is 
illustrated in Fig. 45, on Plate XXI, is 24 ft. long 
and has a moulded depth of 3 ft. 4 in. and a breadth 
of 8 ft. It is built in accordance with Ministry of 
Transport requirements and is suitable for 38 
persons. It is fitted with a Morris 6/12-brake 
horse-power marine petro] engine, loose buoyancy 
tanks and Binmore patent release gear. The 
specification for the construction is as follows. 
The keel consists of 7-in. by ,-in. aluminium-alloy 
extrusions (B.S.N.E.5), of bulb-plate section, riveted 
to the shell by }-in. rivets spaced four diameters 
apart. The gunwale is a 3-in. by 2}-in. by 0-30-in. 
extrusion (B.S.N.E.5) riveted to the shell by }-in. 
countersunk rivets spaced eight diameters apart. 
The shell plating, 12-s.w.g. thick, is on independent 
angle frames, and is plated longitudinally ; it is of 
B.S.N.E.5 aluminium alloy. The shell seams are 
}-in. wide, with #-in. rivets spaced four diameters 
apart. The shell butts are 14 in. wide, double- 
riveted with #-in. rivets, and the shell is fixed 
to the keel, stern and stem by }-in. rivets. The 
frames are of 1}-in. by 1}-in. by }-in. extrusions 
B.S.N.E.5 aluminium alloy. The shell seams are 
The floors are of 14-s.w.g. aluminium alloy 
(B.S.N.S.5), riveted to the frames by ¥-in. rivets. 
The stern frame consists of two ¥-in. mild-steel 
bottom plates and one ¥-in. mild-steel top plate 
with a mild-steel tubular boss welded thereto ; 
the whole is zinc-coated after assembly. 

The most notable exhibit on the stand of Modern 
Wheel Drive, Limited, Stanley-avenue, Chesham, 
Buckinghamshire, is a large working model of their 
S.L.M.  oil-operated _reverse-reduction gearbox 
designed for coupling to four marine engines. 
By simplifying the layout of this gearbox, the 
number of gearwheels has been reduced from 23 to 
13. The principle on which the clutches work is 
well known and has been proved by many years of 
service ; the drive is transmitted when oi! under 
pressure is admitted between two bronze members 
which thereupon move slightly away from each 
other and engage frictionally with the gear. Each 
engine may be isolated from the transmission at will, 
by the movement of a small handle on the master 
control cock which is on top of the transmission. 
Maneeuvring is accomplished simply, quickly and 
smoothly by remote control, and ahead, astern and 
neutral conditions are provided for. 

The advantages of multi-engine propulsion, which 
these gearboxes make possible, are as follows. 
When only reduced power is needed one or more 
engines may be shut off, thus economising in fuel 
and Jubricating oil, and reducing wear and tear 
when a vessel is on light or ballast voyages. In the 
event of trouble with one engine, it can be shut off 
and the ship can proceed without a substantial loss 
of speed. Spare engines can be carried and a 
system of regular overhauls by the ship's staff 
instituted. At terminal ports an engine can be 
replaced by a spare, and then overhauled during the 
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voyage. Fig. 46, Plate XXI, shows an S.L.M. 
twin-engine reversion-reduction gearbox for main 
propulsion. One such gearbox is being shown at 
Olympia. S.L.M. gearboxes are now being made 
for four engines, transmitting a total of 8,000 brake 
horse-power at 400 r.p.m. of the engine shaft. The 
gear ratio may be up to 6 to 1, as required. 

The Alfa-Laval Company, Limited, Great West- 
road, Brentford, Middlesex, are showing a repre- 
sentative range of centrifugal separators, including 
the following: one for treating low and high- 
viscosity fuel oil (boiler oil) for use as a Diesel fuel ; 
a hermetic clarifier for liquids with no air contact, 
or for clarifying liquids containing gas when no 
gas loss is permissible; a general-purpose labora- 
tory centrifuge; and the “P.S.E.” equipment 
shown in Fig. 47, Plate XXI, which has been 
designed for turbine lubricating oil in power 
stations. It is self-contained and incorporates 
devices for preventing loss of oi] and reducing the 
amount of attention required. The drive is taken 
from the motor to the centrifuge through a centri- 
fugal friction clutch, which gives a smooth accelera- 
tion and reduces the starting current. The transfer 
pumps (one or more can be fitted) are integral parts 
of the machine and are driven through gears from 
a cross-shaft. The oil inlet and discharge pipes 
are permanently connected to the lower stationary 
parts of the separator so that no joints have to be 
broken when the covers are opened. 

The baseplate serves as a clean-oil de-aerating 
tank of approximately 22 gallons capacity ; a float- 





controlled valve ensures that the clean oil remains in 
the tank for a predetermined period before being 
discharged. Separated water is delivered to 
another compartment in the bedplate. In _the 
tank top immediately above this chamber is a 
large drain hole with a gauze strainer through which 
any surplus oil collecting on the tank top drains. 
The contents of the tank are emptied into this tank 
before the cleaning operation. The water tank is 
fitted with an oil-level pipe through which a con- 
tinuous discharge of the water occurs, while any oil 
floating on the water is periodically taken through 
the separator and thus recovered. The baseplate is 
extended at one end to take an oil heater of the 
indirect type. In the event of the driving motor 
failing, current to the heater is automatically cut 
off, though the temperature of the water jacket can 
be raised before starting up the separator. A su pply 
of hot water from the heater jacket can be fed into 
the dirty-oil piping for sealing or washing out the 
bowl. 

The P.S.E. unit is invaluable for continuously 
maintaining turbine oil in first-class condition. It 
is impossible entirely to prevent moisture finding its 
way into the lubricating system, through the 
glands, ete., and small] particles of solid impurities 
find their way into the oil stream, even if the system 
is of the enclosed type. A centrifuge is particularly 
suitable for this duty as it separates the con- 
stituents according to their specific gravities ; it 
does not, like an ordinary filter, depend on the 
physical dimensions of the particles, and, in par. 
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Fig. 51. 


ticular, it removes water where a filter is ineffective, 
Furthermore, it will remove non-ferrous particles, 
whereas of course a magnetic filter will not. 

Messrs. Newton Victor, Limited, 15, Cavendish- 
place, London, W.1, are exhibiting the 250-kV 
industrial X-ray unit illustrated in Fig. 48, Plate 
XXI. This has been designed for the examination 
of castings, welded joints and fabricated parts up to 
a thickness corresponding to 3 in. of steel. All the 
components, including the generator, X-ray tube 
and control panel, are, as will be seen, mounted on 
a rubber-tyred chassis, so that the unit can be used 
wherever electric power is available. The makers 
draw attention to the fact that a particular feature 
of this equipment is that both the X-ray tube and 
the high-voltage generator are enclosed in a single 
dust-proof and damp-proof tank containing oil, so 
that the use of trailing cables is avoided. Efficient 
cooling is effected by circulating the oil through a 
heat exchanger on the chassis. Water cooling is 
therefore unnecessary and the tube can be operated 
continuously at a peak voltage of 250 kV, with a 
current of 10 milliamperes. 
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Supersonic FLtaw Detector; KeEtvin anp Huauess (INDUSTRIAL), Limrrep. 


To provide freedom of movement of the X-ray 
beam, the head is mounted on a motor-driven jib 
having a vertical travel of 6 ft.; it can also be 
given a horizontal movement of 4 ft. by hand. 
In addition, the jib can be rotated about its hori- 
zontal axis and about the vertical stanchion of 
the crane. The radiographic examination of large 
specimens and intricate castings is thereby facili- 
tated. The control panel from which all the 
electrical and radiation equipment, including the 
automatic timing of the X-ray exposures, are 
regulated, is mounted at the rear of the chassis in a 
lead-lined cab, so that the operator is completely 
protected. Apparatus of this type was used for 
examining the welded structure supporting the 
main flight deck of H.M.S. Ark Royal. 

The stand of the Morgan Crucible Company, 
Limited, Battersea Church-road, London, 8.W.11, 
is devoted mainly to a display of crucibles, foundry 
accessories and crucible furnaces. Of particular 
interest to foundrymen is the new Salamander 
Suprex crucible, which is exhibited for the first 
time. It has been developed for use in specially 





Humipity-Trest CABINET; BARLOW-WHITNEY, 


LIMITED, 


arduous conditions and is intended to satisfy the 
needs of melters who, for technical reasons, are 
unable to obtain complete satisfaction from the 
standard type of crucible. Although the makers 
do not recommend such practice, they state that the 
new crucibles can be plunged into hot furnaces 
without preheating and will resist the resultant 
thermal shock. The crucibles can also be brought 
up to a maximum temperature rapidly, or chilled 
quickly between heats, and another advantage 
claimed for the new crucible is that it offers excep- 
tional resistance to erosive slag. Among the 
crucible furnaces shown by the company is their 
recently-developed power-tilted central-axis furnace 
which is also on exhibition for the first time. The 
furnace, which is the firm’s type CA/MECH., is 
similar to their type CA hand-tilted central axis 
furnace. As may be seen in Fig. 49, herewith, 
which gives a general view of the new furnace, 
the tilting gear is operated by an electric motor 
and the fixed speed of pouring ig controlled by 
means of the selector handle shown. Special atten- 
tion has been paid to the design of the tilting 
gear, which is of simple design yet of extremely 
robust construction. The furnaces are available in 
sizes ranging from a melting capacity of 400 lb. of 
brass to one for melting 10 cwt. of aluminium, and 
may be either gas- or oil-fired. 

Messrs. Barlow-Whitney, Limited, Coombe-road, 
Neasden-lane, London, N.W.10, are showing 
examples of their high-vacuum and pressure im- 
pregnating plants, industrial ovens, furnaces, heat- 
ing baths, etc. The humidity-test cabinet illus- 
trated in Fig. 50, which is one of their most recent 
products, is also on view. It has been deve- 
loped for testing electrical components in accord- 
ance with the Defence Departments Inter-Service 
specifications, and for research work on materials, 
finishes and equipment designed for tropical and 
sub-tropical use. It consists of two compartments 
thermally-insulated and enclosed in a sheet-steel 
casing, a working chamber 2 ft. 6 in. long by 
1 ft. 6 in. deep by 1 ft. 6 in. high, and a humidifying 
and heating compartment in which the wet and 
dry air streams are thoroughly mixed before being 
circulated around the working chamber. Humidity 
is produced by an electrically-heated low-capacity 
boiler, the 1-kW heating circuit being controlled by 
a wet-bulb mercury-in-glass adjustable-contact 
thermometer. A similar -dry-bulb thermometer 
controls a separate dry-air heating circuit. The 
mixed wet and dry air streams are circulated through 
the working space bya fan. Water which condenses 
in the working chamber drains through a hole in 
the bottom and is led to a sump. 

Inside the working chamber are two removable 
wire-mesh working trays; bushed holes, 1 in. and 
3in. in diameter, with removable covers, are provided 
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Fig. 53. 


**Rotromot’”’ Pump; RoToPLUNGE 
Pump Company, Limtrep. 


in one end of the cabinet for passing test leads into 
the chamber. The door of the chamber is fitted 
with an inspection window and a light is provided 
inside to view the work. The control gear, apart 
from the contact thermometers at the top of the 
cabinet, is housed in a steel compartment at the end 
of the cabinet, and comprises energy regulators and 
three heat switches in each circuit, which enable 
the heating and cooling rates to be regulated. A 
cyclic control is fitted to allow a cyclic temperature 
variation of + 1 deg. to + 2 deg. C. for 5 to 10 cycles 
per hour for certain tests. A time switch is avail- 
able which automatically switches on a saturating 
spray during the cooling periods. The standard 
models have a temperature range up to 110 deg. C. 
with dry heat only and up to 60 deg. C. with wet 
heat only. Temperature control by means of the 
contact thermometers is accurate to + } deg. C. 
The relative humidity obtainable ranges between 
40 and 100 per cent., according to the dry-heat 
temperature, and the wet-bulb depression can be 
maintained within + }$ deg. C. 

The ability of ultrasonic compression waves to| 
reveal internal flaws in solid materials and in welded 
joints is well known. Whenever such waves reach 
a surface of discontinuity, where the density or 
elastic constants of the material traversed change 
abruptly, reflection takes place and the reflected 
wave reveals the presence of the discontinuity. 
The photograph reproduced in Fig. 51, on page 295, 
shows the application of an ultrasonic flaw detector 
developed by Messrs. Kelvin and Hughes (Indus- 








trial), Limited, 2, Caxton-street, London, 8.W.1, to 


the examination of a boiler in the works of Messrs. | simulating equipment has been devised and is being | cobalt-chromium steel ; 


Babcock and Wilcox, Limited, Renfrew. Equip-| 
ment of this kind and_its mode of employment are | 


being demonstrated on Messrs. Kelvin and Hughes’| The simulator is a quartz crystal which is mounted | driven by a $-h.p. universal motor. 


stand. It has been established that such equipment, 
independently of any X-ray apparatus, can detect | 
flaws of many kinds, and is particularly suitable for | 
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plate thickness is 4 in. or more, present no difficulty 
from the point of view of ultrasonic examinaticn, 
although certain austenitic steels cause some 
scattering of the waves and necessitate the use of 
lower frequencies than would normally be employed. 
Special techniques, moreover, must be adopted in 
the examination of welds with backing strips and 
those involving changes in plate section. Simple 
techniques have also been devised for the inspection 
of flash-butt welds and may be employed in testing 
chain links, rings, drills, etc., being readily applicable 
also to production testing. Demonstrations of the 
techniques and of methods suitable for the examina- 
tion of fillet welds are being given. Ultrasonic 
methods may be employed also to find the thickness 
of a plate. In the range from } in. to 4 in., thickness 
may be determined accurately to within + 0-01 in. 
without difficulty. An ultrasonic flaw detector is 
particularly useful for detecting laminations in 
plates used for pressure vessels and for revealing 
piping and segregation in billets, bars, etc., which 
not only cause trouble during welding but also 
result in structural weaknesses. 

Ultrasonic waves are also being employed in a 
demonstration of an entirely different character on 
Messrs. Kelvin and Hughes’ stand. Prominent 
among the marine instruments exhibited by the 
company is a radar installation with a scanner and 
auxiliary display unit. The scanner is a new 
design which has a greater range and better resolu- 
tion than earlier models. To enable the equipment 
to be demonstrated at the exhibition, radar- 


used in conjunction with a model of Weymouth 
Bay having a number of vessels moving in the area. 


in a tank of water and rotates in sympathy with the 
radar scanner. Electrical impulses applied to the 
crystal generate ultrasonic waves in the water 
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changing picture of the bay on the fluorescent screen. 
The simulator is so sensitive that a pencil point 
‘dipped in the water shows up immediately on the 
isereen. Messrs. Kelvin and Hughes (Marine), 
| Limited, are also showing four types of echo-sound- 
| ing depth recorder. The range covered by the com- 
| pany’s recorders is from 3 in. to 5 miles, and the 
models shown have been designed for use in hydro- 
graphic surveys. They may also be used for the 
location and identification of fish. Another model 
has been devised to meet the special requirements of 
inshore fishing craft. It is available for use on 
12-volt batteries and has a maximum range of 120 
fathoms. Several models of sextants and a variety 
of equipment for other purposes are also being shown. 
The British Equipment Company, Limited, 
Ixworth-place, London, 8.W.3, are showing portable 
woodworking tools, among which are two circular 
saws, the Swifsure Model 8 and Model 12, and a 
planer. The Mcdel 8 Swifsure saw has an 8-in. 
diameter blade which is driven directly by a 
}-h.p. universal motor, and has a free speed of 
4,000 r.p.m. It is suitable for use on prepared 
timber less than 2 in. thick, the baseplate being 
adjustable for depth .of cut, grooving or kerfing. 
The blade is protected by an automatic telescopic 
guard. The frame of the machine is of die-cast 
jaluminium; the shaft runs in sealed bearings 
which are packed with lubricant before leaving 
ithe works. The main features of the Model 12 
| saw, which is a heavy-duty machine particularly 
isuited to the building trades, are similar to those 
lof the 8-in. saw, but the 12}-in. diameter blade 
|is driven by a }-h.p. universal motor, and the 
|machine is fitted with a tilting base which gives a 
| depth of cut of 4 in. at 90 deg., or 3 in. at 45 deg. 
| The portable hand planer shown by the British 
| Equipment Company, known as the Tarplaner, 1s 
| illustrated in Fig. 52, above. This machine, which 
| was shown at the 1949 Engineering and Marine Exhi- 
| bition, has been modified in several respects. The life 
| of the blades has been increased by making them in 
a more powerful helical 
| gear train has been fitted, and oil lubrication has 
| been provided for the gears. The machine 1s 
A lapping tool 
|is available for maintaining the cutting edge of 
| the blade at the correct angle, and an adjustable 
| fence can be supplied for attaching to the backplate 





detecting fine cracks, It is also possible to differen-| which travel out from the crystal and are reflected |of the planer for planing narrow surfaces such as 


tiate between the various types of flaws, provided | back by the shore or by the moving models. The | window frames and door edges. 


certain supplementary tests are made. 


Butt welds in steel and light alloys, where the| indicator) display and produce a continually | Flaxley-road, Birmingham, 9, 


reflected pulses are fed to the P.P.I. (plan position 
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versions of their valveless rotary plunger pumps, 
which are particularly suitable for handling oil. 
They are recommended by the manufacturers as 
lubricating-oil pumps for the gears and bearings of 
machinery, as transfer pumps for serving oil-storage 
tanks, and as fuel pumps supplying oil to the 
burners in heating installations. The standard pump 
is constructed in cast and malleable iron, the eccen- 
tric pin being of ground steel. The pump illustrated 
in Fig. 54, opposite, is an automatically reversible 
S-model pump, with a capacity of 240 gallons per 
hour ; it is self-priming for suction lifts up to 25 ft. 
and can work continuously at a pressure of 30 lb. per 
square inch. It is fitted with a reversible cover, 
which carries a peg holding the eccentric pin in one 
of two positions. To reverse the direction of flow, 
the cover is removed, turned through 180 deg., and 
replaced ; the operation can be carried out while 
the pump is running. Other standard pumps are 
available in capacities ranging from 8 gallons to 
4,500 gallons per hour, with suction lifts up to 
25 ft. and working continuously at pressures up to 
50 Ib. per square inch. They can be supplied as 
pumps only, or as motorised units mounted on a 
cast-iron bedplate, or mounted directly on the end 
shield of an electric motor ; Fig. 53, opposite, shows 
a Rotomot pump of the latter type. 

The Comet Pump and Engineering Company, 
Limited, Johnson-road, West Croydon, Surrey, 
specialise in designing rotary vane-type pumps for 
unusual and difficult applications. They are 
demonstrating a pump handling a heavy grease 
supplied by the Shell Petroleum Company, Limited. 
The pump illustrated in Fig. 55, opposite, is a low- 
speed reversible 6-in. marine pump handling heavy 
machine oil; it can also be used for handling raw 
sugar massecuite, i.e., the treacly, semi-crystal- 
line sugar as extracted from the cane. The firm 
are demonstrating the pumping of massecuite with 
another pump—a reversible 3-in. pump with 6-in. 
inlet and outlet pipelines; it is used for loading 
and unloading sugar cargoes at a rate of about 
20 tons per hour, at 65 r.p.m. At the exhibition, 
a 3-h.p. single-speed motor is used to drive this pump. 
The Comet company recommend, however, the use of 
variable-speed motors, and have built some 10-in. 
pumps, for loading and unloading molasses tankers, 
with a speed range of 50 to 80 r.p.m. To with- 
stand the slightly abrasive action of the sugar 
crystals, the vane is hardened to a Rockwell C 
value of 62 to 64. It should be mentioned, how- 
ever, that pumps for really severe abrasive applica- 
tions, such as handling iron filings and other solid 
matter, are supplied with alloy-iron vanes with 
a Brinell hardness number of 550. To avoid 
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damage to the sugar crystals, the pump rotor has 
scavenging ducts on each side of the vane, which 
accept any solid or semi-solid matter that has not 
passed out with the main stream, and carry it 
round for another cycle. Another Comet develop- 
ment on view at the exhibition are their “ total 
ball-race "" pumps for heavy loadings, in which the 
loads both on the spindle and the vane are carried 
on ball bearings. 

Sir George Godfrey and Partners (Industrial), 
Limited, Hanworth, Middlesex, are well known 
as makers of industrial blowers, vacuum pumps, 
gas booster and superchargers, to meet varied 
requirements for the blowing and exhausting of 
air and gas. The trade name “ Marshall” is 
applied to their units, the standard range of which 
extends in capacity from 10 to 6,000 cub. ft. per 
minute at pressures up to 10 Ib. per square inch, 
The exhibits on the firm’s stand include the M2000 
industrial blower, described below and illustrated 
in Fig. 56, herewith ; an L450 supercharger deve- 
loped for Messrs. Rolls-Royce, Limited; and a 
K325 supercharger for Messrs. Marshall, Sons and 
Company, Limited, Gainsborough. 

The L450 supercharger is made for the Rolls- 
Royce Diesel engine that is fitted to the new 
Vickers tractor. Owing to the exacting require- 
ments of the specification, in respect of size and 
performance, the design of the supercharger differs 
from that of the standard range. The principle of 
positive rotary displacement has been retained, but 
the inlet and outlet ports have been disposed to 
suit axial-flow delivery. 

The M2000 industrial blower (Fig. 56) is taken 
from the Godfrey air-conditioning trolley which was 
designed and made by Sir George Godfrey and 
Partners in collaboration with the British Overseas 
Airways Corporation. With this equipment, air 
under pressure, hot or cold, is supplied for air- 
conditioning standing aircraft. The compressor is of 
the positive-displacement Roots’ type and supplies 
1,500 cub. ft. of air a minute at pressures up to 
12 Ib. per square inch; this pressure, which is 
higher than the standard figure, has been provided 
to suit tropical conditions. The delivered air is 
entirely uncontaminated by oil, as oil is not required 
in the rotor chamber. In addition to supplying air 
for the cooling, heating and pressurising systems, the 
blower also drives an axial cooling fan and a pulley 
is fitted on the rear-end shaft for this purpose. The 
drive to the blower is through a flexible coupling 
from the crankshaft of a Rolls-Royce standard B80 
four-stroke petrol engine. The involute blades of 
the rotor are of helical form. 

(To be continued.) 
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THE ANGLO-AMERICAN 
AERONAUTICAL 
CONFERENCE. 


THE opening of the third Anglo-American Aero- 
nautical Conference, organised by the Royal 
Aeronautical Society and held in Brighton from 
September 3 to 7, is recorded on page 307. During 
the technical sessions, 20 papers were read on 
various aspects of aerodynamics, hydrodynamics, 
structures and materials, thermodynamics and 
propulsion, air-transport operation and air safety. 
Many of the papers contained valuable information 
of a specialised nature ; others reviewed develop- 
ments which may be of considerable interest to 
engineers generally. We give below summaries of 
papers falling into the second category. A complete 
list of the lectures was given on page 179, ante. 


Arrorart STRUCTURAL DgsIGn. 


The first paper was read on Tuesday, September 
4, by Professor G. T. R. Hill, on “ Advances in 
Aircraft Structural Design.” He reviewed struc- 
tural design over the past 100 years, from the models 
of Henson and Stringfellow to the first successful 
powered flights by the Wright brothers. The series 
of monoplane disasters just before the first World 
War, which affected for many years the trend of 
British aircraft design, might well bave been due, he 
said, to aero-elastic effects. He traced the develop- 
ment of metal aircraft from the tubular steel struc- 
ture to the skin-covered structure, showing that the 
trend was towards thicker skins, possibly of sand- 
wich construction or of extruded form with integral 
stiffeners. Discussing structure weight as a per- 
centage of all-up weight, he showed that there were 
limitations to the application of the “‘ square-cube ” 
law for predicting aircraft structure weight. Little 
was yet known about clear-air gusts which might 
occur at the cruising altitude, 30,000 ft. to 40,000 ft., 
of jet-propelled aircraft; the successful develop- 
ment of gust alleviators could, however, solve the 
problem of severe gust accelerations. The develop- 
ment of the swept-back wing of thin section had 
increased the problems of aero-elasticity—loss of con- 
trol at high speed, divergence, and flutter ; the stiffer 
delta wing promised to be better from the structural 
point of view. Other possibilities were the ‘ aero- 
isoclinic ” swept-back wing in which the tip incidence 
remained unchanged under load, and a wing in 
which the sweep-back could be varied in flight. 

The new problems in structural design and analysis 
arising from the attainment of supersonic speed 
were discussed by Professor N. J. Hoff on Tuesday 
afternoon in a paper entitled “ Structural Problems 
of Future Aircraft.” The thin wing sections for 
supersonic aircraft, he said, required thicker wing 
skins; they might take the form of sandwich con- 
struction with a balsa-wood or corrugated-sheet core, 
heavier-gauge sheet with closely-spaced stringers, 
or rolling integral stiffeners into the sheet. New 
methods of stress analysis were required for highly- 
swept and delta wings. Aerodynamic heating at 
supersonic speeds gave rise to thermal stresses which 
might exceed the yield strength of the material. 
New criteria of safety were required, and, he sug- 
gested, airworthiness requirements should be based 
on calculations of the probability of failure, taking 
into account stress concentrations, plastic deforma- 
tion, etc. For piloted aircraft, a new “semi- 
expendable ” category of airworthiness would be 
required ; it would not be possible to design aircraft 
for operating at Mach numbers of 3 to 4 for inde- 
finitely long periods as creep was bound to occur. 


Prastic STRUCTURES. 


In a paper on “ Plastics and Plastic Structures,” 
given on Wednesday morning, Mr. J. E. Gordon 
described methods of using plastics for the primary 
structures of aircraft, which had been developed at 
the Royal Aircraft Establishment. The basis of 
structural plastics, the author said, was fibres which 
were stiffer and stronger than any metal; the resins 
bonding them, however, were relatively weak. 
In plastic structures, therefore, the directional pro- 
perties had to be matched as far as possible to the 
direction of the applied stresses. The materials were 
easily moulded into complex shapes. There were 
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two categories of plastic materials suitable for 
structural use—the glass-fibre polyester-resin type 
which had been developed in the United States, and 
the asbestos-fibre phenolic-resin type. The former 
were stronger and tougher, and were more simply 
manufactured; the asbestos-phenolic materials 
were weaker and more brittle, but were considerably 
stiffer for their weight. Glass-fibre polyester 
materials were well suited to applications where 
rigidity was not too critical, but for the main 
structure of fast aircraft it appeared to be essential 
to use a material of relatively high stiffness. 

The Royal Aircraft Establishment had carried out 
experiments on Durestos, an asbestos phenolic 
resin, consisting of a thin felt of asbestos fibres 
impregnated with phenolic resin; its mechanical 
properties, weight for weight, were not so good as 
those of the better light alloys, but in fatigue 
resistance it was much less sensitive to stress raisers, 
and it withstood extreme temperatures better. 
A resin-impregnated paper-honeycomb material, or 
corrugated Durestos sheet, could be used for the 
cores in sandwich construction. 

Two methods of fabricating Durestos had been 
developed—the “ pressureless”” method, suitable 
only for simple shells, in which the material, 
saturated with water, was hand-rolled against a 
simple former and then set and cured ; and vacuum 
moulding, which gave better properties and a more 
accurate contour. In vacuum moulding, the water 
evolved during setting was removed by a vacuum 
pump through a porous pad placed against the 
material. On the other side of the porous pad was 
a flexible impermeable bag ; the space between the 
bag and the mould face was evacuated so that the 
bag pressed the material against the mould face 
and thus formed the moulding. Sandwich struc- 
tures could be moulded in one operation. Heat was 
applied by electric-resistance elements embedded 
in the mould body. Since the moulds defined only 
the outside shape of a component, it was possible 
to produce the shell before the thickness or the 
position of the internal structure had been 
determined. 

Parallel wings had been made and tested satis- 
factorily and the production of delta wings for 
flight trials, on an aircraft of otherwise metal con- 
struction, was now well advanced. The forward 
part of the wing comprised an integral fuel tank, 
and a thick single skin was used. Since Durestos 
was porous, it had to be impregnated by a special 
resin. Over the rear part of the wing, which 
provided large compartments to house various 
mechanisms, sandwich construction was used. 
The shell was continuous over the leading edge, 
which formed a shear member, right back to the 
metal elevons, thus eliminating all skin joints. The 
rear boundary member of the fuel tank was curved 
and ran roughly spanwise, and a system of spanwise 
reinforcing webs, butting on to the leading edge, 
was used in the tank area; the elimination of 
chordwise ribs here imposed additional shear loads 
on the skin. The webs were of double-Y form with 
their stems joined. Aft of the fuel tank, ordinary 
flat ribs were employed. The internal-structure 
members were moulded by the pressureless method, 
the attachment flanges being left soft, and inserted 
in the shell on an expanding jig. The shell was 
then replaced in the main mould and the assembly 
was hardened. The steel root-end fittings had a 
broad fish-tail plan form, and excellent adhesion 
between the steel and the Durestos bad been 
obtained. The root rib, a plain vacuum-moulded 
Durestos sheet, was added at a late stage in manu- 
facture. The dull porous surface of the wing was 
finished by sanding ani rubbing to a special finish 
by a technique similar to French polishing. 


MaTERiAts FOR HiGH-ALTITUDE AIRCRAFT. 

““Some Material Problems of High Altitude 
Aircraft ” were described in a paper by Mr. H. W. 
Hall and Dr. T. P. Hughes on Thursday, Septem- 
ber 6. Temperature gradients arising from rapid 
changes of height could, they said, cause high ther- 
mal stresses in thick sections of low conductivity, 
such as glass windscreens. Ultra-violet radiation 


incident on an aircraft surface at heights of 30,000 ft. 
to 50,000 ft. could cause serious photo-chemical 
degradation of certain organic protective coatings ; 
this could be overcome by including flaked alumi- 





nium, which had a high reflective power, in the 
paint. At high altitudes, it was believed that the 
rising content of ozone contributed to the deteriora- 
tion of rubber ; in selecting rubbers for high-altitude 
aircraft, a compromise had to be made between 
low-temperature flexibility and a low degree of 
interaction with the liquids—fuels, lubricants, 
hydraulic fluids—with which they were in contact. 

The problem of vapour locking of fuel systems 
during rapid climb had been overcome by the 
modern fuel booster pump. The loss of volatile 
fuel by boiling at high altitude could be overcome 
by cooling the fuel before or during flight or by apply- 
ing pressure to the fuel tank. Aviation kerosene, in 
current use in gas turbines, was not likely to encoun- 
ter boiling, but at low temperatures the dissolved 
water content might freeze out and block certain 
filters, or wax could separate out at the freezing 
point of the fuel. Thermal insulation provided 
by rubber-bag tanks could help to keep the heat loss 
through the tank wall low. Solid deposition at low 
temperatures might also affect stagnant lubricating 
oil or hydraulic-fiuid lines. 

The main part of the lecture was devoted to a 
discussion of the mechanism of the “ crazing ” of 
transparent acrylic-resin canopy materials. It 
was believed to arise from local tension failure near 
the surface, resulting in numerous fissures, which 
affected the transparency of the material and reduced 
its mechanical strength. As cast, the plastic material 
retained a variable amount of solvent and also 
contained random residual stress. An increase in 
either could cause crazing ; attack by solvent alone 
produced random crazing, whereas the application 
of stress caused directional fissures. Heat treatment 
tended to release both solvent and internal stresses. 
Strains could, however, be re-introduced into heat- 
treated material by local heating and chilling ; 
moreover, by stretching heat-treated flat sheet to 
form curved shapes, the solvent absorption at 
highly curved parts was enhanced. It was neces- 
sary, therefore, to heat-treat after shaping. 

The differential contraction between the canopy 
edges and the metal surround could be reduced by 
reinforcing the plastic with a fibrous material of 
high elastic modulus, e.g., laminated sheets of 
glass-fibre cloth impregnated with acrylic resin ; 
this improved the mechanical properties and reduced 
the overall coefficient of expansion. To overcome 
the tendency for a pressurised canopy to break up 
completely if failure occurred at any point in it, a 
sandwich construction of a tough transparent 
rubbery material, such as polyvinyl butyrate, 
between two sheets of acrylic resin could be used ; 
the impact strength, however, dropped sharply at a 
temperature of about 0 deg. C. 


(To be continued.) 





HIGHER TECHNICAL AND 
SCIENTIFIC MANPOWER.* 


By Tue Rr. Hon. Lorp Hankey. 


Hicu authorities claim that the foundations of the 
modern university system were laid long before the 
Christian era, at Athens and Alexandria. Athens 
came first with Plato’s Academy, Aristotle’s Lyceum, 
Zeno’s Stoa and the Garden of Epicurus. Next came 
the Mouseion of Alexandria, which was founded by 
Soter, the first of the Egyptian Ptolemies (323-283 B.c.) 
on the model of the Athenian Mouseion, a philosophic 
establishment that had housed the library of Aristotle. 
Although the Mouseion of Alexandria did not neglect 
the humanities its pre-eminence was in science. 

On the science side of Alexandria, Euclid composed 
his Elements and founded a mathematical school that 
lasted 700 years; Apollonius wrote on conic sections ; 
and Eratosthenes the grapher measured the earth 
and came within 50 miles of the correct diameter. In 
astronomy, the calendar we now use was worked out ; 
and in medicine, anatomy was taught and vivisection 

tised on animals and even on condemned criminals. 

t was to the Mouseion of Alexandria, with its famous 
scientists, lecture halls, ne it ng x “ye well 
apelin’ library, zoological ens, park and dining 
hall that the ~- of the ancient world (after primary 





* Lecture delivered at the Home Office Industrial 
Museum, London, 8.W.1, under the auspices of the 
Ministry of Labour and National Service, on August 29, 
1951. Abridged. 





and sometimes secondary education in Government- 
supported schools) flocked for scientific and technical 
training and education. 

From that fascmating episode there is one important 
lesson to be drawn. Unlike the Athenian schools 
whose income was derived from private sources, the 
Mouseion of Alexandria was supported by the State, 
the funds being administered by a priest who was 
appointed by the King—a prototype, we can imagine, 
of the chairman of the University Grants Committee, 
But “ he who pays the piper calls the tune ” and, under 
control of the palace, which included both the Court 
and the Government Offices, the university experienced 
both the advantages and the disadvantages of Govern- 
ment control. 

Tn less than a hundred years from its foundation, the 
scientific energy of Alexandria had lapsed. To-day 
when Governments are, quite rightly, spending large 
sums on science in their own establishments and in 
universities, technical colleges and the like, there is a 
latent danger that pure science, the basis of applied 
science, may be starved, and that insistence may be 
too great on immediate and practical results. I do 
not suggest that it has happened or is likely to happen 
here in the near future under the present enlightened 
system, but, on a long view, universities are right to 
be on their guard against the risk. As was well said 
by Mr. Gladstone in the first Romanes Lecture, 
delivered in 1892, with specific reference to our own 
universities: ‘‘The chief dangers before them are 
probably two: one that in research, considered as 
apart from their teaching office, they should relax 
and consequently dwindle; the other that, under 
pressure from without, they should lean, if ever so 
little, to that theory of education which would have it 
to construct machines of so many horse-power, rather 
than to form character, and to rear into true excellence 
the marvellous creature we call man; which ‘gloats 
upon success in life, instead of studying to secure that 
the man shall ever be greater than his work, and never 
bounded by it, but that his eye shall boldly run (in the 
language of Wordsworth) ‘ Along the line of limitless 
desires.’ ” 

Some of the medieval universities were founded by 
the State, notably the University of Naples, by the 
Emperor Frederick IT in 1222 B.c. ; others, like Bologna, 
by the Popes, and many were associated with monastic 
orders. The contribution of these early universities 
to science was limited to a few, like Salerno, which 
specialised in medicine. Three that tower above the 
rest are Paris, Oxford and Cambridge, all founded in 
the Twelfth Century a.p. It was not until after the 
Restoration that, through the agency of societies in 
London and Oxford, the Royal Society for the promo- 
tion of Natural Science was founded (in 1662) and that, 
through the earlier stimulus of men like Lord Bacon 
(1561-1626) and Newton (1642-1727) science began 
to come into its own. In Great Britain, after Oxford 
and Cambridge the oldest universities are in Scotland— 
St. Andrews (1411), Glasgow (1451), Aberdeen (1494) 
and Edinburgh (1583). Glasgow and Aberdeen were 
established by Papal Bulls, in Glasgow’s case on the 
model of Bologna, to which university Scotch students 
had been wont to resort. 

The other British Universities are of modern origin. 
They comprise Durham (1832), London (1836), Man- 
chester (1880), Wales (1893), Birmingham (1900), 
Liverpool (1903), Leeds (1904), Sheffield (1905), Bristol 
(1909), Reading (1926), Nottingham (1948) and a 
number of important university colleges. The remark- 
able features are, firstly, the extent to which university 
development in England has advanced since the Great 
Exhibition of 1851; secondly, the important place 
that the newer universities occupy in British scientific 
prestige; and thirdly, the reassuring fact that the 
older universities whose world-wide reputation was 
built on the “ humanities,” while retaining their status 
in that respect, have also achieved high distinction in 
science and technology. 

The origins of the technical colleges are attributed 
partly to a welfare movement by working men and 
partly to the initiative of a few private individuals, 
notably Dr. George Birkbeck and Professor John 
Anderson. At the end of the Eighteenth Century 
two groups of voluntary societies emerged—mechanics’ 
institutes, and literary and scientific societies. The 
first. mechanics’ institute was almost certainly in 
Birmingham, with Glasgow a close second; others 
developed in Liverpool, Manchester, Huddersfield and 
London. There were also unions of mechanics’ insti- 
tutes in Yorkshire, Lancashire, Cheshire and London, 
and by 1851 there were 55 mechanics’ institutes in 
England: and Wales. There are now, in 1951, over 
500 major establishments for instruction in technology 
and commerce and almost 10,000 evening institutes. 
Over two million students attend these institutions. 

The 1851 Exhibition, the writings of authors such as 
Tyndall, Huxley and Darwin, and the many discoveries 
in science and technology during the Nineteenth 
Century, produced a climate of opinion favourable to 
the application of State funds to education. Evening 
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classes were so aided, grants being paid to responsible 
bodies which arranged courses in science and the arts. 
Examinations were set by officials of the Science and 
Art Department of the Board of Trade, established in 
1853. At the end of the Nineteenth Century, by 
voluntary effort very largely, the mechanics’ institutes, 
or other similar organisations, were converted into 
technical colleges. Also, with supplementary State aid, 
many important colleges were established, such as 
Regent-street Polytechnic in 1881, followed closely by 
six others in London and similar colleges in about 20 
other important towns. Those who studied at these 
colleges cheerfully accepted yo programmes of 
evening study after a full day’s labour. The system 
meant the survival of the fittest, for only the strongest 
and most resolute could stand the strain. 

The Education Act of 1902 placed the control of 
technical education under the county and borough 
councils, and the first quarter of the Twentieth Century 
saw a steady development of the original system ; 
more colleges, the provision of course rather than sub- 
ject instruction, a broader treatment of subjects. 
The financial arrangements, very broadly, were that 
half the cost fell on the rates and half on the Exchequer. 
The system of external examinations then current was 
replaced, in 1921 and onwards, and for certain types 
of students only, by a typically British system of 
examinations, partly external, partly internal, and 
with many special and admirable features. Théo awards 
are known as National Certificates and have a truly 
national currency. At the present time, the number 
of entrants for National Certificate examinations in 
Mechanical Engineering alone exceeds 20,000 ; the total 
for all branches of technology is much more than this. 
A spurt was made in 1936, when the Board of Education 
announced an intended capital expenditure on technical 
education up to 12I. million, with a similar sum to be 
provided by the Local Authorities. The response was 
very satisfactory, but World War II impeded the full 
implementation of the programme. 

To complete the tale of scientific and technical 
development, the important professional institutions 
that came into existence during the industrial expansion 
of the Nineteenth and Twentieth Centuries must be 
mentioned. As an illustration, I take the three major 
Institutions of Civil Engineers, founded and incor- 
porated by Royal Charter in 1828; Mechanical 
Engineers, founded in 1847, and incorporated in 1929 ; 
and Electrical Engineers, founded in 1871 and incor- 
porated in 1921. The first had, on July 1, 1951, 
about 18,500 members, the second 36,000, and the 
third 37,000. The total membership of the three is of 
the order of 90,000 members (corporate and non- 
corporate). The institutions keep their members abreast 
of engineering developments by lectures, discussions 
and monthly journals of high quality. They concern 
themselves with standards of professional competence 
and education, and co-operate with the Education 
Departments, and technical colleges, particularly on 
the standard of National Certificates which are taken 
into account in the highly-valued qualifications for 
membership of the respective institutions. Their 
mutual co-operation inter se is very close. There are, 
of course, corresponding institutions for many other 
branches of science and technology with similar 
attributes. Collectively, these institutions make an 
invaluable contribution to British science and tech- 
nology. The venerable Royal Society, the doyen and 
ancestor of the institutions, pursues its ever-expanding 
task of promoting natural science with vigour and effi- 
ciency. 

Between the two world wars, the Manpower Sub- 
committee of the Committee of Imperial Defence had 
recommended as the pivot of man-power defensive plans 
the setting up of a Ministry of National Service in the 
event of war. In August, 1939, the Ministry of Labour, 
the parent mse of the scheme, assumed the 
obligations and duties of the proposed Ministry, which 
it discharged with conspicuous success throughout the 
war. The pre-war preparations included a schedule of 
reserved occupations, compiled during 1937 and 1938, 
to provide against the mistake in World War I of enlist- 
ing into the fighting Forces skilled men essential for the 
construction of war material: a Central Register of 
volunteers for war service by with technical, 
memes and higher administrative qualifications, 

rought into existence with the aid of the Royal Society, 
the universities and the principal technical and pro- 
fessional institutions: a Sonal Purposes Committee 
to control the general conduct of the Register in war 
time, and, through committee representatives of the 
Various professions, to advise and assist in its use: 
joint recruiting boards at universities on the outbreak 
of war, to interview un uates and resident 
university graduates under the age of 25 and to assess 
their suitability for training as officers and for other 
forms of national service. ose were the key features 
of the Ministry of Labour’s scheme for higher technical 
personnel, and I can testify to its essential soundness, 
for the fates had decreed that I should be associated 
with it up to this very day. 





The story begins at 10.30 a.m. on September 3> 
1940, when Air Marshal Sir Philip Joubert, who was 
responsible in the Air Ministry for radar organisation, 
came into my office to say that radio-location, or 
R.D.F. as we then called it, which had been brought to 
light in 1935 and applied with success in a limited field, 
had, so to speak, “ come round the corner” and that 
startling new developments were at hand. There were 
insufficient personnel within the Services to supply 
prospective requirements and these would have to be 
obtained from civil life and sufficiently trained.. Unless 
immediate drastic steps were taken, the three fighting 
Services were threatened with a critical situation. The 
responsible Minister, Mr. Ernest Bevin, the Minister of 
Labour and National Service, whom I consulted, at 
once asked me to take over the job, and placed at my 
disposal the invaluable services of the Central (Technical 
and Scientific) Register. 

There were two problems ; the immediate deficit and 
the future supply of trained personnel. The first was 
met apart from the Central Register, by raiding univer- 
sities, professional institutions, the B.B.C. (including 
television), the Post Office, and the Dominions, especi- 


ally Canada. About industry, we had to be careful | P° 


lest we should “kill the goose that laid the golden 
eggs ’’—namely, the priceless radar apparatus. Never- 
theless, the Radio Manufacturers’ Association rendered 
invaluable help, e.g., by giving us the names and units 
of men who had enlisted in the forces, which, as the result 
of several combings, yielded considerable numbers. 
By these measures, and with some invaluable help 
from the United States, we just managed to fill the gap 
in the critical first year. 

The long-range problem was solved, with prompt 
assistance from the Education Departments, the 
Committee of Vice-Chancellors of Universities, the 
universities themselves, and the technical colleges, 
by the establishment of special courses to which a large 
proportion of the scientific students was diverted. 
Eventually, over 50,000 men and women were selected 
for basic scientific instruction and passed to the 
fighting Services, research and industry. The super- 
vision of the scheme was undertaken by a Wireless 
Personnel Committee under the chairmanship of Sir 
Clement Jones, which overcame innumerable diffi- 
culties. Thus the threatened shortage of university 
students was met by a system of State Bursaries to 
attract to the course qualified persons who became 
known as “ Hankey Bursars.” A tough struggle was 
to induce the fighting Services to accept women recruits, 
who in the event proved invaluable. The difficulties in 
finding competent instructors and technical apparatus 
for 19 universities and university colleges, and 93 
technical colleges were very great. For the instructors 
(who did a wonderful job in this new science) summer 
schools were held, twice in London, and once at St. 
Andrews University. 

Scarcely was the radio personnel problem in hand 
before Mr. Bevin consulted me about extending to the 
whole range of higher technical personnel the methods 
that had succeeded in radar, and, in August, 1941, the 
Technical Personnel Committee was set up, with myself 
as chairman and Sir Clement Jones as deputy chairman, 
“to consider questions relating to the demand and 
supply of technical personnel and to increase the supply 
of certain types of scientists and engineers for 
the war effort.” This time, to meet the urgent demands 
of the Services, which were mechanising themselves at a 
staggering rate as apparatus poured out of the factories, 
we had to ask industry to release hundreds of engi 
at the risk of reducing output. Industrialists took the 
big line. They saw that their apparatus would be use- 
less without skilled personnel for operation and main- 
tenance, and, with assistance from the Institutions of 
Civil, Mechanical and Electrical Engineers, we managed 
to meet all needs. 

I was, however, always anxious about what would 
happen in the event of a very long war, and in October, 
1942, we introduced a scheme of engineering cadetships 
for youths aged 16 to 19, leading to technical commis- 
sions in the Services so as to enable the future needs of 
industry to be met without adversely affecting their 
capacity to equip the armed Forces. ining was 
again carried out largely at technical colleges, and about 
3,000 youths had been trained or accepted for training 
under the scheme when, in 1944, owing to the improve- 
ment in the military situation, it was suspended. 

It is important to note that a high proportion of those 
who took the courses proved acceptable to the fighting 
Services on technical grounds. The educationalists 
had done their job well. What disturbed us was the 
number rejected by the Services—especially the Army— 
for want of what was termed “ qualities,” not- 
withstanding that the original Boards which “ vetted ” 
the candidates before their selection had taken that 
factor into account. It was extremely eiering to 
ety nmrengn Renenainy pth gi re wieautiilie 

in my experience in peace and war, iti 
of * leadership” and “ character ”’ are harder to find 
and even more important than technical capacity. 
(T'o be continued.) 





BOILER AND TURBINE TESTING.* 


By Caprarn (E) L. F. Incram, R.N., and Caprarn (E) 
L. A. B. Perms, D.S.0., M.V.O., R.N. 


(Continued from page 287.) 


Tue other feature that was not entirely satisfactory 
was boiler-casing lagging. The use of economisers 
usually results in fitting fewer rows of generating tubes 
in the tube bank and, therefore, in higher gas tempera- 
tures over a considerable area of boiler casing; this, 
coupled with increasing congestion in the boiler room, 
has led to complaints from sea of hot pockets and high 
firing-space temperatures. With so much thought and 
effort being devoted to weight-saving, it seemed desir- 
able not to adopt an overall increase in lagging scant- 
lings, but rather to await shore trials experience. 
From a habitability stand-point, conditions in the 
boiler room are worse at low powers, when the general 
air velocities in the stokehold are low and heat radiated 
from hot surfaces is not carried away. Trials were 
therefore carried out at one-tenth and three-tenths 


wer and it was apparent that working conditions 
would be unpleasant in tropical climates. The avera; 
metal temperature of the boiler casings was 200 deg. F. 


at three-tenths power, which resulted in temperatures 
being recorded on the floor plates some 30 deg. F. 
above the outside air temperature. The boiler-casing 
lagging comprised l-in. thickness of Newall’s “ New- 
tempheit” high-temperature insulating block. The 
associated gas temperature inside the boiler casing 
during this trial was 700 deg. F. 

On a weight basis, the most economical method of 
improving habitability was to build a light metal air- 
casing external to the boiler, arranged so as to lead the 
air supply to the registers. This was estimated to 
impose an additional resistance on the discharge side 
of the forced-draught fans of 0-6 in. w.g., and the 
stokehold air pressure of 15-6 in. w.g. was already 
considered high enough. Again the register design 
was referred to the Admiralty Fuel Experimental 
Station, to see if the draught loss across the register 
could be reduced. This was achieved by increasing 
the area for flow of primary air at the entrance to the 
register. While new boiler fronts were being fitted to 
accommodate the revised register arrangement with the 
larger sprayers, ~ mgr 3 was taken to remove some 
30 superheater tubes. Although, on the initial trial, the 
superheater performance conformed with expectations, 
the fitting of baffles below the superheater tubes had 
increased the gas flow through the superheater and this 
raised the superheat temperature. Removal of these 
superheater tubes restored the balance of the design 
and subsequent trial proved that the additional steam 
pressure drop through the superheater was acceptable. 

Trials were then resumed. The re-designed registers 
effected the necessary saving in draught loss, and the 
effect of the increased distance of the registers from 
the heating surfaces, resulting from fitting larger” 
one caps, eliminated all flame impingement. As a 
result a clear funnel was obtained with a CO, value of 
13. per cent., corresponding to an air: fuel ratio of 
17:1. With the elimination of burning in the tube 
bank, the mean gas temperature below the economiser 
at full power was further reduced from 860 deg. F. 
to 790 deg. F. The “ habitability casing ” built round 
the boiler resulted in satisfactory floor-plate tempera- 
tures at 3/10 full power, the surface temperature of 
this casing being 130 deg. F. 

A series of trials was now conducted up to 6/5 power, 
which constitutes the performance record of the oiler. 
During these trials, calorimeter readings had shown 
figures of 2 and 3 per cent. wetness at high output, 
and it was decided that a further series of trials was 
required to investigate and rectify this trouble. Some 
difficulty had been experienced with the throttling 
calorimeters, due largely to the awkwardness of the 
main steam-pipe leads and to the cooling air flow 
caused by the habitability casing; some time was also 
occupied in trying different designs of sampling nozzles, 
but it was not found practicable to obtain an accuracy 
greater than + }percent. Several schemes for internal 
drying were tested, and, in addition, an external helix 
dryer of the Superheater Company’s design was fitted 
in the saturated pipe between the steam drum and the 


we, yg 

different designs of internal gear produced 
results varying from 1 per cent. to 5 per cent. wetness 
at full power. With a good design of internal steam 
separator, the additional use of an internal dry pipe 
reduced the wetness from about 1 per cent. to about 
0-8 to 0-9 percent. In the trials arranged particularly 
to test the helix dryer, varying degrees of wetness were 
produced artificially by raising the water-level and by 
overdosing the water with boiler compound to give 
figures of 0-5 to 5 per cent. at two or three powers. 





* Paper presented te the International Conference of 
Naval Architects and Marine Engineers at a meeting held 
in London on June 27,1951. Abridged. 
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Fig. 1. CONVERTER. 


The trials showed the helix dryer capable of removing, 
on average, four-fifths of the moisture, irrespective of 
the wetness before the dryer. 

As a result of these trials, it became clear that the 
main cause of wetness was the use of an internal feed 
pipe which sprayed water into the steam space. By 
feeding below the water level, a maximum wetness 
figure of 0-5 per cent. at full power was obtained with a 
relatively simple arrangement of internal gear, and 
without having recourse to an external dryer. The 
immediate effect of drowning the feed was to cause 
hunting of the water-level, but the addition of a steam- 
flow component to the feed-water regulator steadied 
up the rate of feed and the water-level hunting ceased. 

Having settled the dryness problem, this prototype 
boiler test was concluded by a final series of performance 
trials to check previous results. Throughout these 
trials, various incidental tests were made on safety 
valves, and brick and casing temperatures, some of 
which were necessarily of long duration. Apart from 
the collection of data on performance, valuable to 
the designer as a check on his technique and methods, 
and valuable to the Admiralty for present use and also 
in the identification of possible troubles in service, these 
trials gave timely indication of the necessity to modify 
superheaters, combustion equipment—both from the 
efficiency and handling aspects—and the internal 


gear. 

The above notes on the Daring boiler trials give some 
indication of the work done at A.F.E.S. on the develop- 
ment of oil-burning registers. Thirteen per cent. CO, 
is considered the standard to be achieved for combustion 
efficiency, with 15 per cent. as the aim, though this 
latter figure represents only 10 per cent. excess air. 
In these tests, CO, readings are m with an infra-red 
recorder, an electrical conductivity recorder, and two 
chemical-type recorders drawing samples from single 
and multiple nozzles above the economiser. With a 
draught loss of 6} in. across the register, 2,000 Ib. per 
hour sprayers have been burned to give a compact 
flame 8 ft. to 9 ft. in length. In a normal design of 
furnace, this will give a heat-release rate of about a 
quarter of a million B.Th.U. per cubic foot of combus- 
tion volume per hour. To improve upon this, a higher 
draught loss across the register will be necessary, which 
brings many problems in its train; for a register 
draught loss of 15 in. w.g. would mean a total drop 
across the boiler of around 50 in. w.g. 

Tests which have been carried out with many different 
burner caps, with fuel-oil pressures varying from 100 to 
1,500 Ib. per square inch, show that combustion is 
best when the droplet mean diameter is between 
80 and 110 microns. For a given ae the higher 
the viscosity the larger the droplets, while increase of 
fuel-oil pressure decreases the droplet size. Because 
of the need for sufficiently small droplets at minimum 
output, it was found necessary in one naval design 
to use an oil pressure for full output of 600 Ib. per square 
inch; at that pressure, a viscosity between 40 and 
75 seconds Redwood I gave the best results. 

Extensive tests are being made of wide-range 
burners, and various commercial types are tested 
from absolute and comparative aspects. The objective 
is to develop a fully reliable burner with a maximum 
output between 3,000 Ib. and 5,000 Ib. of oil per hour, 
and having a 20:1 turn down, as compared with 
1-4:1 for the type used in the ing trials. It 
appears desirable that the spray angle shall be as nearly 
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(4448) CONVERTER UNIT. 
as possible 90 + 5 deg. over the full range. Constant 
attention is given to the installation and user aspects, 
in that the simplest possible arrangement of plant, 
piping and control is the objective, and also that the 
urner shall require the minimum attention for cleaning 
or adjustment. The types of burner under test are the 
centre spill, outside spill and air or steam-assisted 
atomisers. 

To give more scope and facility for burner and 
register tests, the present test boiler, which delivers 
80,000 Ib. of steam per hour at 400 Ib. square inch 
and 700 deg. F., is being superseded by a specially- 
designed combustion-test boiler with a rear wall which 
can be adjusted to give a furnace length from 7 ft. 6 in. 
down to 3 ft., and fitted for any degree of air preheat 
and for very high air pressures. Modern boiler designs 
tend to use more furnace cooling surface; good com- 
bustion at low boiler outputs is therefore more difficult 
to achieve. The combustion-test boiler will have an 
all-cooled furnace. 

Another field of activity of the A.F.E.S. is the testing 
of refractories. Here the effort has been directed to 
the production of material specifications which will 
ensure the test resistance to spalling and slagging 
of firebricks, avoid the use of materials not available in 
this country, and provide a serviceable and light 
design of furnace lining as a whole. During this 
study, it has become apparent that firebrick tempera- 
tures are not as high as had been generally supposed, 
even with quite high furnace heat-release rates. Typical 
figures for a furnace having three refractory and three 
tube walls, at a heat-release rate of 0-2 x 10¢ B.Th.U. 
per cubic foot per hour, show a furnace temperature of 
2,600 deg. F. and a firebrick hot-face temperature of 
2,430 deg. F.; with the higher g mater ving 

roduced during experimental trials, furnace and hot- 
= temperatures of 2,850 deg. F. and 2,730 deg. F., 
respectively, have been recorded. The brick tempera- 
tures quoted are those of the hottest bricks in the 
furnace ; those adjacent to tube walls would be about 
100 deg. F. cooler. The direct effect of excess air has 
been shown to reduce furnace and firebrick temperatures 
by about 70 deg. F. for every 10 per cent. excess air. 

Firebricks are refractories, not insulants. The 
temperature drop across the whole thickness of a 4}-in. 
brick is of the order of 300 deg. F., leaving a drop of 
some 2,000 deg. F. to be absorbed by the insulating 
bricks and the slabs of insulating material which are 

behind the firebricks. If the thickness of 
the firebrick is reduced to 2} in., the additional tempera- 
ture drop of 130 deg. F. is accommodated almost 
entirely by the insulants, and the resulting increase in 
hot-face temperature of the firebrick is less than 
10 deg. F. In these trials, brick temperature measure- 
ments were taken both by the temperature-gradient 
method and by direct surface measurement, using 
platinum : platinum-rhodium thermocouples; furnace 
temperatures were measured with aspirating thermo- 


couples. 

The minimum limit of alumina specified for firebricks 
for naval use has been progressively raised to give a 
higher refractoriness, but, quite recently, study at 
A.F.E.S. has led to the conclusion that an increase in 
alumina over 43 per cent. nearly always leads to a 
lower sea-salt i resistance. This, together 
with the knowledge that firebrick temperatures are 
lower than was su’ has led to the pyrometric cone 
equivalent being fixed at No, 33 (3,145 deg. F.), which 
can be met with a 43 per cent. alumina content.. The 
alumina limit is ace — from the latest 
refractory specification, an uses covering porosity 
and contained fluxes have been tightened up. Spalling 
and slagging call for some opposing qualities ; spalling 
resistance generally increases with coarse grain and 
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are therefore in hand to test coatings resistant to the 
slagging mechanism on a firebrick highly resistant to 
spalling. 

Of great significance is the question of fuel-oil 
quality and, in particular, contamination of oil by salt 
water in the form of an emulsion. This contamination 
arises chiefly in ships in which empty fuel-oil tanks 
have to be ballasted with sea water to preserve stability. 
In such ships, emulsions containing 15 to 20 per cent. 
of sea water have been encountered; 76 per cent. 
sea water in emulsion is the maximum physically 
obtainable, and in one exceptional case an emulsion 
containing 50 per cent. sea water was recorded in one of 
H.M. ships. With emulsions containing 15 per cent. 
or more of sea water, the fuel-oil sprayers commence 
spluttering and the presence of water is apparent, 
but emulsions containing 11 to 13 per cent. have been 
burnt without any evidence of contaminated fuel at 
the sprayer. 

It must be remembered that a one per cent. sea water 
in fuel-oil emulsion will throw into the furnaces 700 Ib. 
of fluxing agent per 1,000 tons of fuel oil burnt. The 
results of burning these emulsions are the slagging of 
furnace brickwork and the formation of bonded deposits 
in the economisers and tube banks. Diagnosis of these 
troubles, together with a solution, of the problem of 
how to break these emulsions, has been the result of 
trials at A.F.E.S., and this work has already been 
reported in a paper “Sea Water Contamination of 
Boiler Oil Fuel and its Effects,” by C. J. Gray and W. 
Kilner, Trans. I.Mar.E., vol. 60, page 43, 1948. 


(To be continued.) 





INSTRUMENT UNIT. 





THE ELECTRICAL MEASUREMENT 
OF MECHANICAL QUANTITIES. 


AN electrical method of measuring mechanical quan- 
tities has recently-been devised by Salford Electrical 
Instruments, Limited, Silk-street, Salford, in association 
with the Research Laboratories of the General Electric 
Company, Limited. It consists essentially of a “con- 
verter,’’ which converts a mechanical displacement, 
such as is set up by pressure, tension, weight or tem- 
perature in springs, levers, bellows or capsules, into an 
electric current; and an instrument which indicates 
this current and thus allows the displacement to be 
ascertained either directly, or indirectly in conjunction 
with a conversion table or curve. 

The converter (shown in Fig. 1, on this page), is 
housed in a cylindrical aluminium casting, 3} in. in dia- 
meter and 5 in. long, which has a flange 5 in. in diameter 
at one end. It is protected from external magnetic 
leakage and temperature errors and can be installed 
near masses of metal without the calibration having 
to be altered. Its robustness ensures that a minimum 
of maintenance and attention will be necessary. A rod, 
which is not shown in the illustration, projects from 
the centre of the flange and in its end there is a hole 
tapped with a No. 2 B.A. thread to which the mechanical 
conversion equipment is connected. The converter 
is also pte oo by a four-core cable to an instrument 
unit, as shown in Fig. 2. The standard length of this 
cable is 10 ft. but longer lengths can be used if the 
setting of a self-contained resistor is altered. The 
instrument unit, too, is of all-metal construction 
and is 12} in. square by 8 in. deep. It contains a: 
instrument, 8 in. in diameter, which is provided with 2 
100-deg. scale calibrated in thousandths of an inc, 
as well as a switch and indicating lamp. It also cov- 
tains a transformer, although this can, if desired, © 
mounted separately. Further, it can be provicc- 
with a ten-way switch, so that a number of con- 
verters can be connected to it in turn. Arrange- 





SEPT. 7, IQ5I. 


ENGINEERING. 


301 








HEAVY MOTOR LORRY 


WITH LOADING WINCH. 


TRANSPORT EQUIPMENT (THORNYCROFT), LIMITED, LONDON. 








Fia. 





1, 














Fig. 2. 


ments can be made for automatic operation of alarms, 
recorders and relays. 

The converter consists of fixed and moving cores 
made of an insulated magnetic powder, Gecalloy PL, 
which is compressed to accurate dimensions by mould- 
ing. This process also imparts adequate permeability, 
high stability and nearly linear magnetising charac- 
teristics to the moving core, so that its response to the 
output current is also approximately linear. This 
linearity is maintained even when the moving core 
approaches the fixed core, thus providing a great 
improvement over the use of stampings. The low 
magnetising current, which is supplied from the 
transformer in the instrument unit, also results in the 
attraction between the fixed and moving coils being 
small, thus avoiding magnetic instability. In addition, 
the cores can be made cylindrical with the windings 
inside them and the air gap at the physical centre, as is 
essential if the external leakage field is to be negligible. 

The material of which the core is made is self- 
supporting, so that clamps or spacers are not required. 
The actuating rod from the mechanical system passes 
through holes in the centre of the moving core and is 
located by beryllium-copper spiders, the mechanical 
hysteresis of which is negligible. It is claimed that 
the conversion of mechanical movement into electric 
current takes place without appreciable loss or tem- 
perature rise and without interference from external 
circuits or adjacent metal. The primary winding 
of the converter, which may be regarded as a variable- 
ritlo transformer, is supplied from the mains, while 
the secondaries, as can be seen in Fig. 2, are connected 
in Opposition, so that no voltage is induced in the 
connections to the instrument when the moving core 
is In 468 zero position. Variations in the moving core, 
which is placed centrally in the electromagnetic 
c-reuit of the converter, result, however, in changes 
in the effective mutual inductance ; but these changes 
are dependent solely on the position of the core and 
8 oa affected by variations in the supply voltage or 
frequency. 

_ The indicating instrument is of the moving-coil type, 
elthough the usual permanent magnet $a weptacel tr 

electromagnet supplied from the transformer 
econdary, as shown in Fig. 2. The conventional 





control spring is also replaced by ligaments, so that 
the torque is produced solely by the alternating current 
magnetic fluxes of the electromagnet and the output 
of the converter which flows through the moving coil. 
The instrument can also be incorporated in a recorder 
circuit. 

As a result of tests extending over a year, it has, 
we understand, been found that a high degree of 
stability can be obtained at widely varying tempera- 
tures and that the electrical system will maintain an 
accuracy of at least 2 per cent. over most practical oper- 
ating conditions. The applications of such a system 
are numerous, among the most important being the mea- 
surement of displacements up to % in. with full-scale 
deflection on the instrument. The latter can, however, 
be modified to give about one-tenth of this value. 
Weights from a few ounces to many tons can also 
be ascertained by measuring the deflection of a beam 
or beam system of known mechanical characteristics, 
and by employing a calibrated spring the tension 
of ropes, ties or cables can be measured. It would 
appear possible that converter units can also be built 
into a bridge or other structure to register the variation 
of load continuously. Gas pressures can be measured 
by utilising bellows, diaphragms or capsules as the 
transmitting medium. 





MANUAL OF RADIO VALves.—The Valve Manual, 
Part I, which has recently been published by the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, at the price of 58., is intended 
as a guide for radio engineers engaged in the maintenance 
or design of broadcast receivers. Full characteristics, 
operating data and curves are given of the many types of 
amplifying and rectifying valves, cathode-ray tubes, 
photoelectric cells, current and voltage-regulator tubes, 
neon indicators, Geiger-Miller tubes, gas-filled arrest 


25-TON MOTOR LORRY WITH 
LOAD’ NG WINCH. 


Transport Equipment (THoRNyCROFT), LIMITED, 
Smith-square, London, 8:W.1, introduced last year a 
heavy tractor, known as the Mighty Antar and designed 
for transporting abnormally heavy loads over rough 
ground. The first of these to be produced were de- 
signed for use in conjunction with Crane trailers on 
a pipe-laying project in the Middle East and an illus- 
trated description of both the tractors and the trailers 
was given in ENGINEERING, vol. 169, page 341 (1950). 
Recently, the company completed three further 
vehicles of this type for the Shell Petroleum Company, 
Limited, St. Helen’s-court, Great St. Helen’s, London, 
E.C.3, two of which will be shipped to Sarawak and 
the other to Venezuela for use in the oilfields of those 
two countries. One of the vehicles is illustrated in 
Figs. 1 and 2, on this page, from which it will be seen 
that it 1s equipped with a platform body instead of 
the turntable described in connection with the earlier 
models. The body, which was designed and con- 
structed by Messrs. R. A. Dyson and Company, Limited, 
Liverpool, is of all-steel construction and has been 
made to transport loads up to 25 tons. Basically, the 
chassis is a standard ** Mighty Antar”’ six-wheeled unit 
with a mean wheelbase of 21 ft. but fitted with rear- 
bogie beams in place of the rear springs and provided 
with a power take-off on the auxiliary gearbox arranged 
to drive a Tulsa “70” 50,000-lb. winch mounted 
behind the driver’s cab. 

A notable feature of the vehicles is their self-loading 
characteristic, it being possible to load skid-mounted 
rigs up to the full load of 25 tons merely by using the 
winch and a heavy-duty roller fitted to the tail of the 
platform body. This self-loading operation, it is 
claimed, can be completed in a matter of minutes by 
the driver and his assistant without any extra help or 
equipment ; similarly, unloading can be accomplished 
by using the reverse procedure. When loading, the 
winch cable is attached to the forward end of the load, 
which subsequently is drawn towards the tail of the 
vehicle by means of the winch; alternatively, the 
vehicle can be reversed up to the load. When the 

int of attachment of the winch cable is vertically 

low the tail roller, it draws the forward end of the 
skid on which the load is mounted upwards until it 
makes contact with the tail roller on the body. During 
the next stage, the bottom surfaces of the skid 
“ runners ” ride over the roller and the load, still with 
its rear end on the ground, is hauled forward over the 
body of the vehicle. Eventually the load reaches a 
state of balance on the axis of the roller, the tail, as a 
consequence, rising from the ground and its nose 
descending towards the platform. It may be noted 
that, at this point, the front wheels of the vehicle rise 
from the ground by approximately 2 ft. for a few 
moments, as shown in Fig. 1. Further winching lowers 
the load on to the platform and, at the same instant, 
the front wheels descend gently to the ground. 

If a long journey is contemplated, the load is winched 
well forward on to the body. On the other hand, if it 
is only a short trip to the off-loading point the forward 
end of the skid is lowered on to a roller and winched 
forward just far — for stability to be obtained 
as shown in Fig. 2. By adopting this method, it is 
only necessary to accelerate the vehicle with the 
winch cable slack to bring the load back to the point 


of balance. 





REGISTER OF LIGHTING ENGINEERS.—The I]luminating 
Engineering Society, 32, Victoria-street, London, S.W.1, 
have issued a Register of Lighting Engineers. It con- 
sists of the names of those members who have applied 
for inclusion, have been a member in some olass in the 
Society for not less than one year, are in the possession of 
certain educational and technica] qualifications, and have 





been engaged in the practice of illuminating engineering 
for not less than five years. Only those included in the 
Register will be entitled to adopt the description of 
** Registered Lighting Engineer,’ but registration will 
not be regarded as a condition either of membership or 
of fellowship of the Society. 





RECOVERY OF WASTE PAPER AND CARDBOARD.—The 
output of packaging material, on which every industry 
depends, is being slowed down by the shortage of 
recovered waste paper and cardboard. Waste-paper 
merchants are prepared to buy waste from business 
houses and manufacturing firms; addresses of such 

hants can be obtained from the Waste Paper Re- 





and crystal valves, including silicon and germanium 
diodes. Allthis useful information is accompanied by a 
short historical retrospect, which indicates the progress 
that has been made in this class of electrical apparatus 
since 1918,and by some notes on manufacture; which will 
be studied with interest. There are a number of useful 
diagrams and an index. , 


covery Association, 52, Mount-street, London, W.1. 
Last year the total amount of waste paper returned for 
re-pulping was 847,055 tons, but the total consumption 
was 887,082 tons. This year the rate of consumption 
has already reached 1,000,000 tons and more will be 
needed ; a total waste collection of 1,200,000 tons should 





be attained. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE CoAL SITUATION.—Many coal consumers are 
awaiting with some anxiety the extra output promised 
by the resumption of the 11-day fortnight in the industry 
after three months during which a five-day week operated. 
The reduced availability which resulted has made con- 
siderable inroads into the favourable margins built 
during the spring and early summer. Screened coal has 
been particularly scarce, houvse-coal stocks have fallen 
well below last year’s standard, and the reserves at 
gasworks are again lower than in 1950. Ground stocks 
at power stations are greater, but are not sufficient to 
cope with the increased generating plant which will be in 
commission during the winter. General industrial users, 
although suffering reduced deliveries, have contrived to 
maintain better supplies than was the case last year. 





GREENOCK HaRBOUR TRUST.—Speaking at a luncheon 
on August 28, Mr. W. J. Coutts, chairman of Greenock 
Harbour Trust, stated that the income of the Trust, for 
the year ended June, 1951, had established a peace-time 
record well above the 1939 level. Imports of sugar had 
brought in the highest revenue, the income from ship 
repairs and fitting-out coming second in importance. 

DUNDEE HarRBOuR Boarp.—At a meeting on August 
27, Dundee Harbour Board decided not to enter into 
negotiations with Shell-Mex & B.P., Ltd., for the lease 
of ground at Stannergate for use as a proposed tanker 
depot. The Lord Provost, Mr. Richard Fenton, oppos- 
ing the proposal, said the ground in question had been 
described as an ideal site for a dry dock. 

Economic EXPANSION IN SCOTLAND.—An interim 
report by Mr. Tom Burns, the secretary of the Cairn- 
cross Committee set up to recommend economic expan- 
sion in parts of Scotland where more industria] employ- 
ment is necessary and desirable, has been published. 
This states that, while a few new industrial areas came 
into being in Scotland between 1937 and June, 1951, 
they were mainly extensions of the old ones. Mr. Burns 
emphasised the ‘‘ tremendous concentration” of new 
plants to the south-east and south-west of Glasgow. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


SUPPLIES OF IRON ORE AND ScrapP.—Following on 
the recent rise in fixed prices of iron and steel, the 
announcement of the increase of 21. in the maximum 
permitted quotations for ferrous scrap was no more 
than had been generally expected in North-East Coast 
commercial circles, Apart from small amounts to 
cover the extra cost of transport, this is the first general 
allowance in scrap prices for 14 years and it is hoped that 
the movement will stimulate the home scrap drive, upon 
the success of which the restoration of the steel industry 
to peak activity very largely depends. The improvement 
in ore supplies from home sources and from abroad is 
now very marked and the continuation of the present 
rate of deliveries promises to enable consumers soon to 
re-establish stocks at satisfactory levels. The scarcity 
of iron and steel scrap is still acute. 


BLAYDON TO CARLISLE OVERHEAD TRANSMISSION LINE. 
—Several public and other bodies in Northumberland 
are raising objections to the route to be taken by a 
proposed new overhead power-transmission line to be 
erected by the British Electricity Authority between 
Blaydon-on-Tyne, County Durham, and Carlisle. The 
proposed route, within the Northumberland County 
boundary, crosses the Tyne at Newburn and on to 
Heddon-on-the-Wall, Horsley, Stagshaw, Fourstones, 
Haydon Bridge, Bardon Mill and Haltwhistle. The 
Ministry of Fuel and Power have arranged for a hearing 
to be held in Neweastle-on-Tyne, probably on Septem- 
ber 26. Some of the objectors, who are numerous, argue 
that, as the scheme is of concern to many people in all 
walks of life, the whole question should be discussed at 
a public inquiry instead of at the Ministry hearing. It is 
generally agreed that the line must be erected in the 
public interest, and the only contention is the route to be 
taken, 

REMAINS OF ROMAN BRIDGES AT CARLISLE.—While 
dredging was in progress in the river Eden near Carlisle, 
what are thought to be stones from a bridge built by the 
Romans were brought to the surface. They were found 
close to Hden Bridge on the main road to Scotland and 
near the place where Hadrian’s Wall is thought to have 
crossed the Eden, The stones have been examined by 
archsologists ; they are stated to consist of red sand- 
stone and to have been well preserved by the gravel of 
the river bed. Operations have since revealed evidence 
of a second bridge. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


Furet Srocxs.—In Yorkshire, industrial coal stocks 
are 49,500 tons higher than they were a year ago, and 
reserves for electric power plants are 16,000 tons greater. 
Stocks at gasworks, however, are equivalent to 2-6 weeks’ 
supply only, at the anticipated winter level. Moreover, 
stocks of household coal, in Yorkshire, are lower than 
they were a year ago. The Yorkshire opencast coal 
output, it is estimated, has fallen short of the target, on 
account of bad weather conditions and the exhaustion of 
the more easily worked deposits. 

FURTHER STEEL EXTENSIONS.—A three-year pro- 
gramme of extensions to the Appleby-Frodingham Steel- 
works, at Scunthorpe, has been submitted by the United 
Steel Companies, Ltd., Sheffield, to the Iron and Steel 
Corporation. The chief features will be two new blast- 
furnaces, a large crushing and sintering installation, and 
a blowing plant. The primary object is to increase the 
ironmaking capacity of the works to keep pace with its 
steelmaking possibilities and to supply iron to one of 
United Steel’s other concerns, the Steel, Peech & Tozer 
works, at Templeborough, Sheffield. 

SHEFFIELD-MANCHESTER RAILWAY ELECTRIFICATION. 
—The electrical operation of the railway between the 
concentration yards at Wath-on-Dearne and a point 
near Wombwell Main Colliery has been officially com- 
menced. It is the first phase of the electrification of the 
railway between Sheffield and Manchester via Penistone. 





STAGGERED WORKING Hours.—More than 3,000 firms 
in Sheffield and Rotherham will operate a scheme for 
staggering working hours, to ease the electricity load at 
critical peak times this winter. Apart from minor 
variations, the scheme will be virtually the same as that 
adopted in the winter of 1949. Staggering will be in 
force from November 1 to March 31, and will involve 
a late shift once a week in industry. 


THE MIDLANDS. 


RuRAL WATER SuPPLIES.—The Leek Rural District 
Council, in North Staffordshire, propose to supply water 
to 12 parishes in the north-east part of the county. 
Permission has been sought from the Ministry of Local 
Government and Planning to build a weir and intake 
works on the river Manifold, at Hulme End, near the 
Derbyshire border. The necessary works are estimated 
to cost 250,0001, and the amount of water to be taken 
from the river is 300,000 gallons daily. Objections have 
been raised, however, and a public inquiry wil] be held 
at Leek on September 12. 

PROPOSED CLOSING OF BRANCH Ralway.—The 
Railway Executive announce that it is proposed to close 
the branch railway between Leominster and Bromyard. 
The railway, a single track, is part of the line which 
joins Worcester and Leominster, but it is not proposed 
to close the section between Worcester and Bromyard. 
The part which it is proposed to close serves a rather 
isolated district. 





THE COLLECTION OF ScRAP METAL.—The Town Council 
of Walsall have started a scheme for scrap-metal recovery 
which, it is hoped, may be taken up by other towns in 
the area. The Council propose to collect scrap metal of 
every description from private houses, and special 
journeys are to be made by refuse-collecting vehicles 
into all parts of the town for this purpose. Inhabitants 
will be notified beforehand when a vehicle is to visit their 
area, and will be encouraged to put out every piece of 
scrap metal they can find. The amounts which can be 
collected from individual householders will obviously be 
small, but Walsa]l has a population of over 114,000, 
and in the aggregate the quantity could reach useful 
proportions. 

THE BIRMINGHAM JEWELLERY QUARTER,—Corres- 
pondence in the local Press has once more turned attention 
to the factories in the Birmingham jewellery quarter. 
The area concerned is unique in some respects. It still 
retains some of the small factories which were made out 
of dwelling houses built in the Eighteenth and early 
Nineteenth Centuries. At first, the houses themselves 
sufficed for manufacturing purposes, but in the course of 
time extensions were added, until the whole jewellery 
quarter contains a mixture of buildings of many sizes 
and shapes. The question of these factories has been 
raised many times in the last decade, and there is general 
agreement that many of them are unsuitable by modern 
standards. In 1944, the Birmingham Jewellers’ Asso- 
ciation started to prepare a plan for rebuilding the entire 
jewellery quarter, and large blocks of “‘ flatted ” factories 
were proposed, to house the many small businesses which 
are characteristic of the trade. It was soon realised, 
however, that the cost would be prohibitive. Since 
that time, costs have risen, and the question is no nearer 
to a solution. 





RoaD PASSENGER TRANSPORT IN THE MIDLANDS.— 
A warning has been issued by the Birmingham City 
Transport authorities, who operate about 1,500 vehicles, 
mainly in the city itself, that, unless the number of 
drivers and other operating staff can be brought up to 
strength, services will have to be cut. There are over 
1,100 vacancies at present. Revised schedules have 
been prepared, and they will be put into operation unless 
the labour problem is solved soon. 





ENGINEERING RESEARCH DISCUSSIONS; UNIVERSITY 
oF NOTTINGHAM.—During the forthcoming session, the 
Engineering Departments of Nottingham University, 
of which Professor J. A. Pope, D.Sc., is Head, will be 
holding a series of research discussions at post-graduate 
level in various branches of engineering technology, 
with the main object of facilitating co-operation between 
the University and industry. The subjects to be dealt 
with are the Dynamic Properties of Metals, the Fatigue 
of Metals, Structural Analysis and the Use of Models, 
the Use of Analogies in Fluid Mechanics, Photo-elasticity 
and the Dynamic Properties of Rubber. There will be 
three or four lectures, each followed by discussions, in 
each subject, and they will be held on Wednesday 
afternoons, from 2.30 to 4.30, the first on October 17. 
The lectures and discussions are open to all interested 
persons, without fee, but those wishing to availthemselves 
of the facilities offered are asked to write to the Registrar, 
University of Nottingham, University Park, Nottingham, 
to obtain a syllabus and enrolment form. By the 
interesting innovation of these discussions it is hoped 
that designers and research workers from firms and 
institutions within reach of Nottingham will be made 
familiar with the work being carried on in the University 
and will be able to make suggestions to facilitate this 
work. In this way the link between the University 
staff and those engaged inindustry should be strengthened 
to the advantage of both, 


SOUTH-WEST ENGLAND AND 
SOUTH WALES... 


NEVUL’s Dock, LLANELLY.—The second oldest dock 
in the Bristo] Channel, Nevill’s Dock, Llanelly, is to be 
filled in because of the closure of the port of Llianelly by 
the local Harbour Trust last February. The decision 
was taken on account of the Trust’s financial difficulties. 
The dock played a great part in Lianelly’s industrial 
development since the early Nineteenth Century and 
also occupied an important place in the early days 
of the West-Wales coal-export trade 150 years ago. 
When filled in, the dock will provide an industrial site. 





TROSTRE TINPLATE PLANT.—A number of tin 
workers have received notification to report for duty at 
the new Trostre tinplate cold reduction plant at Llanelly 
No forecast has yet been made by the Steel Company of 
Wales, Ltd., as to when the works are likely to go into 
production. A number of men have been called upon 
for training and a section of the new plant is undergoing 
preliminary tests. 

SUSPENSION OF BUILDING OF DOWLAIS STANDARD 
FacTrorigs.—On account of the great improvement that 
has taken place in the employment position in the town, 
the Merthyr District Employment Committee have 
decided that they were no longer justified in pressing for 
the completion of two standard-type factories at Dowlais. 
It was stated at a meeting of the Committee that when 
the development plans for local factories were completed 
the difficulty might be to find sufficient skilled labour. 
Work on the standard factories, on which 30,0001. had 
been spent, has been suspended owing to Government 
cuts in capital expenditure. 


TRAFFIC AT SOUTH WALES PorTs.—During the four 
weeks ended August 12, the South Wales ports, between 
them, handled 1,437,366 tons of traffic, which was 
104,361 tons more than in the corresponding period of 
last year. Imports rose by 112,860 to 69:,992 tons; 
but exports fell by 8,498 tons. Coal and coke shipments 
were down from 292,049 to 216,186 tons, but shipments of 
oil and spirits jumped from 67,576 to 116,733 tons and 
general cargo from 6,727 to 11,189 tons. 

PRODUCTION OF ARMSTRONG SIDDELEY SAPPHIRE 
ENGINES.—The Hawker Siddeley group has formed 4 
new company, Brockworth Engineering, Limited, who 
are to add to the production of Armstrong Siddeley 
Sapphire axial-jet engines for the Royal Air Force ; 
Sapphires are at present being built in this country by 
Armstrong Siddeley Motors, Ltd., Coventry. They are 
taking over three-quarters of the floor space of the 
Hucclecote, Gloucestershire, works of Hawksley Con- 
structions, Ltd. The directors of the new company aT’ 
Sir Frank Spencer Spriggs, K.B.E., chairman ; Mr. 
Hugh Burroughes, F.R.Ae.S., Mr. H. T. Chapmer, 
C.B.E., M.I.Mech.E., F.R.Ae.S., and Mr. W. F. Saxton, 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


RoyvaL AERONAUTICAL SocrEeTy.—Monday, September 
10, 6. p.m., Royal Institution, 21, Albemarle-street, W.1. 
39th Wilbur Wright Memorial Lecture on “‘ The Well- 
Tempered Aircraft,” by Mr. A. E. Raymond, 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Central London Branch: Monday, September 10, 
7 p.m., St. Ermin’s Hotel, Caxton-street, Victoria-street, 
§.W.1. “The Engineer and the Welfare State,” by 
Mr. R. F. Mathieson. South West London Branch: 
Tuesday, September 11, 8.15 p.m., St. George’s Hall, 
St. George’s-road, Wimbledon, S.W.19. ‘‘ Mercury-Arc 
Rectifiers,” by Mr. C. H. Brown. Bradford Branch: 
Wednesday, September 12, 7.30 p.m., The Midland 
Hotel, Bradford. ‘‘ Modern Factory Lighting,’ by Mr. 
A. G. Smith. Bristol Branch: Friday, September 14, 
7.30 p.m., The Grand Hotel, Bristol. ‘‘ The Development 
of the Clyde Passenger Steamer,” by Mr. A. S. Miller. 
Crewe Branch: Friday, September 14, 7.30 p.m., 
Crewe Arms Hotel, Crewe. ‘“‘ Limitations of Science,” by 
Mr. J. Levitt. Nottingham Branch: Friday, Septem- 
ber 14, 7.30 p.m., The Old Angel Inn, Stoney-street, 
Nottingham. ‘‘ Power Cable Design,” by Mr. F. V. 
Howitt. 


INSTITUTION OF MECHANICAL ENGINEERS.—‘‘ Genera] 
Discussion on Heat Transfer,” organised by the Institu- 
tion and the American Society of Mechanical Engineers, 
at Storey’s-gate, St. James’s Park, Westminster, S.W.1. 
Tuesday, September 11, 10 a.m., ‘‘ Heat Transfer with 
Change of State”; 2 p.m., “ Heat Transfer Between 
Fluids and Surfaces’; 8 p.m., Reception and Conver- 
sazione. Wednesday, September 12, 10 a.m., “ Con- 
duction in Solids and Fluids”; 2 p.m., “ Radiation, 
Instrumentation, Measurement Techniques and Analo- 
gies,” ; 8.30 p.m., James Clayton Lecture on “‘ Problems 
in Design and Research on Condensers of Vapours and 
Vapour Mixtures,” by Professor A. P. Colburn. Thursday, 
September 13, 10 a.m., “‘ Special Problems”; 2 p.m., 
Closing Technical Session. For further information, see 
page 96, ante. Southern Branch: Wednesday, Septem- 
ber 12, 7 p.m., Royal Aircraft Establishment Technical 
College, Farnborough, Hampshire. Repetition of James 
Clayton Lecture on “The Aviation Engine,” by Air- 
Commodore F. ‘R. Banks. 


INSTITUTION OF WORKS ENGINEERS.—Birmingham 
Branch: Tuesday, September 11, 7 p.m., Grand Hotel, 
Birmingham. Annual General Meeting. (‘To be followed 
by annual dinner.) Glasgow Branch: Monday, Septem- 
ber 17, 7.15 p.m., Institution of Engineers and Ship- 
builders in Scotland, 39, Elmbank-cr t, Glasgow, 
C.1. Annual General Meeting. ‘‘ Job Evaluation,” by 
Mr. R. Aston. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, Septem- 
ber 11,7 p.m., 85, The Minories, E.C.3. Junior Members’ 
Discussion on “ Factors Governing the Design of a 
Modern Tanker, with Special Reference to the Machinery,” 
by Mr. W. Lynn Nelson. 


INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Graduate Section: Tuesday, September 11, 7 p.m., 
James Watt Memorial Institute, Great Charles-street, 
Birmingham, 3. Various sound films, introduced by Mr. 
R. A. Bishop. Liverpool Section: Wednesday, Septem- 
ber 12, 7.15 p.m., Offices of North Western Gas Board, 
Radiant House, Bold-street, Liverpool,1. Film Display, 
arranged by Messrs. Taylor, Taylor and Hobson, Ltd. 


INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, September 11, 7 p.m., The Engineering Centre, 
351, Sauchiehall-street, Glasgow. Discussion on “ Elec- 
tronics in Production.” East Lancashire Branch: 
Tuesday, September 11, 7.15 p.m., Engineers’ Club, 
Albert-square, Manchester. Open discussion Meeting. 
South Wales Branch : Tuesday, September 11, 7.15 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
Discussion on ‘‘ Modern Applications of Rubber in 
Industry.” Kent Branch: Thursday, September 13, 
7.30 p.m., Queen’s Head Hotel, Maidstone. Discussion 
on “‘ Electric Motors : Their Characteristics and Applica- 
tion.” Newcastle-upon-Tyne Branch: Thursday, Sep- 
tember 13, 7.30 p.m., Roadway House, Oxford -street, 
Newcastle-upon-Tyne. Film on “ Pulverised Fuel.” 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—East 
Midlands Centre: Wednesday, September 12, 7.30 p.m., 
Mechanics Institute, Nottingham. Opening Meeting of 
1951-52 Session. Midlands Centre: Tuesday, Septem- 
ber 18, 7.30 p.m., The Crown Inn, Birmingham. “ The 
Servicing of Brakes,” by Mr. J. Kinchin. 


INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, September 19, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, Westminster, 
8.W.1. “Dynamic Braking for Steam, Diesel and 
Gas-Turbine Locomotives,” by Mr. J. Koffman. 





INSTITUTE OF PETROLEUM.—Wednesday, Septem- 
ber 19, 5.30 p.m., Manson House, 26, Portland-place, 
W.1. “ Our Unproduced Reserves: What Are They ? ” 
by Dr. Morris Muskat. 


British Ligut STEAM PowER Society.—Saturday, 
September 22, 3 p.m., Waldorf Hotel, Strand, W.C.2. 
“The Problem of the Steam Car,” by Mr. M. Harman 
Lewis. 





7 


CONTRACTS. 


MARCONI’S WIRELESS TELEGRAPH Co., LTp., Chelms- 
ford, Essex, have received an order valued at 80,000/., 
from the Egyptian Ministry of Communications—The 
Egyptian Broadcasting Authority—for one of the new 
100-kKW medium-frequency air-cooled broadcast trans- 
mitters. It will be installed at Abu Zaabal, near Cairo, 
and will be housed in the same transmitter hall as the 
Marconi 100-kW high-frequency transmitter now being 
delivered to the Egyptian authorities. The mast radiator 
is also being supplied by the firm and will be erected by 
local labour under the supervision of British engineers. 
The company, moreover, are supplying a 3-kW medium- 
frequency beacon transmitter, type WB8, with mast, 
aerial and earthing equipment for installation at an 
Egyptian airport. 


METROPOLITAN-VICKERS ELECTRICAL Co., LTp., Traf- 
ford Park, Manchester, 17, have received an order from 
the State Electricity Commission of Victoria, Australia, 
for 31 units of metal-clad switchgear, type SB14. These 
are for 20-kV service at the Newport “ A ” power station 
and are of the single-’bus type with a rated short-circuit 
capacity of 750 MVA. They are to operate initially on a 
25 cycles per second service but, subsequently, must work 
on 50 cycles per second, Short-circuit tests have con- 
firmed that the circuit-breaker performance is satisfactory 
at both frequencies. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ SPECIALITY.”—Single-screw cargo vessel, built 
by the Grangemouth Dockyard Co., Ltd., Grangemouth, 
for F. T. Everard & Sons, Ltd., London, E.C.3. Main 
dimensions : 225 ft. by 37 ft. 10 in. by 16 ft. ; deadweight 
capacity, 1,850 tons on a draught of 15 ft. 8in. Sirron 
Diesel engine, developing 800 b.h.p. at 250 r.p.m., con- 
structed by the Newbury Diesel Co., Ltd., Newbury, 
Berkshire. Speed on trial, 10 knots. Trial trip, 
August 13. 


M.S. ‘“‘ Scotscraic.”—Twin-screw ferry vessel, to 
carry 800 passengers and a number of vehicles, built by 
the Caledon Shipbuilding and Engineering Co,, Ltd., 
Dundee, for the service of the Dundee Harbour Commis- 
sioners between Dundee and Newport, Fife. Main 
dimensions: 168 ft. by 50 ft. by 8 ft. 3in.; draught, 
5ft.3in. Two vertical-type six-cylinder Diesel engines, 
developing a total of 1,000 b.h.p. at 600 r.p.m., con- 
structed by the English Electric Co., Ltd., Preston, 
One totally-enclosed single-reduction double-helical gear 
unit, manufactured by David Brown and Sons (Hudders- 
field), Ltd., Huddersfield, fitted to each engine. Speed, 
10% knots. Tria] trip, August 28. 


M.S. “ TANK Kina.”’—Single-screw oil tanker, built 
and engined by Harland and Wolff, Ltd., Belfast, for 
Sigurd Herlofson & Co., Oslo, Norway. Main dimen- 
sions: 580 ft. between perpendiculars by 78 ft. by 
42 ft. 6 in. to upper deck ; deadweight capacity, 24,000 
tons on a draught of about 32 ft. Harland-B. and W. 
seven-cylinder two-stroke single-acting opposed-piston 
oilengine. Trial trip, August 29-31. 


M.S. “ KIMANIs.”—Twin-screw cargo vessel, carrying 
40 first-class, 24 second-class and 500 unberthed passen- 
gers, built by the Caledon Shipbuilding and Engineering 
Co., Ltd., Dundee, for the Singapore/British North 
Borneo trade of the Straits Steamship Co., Ltd., Singa- 
pore. Main dimensions: 312 ft. overall by 51 ft. by 
29 ft. 6 in. to shelter deck ; gross tonnage, about 3,100 ; 
deadweight capacity, 2,400 tons on a draught 17 ft. 
Two eight-cylinder: opposed-piston Diesel engines, 
developing a total of 2,560 b.h.p. at 250 r.p.m., con- 
structed by British Polar Engines, Ltd., Glasgow. Speed. 
on trial, 13% knots. Trial trip, September 3. 





ASWAN DAM Hypro-ELEcTRIO SCHEME.—The Egyp- 
tian Government announce that tenders are shortly to 
be invited for the sluice gates and ancillary works asso- 
ciated with the Aswan Dam hydro-electric scheme. 
Firms interested in these works are advised that the 
best time to visit the site, to inspect the up-stream side 
of the Dam is during the present low up-stream water- 
level period which is due to expire, this year, on October 5. 
A further announcement will be made by the Egyptian 
Government as soon as the tender documents are ready 





for sale. 





PERSONAL. 

Mr. M. G. R. Smrrn, M.B.E., B.So., M.I.C.E., assistant 

civil engineer, Western Region, British Railways, has 

been appointed civil engineer, Western Region, as from 
November 10, 1951. 


The Iron and Steel Corporation of Great Britain, 
1, Chester-street, London, S.W.1, announce that the 
boards of the Park Gate Iron and Steel Co., Ltd., Rother- 
ham, and of Darwen and Mostyn Iron Co., Ltd., Mostyn, 
Flintshire, have been reconstituted. Two part-time 
directors of the Park Gate Co., Smrk ALLAN J. GRANT, 
Wh.Ex., M.I.Mech.E., M.I,N.A., and CoLonEL D. 8. 
Branson, have retired, and Mr. T. Farr and Mr. 
J. WADSWORTH have been elected to the board. Similarly, 
two part-time directors of the Darwen and Mostyn Co., 
Mr. R. H. Storey and Mr. R. A. SToREy, have retired, 
and the board now consists of two, instead of four, part- 
time, and two full-time directors. 

The announcement made on page 271, ante, that 
Str ARTHUR P. M. FLEMING, C.B.E., D.Eng., while 
retaining his seat on the board of the Metropolitan-Vickers 
Electrical Co., Ltd., has relinquished his executive 
duties as director of research and education of that 
company, does not mean that he is retiring. He has 
been appointed director of research and education of 
Associated Electrical Industries, Ltd. 


Mr. P. W. Casn, B.Sc. (Eng.), A.C.G.1., M.I.E.E., 
has been appointed technical executive assistant to Sir 
John Hacking, M.I.E.E,, deputy chairman (operations) 
of the British Electricity Authority. Mr. Cash succeeds 
Mr. G. R. Pererson, B,A., M.1.E.E., who, as stated on 
page 143, ante, has been appointed generation operation 
engineer in the chief engineer’s department. 


The British Broadcasting Corporation, London, W.1, 
announce that in view of Mr. H. L. KirKe’s prolonged 
absence on sick leave, it has been decided to appoint 
Mr. F. OC. McLean acting assistant chief engineer, with 
effect from September 1. He will take over Mr, Kirke’s 
work of co-ordination and direction of technical work. 


The Pulsometer Engineering Co., Ltd., Nine Elms 
Tron Works, Reading, announce the appointment of the 
following as directors, namely, Sm FELIX POLE, who will 
take the chair at board meetings in place of Mr. ELIoT 
HopGKIN, who has resigned ; Mr. R. G. W. Biss, and 
Mr. A. V. Price, Mr, J, ELLiotr has been appointed 
secretary. 

Mr. D, SHARPE, of Glasgow, a past-president of the 
Institute of British Foundrymen ; Mr. OLIVER SMALLEY, 
O.B.E., of New York, president of the Meehanite Cor- 
poration; and Dr. J. T. McKENzIE, of the American 
Cast Iron Pipe Co., Birmingham, Alabama, U.S.A., 
have been elected honorary life members of the Institute 
of British Foundrymen, 

Cotonet &, H. Cowie, manager, Eastern Division, 
Dominion Bridge Co., Ltd., Montreal, has been elected an 
honorary life member of the Canadian Standards Associa- 
tion, National Research Building, Ottawa, in recognition 
of his long and valuable services to the Association. 


Mr. C. L. G. Farrrietp, M.A., A.M.I.E.E., 
A.M.I.Mech.E., has been appointed manager of the 
valve division of Mullard, Ltd,, Century House, Shaftes- 
bury-avenue, London, W.C.2, 


Mr. S. STANSBRIDGE, manager of the traffic division of 
the Marconi International Marine Communications Co., 
Ltd., Marconi House, Chelmsford, Essex, has retired after 
more than 45 years of service with the company. Mr, 
T. H. F. WILLOUGHBY, chief accountant of the company, 
has retired after 37 years of service, Mr. F. H, REEVEs, 
who became deputy chief accountant in 1940, has been 
appointed to succeed Mr. Willoughby as from September 1. 

Mr. E. W. Asupy, B.Sc. (Eng.), A.M.I.E.E., sales 
engineer attached to the Liverpool branch office of 
British Insulated Callender’s Cables, Ltd., has been 
elected chairman of the Mersey and North Wales Centre 
of the Institution of Electrical Engincers, as from Octo- 
ber 1. 

Mr. J. S. SKINNER has been appointed controller of 
office-equipment sales in this country, for Remington 
Rand, Ltd., Commonwealth House, 1-19, New Oxford- 
street, London, W.C.1. 


Mr. JAMES Dow, formerly of Thomas De La Rue & Co., 
Ltd. (Plastics Division), has joined the technical sales 
staff of R. H. Windsor, Ltd., manufacturers of extrusion 
and injection moulding machines, Royal London House, 
16, Finsbury-square, London, B.C,2. 


Mr. P. Hay has relinquished his appointment as sales 
engineer at the Manchester office of the plant division of 
Crompton Parkinson, Ltd., to take up an appointment 
as sales engineer at the Manchester office of Lancashire 
Dynamo and Crypto (Mfg.), Ltd. 

The main administrative offices of COOPER AND Co. 
(B’HAM), Lrp., have been transferred from Birmingham 
to their South Wales factory at Brynmawr, Breconshire 
(telephone: Brynmawr 312), to which all orders, corre- 
spondence and inquiries should now be addressed. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.Le Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING ” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 

places abroad, with the exception 

(| Oa Oe 
For Canada £5 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
recc: ed at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Proofs for approval. 

The Proprietors will not hold themselves responsible 


for «dvertisers’ blocks left in their possession for more 
than two years. 
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DOLLAR EXPORTS. 


In view of the present financial position of this 
country, it is not necessary to emphasise the 
importance of efforts to extend the sale of British 
manufactures in America. The matter has been 
the subject of almost endless exhortations by Govern- 
ment speakers and many times it has been said that 
firms engaged in such trade will receive preferential 
treatment in the supply of raw materials. Assistance 
has been furnished in various ways and particularly 
by the setting up of the Dollar Exports Board. 
This organisation, however, is not a Government 
body, although it is closely associated with the 
Board of Trade and other Government departments 
and has received support both in the form of finance 
and services. The Board was set up by the Associa- 
tion of British Chambers of Commerce, the Federa- 
tion of British Industries, the Financial Advisory 
Committee, the National Union of Manufacturers, 
and the Trades Union Congress. It is closely asso- 
ciated. with the Scottish Council (Development and 
Industry). 

Although a government may help or hinder the 
development of trade with other countries, it is on 
individual firms that the task of establishing trade 
relations actually falls, and manufacturers having 
no previous experience of selling in America may 
well require more detailed information than is 
furnished by the generalities of politicians. In 
view of its constitution, it is clear that the advice and 
assistance of the Dollar Exports Board must be 
available to a very large number of firms, but some, 
even many, having no American connections, may 
fail to take advantage of its services; they may 
well be fully occupied with trade in other quarters. 
As, however, it is of the first importance that sales to 
America should be increased, even if this involves 
some curtailment of activities in other directions, 
results of value may be expected to follow from the 
Dollar Convention which was convened by the 
Dollar Exports Board and held in Eastbourne last 


March. The proceedings* of the Conference have 
now been published and should be of value to-those 
to whom trade with America is a novelty. 

The Convention was attended by representatives 
of the Economic Co-operation Administration and 
the Canadian Government and was addressed by 
three Cabinet Ministers—Mr. Hugh Gaitskell, Mr. 


300 | George Strauss and Mr. Harold Wilson, at that time 


President of the Board of Trade. These Govern- 
ment speakers, naturally, and possibly necessarily, 
expressed themselves in the general terms and the 
rotund phrases which sound well in public speeches. 
It is not necessary to criticise their remarks, but it 
is allowable to say that they are not likely to be of 
assistance to a manufacturer who desires to enter 
the American market: Fortunately, the report 
contains matter of a more specific nature, and a 
number of manufacturers who have had practical 
experience of selling in the competitive American 
market gave some account of their procedure and 
its results. 

A number of the speakers dealt with the sale of 
textiles, pottery and other consumer goods to the 


5 | Americas, but although such materials may form an 


important, and even a major, part of the trade 
under consideration, they do not lie within the 
sphere of engineering interest. None the less, they 
may help to establish trade relations which may 
possibly be extended and bear fruit inotherdirections. 
A diagram indicating the value of the exports of 
various types of goods in 1949 and 1950 shows 
“ beverages ”’ far exceeding anything else in value. 
It may be assumed that, in general, this term may 
be taken to indicate “ whisky,” and the fact that 
more than 18 million pounds worth of this com- 
modity were exported in 1950, if it does not 
reconcile some people to home shortages, may cause 
them to hope that the friendly feeling which its 
consumption presumably imparts may be reflected 
in a favourable consideration of British engineering 
products also. 

As is well known, in terms of value motor 
vehicles head the list of exports of engineering 
manufactures, and valuable information about 
methods of trading was given by Sir William 
Rootes and also by Mr. J. F. Bramley, of the 
Austin Motor Export Corporation. Both these 
gentlemen emphasised the necessity for the proper 
organisation of service and the supply of spare 
parts. Mr. Bramley stated that the Austin Com- 
pany had very large spare-part stocks in New York 
and Toronto, and sub-depots at Los Angeles, 
Hamilton, Winnipeg and Vancouver. The stock 
in New York alone was worth between two and 
three million dollars. The carrying of spare parts 
of this value, and the organisation of the service 
which its handling involves, suggests that only large 
and wealthy companies can hope to build up a 
motor-vehicle trade in America. 

The question of farm implements and tractors 
was dealt with by Mr. 8S. J. Wright, agricultural 
adviser to the Ford Motor Company. He particu- 
larly emphasised the need for a detailed study 
of the market that it was hoped to serve. He pointed 
out, for instance, that, in many parts of Canada, 
thousands of farms grow only one crop; ploughs 
which could be adjusted to half a dozen different 
widths and have half a dozen different bodies were 
not wanted. He was certain that British products 
might be simplified and the price lowered without 
departing from the standards of quality and endu- 
rance on which their reputation has been built up. 
In connection with tractors, he pointed out that, 
up to the middle of 1949, Great Britain had exported 
virtually not a single tractor to Canada for ten years, 
but over the last 12 months had sent about 8,000. 
He added that rather more than half the total were 





* Dollars and Indusiry. The Dollar Exports Board, 
Thames House North, Millbank, London, S8.W.1. 
Obtainable from the BEAMA Export Department, 36, 





Kingsway, London, W.C.2. [Price 10s. 6d. post free ] 
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supplied by the Ford Motor Company, which had 
an established customer in the Ford Motor Company 
of Canada. Even with this reservation, however, 
there would appear to be important business and 
opportunities for others. 

Mr. Wright like other speakers,, stressed the 
importance of a proper spare-part service, and the 
Hon. A. C, Geddes, of Associated British Oil Engines, 
Limited, stated that the importance of this matter 
was shown by the fact that “ a great many American 
manufacturers rely on spare parts to make their 
money.” In this connection, he referred to the 
geographical extent of the market it was hoped to 
serve, and the importance of relating the stocking 
point to the cost of distribution. Shipping charges 
should also be studied ; it was cheapest to ship to 
Winnipeg by the Atlantic coast, but to Calgary, 
via the Pacific. Technically, British oil engines 
were just as good as American, and in some cate- 
gories his company could land products in North 
America at 50 per cent. of the American selling 
price. This was rather exceptional, after having 
paid duty, but a 25 per cent. margin was quite 
common. 

Capital goods were dealt with by a number of 
speakers, including Sir George Nelson, of the 
English Electric Company and their associates, and 
Mr. E. Bruce Ball, of Glenfield and Kennedy, 
Limited. Both these speakers referred in particular 
to the Canadian market, as did Mr. David Maxwell 
Buist, of the British and Allied Manufacturers 
Association. Mr. Buist stated that Canada was the 
largest importer of capital goods in the world. 
This was due to the great industrial expansion and 
to hydro-electrical development. By far the greater 
part of the imported material came from the United 
States; in 1949, the capita] electrical equipment 
obtained from the United States was ten times 
that obtained from the United Kingdom. In the 
field of heavy electrical engineering, he thought the 
best prospect of increasing British imports lay in a 
combination of Canadian consultants and con- 
tractors with a group of British and Canadian 
manufacturers. 

Mr. Bruce Ball was concerned with what he 
termed engineering components not normally sold 
direct to consumers. He advocated the setting up 
of a selling organisation, probably of group type, 
for the maintenance of stocks and spares, and urged 
that even the simplest and most obvious standards 
should be complied with. He advocated advertising 
and showing at exhibitions. In connection with 
standards, Mr. H. A. R. Binney, Director of the 
British Standards Institution, gave some account 
of the international contacts of the Institution, and 
referred to cases in which common standards had 
been agreed on. The arrangement under which the 
British Standards Institution now acts as agent in 
London of the Canadian Standards Association 
should be of much value to exporters, but, as 
pointed out in a note on page 275 of our issue of 
last week, there is reason to suppose that some 
British manufacturers of electrical apparatus are 
not aware that material for the Canadian market 
must obtain the approval of the Canadian Standards 
Association ; they are not taking advantage of the 
service provided by the British Standards Insti- 
tution. 





THE LATE SIR HOLBERRY 
MENSFORTH, K.C.B. 


As this issue is being sent to press, we learn of 
the death, on Wednesday, September 5, at the age 
of 80, of Sir Holberry Mensforth, K.C.B., formerly 
a director of Thos. Firth and John Brown, Limited, 
and other prominent engineering companies, and, 


for several years after the 1914-18 war, Director- 
General of Factories in the War Office. We hope 
to publish a memoir of Sir Holberry next week. 





THE APPRENTICE 
PROBLEM. 


THE Select Committee of the House of Commons: 
which is “ appointed to examine such of the Esti- 
mates presented to this House as may seem fit to 
the Committee,” having dealt with the Royal 
Dockyards in its Eighth and Ninth Reports in the 
manner which we summarised briefly on page 273, 
ante, has returned in the Tenth Report to the 
wider subject of “‘ Rearmament,”* and, in particu- 
lar, to the manpower side of it, to which an important 
section of the Third Report was devoted, some 
three months ago. Even in that short interval, it 
appears, the situation has changed appreciably for 
the worse ; not only among scientific and technical 
staffs, the supply of whom is stated to fall short of 
Tequirements by at least 600 a year, but among 
the ranks of the skilled tradesmen who, in practice, 
largely determine the rate of production and of 
plantexpansion. The Ministry of Defence, according 
to a memorandum submitted to the Committee, 
stated that, on the staffs of the three Service 
Departments, “the deficiency of professional staff 
is 370 out of a requirement of 1,744, and .. . 
of technical staff is 1,004 out of a requirement of 
4,613.” The Ministry of Supply also submitted a 
memorandum in which it was stated that the supply 
of both skilled and unskilled labour presented 
problems of “‘ considerable difficulty,’’ and that the 
shortage was “ notable in the aircraft and machine- 
tool industries, and also on the railways, where the 
deficiency had increased from 12,137 on January 1, 
1951, to 14,584 on May 19.” 

The Tenth Report, like its predecessors, is a 
skilful attempt to condense the mass of evidence 
collected by the appropriate sub-committee ; and, 
as is customary, it is followed by a record, taken 
by shorthand-writers, of the evidence, supplemented 
by selected memoranda on particular topics. In 
dealing with the manpower question, however, we 
feel that the condensation as inserted in the main 
Report has been a little too drastic, and hardly 
does justice (or even draws sufficiently emphatic 
attention) to the memorandum on “ Manpower for 
To-morrow ” put in by the Ministry of Labour and 
National Service. This is of particular importance in 
relation to the growing problem of finding, especially 
for the engineering and associated industries, a 
sufficiency of apprentices of the right type, to 
succeed eventually the present generation of skilled 
craftsmen. As happens so often in the pronounce- 
ments of the major Ministries (inspired or infected, 
it may be, by the succession of Economic Surveys), 
there is a slightly unctuous tone about the memoran- 
dum ; but any distaste that may be aroused in the 
mind of the reader by its didactic style and its 
tendency to rhetorical questions should not be 
allowed to deflect him from the reading of it, for it 
contains much on which to ponder. 

In a working population of some 23 millions, it 
appears, there are now only about 200,000 unem- 
ployed, and many of those are registering only for 
a few days, in the course of changing from one job 
to another. From the rest must be deducted the 
elderly and disabled, and, though they are not 
mentioned in so many words, the hard core of the 


-| virtually unemployable. Something can be done 


to increase industrial production, no doubt, by 
judicious upgrading ; but that course does less than 
nothing towards easing the shortages of unskilled 
labour and of apprentices. Of these two shortages, 
the lack of apprentices is undeniably the more 
serious. To a great extent, the lower-grade occupa- 
tions can be performed by machines and with the 
aid of labour-saving devices, assuming that the 





" © Tenth Report from the Select Committee on Estimates, 
Session 1950-51: Rearmament. H.M. Stationery Office, 
York House, Kingsway, London, W.C.2. [Pnce 5s. net.] 








labourers—using the term in a fairly broad sense— 
have the sense to accept and welcome such aid 
and to employ it to the limit. The apprentices, 
however, are the eventual successors to the men who 
devise and produce the labour-saving machines; 
and there is not much point in multiplying the 
scientists and the technicians in the service of the 
Government and of industry if there is not man- 
power to translate their visions into reality. 

The crux of the matter is a question of population 
and of average age. The statistics show that, over 
the next ten years, the total of the working popula- 
tion is likely to remain fairly stable or, at most, to 
increase by a mere 350,000 or so, but that the 
average age will rise appreciably. In 1911, to 
quote the memorandum, the proportion of persons 
who were 65 years of age or over was 53 per 1,000. 
By 1947, this proportion had risen to 105 per 1,000; 
and by 1977, it will be 160 per 1,000. Concurrently, 
there has been, and will continue to be, a growing 
shortage of young persons ; in 1939, about 740,000 
boys and girls reached the age of 15, but in 1951 
the total is not likely to be much more than 635,000. 
This, it will be observed, is not a matter of school 
leaving age: it is a total of persons reaching 15, 
If they continue at school, the industrial shortage 
will be intensified ; but if they all left school at 14, 
they would not restore the position to that of even 
one decade ago. 

In practice, of course, many will remain at school 
much longer, to study for professional qualifications, 
and a very large proportion will seek office jobs, so 
that the intake of trade apprentices is likely to 
shrink alarmingly in the comparatively near future. 
The memorandum seeks to extract some small 
comfort from the statistical trend, pointing out that 
there are prospects of a slight increase in the pro- 
portion of young people by 1960; but that is not 
going to solve the engineering industry’s apprentice 
problem, or even to alleviate it appreciably. In 
fact, the industry in general was acutely aware of 
that problem long before the Ministry of Labour 
started to compile statistics on the subject, and 
might have had to treat it as a matter of urgency 
years ago, had it not been for the depression between 
the wars. The foundries probably felt the impact 
first, among the larger-scale undertakings, but the 
little individual craftsmen, working alone or in 
small family firms at such occupations as black- 
smithing, wood-turning, and (which may seem rather 
strange) chronometer-making, were beginning to see 
difficulties ahead more than 20 years ago. It may 
be that the main cause of the shortage then was 
financial—boys could make more money at an early 
age by engaging in repetition work in large factories 
than as apprentices learning a trade; but the 
shortage was there, and gradually it spread to 
the large establishments. 

To some extent, the falling away has been 
checked by the provision, in many works, of more 
or less elaborate schemes for training, and of 
“‘ welfare ” organisations which extend to medical 
attention, sports grounds and various forms of 
subsidised entertainment. These amenities must 
have loaded the dice against the smaller firms, 
though the extent of their influence is almost 
impossible to evaluate. We do know, however, 
that the number of employers, especially those 
operating on a relatively small scale, who have told 
us of the difficulty they experience in finding appren- 
tices of the right type, has been increasing steadily. 
The trade unions, of course, have placed limitations 
for many years on the total numbers of apprentices 
that can be engaged. At one time, this policy 
may have been justified by the tendency of short- 
sighted employers to regard apprentices mainly 6 
cheap labour; but that is not the attitude now, 
and the craft unions, in our opinion, might do worse 
than revise or suspend this particular restrictive 
practice in the cases of works which they know to be 
good training grounds. 
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NOTES. 


AncLo-AMERICAN AERONAUTICAL CONFERENCE. 


Tue third Anglo-American Aeronautical Confer- 
ence has been taking place in Brighton this week 
and concludes to-day. It was officially opened on 
Tuesday, September 4, by the Mayor of Brighton, 
who welcomed the delegates and paid a tribute to 
the organising secretary of the conference, Captain 
J. Laurence Pritchard. The President of the Royal 
Aeronautical Society, Major F. B. Halford, C.B.E., 
read a message of welcome and good wishes from 
the Prime Minister, the Rt. Hon. C. R. Attlee. 
The conference also received messages of goodwill 
from the President of the United States, Mr. Harry 8S. 
Truman, the Secretary of the U.S. Navy and the 
Secretary of the U.S. Air Force ; they were read b 
Rear Admiral L. B. Richardson, the President of the 
Institute of Aeronautical Sciences, in his reply to 
the Mayor and Major Halford. The success of the 
conferences, he said, indicated they should become 


a permanent institution. The first Anglo-American: 


Aeronautical Conference, organised by the Royal 
Aeronautical Society, was held in London in 1947, 
and 42 delegates from the United States took part. 
At this year’s conference there are 150 representa- 
tives from America. The second conference, held 
in the United States in 1949, was organised by the 
Institute of Aeronautical Sciences, and 47 delegates 
represented Great Britain. The fourth conference 
will again be held in the United States in 1953, 
the 50th anniversary year of the first powered flight 
by the Wright brothers. On Wednesday evening, 
a reception and dance were held for the delegates 
by the Mayor and Mayoress of Brighton at the 
Royal Pavilion. The conference dinner is being 
held this evening (Friday). At the several meetings, 
20 technical papers are being read within four days, 
which means that, in some cases, delegates must 
choose between concentrating on their own subject 
or hearing about developments in other branches. It 
is perhaps inevitable that this should be so in a 
subject such as aeronautics, which covers a wide 
and rapidly develop ng field. Reports of some of 
the papers are given on page 297. 


New RESERVOIR FOR LONDON WatTER SupPPLy. 


On the afternoon of Tuesday, September 4, Mr. 
William H. Girling, O.B.E., chairman of the Metro- 
politan Water Board, inaugurated the latest reser- 
voir in the system owned and controlled by the 
Metropolitan Water Board, and announced that it 
would be known in future as the William Girling 
Reservoir. While under construction—a matter 
of some 16 years, as a result of war-time and other 
interruptions—it has been referred to as ‘‘ Chingford 
South reservoir.” The official party and their 
guests assembled at the headquarters of the Board 
in Rosebery-avenue, E.C1—the ‘New River 
Head ”—and, after a buffet lunch, proceeded by 
road to the site, where an open-fronted marquee 
had been erected on the reservoir embankment, in 
front of the two inlet pipes, each of which has 
two branches. The chair was taken by Mr. D. L. 
Evans, A.M.I.Mech.E., chairman of the Works and 
Stores Committee of the Metropolitan Water Board, 
who delivered an address of welcome to the chair- 
man of the Board and Mrs. Girling, which Mr. 
Girling briefly acknowledged. Mr. Evans then 
presented to Mr. Girling, Sir Jonathan Davidson, 
C.M.G., M.LC.E., the former chief engineer to the 
Board, who was mainly responsible, prior to his 
retirement, for the design of the new reservoir ; 
Mr. G. A. Marshall, M.I.C.E., the engineer for new 
works ; Mr. Baxter Wilson, A.M.I.C.E., the resident 
engineer for the reservoir; Mr. W. J. A. Sutton, 
chief inspector ; and Sir George M. Burt, M.L.C.E., 
chairman of John Mowlem and Company, the 
contractors. Sir George then introduced Mr. H. A. 
Henry, M.L.C.E., their chief engineer, and a number 
of officials and foremen in the contractors’ organisa- 
tion, «{ter which Mr. Evans invited Mr. Girling to 
maugurate the reservoir; this was duly done, and 
the water admitted. Mr. H. F. Cronin, C.B.E., 
MIL.C.E., the present chief engineer to the Board, 
gave some particulars of the undertaking. The 
new reservoir has a perimeter of 3} miles and an 
area at top water-level of 334 acres (only about 
16 acres less than that of Hyde Park) and, at that 


level, will hold about 3,400 million gallons. Its 
completion marks the final stage in the scheme of 
reservoir construction in the Lee Valley, initiated 
in 1893. The contract was placed on July 12, 1935, 
but, in 1937, difficulties were encountered, in part 
of the clay subsoil, which necessitated changes in 
the design of the retaining embankment and caused 
considerable delay. The war also retarded progress, 
most of the contractor’s plant being requisitioned 
and the men transferred to munition-works construc- 
tion, etc. The reservoir bank as now finished, 
Mr. Cronin stated, contains about 5 million cubic 
yards of material, protected by 50 acres of concrete 
slabs. Over 300,000 cubic yards of puddled clay 
were required for the core and foundation, and 
750,000 cubic yards of weak material were removed. 
The total estimated cost of the reservoir is about 


Y | 2,344,000/. 


Tue Ministry OF Works. 

It is recorded in the latest report of the Ministry 
of Works that the value of all building and civil- 
engineering work carried out in Great Britain in 
1950 was 1,3071. million, compared with 1,248/. mil- 
lion in 1949. No further information is given, but 
it may well be that the increase of 591. million in the 
work done represents rising costs not rising output. 
Housing was apparently responsible for the greatest 
expenditure in any of the categories mentioned in the 
report ; the figure for permanent houses is given as 
236-61. million. Another large item is “ Factories 
and Industrial Premises,” at 109-6/. million. 
In view of the power-supply position, it might be 
contended that the construction of generating 
stations should have preference over all other 
building work. No separate figure is given for this 
class of structure ; it is included under ‘‘ Work for 
Electricity, Gas, Water and Transport Under- 
takings” at 46-81. million. The above figures, 
apart from the overall totals, refer to work carried 
out by building and civil-engineering firms with 
operatives. To make up the sum of 1,307/. million, 
work carried out by building and civil-engineering 
firms employing no operatives, by specialist firms 
and by direct labour, has to be added. The total 
value of work accredited to direct labour employed 
by local authorities, public utilities and Government 
departments is 209-41. million. The type of work 
covered by these latter figures is not explained, but 
it may be assumed that most of the local-authority 
contribution to the total went to swell the figure 
for permanent housing. The emphasis on housing 
is further illustrated by the figures for the number 
of workers engaged on the various classes of build- 
ing ; these are given separately for the four quarters 
of 1950. For the fourth quarter 202,000 were 
employed on “industrial, agricultural and com- 
mercial work,” 216,000 on “new house construc- 
tion ’’ and 547,000 on “ other housing and all other 
work.” The supply of building materials was, in 
general, satisfactory during the year, but the demand 
for bricks necessitated drawing on accumulated 
stocks and there were local shortages of cement, 
although the total output was greater than in 1949. 
a wider recognition of the advantages of pre- 
stressed concrete is referred to; by the end of the 
year, 20 factories were making prestressed concrete 
products and 20 prestressed concrete bridges had 
been built. In October, 1947, the Miristry became 
responsible for the production of prestressed-con- 
crete railway sleepers, through contracts with 
private firms and Royal Ordnance Factories. In 
1950, the Railway Executive reduced its demand 
for these sleepers from 700,000 to 300,000 per annum. 
Production at Royal Ordnance Factories ceased in 
the summer of 1950, and contracts with private 
firms were transferred to the Railway Executive. 
During the three years when the Ministry was 
responsible for the contracts, 1,160,000 sleepers were 
produced. A final matter which may be mentioned 
is that in April, 1950, the Chief Scientific Adviser’s 
Division of the Ministry was transferred to the 
Building Research Station as ‘it had become clear 
that economies in staff and expenditure could be 
achieved by amalgamating the two principal 
Government bodies conducting building research.” 
The Ministry has, bowever. set up a tecbnical 
information service and appointed information 
officers in the various regions in England, Scotland 





and Wales. 


REFRIGERATION CONGRESS. 
The eighth Internationa] Congress of Refrigera- 
tion, sponsored by the Institut de Froid, finished 
in London on Wednesday this week, after a highly 
successful series of meetings. To mark the occasion 
of the London meeting, a banquet was held at the 
Connaught Rooms, which was attended by some 
400 persons, many of them visitors from overseas. 
Prior to the banquet, those attending were received 
by the President of the Congress, the Rt. Hon. 
Viscount Bruce of Melbourne, and Lady Bruce. 
The toast of the Congress was proposed by Mr. J. 
M’Ewan, Minister for Commerce and Agriculture in 
the Commonwealth of Australia, who said that no 
country in the world was so dependent on refrigera- 
tion as Australia. It had shaped the economy of 
the country and had also had a considerable influence 
on the economy of other countries, including Britain. 
Australia regarded it as her duty to see that increas- 
ing quantities of foodstuffs were made available to 
the Motherland, but, although great advances had 
been made in the technique of refrigeration, much 
remained to be done to encourage its use. Mr. W. 8. 
Douglas, chairman of the organising committee 
of the Congress, proposed the toast of the overseas 
visitors, and Mr. P. B. Christensen, President of 
the American Society of Refrigerating Engineers, 
and Mr. A. Blanc, Director-General of Engineering 
Services, Ministry of Agriculture, France, responded. 
At the conclusion of the proceedings, the President 
announced, amid applause, that Dr. Ezer Griffiths, 
O.B.E., F.R.S., of the National Physical Laboratory, 
Teddington, had been appointed the new President 
of the general conference of the Institut de Froid. 
Dr. Griffiths will hold office till the end of the next 
Congress, four years hence. The venue of the 
latter has not yet been fixed. 
Gas-TURBINE MERCHANT SHIP. 

The work of fitting the Shell Petroleum Com- 
pany’s tanker Auris with a gas-turbine alternator 
unit at the Hebburn-on-Tyne yard of Messrs. R. 
and W. Hawthorn, Leslie and Company, Limited, 
is nearly completed. The unit is replacing one of 
the four Diesel-alternator sets with which the ship 
was fitted when she was built in 1947, the object 
being to obtain operating experience with a main 
propulsion gas-turbine set under service conditions 
at sea. The Auris was designed for this purpose, 
the space available being made sufficient for the 
installation of a gas-turbine set of adequate size, 
though the shape of the space, particularly its small 
width, had a considerable influence on the general 
arrangements ; it also led to the adoption of vertical 
compounding and restricted the amount of heat 
recovery in the heat cxchanger. In view of the 
small mass flow of air, intercooling during com- 
pression was found to be impracticable. The gas 
turbine was designed for a moderate initial gas 
temperature to ensure an adequate length of life, 
and a low fuel consumption was not sought, the 
chief object being to find out whether a gas turbine 
can meet marine requirements in regard to reli- 
ability. The gas-turbine alternator unit was built 
by the British Thomson-Houston Company, Limited, 
and was described in the issue of ENGINEERING for 
February 23, 1951. The Auris, in the three years 
since she was commissioned, has operated as a 
normal oil tanker. She was designed by Mr. John 
Lamb, O.B.E., head of the Shell Marine Research 
and Development Department, as an experimental 
ship for testing at sea many of the devices developed 
by his department. The ship is expected to undergo 
sea trials within the next month. 





THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians will be held on Friday, Septem- 
ber 14, at the “‘ Chez Auguste” restaurant, 47, Frith- 
street, London, W.1, at 12.45 for 12.55 p.m. The after- 
lunch address will be given by Sir Frederick Leggett, 
K.B.E., on “‘ Management and Labour Problems.” 





OPENING OF HOLME Moss TELEVISION STATION.—The 
Holme Moss television station will be formally opened 
by the Postmaster-General (the Rt. Hon, Ness Edwards) 
from the Manchester Town Hall, on Friday, October 12. 
Test transmissions on full power were started on Monday, 
September 3, and have been continued during the 
present week between 10 a.m. and 12 noon. Further 
tests will be carried out during the same hours until 





Monday next, September 10. 
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OBITUARY. 
PROFESSOR GILBERT COOK, F.R.S. 


Ir is with a keen sense of personai loss, which will 
be shared by an exceptionally large circle of friends 
and former students, that we record the death on 
August 28, in hospital in Glasgow, of Professor 
Gilbert Cook, D.Sc., F.R.S., Regius Professor of 
Civil Engineering and Mechanics in the University 
of Glasgow, and President of the Institution of 
Engineers and Shipbuilders in Scotland since 1949. 
He was 65 years of age, and had been in poor health 
for a considerable time. Shortly before the visit of 
the International Confer- 
ence of Naval Architects 
and Marine Engineers to the 
Clyde in July, he under- 
went an operation and, for 
that reason, was unable to 
take the place in that 
meeting that, as President 
of the Scottish institution 
concerned, he would have 
done; but he was under- 
stood then to be making 
satisfactory progress, and 
sent the members a che rful 
message. A few weeks later, 
however, he returiaed to 
hospital for a further opera- 
tion, from which, unhap- 
pily, he did not recover. 

Gilbert Cook was a 
native of Liverpoo!, where 
he was born on October 26, 
1885, and received his 
general education at the 
Roomfield School, Todmor- 
den, where he obtained a 
scientific grounding for his 
subsequent studies at Man- 
chester University, which 
he attended from 1902 to 
1905. Having obtained 
there a B.Sc. degree, he was 
then articled for three years 
to D. C. Rattray, M.IL.C.E., 
at that time chief engineer 
of the Lancashire and York- 
shire Railway. During this 
period, and in the further 
year that he spent on the 
railway, he had a varied 
experience in surveying and 
construction of branch lines 
and bridges, and the Parlia- 
mentary work associated 
with the promotion of 
railway Bills; and, rather 
outside the usual run of 
railway civil engineering, 
with the Manchester Cor- 
poration’s water - supply 
pipelines from Thirlmere, 
which were constructed 
partly on railway-owned 
property. This work occu- 
pied him until 1910, when 
he was awarded a Vulcan 
Research Fellowship, estab- 
lished by the Vulcan Boiler Insurance Company, 
and returned to Manchester University to carry out 
an investigation of the strength of thick hollow 
cylinders. A report on this research was his first 
contribution to the British Association, delivered 
before Section G at the 1910 annual meeting, held 
in Sheffield. A natural development from this 
work was an appointment as lecturer in the Engi- 
neering Department of the Victoria University and 
he remained in Manchester, continuing his researches 
the while, until the outbreak of war in 1914, when 
he was granted a commission in the Royal Garrison 
Artillery. 

As an artillery officer, Cook was soon recognised 
to possess useful technical qualifications, and most of 
his Army service was spent on the installation of 
range-finding equipment for coast defence; in- 








cluding, however, experimental work which brought 
him to the notice of the Admiralty. At their 
request, he was transferred in 1917 to the Royal 
Naval Volunteer Reserve and appointed to 
H.M.S. Vernon, the Portsmouth mining and torpedo 
establishment, for duties in connection with mines, 
minesweeping and anti-submarine work. He re- 
mained there until the end of the war, and on 
demobilisation returned to Manchester University 
as senior lecturer in engineering, a post which he 
held until 1921, when he was appointed to the chair 
of mechanical engineering at King’s College, 
University of London. 

Professor Cook remained at King’s College for 
17 years, during much of this time serving also as 





Tar Late Proressor GILBERT Cook, F.R.S. 


Dean of the faculty of engineering. In 1938, how- 
ever, he was appointed Regius Professor of Civil 
Engineering and Mechanics at Glasgow—the chair 
which will always be associated with the name of 
William John Macquorn Rankine, whose memorial 
in Sighthill cemetery, Glasgow, was cleaned and 
restored by the Institution of Engineers and Ship- 
builders in Scotland during Professor Cook’s last 
few months’ tenure of the presidency of that insti- 
tution. For the past dozen years, therefore, 
Professor Cook made Clydeside his home ; but he 
retained many contacts with his friends and former 
colleagues, serving on the Council of the Institution 
of Civil Engineers from 1940 to 1943, and holding a 
number of appointments on Government and other 
committees. 

In addition to his membership of the Institution 








of Civil Engineers, which he had joined as a s:udent 
in 1909, Professor Cook was a member of the 
Institution of Mechanical Engineers and frecuently 
took part in discussions on papers, though he cop. 
tributed only one to the Proceedings ; this was on 
“ Stresses in Thick-Walled Cylinders of Mild Stee] 
Overstrained by Internal Pressure,” delivered jn 
1934. The subject was typical of the main interest 
of his professional life—the strength of engineering 
materials, especially iron and steel. On various 
aspects of this almost inexhaustible branch of 
research he wrote and spoke extensively, his 
contributions appearing in the transactions of the 
Royal Society (of which he became a Fellow in 
1940), the Institution of Civil Engineers, the Royal 
Institution and other 
societies, in the Philosophi. 
cal Magazine, and in the 
technical Press. Several 
of them were printed in 
ENGINEERING, either as 
direct contributions, or as 
papers delivered before 
institutions and to Sec. 
tion G of the British 
Association; and it has 
been a matter of interest to 
us to note how frequently 
they have been quoted by 
subsequent writers, + and 
how often we have been 
approached to supply copies 
of the issues containing 
them. It was typical of 
the man that, whatever 
information he had, he 
imparted it freely ; so far 
as we are aware, he never 
produced a text-book, pre- 
ferring to place the results 
of his researches on record 
in publications to which 
future students could be 
sure of ready access. The 
two most recent to appear 
in our own columns were 
his presidential addresses to 
the Institution of Engineers 
and Shipbuilders in Scot- 
land. The earlier of them, 
delivered on October 4, 
1949, and dealing with the 
properties of engineering 
materials, was the longer 
of the two, and extended to 
two issues, those of October 
28 and November 4, i 
which it can be found on 
pages 443 and 473, res- 
pectively. 

The second, much 
shorter, touched upon some 
of the many controversial 
aspects of higher tech- 
nological education. In it 
he condemned roundly the 
proposal that the teaching 
of engineering subjects 
should be taken away from 
the universities and con- 
centrated in special insti- 
tutions. This policy he 
denounced as an “ abrogation of all that such men 
as Rankine, and his successors . . . have achieved 
in giving engineers the benefits of a cultural training, 
and a broader outlook on human affairs. “The 
need of the world for such men was never more 
insistent,” he declared; ‘how such a proposal 
could be reconciled with the demand that men 
destined for leadership in our profession . - - 
should be encouraged to develop a broader outlook 
on human affairs is beyond comprehension.” (ilbert 
Cook himself certainly possessed that broader out- 
look; and though, in any case, he would have 
retired shortly from professorial duties, it 1 ® 
matter for deep regret that the engineerin: 
teaching professions should be deprived 80 80 
his scientific scholarship, balanced judgme"* 
friendly companionship. 


n of 


US ESETREESZERS ETRE REWE 


SsgeEBE 


SFeuSE 


1 


S\ udent 
of the 
‘Suently 
he con- 
vas 
ld Steel 
erell de 
interest 
neering 
Various 
nch of 
ly, his 
of the 
llow in 
. Royal 

Other 
soph 
in the 
Several 
ited in 
er ag 
» OF as 
before 
> Sec. 
British 
it has 
Test to 
uently 
ted by 
,* and 
> been 
‘copies 
ang 
cal of 
atever 
d, he 
so far 
never 
x, pre- 
results 
record 
which 
Id be 

The 
ppear 
were 
ses to 


ley 


Sept. 7, 1951. 


ENGINEERING. 


309 








q CDR.(E) L. J. LE MESURIER, 
O.B.E., R.N. 


To many who are engaged to-day in the con- 
struction of Diesel engines, especially for marine 
propulsion, the name of Commander(E) L. J. Le 
Mesurier may be known mainly as a bibliographical 
reference in the less recent literature of the subject: 
but he deserves to be remembered as a pioneer in 
this field, and there are still many of his contem- 

aries who will learn with regret of his death, 
which occurred on August 31. He was 69, and had 
been living in retirement in Devon for a number of 


ars . 

T touls John Le Mesurier had intended to make the 
Navy his career, and showed at an early age an 
ability above the average. He was trained at the 
Royal Naval Engineering College at Keyham, where 
he spent 44 years, and was then selected to proceed 
to the Royal Naval College at Greenwich for a 
further three years’ course in marine engineering. 
This was followed by a sufficient period at sea to 
qualify him for promotion to the rank of engineer 
lieutenant, after which he was appointed to H.M. 
Dockyard at Chatham, to take charge of the draw- 
ing office, and with special responsibility for the 
construction and installation of oil engines for 
submarines, at that time (1910) a somewhat close 
preserve. The desirability of widening the field 
was evident to the Admiralty, however, and in 
1913 Le Mesurier was released from the Navy to 
become manager of the newly-formed Diesel-engine 
department of Sir W. G. Armstrong, Whitworth and 
Company at Elswick. The outbreak of war, a year 
later, made it necessary to concentrate on building 
existing types of engine, and this work occupied 
Le Mesurier until 1918. He then designed and 
built a new engine, but the need for it had 
passed, and eventually he left the Tyne to become 
chief engineer in the marine department of Sulzer 
Brothers, Limited. He remained with them for 
five years and then transferred to the Anglo-Persian 
Oil Company, also as chief engineer. In association 
with Mr. R. Stansfield, of the company’s research 
department, he did particularly valuable work in 
investigating the combustibility of Diesel fuels and 
the eventual evolution of the cetane number as an 
criterion, and it was for this work, more especially, 
that they were jointly awarded in 1932 the Gold 
Medal of the North-East Coast Institution of 
Engineers and Shipbuilders. In addition to his 
membership of that institution, he was a member 
of the Institution of Naval Architects and of the 
Institute of Marine Engineers. 





LETTER TO THE EDITOR. 


THE BRITISH ASSOCIATION. 
To THE Eprror oF ENGINEERING. 

Sm,—In writing to you for the purpose of asking, 
ineffect, what is wrong with the British Association, 
I must say at once that I thoroughly enjoyed the 
annua] meeting, recently concluded at Edinburgh. 
The occasion attracted the usual large attendance ; 
members seized the opportunity to renew old 
friendships and to make new; the social side, as 
always, was admirably catered for; the local 
arrangements ran with their usual smooth efficiency ; 
and everything possible was done to satisfy the 
Visitor’s curiosity about local industry and history, 
and to afford him the enjoyment of the varied 
amenities of “‘ the Athens of the North.”’ Important, 
however, as these aspects of the meetings indubit- 
ably arc, the prime function of the British Associa- 
tion is “ the Advancement of Science,’’ and, in that 
respec’, I feel all is not equally well. 

When the Association was founded, it served as 
the shop window of science and provided a unique 
Meeting ground for workers in various fields of study. 
All this has , for, with the passing years, a 
vast »umber of scientific societies, professional insti- 
tutions and the like have been established, and 
mnumerable journals, specialist and general, now 
cater ‘or every class of reader interested in science. 
There is probably no section of the Association the 
activities of which are not duplicated by central 
bodies and local branches ‘which provide contin- 





uously the facilities which the sectional meetings of 
the British Association can offer for one week only 
in each year. No man of science would now, as 
Darwin, Wallace, Joule, Bessemer and others did 
in the past, hold back for the B.A. meeting the 
announcement of an important discovery; nor is 
any author likely to offer to his Section a communi- 
cation on which a brisk discussion might appro- 
priately take place in a meeting of some more specific 
scientific or professional body. It would thus appear 
that much of the work hitherto undertaken by the 
Sections is now redundant. I suggest, therefore, 
that the time has come for a change of policy, and 
that the Association should concentrate in future 
on the staging of extempore discussions on broad 
or border-line topics to which members of several 
Sections could equally contribute, and on the 
further development of lectures in which specialists 
address themselves to audiences who are not 
specialists in the same field. 

At most of the sessions which I attended, the 
greater part of the time was occupied by the mono- 
tonous reading in extenso of typewritten scripts. 
A meeting so conducted is nearly always a dreary 
business, for most men of science are no more adept 
at the art of reading aloud than they are at public 
speaking. I would propose, therefore, that, except 
on those privileged occasions when Presidents of 
Sections address their members, written communi- 
cations should be circulated as preprints, taken as 
read (as they are in most other learned and profes- 
sional societies) and the author confined to a brief 
extempore summary of his main points and the 
display, by slides or otherwise, of supplementary 
illustrative material. Meetings advertised as “ dis- 
cussions ’’ would then no longer be monopolised, as 
they often are now, by contributions more appro- 
priate to the study than the rostrum; and an 
opportunity would be afforded for real discussion, 
which is now all too frequently relegated to the last 
half-hour of a morning, while those with afternoon 
excursions to attend creep stealthily away to make 
sure of lunch. 

By the courtesy of ENGINEERING nearly all the 
papers submitted to Section G have, for many 
years, been available beforehand in print, so that 
Section G could forthwith set a good example in 
this respect without throwing additional burdens 
on the hard- office staff of the Association. 
Would it not be possible, however, in all Sections, 
to accelerate the delivery of scripts so that papers 
should appear in numbers of The Advancement of 
Science, issued before the meeting instead of after 
it, as now, even if the management had to “ get 
tough” with contributors and tell them, “ No 
script-in-time, no platform ”’ ? 

Admirably delivered popular lectures are already 
a feature of the meetings. In these days, when 
few scientific workers can keep abreast of even 
the main advances in branches of science outside 
their own immediate field, an extension of such 
lectures could provide a most useful service which 
would not duplicate the work of the specialist 
societies. Unless some such move in the direction 
of fewer, but better, addresses is taken, the British 
Association may find itself the depository mainly 
of contributions which other bodies have rejected, 
and the usefulness of a great institution, justly 
proud of its past, may gradually decline ; an event 
which many members would regard as a deplorable 
calamity. 

Yours faithfully, 
8. B. Hamitton, 

17, Littleheath-road, 

Selsdon, Surrey. 

August 29, 1951. 





OPPOSITION TO HypRO-ELECTRIC SCHEMES.—A body 
called the Hydro-Electric Protection Committee is 
raising a 5,0001. fund to oppose various North Wales 
hydro-electric schemes of the British Electricity 
Authority, 





. UNTTED KINGDOM PRODUCTION OF IRON AND STEEL,— 
The production of steel ingots and castings in the United 
Kingdom, during July, was affected by the annual 
holidays and was at an annual rate of 13,317,000 tons, 
compared with 14,367,000 tons in July, 1950. The 
output of pig iron was at an annual rate of 9,484,000 tons, 
against 9,099,000 tons a year ago. 


THE ROYAL GREENWICH 
OBSERVATORY. 


Tue recent Report* of the Astronomer Royal for 
the year ended April 30, 1951, is addressed from 
the headquarters establishment at Herstmonceux, 
but the progress of building laboratory accommo- 
dation and instrument housings on the new site is 
proving to be even slower than was expected, and 
it now seems unlikely that the transfer of the 
Observatory to Herstmonceux can be completed 
by the end of 1953, as was estimated. Actual 
work has not yet been started on the site of either 
the meridian group or the equatorial groups. 
Exact locations have been selected, however, for 
the individual meridian instruments, with the 
differences in latitude and longitude adjusted, for 
convenience, to integral multiples of 0-1” and 
10 milliseconds, respectively. Some sources, within 
the Castle buildings, of electrical interference with 
the recording of solar flares by radio-technique 
have been located and suppressed. The most 
noteworthy positive piece of construction is a 
run-off housing for the coelostat of the spectro- 
heliograph cellar, where air conditioning has been 
installed and tested. The adaptation of the Great 
Hall of Herstmonceux Castle as a library is now 
nearly complete. 

Most of the year’s optical and observational work 
has, necessarily, been conducted as heretofore at 
Greenwich, where the Cooke reversible transit-circle 
has received further attention. An investigation 
of screw errors in the microscope micrometers used 
with the transit instrument has been discontinued, 
and the micrometers are to be replaced with photo- 
graphic recording equipment. One of the colli- 
mators is being tested this summer on the proposed 
site of the meridian buildings at Herstmonceux, to 
enable the position of the azimuth marks to be 
decided. The causes of large changes, with tem- 
perature, of collimation error are also under investi- 
gation for this instrument. 

The constructional work for the new photographic 
zenith tube is nearing completion and a preliminary 
assembly will shortly be tested. One point of 
uncertainty, which can be settled only by test 
in situ, is whether or not the stellar-plate carriage 
must be clamped during reversal of the rotary. 
The control and indicating console, the chrono- 
graphic system, and the carriage-drive mechanism 
are completed ; and, since the efficacy of flotation 
as an anti-vibration principle has been experi- 
mentally confirmed, a mercury floating basin has 
been constructed, of similar design to that of the 
new photo-zenith instrument in the United States. 
The requisite measuring machines for analysing 
the stellar plate of the photo-zenith tube are pre- 
senting some difficulty. The machine is to be 
capable of measuring X co-ordinates only, measure- 
ments in the Y direction being derived after the 
plate has been rotated through 90 deg. Since this 
angle of transposition is critical, it is proposed to 
determine it for each plate by autocollimation on a 
precise 90-deg. stainless-steel prism, mounted on a 
turn-table carrying the plate, the rotation being 
measured on a calibrated scale with a comparator 
system employing two microscopes. 

Among the year’s astrographic work, special 
interest attaches to long-exposure photography of 
intense discrete sources of galactic radio noise in 
Cassiopeia, Coma Berenices and Cygnus, the inten- 
tion being to repeat the photographs after a year’s 
interval to discover whether any faint object has 
displayed a large proper motion. Either negative 
or positive results from the experiment will be 
welcome, since none of these “ radio-stars”’ has 
yet been satisfactorily identified with a visible 
celestial object. The most useful comet photo- 
graphy of the year was a set of five pictures of Comet 
195la, obtained during an unexpected sequence of 
fine February mornings, On the whole, observing 
weather has been very poor, and only 105 spectra 
of 72 different stars have been secured with the 
Yapp 36-in. reflector. Nevertheless, photographs 
of the sun were possible on 277 days, the granulation 





* Report of the Astronomer Royal to the Board of Visitors 
of the Royal Greenwich Observatory, read at the Annual 





Visitation of the Royal Observatory, June 2, 1951. 
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of the photosphere being clearly shown on a number 
of the plates. 

The mean daily sunspot number for the year is 
70, the largest spot, having an area 2,300 millionths 
of the sun’s hemisphere, being that which crossed 
the sun’s disc from April 12 to 25, 1951. The 
rotation period of the sun, calculated from observa- 
tion of recurrent sunspots during 1934-44, has been 
found in satisfactory agreement with the values 
derived from comparable data over the five pre- 
ceeding eleven-year cycles, and there is no evidence 
of any change in the rate of solar rotation, such as 
has been suggested by spectrographic observations. 
Just as the large spot was disappearing, on April 25, 
1951, the only solar flare of major importance during 
the year was observed on the west limb of the sun’s 
disc. After May, 1950, when several short-wave 
radio fade-outs were reported, solar flare occurrence 
dropped abruptly and remained at a low minimum 
until the early part of 1951. The Observatory staff 
are collaborating with astronomers at Washington 
in working out the results of the solar eclipse of 
November 1, 1948. The reductions are sufficiently 
advanced to establish that the methods of observa- 
tion then employed were suitable and accurate, and 
plans are being developed accordingly for a more 
extensive application of the same procedure during 
the total eclipse due on February 25, 1952. It is 
proposed to make observations at two places near 
Khartoum, just outside the region of totality on 
each side of the central line, and at two similarly 
situated sites near Basra. At Khartoum, long- 
focus cameras will be used to photograph the 
precise contour of the moon’s limb at the time of 
the eclipse. 

As regards general photographic and observational 
astronomy in England, it is satisfactory to remark 
that experience so far obtained indicates that con- 
ditions at Herstmonceux are fully up to expectations 
and markedly superior to those at Greenwich. 
Although night sky records reveal only a moderate 
excess of clear sky at Herstmonceux, the trans- 
parency is much greater, especially during Novem- 
ber, when Greenwich experiences sky fogs, and the 
absence of glare from street lighting will be most 
beneficial. As for daylight conditions, the year’s 
records have shown that the amount of sunshine at 
Herstmonceux was nearly 50 per cent. higher than 
at Greenwich. A Campbell Stokes sunshine re- 
corder, similar to that in use at Greenwich, was 
mounted on the East Tower at Herstmonceux 
during the early part of last year and has been in 
regular use since July 1, 1950. The greater intensity 
of sunshine at Herstmonceux is exemplified by the 
wider lateral spread of the traces. This effect is 
most serious on summer days when there is broken 
cloud in an otherwise transparent sky, and the 
question of the allowance to be made for such spread 
is still under consideration. In view of the pending 
complete cessation of meteorological observations at 
Greenwich Observatory, it has been proposed that a 
local institution should undertake the task, since 
the Meteorological Office has no other station in the 
vicinity. 

Meanwhile, the analyses of the year’s Greenwich 
weather records fully confirm the general impression 
of exceptionally wet weather with less sunshine than 
usual. The total rainfall during the 12 months from 
May 1, 1950, to April 30, 1951, amounted to 31-1 in., 
which is nearly 7 in. above the average for the 
hundred years 1841-1940. February was the 
wettest month, with 5-939 in., this being the highest 
February rainfall ever recorded at Greenwich, the 
previous highest being 4-03 in. in 1866. The 
succession of fine Feb mornings, on which, as 
mentioned earlier, Comet 195la was photographed, 
is thus the more remarkable. During the year, there 
were 82 entirely sunless days, and the bright sun- 
shine recorded was only 27-8 per cent. of the total 
theoretically possible. In December, there were 
only 11-2 hours of sunshine, the lowest figure for 
any calendar month ever recorded at Greenwich. 
No extremes of high or low temperature occurred, 
and the greatest wind pressure, of 28 Ib. per square 
foot, recorded on February 4, is not an exceptional 
year’s maximum. 

Regular observations of terrestrial magnetism 
have been taken, as usual, at the Observatory 
Station at Abinger. The estimated mean annua] 


values for 1951, tabulated below in comparison 
with the accepted values for the four previous years, 
exhibit regular trends in all respects and call for no 


comment. 

















| | 

Declination | Horizontal Vertical 
Year. | “"(West). | Intensity. | Intensity, | Inclination. 

Deg. Min. Deg. Min. 
1947 | 9 43-1 0-18577 0-43246 | 66 45-2 
1948 | 9 35-4 0-18593 0-43255 | 66 44-4 
1949 | 9 27-5 0-18607 | 0-43273 | 66 44-0 
1950 | 9 19-7 0-18628 0-43288 | 66 43-0 
1951 | 9 10-8 | 0-18648 0-43304 | 66 42-1 





A valuable report from the Abinger station con- 
cerns a project for improving the performance of 
marine chronometers, so that errors could be relied 
on within 10 milliseconds throughout the day. 
Tests were first carried out on a chronometer fitted 
with remontoir mechanism, the purpose of which is 
to give an exactly uniform impulse to the balance 
wheel. At normal room temperatures, the error of 
this chronometer never deviated from a uniform 
rate, throughout a period of 48 hours, by more than 
6 milliseconds. Over a wider range of temperature, 
however, it was found that rewinding of the 
remontoir could not be relied upon below —10 deg. C. 
The remontoir method has been discarded, there- 
fore, in favour of a new approach by reconstructing 
the existing fusee. Results to date show a deviation 
of about 30 milliseconds from the predicted error. 
The investigation is being continued in the hope of 
achieving a compromise between this value and the 
original objective of 10 milliseconds, due weight 
being accorded to the fact that tbe reconstructed 
fusee is a less complicated form of control than the 
remontoir mechanism. 

The Observatory time service has been maintained 
throughout the year, based on 249 night observations 
with the Bamberg broken transit instrument at 
Abinger, and 320 with the small “ B” transit at 
Greenwich. These data have been corrected to 
minimise the effects of the annual fluctuation of the 
earth’s rotation and of the polar motion, in order to 
provide the most uniform achievable time system 
for assessing the performance of the standard quartz 
oscillator clocks maintained at various stations. 
Two new quartz ring oscillators put into use at 
Abinger have exhibited little ageing effect, and after 
only a few months have proved to be better than 
any previous Abinger clocks. Still further improve- 
ment is hoped from mounting these oscillators on 
single piers in the Abinger clock cellars, instead of 
on the racks hitherto used. The influence, on 
regularity of frequency, of the method of cutting the 
quartz is evident from the installation at the Post 
Office Research Station, Dollis Hill, London, where 
silk-suspended Z-cut ring oscillators, introduced in 
1948 and 1949, continue to show marked superiority 
over the GT-cut quartz plate type. At the National 
Physical Laboratory, similarly, a new standard 
fitted with a silk-suspended quartz ring has dis- 
placed the GT-plate oscillator as the primary 
quartz standard. A German quartz clock at 
Abinger, on the other hand, has a performance only 
comparable with that of a normal GT-plate 
oscillator 

A considerable amount of experimental work has 
been carried out to develop new types of crystal 
drive circuits, working with extremely low amplitude 
of crystal oscillation. Concurrently, an improved 
type of quartz crystal oven, with a battery-operated 
control circuit, has been tested and found satis- 
factory. Another newly-constructed auxiliary is 
an accurate phase-meter, capable of measuring 
phase variations of less than 0-01 tadian, which will 
facilitate performance checking of the quartz crystal 
drive’ circuits. A decimal counter chronometer, 
built for the control room at Greenwich, embodies 
an electronic pulse divider which can convert from 
100 kilocycles per second to 1 pulse per mean time 
second. Alternatively, the apparatus can be 
arranged to give pulses at intervals of one sidereal 
second, and to delay a pulse by any desired interval, 
in steps of one-tenth of a millisecond, within the 
range from 0 to 0-9999 second, the delay being 
selected by means of four decade switches. 

The practical outcome of these, and other, 








developments in the Observatory’s time-keeping 








apparatus is a world-wide radio-transmitted time 
service comprising a choice of suitable signals, 
Phonic motor transmitters at Abinger provide the 
international time si and the “six pips” 
broadcast by the British Broadcasting Corporation, 
as well as the hourly signals used by the Post Office 
for controlling the ‘“‘ speaking clock.” Since October 
], 1950, a five-minute series of dots at 1-secong 
intervals has been radiated twice daily, just before 
10 and 18 hours G.M.T., followed immediately by 
rhythmic signals, whereby high-precision instry. 
mental standards of time and frequency, as well ag 
chronometers for navigational and field survey 
work, may be regularly checked. It is of interest to 
mention that, during the early part of the year, 
repairs to the war-damaged Ball Lobby at Green. 
wich were hastened and the mechanism put into 
working order so that, starting on the first day of 
the Festival of Britain, the traditional dropping of 
the time ball at the Observatory might be resumed, 

As the concluding item of this review, it is satisfac. 
tory to note that the preliminary designing of the 
new, nominally 100-in. telescope for the Isaac 
Newton Observatory, to be established on the 
Herstmonceux site, continues to make steady 
progress. The disc—actually 98 in. in diameter— 
has now been ground and polished on both faces by 
Sir Howard Grubb, Parsons and Company, and 
diamond milling of the better of the two faces has 
been started. In the course of this work, some 
cracks developed along cords in the glass, which 
have a higher coefficient of expansion than the rest 
of the disc. The depth of cut was accordingly 
reduced and no further development of cracks has 
occurred. 

Small models have been used to display the rela- 
tive merits of alternative principles to be adopted 
for mounting the telescope. No decision has yet 
been reached, though the horse-shoe type of 
mounting, on the lines of that designed for the 
200-in. Hale telescope, has been discarded as 
unsuited to the latitude of Herstmonceux. The 
principle of tube construction, suggested by Mr. 
B. N. Wallis, the aircraft designer, would, if accept- 
able on all other grounds, reduce deflections in the 
tube and permit a great saving in weight. The 
results of tests on his proposal are accordingly being 
watched with close attention. Meanwhile, Professor 
A. Tustin, of Birmingham University, is working 
on methods of photo-electric guiding intended to 
compensate, by an automatic control system, for 
the apparent motion of heavenly bodies. Of 
two such systems now under development, one 
controls the position of a photographic plate 
to maintain the register of a selected star image, 
and the other maintains photo-electric control of 
the position of a star image symmetrically on 
the slit of a spectroscope. When these designs 
have reached finality, it is intended to try them on 
the 36-in. reflector at Greenwich, and the experi- 
ments are assured of widespread interest. 





THE RADIO EXHIBITION. 


THE eighteenth National Radio Show at Ear!’s Court, 
London, which closes to-morrow evening, is likely to 
prove the most successful of the series. Although the 
number of exhibitors is not so large as it was two years 
ago, mainly owing to the fact that many manufac- 
turers of communications and radar equipment are 
fully engaged on defence contracts, the exhibits occupy 
a greater floor space than ever before. The exhibition 
is being held at a time when the British radio industry 
has surpassed all its previous figures for production. 
The annual value of the radio equipment manufact 
in Britain now exceeds 85,000,0001., of which almost 
exactly a quarter is exported. These figures, which 
represent a considerable advance even on last year's 
totals, are a tribute to the organisation of the radio 
industry and to the excellence of its products. Although 
it is stated that manufacturers of components have 
recently experienced shortages of raw materials occa- 
sioned by the rearmament drive, the industry as 4 
whole has not been seriously affected so far, partly owing 
to the fact that its requirements for raw materials 
amount to a comparatively small proportion of the 
value of its finished ucts. What the situation as 
regards materials will be next spring is uncertain, but 
it is greatly to be hoped that the industry's leading 
position in overseas markets will not be endangered 
owing to a lack of the means to supply, and that the 
home market also will not have to suffer unduly from 
restricted production. 
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Fie. 1. 


As was to be expected, since there are many foreign 
visitors in London this year for the Festival of Britain, 
manufacturers have taken the opportunity to display 
equipment suitable for use abroad; nevertheless, the 
accent at the show is still largely on equipment for the 
home market and, in particular, for the expanding 
television service. With over a million television sets 
already sold, a monthly output of some 60,000, a new 
transmitter at Holme Moss about to come into opera- 
tion and others scheduled to follow it within the next 
six months, television in Britain is experiencing a 
boom, in spite of the fact that costs are tending to 
rise, that purchase tax on sets has doubled since last 
year’s show, and that, despite considerable technical 
progress, the standard of picture reproduction still 
leaves something to be desired. 

The main trend in the television receivers on show is 
towards larger pictures. The 12-in. cathode-ray tube 
has displaced the 9-in. tube as the standard size and 
more sets than ever are equipped with 15-in., 16-in., 
or even larger, tubes. The Gramophone Company, 
Limited, Blyth-road, Hayes, Middlesex, for example, 
are exhibiting a receiver equipped with a 21-in. metal 
Emiscope tube for direct viewing. There are numer- 
ous examples of flat-ended tubes and a larger number 
of models than ever are fitted with tubes having 
aluminised screens. Higher voltages may be applied 
to such tubes without reducing their useful life, and 
brighter pictures are the result. Other tubes are fitted 
with ion traps to prevent ions from reaching the screen 
and damaging it. A number of sets have tinted screens 
fitted in front of the cathode-ray tube. These cut 
out unwanted reflections and improve contrast, al- 
though, inevitably, their use results in some decrease in 
picture brightness. More models than before are to 
be seen which employ an optical system to project 
the picture on to a translucent screen. These are rather 
more expensive than models for direct-viewing, but the 
extra cost of the optical system is partly offset by the 
use of a 2}-in. cathode-ray tube as the source of the 
picture. 

An example of projection television in which a 
separate screen, which may be the wall of a room, is 
employed is being shown by Messrs. Valradio, Limited, 
New Chapel-road, Feltham, Middlesex. This equip- 
ment, which would be suitable for schools, gives a 
picture measuring 4 ft. by 3 ft. and employs the tech- 
nique known as “ spot-wobbling ” to hide the lines 
produced by the scanning system. This technique, 
which consists in applying an alternating magnetic field 
to the electrons in the cathode-ray tube, in order to 
broaden the lines, is also used in a receiver exhibited 
by Messrs. E. K. Cole, Limited, Ekco Works, Southend- 
on-Sea. At the other extreme in sizes, there is a small 
bedside television set weighing 8 lb. which gives a 
picture 23 in. in diameter. This is to be seen on the 
stand of the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, but is not 
& procuction model. As in former years, visitors to 
the show are afforded an admirable opportunity of 
comparing different makes of television receiver, ranging 

m table models to cabinet consoles, in Television 
Avenue, an enclosed gallery 250 ft. long in which over 
70 receivers are to be seen in operation side by side. 

A notable feature of the exhibition is a television 
studio of prefabricated construction, which is being 
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used by the British Broadcasting Corporation for both 
sound and vision transmissions. The studio, which is 
fireproof, soundproof, and fully equipped with all the 
paraphernalia required by the broadcasting and tele- 
vision engineer and producer, measures 90 ft. by 
60 ft. by 25 ft. high, and is fitted with windows running 
continuously round three sides of the structure which 
afford spectators an uninterrupted view of the pro- 
ceedings. Visitors are also able to see into the cubicles 
used by the producer, sound engineer, and senior 
maintenance engineer for direction and supervision. 
The studio was erected completely in a week. Its 
walls are a foot thick and are built of air-cavity bricks 
separated from an inner shell of five-ply wood by an 
air space. To ensure complete sound insulation the 
entire wall and its steel stanchions are supported on a 
blanket of fibre glass. 

Numerous t of broadcasting receiver are to be 
seen, ranging from miniature models to large consoles. 
Portable receivers accommodated in handbags or 
attaché cases retain considerable popularity, especially 
since models are obtainable which operate on direct 
or alternating current mains supplies, as well as on dry 
batteries or car accumulators, and therefore serve a 
variety of purposes as well as being economical to 
maintain. The ordinary domestic cabinet receiver 
is on show in a wide variety of pleasing designs in 
which an increasing tendency to use loudspeakers of 
elliptical rather than circular outline may be noted. 
Not only do such loudspeakers fit more easily than 
those of conventional shape into many forms of cabinet 
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or container, they also have the advantage that their 
low-note response is similar to that obtainable from the 
much bulkier circular loudspeaker having a diameter 
equal to the major diameter of the ellipse. Further- 
more, the technical problems involved in producing a 
diaphragm consisting of a cone on an elliptical base 
are not very much more difficult than those involved 
in producing a circular cone. 

n addition to the ordinary receiver and to radio- 
gramophones of various types, a number of high- 
performance receivers designed for amateur enthus- 
iasts are on show. These cover a wide range of wave- 
lengths and incorporate various refinements, such as 
bandspread tuning on the high-frequency ranges, 
which is also being introduced on certain lower-priced 
sets. A commendable tendency in many receivers is 
that towards an improved quality of sound repro- 
duction, made possible by the use of push-pull output 
stages, negative feedback, tone-compensated volume 
controls, and proper attention to the scientific aspects 
of cabinet design. 

The great improvements that have been made in 
the reproduction of recorded music are reflected in 
the various designs of radio-gramophones and record- 
reproducers on view. The better quality electric 
gramophones incorporate the features, already men- 
tioned, which characterise the better models of radio 
receivers, and several are fitted with separate bass and 
treble controls for adjusting the low- and high-frequency 
levels in the amplified output. The availability of 
long-playing gramophone records has resulted in most 
models of reproducer being fitted with a two-speed or 
three-speed motor, and light-weight high-fidelity pick- 
ups are to be seen in a variety of designs. Tape 
recording has gained considerable popularity recently, 
and there are several models of recording and repro- 
ducing equipment of this kind. There are also several 
examples of record players designed for attachment to 
radio receivers or separate amplifiers. 

A tendency observable in all the radio equipment 
on show is that towards “ miniaturisation ” and weight 
reduction. Mimiature valves are to be seen on a 
number of stands, and the ranges now available include 
directly-heated types for battery sets and indirectly- 
heated types for mains operation. An outstanding 
feature of the newer valves is the smallness of their 
heater current. Sub-miniature valves designed pri- 
marily for use in hearing aids and having an extremely 
low current consumption are likely to find applications 
in industrial equipment and in electronic computing. 
There have also been important developments in valves 
suited to high frequencies, and in disc-seal types of 
valve. Economies have also been effected in the size 
of components. This represents a trend which is 
likely to continue for a number of reasons. In the 
first place, as radio equipment becomes more complex 
and involves an increasing number of components, a 
reduction in the size of these becomes imperative if 
the bulk of the complete equipment is to be kept 
within reasonable limits. More important than this, 
however, is the fact that only by using small com- 
ponents can equipment be built which will operate 
efficiently at high frequencies. Apart from these con- 
siderations, the use of miniature components effects 
a saving in raw materials and makes for weight, reduc- 
tion and ease of portability in equipment. Size and 








312 


ENGINEERING. 





SEPT. 7, IQ5I. 





weight reduction are particularly noticeable in the 
case of transformers and chokes, where modern high- 
Larne aca A alloys have been of great service. In 
some cases, however, in television receivers, for instance, 
manufacturers are tending to dispense with trans- 
formers and to employ metal or ‘other rectifiers as 
vol multipliers. Small components mounted close 
together in a confined space tend to run hot. Ventila- 
tion is often a difficult problem, and in order to solve 
it manufacturers have developed components which 
can stand high temperatures without danger. 
miniature transformers, for instance, some of which 
operate at temperatures above 100 deg. C., the wire 
may be insulated b or by its own layer of oxide. 

In addition to the exhibits of domestic radio and 
television receivers, electric gramophones and recording 
—— the show also includes a number of special 
exhibits. Each of the three Services is staging a 
demonstration of its work in the radio field with an 
obvious eye to attracting youthful visitors. The 
Admiralty is illustrating the use of radio and radar 
by the Royal Navy by demonstrating how a modern 
ship is defended against attacking enemy aircraft. 
The Army, represented by the Royal Corps of Signals 
and the Royal Electrical and Mechanical Engineers, 
have an exhibit illustrating the development of military 


signalling methods from ancient times to the present | P 


day. The Royal Air Force exhibit, also, is largely 
a display of signals and telecommunications equip- 
ment, the radio and radar equipment on view including 
the types known as A.I., H,S, Rebecca, and Gee. 

The Ministry of Civil Aviation is showing a model 
of London Airport as it is planned to be, and the 
General Post Office has a display of special equipment 
for communications, including means for transmitting 
high-frequency television signals by coaxial cable. 
Attention is being directed to the causes of interference 
in radio reception, and the type of receiver used by 
Post Office engineers to detect sources of interference 
is on view. The Department of Scientific and Indus- 
trial Research have an exhibit illustrating the reflection 
of radio waves by the layers of the ionosphere, and 
another illustrating the effect of weather conditions on 
freak television reception from a comparatively 
distant station—in this case, Sutton Coldfield. 

Several recently developed instruments are on view, 
of which space permits only a few to be mentioned. 
The Automatic Coil Winder and Electrical Equipment 
Company, Limited, Winder House, Douglas-street, 
London, 8.W.1, are showing two test-meters which have 
recently been added to their well-known ranges. One 
of these is the Model 8 Universal Avometer, a multi- 
range instrument of high sensitivity ; the other, which 
is illustrated in Fig. 1, on page 311, has been produced 
for the Services and is not at present on sale to the 
public. Known as the CT38, the instrument is a multi- 
purpose multi-range thermionic-valve voltmeter which 
is fully “ tropicalised ” and has had to pass stringent 
tests. The operating supplies are drawn from the 
mains, and the instrument incorporates a voltage sta- 
biliser, an amplifier and a diode-valve rectifier for alter- 
nating-current and voltage measurements, which is 
housed in the test probe. 

The Telegraph Condenser Company, Limited, Wales 
Farm-road, North Acton, London, W.5, include in their 
exhibits equipment illustrated in Fig. 2, on page 311, for 
automatically sorting small condensers according to 
capacity. The condensers are poured into a hopper 
whence they are fed automatically to a series of stations 
on a revolving turret beneath which is a circular table 
on which lie a number of trays. As the turret revolves, 
the condensers are tested by a set of capacitance bridges 
preset to balance at a number of selected capacities, 
each bridge being associated with one of the trays. 
When a condenser passes over the tray appropriate to 
its capacitance, the balancing of the corresponding 
bridge results in the condenser being ejected from its 
holder into the tray by means of a solenoid-operated 


mechanism. 

A novel form of hearing-aid of small dimensions, 
which is illustrated in Fig. 3, 311 has been 
developed by Ossicaide Hearing Aids, Suffolk Hall, 
1, Upper Richmond-road, London, 8.W.15. This 
instrument incorporates a magnetic 7s: which 
works by induction from a nearby circuit. In li i 
to speech on the telephone the aid is merely laid on the 
table beside the instrument. When the user desires to 
listen to wireless broadcasts, an inductive circuit is 
formed by fixing a loop of wire round the walls of the 
room and attaching its ends to the loudspeaker 
terminals of the receiving set. Induction from the loop 
enables the programme to be heard anywhere in the 
house or even out-of-doors. The loudspeaker itself 
may be disconnected, if desired, so that persons of 
normal hearing who may not wish to listen to the trans- 
missions i do so. Be ee sa pa 
i tes a microphone for direct hearing an 
an inuinative pick-up. It also houses the high-tension 
and low-tension batteries, a thermionic valve 
amplifier containing three sub-miniature valves, tone 
and volume controls and an on-off switch. 





LABOUR NOTES. 


Tue eighty-third annual Trades Union Congress, 
which has been in session during the past week, was 
opened at Blackpool on Monday last, under the presi- 
dency of Mr. Alfred Roberts. In his opening address 
to the Congress, Mr. Roberts made some forthright 
comments on the pamphlet One Way Only, issued 
recently by Mr. Aneurin Bevan and his supporters. 
In his view, it was a grave disservice to the trade-union 


In| movement to embark on a campaign which could only 


have the effect of weakening Great Britain’s defence 
efforts. To endeavour to convince the British people 
that their country’s rearmament was excessive and 
more than the nation’s economy could sustain was to 
play right into the hands of the extremists’ propaganda. 
Mr. Roberts said that there was more than one way of 
regarding the Government’s rearmament programme, 
and he felt that it should not be regarded by the 
trade-union movement as a political question. 





A good deal of ground was covered in the remainder 
of his address. Much could be done by trade unions, 
he considered, to secure the redeployment of man- 
power required to meet the demands of the rearmament 
rogramme. The trade-union movement was grateful 
to the United States for its aid to Britain under the 
Marshall Plan, but the country had been unable to 
profit by the improvement in its economic situation 
last year and it was once again threatened with a 
trading deficit and a substantial rise in living costs. 
He attributed these evils to panic buying and stock- 
piling, which had forced import prices to high and 
even unwarranted levels. In these circumstances, 
demands for wage increases seemed to be unavoidable, 


but, if w: continued to chase prices, inflation and 
tragic ip for persons with small fixed incomes 
would result. 





On the subject of strikes, Mr. Roberts considered 
that workpeople taking part in unofficial stoppages 
often did so in the belief that they were striking a 
blow for working-class democracy and did not under- 
stand that they were also striking a blow against their 
own union’s prestige, good faith and power. In many 
cases, advan was taken of unofficial disputes by 
extremists, whose sole object was to disturb the minds 
of workpeople and to hamper their productive efforts. 
In this section of his address, Mr. Roberts paid a tribute 
to those trade unionists—the great majority—who had 
rejected —— for strike action and who had 
fulfilled their trade-union responsibilities by pursuing 
their claims through constitutional machinery. 





Prior to the opening of the Congress on Monday, the 
customary meetings of the general purposes committee 
of the General Council of the T.U.C. had been held, to 
settle outstanding business matters and to draw u 
composite resolutions in some cases. At the close of 
these discussions, Sir Vincent Tewson, the general 
secretary of the T.U.C., announced that the membership 
of the Congress at the end of December, 1950, numbered 
nearly 7,828,000, of whom 6,608,000 were men and 
1,220,000 were women. The number of women mem- 
bers had increased during 1950 by 2,675, but there 
had been an overall decline in membership of 55,410 
during the year. The losses had arisen principally 
in affiliated unions representing the railways, the 
mining industry, and the Civil Service. On the other 
hand, increases had occurred in the printing, cotton 
and local-government groups. Sir Vincent stated that 
the Congress was being attended by over 900 delegates, 
representing some 180 trade unions. 





Warnings of the need for caution in the presentation 
of wage claims, especially during the next few months, 
were given by Mr. Hugh Gaitskell, the Chancellor of 
the Exchequer, in his address to the Trades Union 
Congress on Tuesday. He maintained that the country 
dare not take any risks with its security and added that 
what little extra cake there was to cut had been 
pledged to the rearmament programme. Although 
there were some signs of world inflation commencing 
to subside, the increases in prices now working their 
way through the economic system would probably 
cause a further rise of two or three points in the interim 
index of retail prices before the end of 1951. Even if 
world prices were to be stabilised, a new inflationary 

rocess would be started if costs were pushed up by 
further substantial rises in wages and salaries. If rises 
in income were not justified by increases in production, 
prices must advance. The truth, Mr. Gaitskell empha- 
sised, was as simple as that. 


Although he declared that he was not suggesting a 
ing ’’ of wages or any rigid restraint in the i 

of new claims, Mr. Gaitskell reiterated that there was a 

special need for the exercise of moderation during the 


“ 


coming months. He expressed the view that Britain’s 
economic prospects for the present year were not 
bright and foresaw a deficiency in the country’s 
foreign-trade balance and a “ potential threat to our 
solvency.” He referred to the possibility of some form 
of partnership being conferred on employees in 
individual firms or industries, through the distribution 
to them of bonus shares in proportion to the increase‘of 
undistributed profits in the firms or industries con. 
cerned. Such action might contribute to the solution 
of the present economic problem. 





Among the motions which were due for discussion 
at later stages of the Congress were some urging that 
profits should be strictly curtailed. In particular, 
there was a motion standing in the name of the 
Electrical Trades Union stating that additional ip. 
creases in wages were essential for all sections of 
employees and that the general standard of living must 
be improved at the expense of profits. Possibly with 
these motions in mind, Mr. Gaitskell stated that the 
effect on salaries and wages of transfers from profits 
was much less than most people expected. If all the 
dividends paid to shareholders after tax in 1950 had 
been reduced by one quarter and the amounts sg 
saved used to increase salaries and wages, the average 
addition would have amounted to only 3d. in the pound, 
equivalent to ls. 6d. a week for a man earning 61. a 
week. And it had to be remembered, Mr. Gaitskell 
added, that a reduction of one quarter, after taxation, 
would be a fairly savage cut. Of taxation, Mr. Gaits- 
kell expressed doubts whether this could be increased 
without damaging industry and seriously affecting 
incentives. 





An appeal to the miners to accept foreign recruits 
was made by Mr. Alfred Robens, the Minister of Labour, 
in the course of an address to the fifth annual summer 
school for coal-mining employees, on August 31. The 
school was held at Oxford last week under the auspices 
of the National Coal Board and Mr. Robens delivered 
the closing address, taking as his subject ‘“‘ The Human 
Factor in Mining.” He urged that Italian workers, 
in particular, should be readily accepted into British 
collieries and into the lodges of the National Union of 
Mineworkers, and reminded members of the school that 
the post-war stream of foreign workpeople into Britain 
had almost ceased about the middle of 1949. The fact 
that an admixture of foreign manpower was not wel- 
comed at many British pits was much to be regretted. 
Mr. Robens concluded by stating that an additional 
twenty million tons of coal per annum, for export and 
home consumption, would change this country’s 
economic position “ overnight.” 





Some 1,595,000 workpeople in the United Kingdom 
received net increases in their full-time wage rates 


P | during July, amounting in the aggregate to 492,000. 


a week. The principal increases affected persons em- 
ployed in the drapery, outfitting, and footwear trades, 
the retail food trade in England and Wales, the wool- 
textile industry, furniture manufacture, and the iron 
and steel industry. The Ministry of Labour Gazette 
for August records that of the total increase of 492,0001., 
about 170,000/. resulted from Orders made under 
various Acts of Parliament; 97,0001. resulted from 
direct negotiations between employers and workpeople ; 
93,0007. was the result of arrangements made by Joint 
Industrial Councils; and 87,000/. was due to the 
operation of sliding-scale agreements based on the cost 
of living. Increases arising from arbitration awards 
constituted the remainder and amounted to relatively 
small sums. During the first seven months of this 
year, 7,921,000 workpeople received net increases in 
their full-time weekly-wage rates, totalling approxi- 
mately 3,288,000/. a week. In the corresponding 
months of last year, there were net increases of 478,000I. 
in the weekly full-time wages of 2,638,000 employees. 





Industrial disputes occurring in the United Kingdom 
declined ly during July, both in number and in 
severity. The total for the month, the Gazette reports, 
was 110, of which nine were commenced before the 
month began. Some 16,900 workpeople were involved 
in the 110 disputes and about 42,000 working days were 
lost. During June, there were 193 stoppages, of which 
25 were in progress when the month began, and, in all, 
86,300 persons were involved and over 305,000 working 
days were lost. These are the Ministry’s revis 
figures. There were 91 disputes in progress during 
July last year and, in these, 44,200 men and women 
took part, with a loss to production of 25,000 working 
days. During the seven months, January to July, 1951, 
there were 1,007 stoppages, in which @ total of 254,800 
employees were concerned and some 1,263,000 working 
days were lost. Unfortunately, there were 620 strikes, 





involving 77,000 men and the loss of 231,000 days, in 
the coal-mining industry. 
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HYDRO-ELECTRIC DEVELOPMENT IN SCOTLAND. 
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ELECTRICAL ASPECTS OF MODERN 
HYDRO-ELECTRIC DEVELOPMENT 
IN SCOTLAND.* 


By T. Lawkiz. 


Tue North of Scotland Hydro-Electrie Board were 
created by the Hydro-Electric Development (Scotland) 
Act, 1943. The Board’s duties include responsi- 
bility for all future hydro-electric development in the 
Highlands and for the generation of electricity also by 
any cther means which include steam turbines, gas 
turbines, Diesel engines and wind power; the 
priority duty of distributing electricity in the Board’s 
Area, which is that part of Scotland lying north of a 
line fr m the Firth of Tay to Loch Lomond and the 
Mull of Kintyre as shown on the map, Fig. 1; the 
export of surplus power to the British Electricity 
Authority in Central Scotland ; and collaboration in 
carrying out measures for the economic development 
and social improvement of the Board’s area. 


_— 








wy Paper read before Section G of the British Associa- 
n at Edinburgh on Monday, August 13, 1951. 





Abridged. 


Turning first to the Board’s priority duty of distri- 
buting electricity, the Board themselves, until April, 
1948, were only responsible for the West Highlands 
and the Islands and a start had been made with distri- 
bution schemes in Morar, Lochalsh, Skye, the Orkneys, 
and other places hitherto without a supply. Local 
authorities and electricity companies were then supply- 
ing Aberdeen, Dundee, Perth, Inverness, and the 
other larger towns and the more populous country 
districts of the Eastern and Central Highlands. From 
April, 1948, however, under the Electricity Act, 1947, 
the duty of supplying electricity in these places was 
transferred to the Board and the position which 
faced them was as follows. The enlarged area for 
which the Board were now responsible, contains three- 
quarters of the land area of Scotland but only one- 
quarter of the population. The more populous parts 
of the area had already been served, but the percentage 
of the population still without a supply was no less 
than 47 per cent., or 170,000 potential consumers ; 
each consumer represents on the average about 3} 
persons, so that approximately 600,000 ‘apne were 
still without a supply. They were widely scattered 
and the task of supplying them was considerable, being 
both uneconomic and geographically difficult. Some- 
times it was said that it was too expensive and difficult 


to supply these potential consumers at all and that 
they were not worth bothering about, but this is a 
view which the Hydro-Flectric Board do not accept. 
Their area is a food-producing and food-exporting 
area and now it is, in addition, exporting hydro- 
electricity to help the rest of the country, and the 
people who live in their Area have therefore earned the 
right to the amenities which most of us already enjoy. 
If de-population of the countryside is to be arrested, 
electricity is required as an essential mcdern amenity 
and if the vital task of food production is not to be 
Lhampered, electricity is required as an essential aid 
on the farm and the croft. There are some 41,000 
farms in the Board’s Area, but in 1948 only one farm 
in 14 was connected to the mains whereas, in the rest 
of the country, about one farm in three was already 
receiving a public supply. A correspondingly high 
proportion of farmworkers’ cottages were still dependent 
on paraffin oil and so were almost all the crofting 
communities. In the three years since April, 1948, 
progress has been substantial. Distribution networks 
have been extended and the Board have connected 
over 63,000 new consumers to their mains, about 
three-quarters of them being in country districts and 
remote parts of the area. Approximately 220,000 
people, therefore, have enjoyed the benefit of an 
electricity supply for the first time, and in those three 
years more than one-third of the potential consumers 
remaining to be connected in the Board’s Area have 
been given a supply. The work is still being pressed 
ahead for much has yet to be done, and the task will 
not become easier since those who have still to be 
connected to the mains live in the more inaccessible 
parts of the area. It remains, however, an urgent 
task to bring supplies to every possible farm and 
croft and to the cottages of shepherds and farmworkers 
so as to aid agriculture and bring the standards in 
the Board’s Area up to those already existing in the 
rest of the country. 

Some of the measures with which the Board are 
concerned for the economic development and social 
improvement of the area are not strictly related to 
electricity but they are worthy of brief mention in this 
paper. One of the most important is the encourage- 
ment of building in stone. Stone was the native 
building material of Scotland, but in recent years 
there has been a very serious decline. The slightly 
greater cost of building in stone has been a discourage- 
ment and not enough importance has been attached to 
the durability, long life and low maintenance costs of 
stone buildings. Starting mcedestly with one small 
power-station building in the West Highlands near 
Lochalsh, the Board have already completed the 
following stone buildings: two 132,000-volt sub- 
station control buildings of substantial size at Beauly 
and Glen Affric, one of red sandstone quarried locally, 
and one of golden-yellow sandstone, quarried near 
Elgin; one large Diesel-engine power-station built 
entirely of stone at Kirkwall; and 13 houses at 
Tarbet, Loch Lomond, and Pitlochry. In addition, 
the following are under construction: 71 houses at 
Tarbet, Pitlochry, Gairloch, Beauly and Cannich ; 
one hydro-electric power-station at Luichart to be 
built entirely of local stone; and three large water- 
power stations at Fasnakyle, Fannich and Errochty 
which are being faced with stone, the first being of 
golden-yellow and the second of red sandstone, while 
the third is of stone excavated from the tunnel which 
brings the water into the station. Further work of the 
same kind will follow and it is proving, in several 
important cases, to be actually as cheap as brick or 
concrete ; several local authorities in the Board’s 
Area are also striving to carry out an increasing propor- 
tion of the!r housing schemes in stone. 

As a matter of social importance, the housing of 
staff in remote areas has been carefully considered in 
relation not only to the requirements of the job, but 
of the people involved. Wherever possible, engineers 
and workmen engaged on the operation of hydro- 
electric stations have been housed in existing villages, 
which is much better than being in isolated self- 
contained communities. The control of a number of 
stations is grouped and there will be control centres, 
for example, near Pitlochry for the Central Perth- 
shire power stations; at Fort Augustus for those 
in Glen Garry and Glen Moriston in Inverness-shire ; 
in Ross-shire, for those of the Glascarnoch, Luichart, 
Torr Achilty, Fannich and Orrin group; and near 
Killin for those round about the western end of 
Loch Tay. Research is being carried out into subjects 
as diverse as the production of power from peat, the 
perfecting of an electronic counter to count salmon 
ascending fish passes, the devising of a transportable 
electric hay-drier for use on crofts and small holdings, 
the development in collaboration with the Electrical 
Research Association of wind-power research and, in 
collaboration with John Brown and a of a 
closed-cycle gas turbine, and the fostering, in collabora- 
tion with the Scottish Office, of research into the 
improvement of the stock ef trout in river and loch. 

I have dealt first with the problems of electricity 
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distribution and with the Board’s duty to collaborate 
in carrying out measures for the economic develop- 
ment and social improvement of the area because it is 
important to emphasise the wide range of the Board’s 
responsibilities and their priority duty of extending 
electricity supplies in their own Area. The most 
important part of the Board’s activities, however, is 
hydro-electric development ; first, because of the work 
and prosperity and hope which it brings to the High- 
lands; second, because it enables electricity distri- 
bution to be carried out on a scale which would other- 
wise be quite impossible ; third, because it has brought 
new industries and the expansion of existing industries 
to Glasgow, Edinburgh and the Scottish industrial 
Lowlands, and to Dundee and Aberdeen, and, finally, 
because it makes a vital contribution to meet the 
growing power requirements of the Board’s area and 
Scotland as a whole. 

Although the industrial development mentioned 
above has partly taken place outside the Board’s area, 
it is of interest to Scotland as a whole. In the first 
place, a completely new industry has come to Scotland, 
namely, the manufacture of large water turbines. 
They are now being made for the English Electric 
Company at the works of Messrs. Harland and Wolff, 
Limited, Scotstoun, and for Messrs. Boving and 
Company at the Clydebank works of the well-known 
shipbuilding and engineering firm of Messrs. John 
Brown and Company, Limited, and by Messrs. Glenfield 
and Kennedy, Limited, at Kilmarnock. In addition, 
the Harland Engineering Company, of Alloa, have 
embarked on water-turbine manufacture under Ameri- 
can licences. Messrs. Bruce Peebles and Company, 
Edinburgh, have extended their manufacturing capa- 
city and are now making water-wheel generators of a 
substantial capacity while Messrs. Harland and Wolff 
are making large electric generators as well as water 
turbines. This new industry in Scotland has received 
orders for 898,290 h.p. of water turbines and 369,950 kW 
of generators from the Board. A further important 
result has been that large orders for export have also 
been brought to Scotland, aggregating about 1,400,000 
h.p. of water turbines and 209,000 kW of generators. 
The capacity of Messrs. Bonar, Long and Company, 
transformer makers, in the Board’s area at Dundee, 
has been aed expanded. 

Before looking at present and future hydro-electric 
schemes, it is interesting to glance back at the water- 
power developments of the past. The old mill wheels 
were the foundation of many a country industry, and, 
though small by modern standards, some of them were 
outstanding in their time. They have been described 
in a paper read by Mr. James Williamson, M.I.C.E., 
before a joint meeting of the Institution of Civil 
Engineers and the Institution of Civil Engineers of 
Ireland in 1949. These old developments included no 
fewer than 43 mills along the course of the Fifeshire 
River Leven, which flows out of Loch Leven, famous 
for its trout-fishing, and the many industries served 
by that power included spinning mills, bleachfields, 
corn-mills, papermills (several in each class), two saw- 
mills, a wood mill, a flour mill, a lint mill, a snuff mill, 
a distillery, a flint mill, and a foundry. Probably the 
most famous of the old wheels were at the mills at 
Catrine in Ayrshire and Deanston, on the River 
Teith, in Perthshire; the former was built in 1827 
and contained two large water wheels, 50 ft. in diameter 
and 10 ft. 6 in. wide, operating on a single fall of 
48 ft. 9 in. and producing 250 h.p. Their efficiency 
was 75 to 77 per cent., and their speed was barely 
two revolutions per minute. In 1863, the speed of the 
wheels was increased to three revolutions per minute. 
The power, with increased water supply, was raised to 
about 500 h.p., and they continued to run until 1947 
when they were replaced by electric drive. At Deans- 
ton, four large wheels, 36 ft. in diameter, were installed 
shortly after 1807. They produced 400 h.p. and they 
have continued to run up to the present year. 

The first of the more modern hydro-electric develop- 
ments was at Foyers in Inverness-shire in 1896, where 
water turbines of the impulse Girard t drive an 
aggregate of 5,000 kW of direct-current plant for the 
eae of aluminium. This was followed, in 1909, 

y a 23,000 kW power station for the same purpose at 
Kinlochleven, and, in 1929, by a still larger 83,000-kW 
scheme at Fort Wiliam, consisting of 10,000 h.p. 
Pelton turbines, each driving two direct-current 
generators in tandem. These schemes, producing 
about 800 million units of electricity per annum, 
depended on the industrial use of current on the spot 
where it was produzed and it was only with the develop- 
ment of high-voltage transmission that public supplies 
of electricity from water — began to be developed. 
The first public supply of any size in Scotland was the 
Lanarkshire Hydro-Electric Scheme at the Falls of 
dees which was promoted 2 Parliament in 1924. 

ere are two power stations of an aggregate capacit 
of 16000 kW producing about 88 million fn, aged 
annum which feed into the network of the Clyde Valley 


With the coming of the 132,000-volt grid, constructed 
by the Central Electricity Board in the late 1920’s and 
early 1930's, large developments became practicable 
because the Grid provided a market or a route to the 
market. The Grampian Scheme, which is now in the 
Hydro-Electric Board’s area and operated by them, 
provided 70,000 kW of capacity and an average annual 
output of 280 million units of electricity at the Rannoch 
and Tummel Bridge stations, and, soon afterwards, 
the Galloway Water Power Scheme in South-West 
Scotland, provided 102,000 kW with an average annual 
output of 225 million units. Up to this point, therefore, 
the hydro-electric resources of Scotland had been 
harnessed to the extent of 111,000 kW of direct- 
current generating about 800 million units of electricity 
per annum for industry and 188,000 kW of alternating 
current producing about 593 million units per annum 
for public supply. 

After the promotion of the Galloway Water Power 
Scheme in 1929, however, there was a long gap of 
13 years without further development, during which 
six attempts were made to promote large schemes in 
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the Highlands; none of these attempts succeeded, 
but a positive result of this lack of success was the 
appointment of a committee, under Mr. T. M. Cooper, 
K.C. (now Lord Cooper, President of the Court of 
Session). That committee made recommendations 
which resulted in the establishment of the North of 
Scotland Hydro-Electric Board by Act of Parliament 
in 1943. Surveys of a number of hydro-electric schemes 
were at once put in hand by the Board, some being 
small schemes for local supplies in isolated districts, 
such as Morar and Lochalsh, and some large to meet 
the growing demands of the Board’s area and to provide 
a surplus for export to Central Scotland. There has 
been a steady progression of survey, promotion con- 
struction and setting to work, and, at the beginning of 
1951, the Board’s hydro-electric programme had 
reached the stage which is summarised in Table I. 











TABLE I. 
| Total Estimated 
Schemes. Capacity. Annual Output 
| in kw. in kWh. 
| 
In operation sn oe 199,700 376,000,000 
Under construction : ' 229,300 465,000,000 
Promoted and just starting 
construction a : | 198,200 736,000,000 
Promoted .. we . 8,100 27,500,000 
Under survey ‘oie 278,500 1,068,000,000 
| 913,800 2,672.500,000 





Table II shows the names and capacities of most 
of the individual power stations which go to make up 
the substantial totals summarised in Table I and the 
map, Fig. 1, shows where they are situated. Of these 
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130,000 kW, made up of four machines of 32,500 kW, 
each running at 428 r.p.m. The machines are of the 
vertical-shaft type driven by Francis reaction turbines 
operating under a maximum head of 919 ft. of water, 


TABLE il.—Hydro-Electric Schemes. 

































































Capacity. | Annual Output, 
a re kw. kWh 
In Operation— | 
Sloy* .. ai ae oat 97,500 90,000,000 
Nostie Bridge ie ace 1,250 4,000,000 
Morar << ee val 750 2,000,000 
Pitlochry x 15,000 54,000,000 
Clunie = _ 61,200 143,000,000 
Grudie Bridge | 24,000 83,000,000 
Total (i) A | 199,700 376,000,000 
Under Construction— | 
Sloy* .. sa a 32,950 30,000,000 
Errochty eo - a 75,000 103,000,000 
Gairloch we Hs ee 750 3,000,000 
Cowal oo 6,000 14,000,000 
Affric .. 66,000 223,000,000 
Shira .. 45,000 80,000,000 
| See 2,000 8,500,000 
Storr Lochs .. 1,600 3,500,000 
Total (ii) 229,300 465,000,000 
Promoted and Just Starting Con- 
struction— 
Gaur .. oa a re 6,000 17,000,000 
Glascarnoch .. = ne 24,000 112,000,000 
Luichart nee oe Rw 24,000 124,000,000 
Torr Achilty .. 15,000 36,000,000 
Achanalt F 2,000 ,000,000 
Quoich 18,000 63,000,000 
Invergarry 20,000 82,000,000 
Ceannacroc os os 17,500 70,000,000 
Dee .. 83 ae “a 2,7 7,000,000 
Dundreggan .. 13,000 45,000,000 
Invermoriston 20,000 75,000,000 
Livishie 6,000 17,000,000 
Lawers 30,000 80,000,000 
Total (iii) 198,200 736,000,000 
Promoted— 
Allt-na-Lairige = Pe 6,000 17,000,000 
Loch Dubh (Ullapool) ae 600 1,500,000 
Mucomir : ae oa 1,500 9,000,000 
Total (iv) 8,100 27,500,000 
Under Survey— 
rrin .. 18,000 79,000,000 
Kilmelfort ‘ule ae 3,000 9,000,000 
Shin .. co ee = 44,000 168,000,000 
Breadalbane .. eS — 88,500 304,000,000 
Farrar, Beauly, Tay Basin, 
Affric extensions : i< 125,000 508,000,000 
Total (v) 278,500 1,068 ,000,000 
Grand Total (i) to (v) 913,800 2,672,500,000 








* The Sloy Scheme, being partly completed, appears under 

two different headings. 
The neighbouring Shira station on Loch Fyne will 
contain a similar machine of 40,000 kW, the largest 
capacity of any so far ordered by the Board, and 
designed to operate under the high head, for a Francis 
turbine, of 965 ft. 

Another interesting and important machine is the 
30,000-kW horizontal alternator in the Lawers station, 
which is to be driven by two Pelton wheels, overhung 
one on each end of the generator shaft, and operating 
under a gross head of 1,362 ft. of water. A number of 
generators, driven by Kaplan turbines, are also installed 
and on order. From the electrical power of view, one 
of the points of interest is the high run-away speed 
which the alternators must be designed to withstand, 
namely, up to about 2-8 times normal operating speed 
From the water-turbine point of view, the 20,000-kW. 
Kaplan type machine on order for the Invergarry 
station is of interest because it will operate under 4 
head of 175 ft., which is about the present upper limit 
for Kaplan-type turbines. 

Under the 1947 Electricity Act, the Board were 
required to take over the steam-generating stations 
at Dundee and Aberdeen. An old turbo-alternator of 
6,000 kW has recently been removed from the Dundee 
power station and in its place there will be installed a 
12,500-kW gas turbine operating on a closed cycle. 
Further replacements, either gas or steam driven, will 
soon be required, for the existing plant is mostly old, 
and a certain amount of steam capacity forms 4 
valuable partner to hydro-electric generation, providing 
base load in times of prolonged drought and peak load, 
if necessary, when water is plentiful. In some isolated 
districts, water power is not available or cannot be 
economically developed, and the Board are therefore 
large users of Diesel-engine driven generating plant 
in places such as Campbeltown in Kintyre, Stornoway 
in the Island of Lewis, Bowmore in Islay, Kirkwall in 
the Orkneys, and Lerwick in Shetland. The largest 
machines, ten of which are being installed in various 
places, are British Polar engines of 1,540 h.p.. built at 
Govan, running at 300 r.p.m. and driving 1,000-kW 
Bruce Peebles alternators. The economic burden uP 





schemes, the Sloy Power Station, on Loch Lomond, is 
the largest individual station, with a capacity of 


the Board of running these stations with fuel oil at its 
present price, is considerable. 
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An experimental windmill, of a capacity of 100 kW, 
ie being put to work on Costa Head, a hill in the north 
of the mainland of Orkney where winds are strong 
and calm weather seldom occurs. The most difficult 
problem, in fact, is to make the windmill, and particularly 
its blades, strong enough to withstand the gales. The 
windmill will feed electricity into the distribution net- 
work on the island, and continuity of supply will be 
secured by the fact that, at Kirkwall, there is a large 
new Diesel station. Further researches are being carried 
out by the Electrical Research Association, supported 
by the Board, into the extended use of wind power. 

The map, Fig. 1, shows the routes of main 132,000- 
volt transmission lines, present and projected. There 
is a ring main linking Aberdeen, Dundee, the Perthshire 
generating stations on the River Tummel, and con- 
tinuing down Spey side to Keith and back again to 
Aberdeen. This ring is connected with a line which 
already runs northwest to Beauly and Fannich in 
Ross-shire and will later be extended from Beauly to 
Sutherland and Caithness. In the south, a line runs 
from the Tummel stations in Perthshire to Bonnybridge 
near Falkirk, and in the south-west two lines connect 
Sloy with Windyhill near Glasgow, while a new line is 
being built to connect Sloy with the Perthshire stations 
and the rest of the Board’s network. 

It will be seen that, whereas most of the grid in the 
rest of the country is for interconnection and mutual 
support of generating stations in large centres of 
population, the Hydro-Electric Board’s grid is mainly 
for the purpose of transmitting hydro-electric power for 
considerable distances. By this means, not only are 
the consumers in the Board’s Area being supplied on 
the widest scale but the surplus hydro-electric resources 
of the Highlands are being marketed at a profit so 
as to meet part of the cost of bringing these extensive 
and uneconomic supplies of electricity to the scattered 
inhabitants of the Board’s Area at a reasonable price. 
It might be added that the price at which the surplus is 
sold to the British Electricity Authority is also reason- 
able, being based on the cost of steam production, and 
the peak supply exported to them last winter amounted 
to 156,000 kW. 

A paper about the electrical aspects of hydro-electric 
development cannot well be brought to a close without 
dwelling on that bugbear of modern times—the 
electricity cuts and shortages and load shedding. 
Next to the production of enough coal, the production 
of enough electricity is perhaps the most vital industrial 
requirement of this country, both for peace and re- 
armament, for raising the standard of living, for 
increasing industriai output, for relieving drudgery in 
the home and for expanding agricultural production. 
The cuts are matters of common knowledge, but it is 
not generally known how great is the continuing 
growth of consumption. The consumption of elec- 
tricity doubles itself every ten years or so, and there 
is no sign that saturation of demand is approaching 
yet. In proof of that, the present industrial consump- 
tion in the United States of America is about three 
times as high per workman as it is here and domestic 
consumption there is 50 per cent. higher than here. 

For years now, electrical engineers have been saying 
that the curve of increase must flatten soon, that 
growth cannot continue, and they have always been 
wrong. Let me repeat again—the workman in the 
United States has three times as much power at his 
elbow as the workman here, and that is one of the 
principal reasons for the high standard of living 
which the States enjoy. Fig. 2, opposite, is a graph of 
the growth of electricity generation in this country since 
1920; it goes up and up, and it does not look like 
stopping. While the consumption of electricity in the 
past has doubled itself about every ten years, there has 
been an increase for this year to date of about 13-6 per 
cent. over last year, so there is no sign yet of a slacken- 
ing of the growth of demand. The task in the next 
ten years is therefore formidable: formidable but 
vital. If we are to avod chronic power cuts for the 
next ten years and more, with all the industrial disloca- 
tion that they cause, we must do three things : we must 
(2) overtake the present winter deficiency ; (b) meet 
the normal growth of load which should about double 
itself in the next ten years ; and (c) replace old, obsolete 
and worn-out plant which ten years hence will be 
about one-third of our present power-station capacity. 
These three requirements will involve putting about 
20 million kW of generating plant into commission in 
the next ten years. 

_ The most awkward aspect of the large task of increas- 
ing power-station capacity faster is that a power-station 
takes up to seven years, in this country, from planning 
to completion; consequently, even the promptest 
decision to increase p now cannot produce imme- 
diate results and during this intervening period, there 
will be much criticism and misunderstanding, both 
public and private, about the continuation of cuts. 
Cuts may be mitigated by restrictions of one kind or 
another, but palliatives are not a substitute for a cure ; 
they are a confession of failure. The brighter side is 
that, notwithstanding our present difficulties, the re- 


sults we so much desire can be achieved. The indus- 
trialists in the electric manufacturing industry say that 
it could and should be done. They say (British Elec- 
trical and Allied Manufacturers’ Association Annual 
Report, 1950-51) “*. The turbine makers would 
be able to provide the Authority with 2,000 MW of 
plant per annum, but the British Electricity Authority’s 
programme only calls for about 1,500 MW a year over 
the next five years. The opinion was very strongly 
expressed that it is imperative that these programmes 
should be increased to at least 1,800 MW.” They also 
say that while 1,000 MW were commissioned at home 
last year, no less than 800 MW went for export and 
600 MW were awaiting the completion of other parts 
of power stations. Nearly as much went for export 
as we commissioned ourselves. Was this really in our 
own best interests? It is also said truly that steel is 
scarce, but steam-power stations need only 212 tons of 
steel per 1,000 kW, so that if last year’s effort were 
doubled and two million kW of steam plant were com- 
missioned each year, the steel requirements would still 
only be 23 per cent. of the country’s steel production. 
It is also true that coal is scarce, but owing to the 
high efficiency of modern power stations compared 
with other ways of burning coal, increased electrification 
will save rather than waste coal and, indeed, if we were 
in a position to electrify all our railways, we should 
save nearly 9,000,000 tons of coal a year, or about 
two-thirds of all the coal they burn. The problem 
of cvercoming electricity cuts in Scotland is the same 
as in the rest of the country and it can only be solved 
in the same way, by building more power stations 
faster. Hydro-electric development, fortunately, helps 
very greatly, because it competes very little for scarce 
materials or for the factory space required for steam- 
power plant. It requires only 145 tons of steel per 
1,000 kW, and the demand for skilled engineering 
labour is less because so much of the work requires 
the different skill of the civil-engineering navvy. 

The Board’s programme, as shown in Table I, aggre- 
gating 913,800 kW and 2,672,500,000 units, will help 
to meet the growth of demand in Scotland, and further 
potential water power amounting to two or even three 
times that total still remains to be surveyed and 
developed. It is even possible that, as coal becomes 
dearer, water-power resources up to 10,000 million units 
of electricity per annum may be worth developing. 
It will, in any case, take the best efforts of steam power 
and water power together to overtake arrears, to 
meet the natural growth of demand, and. to replace 
worn out obsolete plant, and it is to be hoped that 
the efforts of the present decade will be great enough 
to give the 1960’s no grounds for reproach. 





FIRE RESEARCH. 


THE heating of wooden panels in the vicinity of 
flue pipes, the critical radiation intensity required to 
ignite certain timbers, the use of optical systems in 
the calculation of heat radiation, electrical analogues 
applied to the simulation of heat transmission through 
structures, the ignition of inflammable gases and 
vapours by sparks from aluminium paint, the inflam- 
mability of gases, spontaneous heating and ignition, 
and the value of smoke extractors in fighting fires in 
basements, are some of the subjects included in Fire 
Research, 1950, the annual report of the Joint Fire 
Research Organisation (H.M. Stationery Office, 2s. 6d. 
net, or, in the U.S.A., 65 cents). In the section on flue 
systems, a simple diagram gives the temperature 
distribution on the surface of a panel which is near a 
flue pipe, assuming that, as a result of over-running a 
stove or of a flue fire, the pipe remains at a dull red heat 
for half an hour. If an asbestos shield is interposed, 
an air gap between the shield and the surface to be 
protected is advantageous; but little further reduc- 
tion in panel temperature is achieved by increasing 
the distance of separation beyond 4 in. The results, 
given in the report, on an investigation into the rela- 
tionship between the intensity of heat radiation and 
the time required to ignite certain timbers are regarded 
as useful in understanding the conditions under which 
structural materials become endangered in the neigh- 
bourhood of hot surfaces and in the design of heating 
appliances. 

n order to study the radiation of heat from a hot 
surface to a cold surface, particularly in connection 
with radiation from burning buildings, practical use 
has been made of the fact that the transmission of light 
obeys the same geometrical laws as the transmission of 
heat. The effect of the geometrical relationship 
between the hot surface and the cold surface is deter- 
mined by this technique, thus avoiding tedious calcu- 
lations. A model is constructed of the radiating 
surface, and the thermally-emissive parts are illumin- 
ated. The various light intensities are measured by 
a photo-electric cell, so that it is possible to determine 
the ratio of the intensity of illumination at a point 
on the receiving surface to the intensity of light leaving 





the emissive body ; this ratio is known as the configura- 





tion factor, and is an important factor in the rate at 
which heat travels by radiation from a hot to a cold 
surface. An instrument described in a previous 
report was used during the year to estimate the 
thickness of sprayed-asbestos covering required on 
wood partitioning in ships to give a fire resistance of 
one hour, as well as for other similar estimations ; 
electrical networks have now been developed which 
represent accurately the heat losses due to convection 
and radiation, and they are being incorporated in a 
second analogue. This instrument will give the tem- 
perature at any point in a material when its surface 
is irradiated. An investigation into the hazard of 
sparks when an iron tool strikes certain kinds of 
aluminium paint or rusty iron has shown that there is 
no practical risk from the best types of aluminium 
paint. An improved apparatus has been constructed 
for the determination of self-heating or spontaneous- 
combustion tendencies of suspected materials. The 
inquiry into the value of smoke extractors in fighting 
fires in basements, which was undertaken as a result 
of a large fire in Covent Garden flower market in 
December, 1949, has shown that only a limited use 
can be found even for powerful smoke extractors at 
such large fires; but extractors may be of some use 
at small fires in extracting smoke, thus facilitating 
access to the seat of the fire and in dispersing smoke 
after the fire has been extinguished. The report also 
contains information on the importance of drop size 
in water sprays used on kerosene fires, on carefully 
recorded experimental fires in buildings, etc., as well as 
the customary statistics relating to fires during the year. 





DIESEL LOCOMOTIVES ON THE 
CANADIAN PACIFIC RAILWAY. 


The Canadian Pacific Railway will have 230 Diese 
locomotives when 40 ordered this year have been 
delivered. The Railway has not acquired any steam 
locomotives since 1949, when six engines of the Selkirk 
type, the largest in the British Empire, were delivered, 
and Mr. N. R. Crump, vice-president, has since stated 
on several occasions that they do not expect to buy 
any more steam locomotives. 

‘* Dieselisation ” was started on the C.P.R. in 1943 
with five 1,000-h.p. yard switchers. Rather than use 
streamlined Diesel locomotives on important passenger 
trains, it was decided to embark on a programme of 
conversion area by area, choosing territories where 
the greatest economies and improvements in service 
could be effected, and locating maintenance and servic- 
ing facilities at strategic points which would permit 
future expansion and the maximum use of Diesel 
power. The railways first road switchers—13 Baldwin 
1,000-h.p. locomotives—were received in 1948 and 
placed in service on the Esquimalt and Nanaimo 
Railway, on Vancouver Island, the operation of which 
is completely separate from that of the C.P.R.’s main 
lines. Since then, orders for further Diesel locomotives 
have included one for 23 units for the line from Mon- 
treal to Wells River, Vt.; and 58 for freight service 
on the difficult line, 517 miles long, between Fort 
William, Ontario, and Cartier, Ontario. In 1950, a 
five-year plan for the expenditure of 68,000,000 dols. 
on Diesel locomotives was announced. There are now 
three major builders of Diesel locomotives in Canada ; 
the Canadian Locomotive Company, at Kingston ; the 
Montreal Locomotive Works; and General Motors 
Diesel, Limited, London, Ontario. 





COURSES IN HYDRO-ELECTRIC 
POWER ENGINEERING. 


A POST-GRADUATE course in hydro-electric power 
engineering is again available this year in the Depart- 
ment of Civil Engineering, City and Guilds College, 
Imperial College of Science and Technology, Exhibition- 
road, London, 8.W.7. The course covers one session 
of three terms, commencing on the first Tuesday in 
October and concluding in the last week in June, 1952. 
It comprises 30 lectures on applied fluid mechanics ; 
20 lectures on surges, water hammer and waves; 60 
lectures on hydraulic structures ; two courses, each of 
30 lectures, on hydraulic machinery, and 40 lectures on 
electrical power. Design exercises and other practical 
work are also included, while, at Easter, a fortnight’s 
study tour is organised and visits paid either to hydro- 
electric projects and laboratoires in France and Switzer- 
land or to water-power schemes in Scotland. Moreover, 
in term times, visits are arranged to mechanical and 
electrical works to view turbines, generators and 
transformers in course of construction. Satisfactory 
completion of the course qualifies the student for the 
award of the Diploma of the Imperial College (D.L.C.). 
Six bursaries a year, each of a value of 200/., are 
provided for the course by the English Electric Com- 
pany, Limited. Details may be obtained on = 
tion to the Deputy Registrar, City and Guilds College, 
Exhibition-road, South Kensington, London, 8.W.7 
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CANTILEVER SHEET PILING IN 
COHESIONLESS SOIL.* 


By P. W. Rows, Ph.D., A.M.I.C.E. 


CANTILEVER sheet piling has generally been designed 
on the assumption of one of the two types of pressure 
distribution shown in Figs. 1 and 2. The pile rotates 
about a point X beneath the dredge level, and in 
Fig. 1 the passive pressure due to rotation is assumed 
to be distributed parabolically between X and the 
dredge level. The parabola is continued on the 
“active pressure” side of the wall to account for 
passive pressure between X and the toe. The parabola 
is assumed to be given by the equation, 


p=meny, ° ° » (1) 


where m and n are empirical coefficients. In Fig. 2, 
the curve has been replaced by straight-line boundaries. 
For this type there are three unknowns, namely the 
position of X, the penetration coefficient « and the 
value of the passive pressure coefficient K,. Taking 
the maximum value of Ky, the value of « at failure 
may be obtained ; or for a series of values of «, values 
of Ky and X necessary for equilibrium may be calcu- 
lated and used to determine the maximum moment on 
the wall. 

These approximations have been necessary in view 
of the complex nature of the exact calculation of the 
earth-pressure distribution. The distribution is gov- 
erned by the flexure of the piling after the equation, 
dty 
dz ~ 
The resultant pressure on the piling beneath the dredge 
level, assuming the simple parabola taking n= 1 
and active pressure on the passive side operating 
before rotation commences, is given by 


EI p. ° . - (2) 


p=mzy—(Ky)gaH, . - 1(a) 


and the substitution of equation l(a) in (2) gives a 
fourth-order non-linear differential equation to which 
there is no direct analytical solution. In addition, 
the simple parabolic assumption can only apply under 
limited conditions so that a direct approach to the 
problem using equation (2) is not possible. 

However, the maximum moment on the piling has 
been calculated by the methods illustrated in Figs. 1 
and 2 without regard to the values of the flexibility of 
the piling or the relative density of the soil beneath 
the dredge level. These values are connected with 
EI and m and would enter into equations (1) and (2) 
if they could be solved. It is necessary first to deter- 
mine the behaviour of an infinitely stiff pile in loose 
and dense soil, and then to study the effect of the 
variation of the flexibility of the pile on the maximum 
bending moment. 

The first part of the apparatus, Figs. 3, 4 and 5, con- 
sisted of a model pile 3 ft. 6 in. high, 7 ft. long, carrying 
42 soil pressure gauges.f The pile section was built 
with two 8-gauge steel plates separated by wood 
blocks and bolted rigidly together at regular intervals. 
The deflection of the section under a constant bending 
moment exceeding the maximum value in any test 
did not exceed 0-003 in. over a span of 30 in. so that 
the pile remained straight for all practical purposes 
during the test. The bin was filled with fine dry sand 
in even layers on both sides of the model, and the test 
was conducted by dredging the sand from the outside 
in stages, readings being taken at values of the dredge 
level given by « = 0-4, 0-5, 0-6 and 0-7. Sand in 
the loose state was obtained by pouring from a height 
of about 3 ft. above the placement level; sand in 
the dense state was obtained by vibrating during filling 
using a Westool-Stewart high-frequency vibrator. 

Typical results from these tests are shown in Figs. 6 
to 11, where the observed pressure distributions are 
compared with those calculated from Figs. 1 and 2. 
The following conclusions may be drawn. (1) The 
parabolic type of passive pressure distribution depends 
rom | on the value of the active pressure coefficient K, 
and does not vary with subsoil density. In some cases, 
such as for the loose sand at safe penetration depth, 
the curve taking n = 1 gives a good approximation, 
as found by Rifaat.t However, the curves do not 
follow the variations of density and dredge level 
sufficiently close to war-arit general use. (2) At the 
instant of failure of the wall by rotation, the observed 
distribution approached the classical triangular type, 
but this agreement does not apply at safe penetration 
depths. (3) The observed passive pressure coefficient 
Ky, just below the dredge level is of the order of the 


theoretical value taking full wall friction, i.e. 3 = 39 





* Paper read before Section G of the British Associa- 
tion at. Edinburgh on Tuesday, August 14, 1951. 

t P. W. Rowe, “A New Soil Pressure Gauge for 
Laboratory Investigations,” Inst, CE. Paper No. 5708 
(not published ; available in Institution library). 

+ T. Rifaat, ‘‘ Die Spundwand als Erddruckproblem,” 
Mitt. Inst. Baustatik, Zirich, 1935. 





for values of «> 0-45. With further dredging the 
depth below the dredge level at which the coefficient 
was fully mobilised increased. 

The observed resultant pressure distribution arose 
from active and passive distributions of the types 
shown in Figs. 12 to 17. Fig. 12 shows the distribution 
for a stiff wall rotating into the soil about a point below 
the surface. Fig. 13 shows this applied to a stiff pile 
which rotates about a point very close to the toe. 
Fig. 14 shows that if the rotation occurs about a point 
at the surface, the centre of pressure acts close to the 
bottom of the wall. The shape of this distribution 
accounts for the point of rotation of the stiff pile being 
located close to the toe. Fig. 15 shows that the effect 
of the high local compressive strain on the “ active 
pressure ’’ side of the wall is to reduce the active 
pressure above the point of rotation due to shear 
stress. In addition, a shear force acts between the 
wall and the subsoil due to the weight of the wall and 
the vertical component of the active pressure. Fig. 16 
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fully investigated, it is necessary to use it to calculate 
the maximum bending moments and ti.e penetration 
depths at failure, and compare these quantities with 
those measured directly. 

Taking moments about the toe of the pile, in Fig. 17, 
we have, 
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Fig. 2. Triangular 
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shows that the combination of Figs. 13 and 15 leads 
to the observed type of resultant distribution in Figs. 
6 to ll. 

The diagrams lead to the proposed simple triangular 
type of distribution, Fig. 17, where straight-line boun- 
daries are substituted for the observed resultant distri- 
butions and a point load is applied almost at the toe, 
being the resultant of the high local compressive stress 
and the toe shear stress. By taking moments about the 
toe, the moment of this foree may be neglected and 
the distribution solved for given values of Kg and Kp. 

In order that the validity of this diagram may be 
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This reduces to 


a —2(1 —a)d+ 


where 
1 
(Ky)p _ . 
(K y)a ; 7 
For given values of x the values of 8, i-e., the dept - 
below the dredge level to the maximum resultant 
passive pressure, are obtained. The maximum valus 
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Fig. 13. ; |the passive pressure acting at failure is mobilised. Ifa 
\ Fig. 14. |constant value, Gp, = 3, is taken. the locus of safe 
‘iia eanetid | penetration is given by the dashed line, Fig. 18. An 
' 
- 1 
: 4 alternate procedure is to take K, equal to —_ (8 = 0) 
' \ a 
: \ Loose value, giving the dotted line. This method gives 
\ ‘ approximately a constant depth coverage for all soils 
Rotation Point and would appear advisable in view of the possibility 
gf Ciose to Toe of over-dredging or erosion for other than temporary 
structures. The diagrams Fig. 7 and Fig. 10 correspond 
~ 5 \ therefore to safe penetration. 
<> . The maximum bending moment on the wall may be 
AVariable with calculated from Fig. 17, as follows. At depth 7H 
oF Sees eee below the dredge level, where 7 > 0, 
. , " - My (a+7® (Kyp7* K’ (» - 0) 
5 Fig. 16. Fig. 17. —-—-— = —-———~.- — — . (6) 
Fig. 15. & : ° ioc (K y)q H® 6 (Kyg6 Ky 6 ” 
if 
| 
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' -s a 
Ko — 2 a La 
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’ a The maximum moment occurs at the value 7 = 7, 
| aM» 
' vi 1 where _ == Q. 
- n 
ng " ae t (Ky)q Differentiating equation (6) and equating to 0, 
\ = ~ na 
© Resultant fre 721 0 yy _,)\- seele—@ =. 
: fy) Or (ey) - (ray | [0 (EE al he. ie 
Pressure Reduction Mn K’ 
0 oe 4 +a? + = 6 = 0 (7) 
cross X- \ a 
\ 
ee ete: ie : (K ‘ . 
4 Netnetetatenmenesibstel ro 5 For a given value — yp the value @ is obtained from 
b>=== > = R (K y) 
(660) : 


that § may have is given by @=(1 — a) and the o Fig. 18, on page 318 (full line), together with the 


substitution of this value in equation (4) gives the | values obtained at failure for sand and whinstone chips 


Value of x at failure. 


The values of « obtained from equation (5) are plotted 
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|in the loose and dense states. Close agreement results. 
| Equation (5) will also be fou d to be a close approxima- 
tion to the quartic equation* obtained for the penetra- 
tion depth using Fig. 2. This agrees with conclusion 
| (2) above. 

It is convenient to establish a value for a safe pene- 
tration depth before the discussion of bending mo- 
ments. A factor of safety Gp may be applied to the 
value of (K y)p in equation (5) so that only part of 














* Sheet Piling, Cofferdams and Caissons, by D. H. 
| Lee ; page 46. Concrete Publications, Ltd. 


a 

equation (4) and the value of 7 from equation (7). 
Substituting @ and 7 for 7 in equation (6) gives the 
12Mmax." ‘The full height H being know. 

Ky,H * e full heig’ eing known 
from the penetration coefficient «, the moment is 
determined. 

The maximum moment coefficients have been calcu- 
lated in this way from equations (4), (6) and (7) taking 
full wall friction for the Ky and K, values, and are 
plotted in Fig. 19, against the logarithm of the ratio 
(K y)p 
(K yq 


value 





The values of ¢ given are for uniform soil 





| * The units are: (12 M) Ib.-in per ft.; H ft.; (K y) lb. 
’ per cub. ft. 
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gives a close value for loose soils, but does not allow 
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on both sides of the pile. The graph shows: (1) the| triangular distribution gives a close estimation of the 
classical triangular distribution, Fig. 2, gives too large | stiff-wall moment at all values of the dredge level and 
a moment for stiff walls ; (2) the parabolic distribution | takes account of variation in subsoil density. 
The influence of pile flexibility on the maximum 
for variation in subsoil density; (3) the proposed! bending moments was next studied by making a series | on flexible pile. 





45 ¢ Deg. (8- 24] Uniform Soil 
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-4 -3 
(366) log Pp 
of tests with identical soil conditions on steel and 
Duralumin models of varying height and thickness. 
The results of these tests are given in Figs. 20 to 23, 
where the maximum observed bending moments are 
plotted against the logarithm of the flexibility number 


H* , —_ 
P= —; for the cases of sand and whinstone chips in 


the loose and dense states. It is seen that the maxi- 
mum moment decreases from the stiff-wall value, with 
increase in flexibility, to the bending moment acting 
at the dredge level on a flexible pile, encastré in the 
soil. This minimum value is given by 
12 Mmin. 
(K y)a H® 

In Fig. 24, points from the curves of Figs. 20 to 23 
have been replotted* so that the difference between 
the observed maximum moment, corresponding to 4 
particular flexibility number, and the dredge level 
value is represented as a percentage of the difference 
between the maximum stiff-wall value and the dredge- 
level value. For practical purposes, mean curves are 
drawn for all the points in the loose and dense states 
respectively, otherwise independent of the value of ¢ 
or a. Reasons for the moment decrease are given in 
Figs. 25 to 28. The stiff wall shown in Fig. 25 tends 
to rotate about X near the toe into position 1. If it 
is replaced by a more flexible pile as in Fig. 26, the 
new pile would require to deflect further to position 2. 
This involves a further rotation into the soil, effectively 
about X’ due to the curvature of the flexible pile, 
and, X’ being above X, the centre of pressure of the 
passive distribution is raised and fixity below X’ is 
increased. The pile therefore only deflects to position 
3. Increase in flexibility leads in this way to the 
encastré condition, Fig. 28. The decrease in mcment 
occurs at lower flexibilities with dense soils compared 
to loose, since the higher shear modulus of dense soil 
causes a more rapd raising of the centre of passive 
pressure for a given wall rotation. ; 

The proposed methcd of design is therefore to 
determine a safe penetration depth from equation (5) 
and to calculate the maximum and minimum moments 
that may act on the pile. Knowing the relative 


= 203, ° - (8) 








Fig. 24 M — Mnin. 

. 24, €¢= aniiniet 
Mmax. — Mmin. 

| M = Max. moment on a pile of flexibility p, Mmax = 

Max. moment on stiff pile and Mmin. = Max. moment 





* In x 100. Where 
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Fig. 29. Mean Structural Curve 
; Dry = 100 Lb. per Cub. Fs. ”\ for Steel and RC: Piles 
F ior H = 10— 30 Ft. 
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Fig. 30. A 





30 ft., is drawn and labelled “ structural” curve. For 
initial design purposes all the operating curves may 
be taken as crossing the structural curve at one point 
for each soil density. The section medulus is then 
given by 


nt 
EI = 1:58 x 10° 5 Ib. in. perft. (Dry) . - (9) 


na 
EI =0-79 x 108 x lb. in. per ft. (Submerged) (10) 


where h is the free height between the dredge level and 
the coping in feet. For exact design purposes, the 
correct structural curve for the proposed wall height, 
design stress and wall material must be drawn. 

Finally, it is necessary to determine the value of the 
outward deflection of the top of a wall designed in this 
manner. Figs. 30 and 31 give the deflections as a 
ratio of the wall height and active pressure for a range 
of flexibilities and for soil in the loose and dense states. 
Taking the design values of log p as — 3-2 and — 2-9 
for dry and submerged soil, respectively, the values of 
the deflections for a series of possible soils have been 
interpolated from Figs. 30 and 31 and are given in 
Table I. The deflection is seen to be 1 in. per 5-ft. 
height of the wall for all the soil conditions considered. 
This value is not excessive but it shows that it is 
unlikely that advantage may be taken of the greater 
flexibility of wocden piling (see Fig. 29) to allow 
smaller bending moments on the structure, unless the 
wall height is small or the structure is only a tem- 
porary one. 

In conclusion, the proposed design method may 
lead to a saving of up to 20 per cent. by weight of the 
wall compared to the use of the classical triangular 
method. The possibility of a cantilever design may be 


A 











0-0016 T : 
Loose Soils 


Prd 


00-0012 





0-0012 


= 
4 Dense Soils 








00008 
wg 5 d |LIn. per 5 Ft.|(Ky)=25] 





(Ky),H 





00008'1 In. per 5 Ft. Height 
Line for K p= 25 


00-0004 


| 9 








PS i 













































































eee 
00004 o 
-4-0 -35 leg p -3-0 -25 
fn (061) “ENGINEERING 
* ‘ 
m assessed rapidly using equations (5) and (9) before 
. proceeding to the exact design as illustrated in 
-40 =35 =30 =25 Fig. 29. 
‘log p 
TABLE TI. Sitica Bricks.—During the past few years confusion 
has been experienced between makers and users of 
| | a refractories on the meaning of the terms silica bricks, 
que siliceous bricks, semi-siliceous bricks and firebricks. 
| | 12 Mmax | 12 Mmax. 12 Mmin. H The Ministry of Supply were therefore asked to ascertain 
| Rel. Density a |  (Ky)q H® | H? Ib. ; ae whethcr egreement could be obtained between the 
| Se Eq. 5. | Fig. 19 | in. /ft.4 = 203 (Ky)q. interested organisations. The Ministry have now 
¢ } | (y = 100) log p = —3°2 | logp = — 2-9 reported that the term silica bricks should refer to 
| (y = 100) | (y = 70) bricks containing at least 92 per cent. silica; the term 
| | siliceous bricks to bricks containing frcm 85 per cent. to 
—— ; ] 92 per cent. silica; the term semi-siliceous bricks to 
a : ; ' . bricks containing from 78 per cent. to 85 per cent. silica ; 
| < — oo ot es Br pa and the term firebricks to bricks the silica content of 
: which is pvelow 78 per cent, The British Ceramics 
35 0-6 0-55 0-47 10-6 7°5 0-018 0-016 ena ait 1 AB 5 the Ghent tt Tat 
40 0-8 0-61 0-58 10-5 8-1 0-012 0-014 R earch Association an e director of the National 
: | Federation of Clay Industries have been consulted, and 
a 1-0 0-67 | 0-74 | 10-4 8-5 5S | is are in agreement with the classification, 














2¢ 
Kg = Coulomb value § = =. 


1 
Kp: (1) For value ofa, Kp = — Coulomb value § = 0. 
Mmax. 2¢ 
2) For ————, K, = Coulomb value § = —. 
se H3(Ky), ” 3 


density of the subsoil, the percentage moment-flexi- 
bility curve is interpolated from Fig. 24 and used to 
draw the operating moment-flexibility curve for the 
proposed structure. As an example, Table I gives 


the values of « and as Ib. in. /ft.4 for a range of soils. 


12M 
“HE 
proposed safe penetration depth is approximately 
constant at a value 10-5 for y = 100 lb. per cubic foot. 
Where water acts on both sides of the piling, the value 
18 in direct proportion to the submerged density. If 
differential water pressure may operate the value of 


It is seen that the value corresponding to the 





12M 
“H® 
submerged value for the soil. Assuming that soils 
with low values of ¢ will be in a loose state and those 
with high values in a dense state, a series of possible 


due to the water alone must be added to the 


9 
operating curves using = = 10-5 and 7°35, respec- 


tively, have been drawn using Fig. 24, and plotted in 
Fig. 29. A mean curve showing the relation between 
the size of a steel pile by Dorman, Long or Frodingham 
stressed to 8 tons per square inch or a reinforced- 
concrete pile designed to stresses 1,250 and 22,400 lb. 
per square inch., respectively, for heights H = 10 to 





PREVENTING FREEZING ON RAILWAY ROLLING STOCK. 
—Last year, four screens 11 ft. high, three of them 
870 ft. long, were built between the tracks in the London 
Transport train sidings at Hainault, on the Central Line, 
to protect stabled trains from cold winds which cause 
freezing troubles in the wintcr. They were found to be 
very effective. Itis impossible to avoid some accumulation 
of moisture in the several compressed-air systems of the 
trains, and though certain beneficial precautions have 
been taken in the past, they have not givon complete 
protection ; these precautions included keeping the air 
circulating by operating the equipment at intervals, 
feeding anti-freeze alcohol into the air system through the 
compressor intake, and keeping car heaters on. The 
sidings at Hainault, which accommodate 29 eight-car 
trains, are divided into bays of four roads each by the 
screens. Corrugated-asbestos sheets bolted to a steel 
framework are used, and sliding doors are fitted at 
openings half-way along the screens. Provision is made 
at the north end for motor-driven roller shutters. 
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NOTES ON NEW BOOKS. 


Elementary Electrical Engineering. 


By A. E. CLAYTON, D.Sc., M.I.E.E.,and H. J. SHELLEY, 
O.B.E., B.Se., A.M.LC.E. Third edition. Longmans, 
Green and Company, Limited, 6, Clifford-st-cet, 
London, W.1. [Price 14s. net.] 


WHEN this book was first published in 1927 it was 
pointed out that the subject matter covered sufficient 
ground to render it suitable for those studying for the 
Ordinary National Certificate or Diploma in Electrical 
Engineering. Direct-current and alternating-current 
circuits, direct-current machines, transformers, meas- 
uring instruments, secondary batteries and electric 
lamps were all dealt with in an elementary manner, 
and there were many numerical examples. In the 
present edition, in addition to the revision necessitated 
by the passage of time, there are two new chapters, one 
dealing with general circuit theorems and the other 
giving a detailed treatment of series and parallel 
alternating-current tuning circuits. Much of the 
chapter on illumination has been rewritten and the 
information on electric lamps has been brought up to 
date. The book should form a useful introduction to a 
more advanced study of the subjects covered. 


Telephony. 


By J. ATKINSON, A.M.I.E.E. Volume II. Sir Isaac 
Pitman and Sons, Limited, Parker-street, London, 
W.C.2. [Price 50s. net.) 


THE complications, which are necessary to enable one 
telephone subscriber to communicate with another 
without human intervention, may be illustrated by 
saying that this book, which deals only with automatic 
exchange systems, consists of no less than 872 large 
pages. It forms a companion volume to an earlier 
work, in which general principles and manual exchange 
systems were covered. The two together should prove 
useful to those studying for Grades I, II and III of the 
City and Guilds of London examination in telephone 
exchange systems and the telephone aspects of elemen- 
tary telecommunications practice. The facilities, 
switching principles and circuits described in the present 
volume relate almost entirely to the current practice in 
the United Kingdom and other countries, where 
British automatic exchange equipment is used. Stress 
is laid on the fundamental elements upon which the 
complete circuits are built and the merits and limi- 
tations of these elements are carefully analysed. 
A number of complete circuits are, however, described, 
so that the way in which these basic circuit elements 
are associated to give thé desired facilities can be 
appreciated. After discussing the objects and advan- 
tages of automatic switching, the broad principles of 
the step-by-step system are described. The theoretical 
aspects of telephone traffic, the quantity of switching 
equipment required and the methods of interconnecting 
it are next examined, while descriptions are given of 
the standard switching mechanisms and of the cable 
arrangements in an automatic exchange. After 
dealing with the various component circuit elements, it 
is shown how these are integrated in typical selector 
circuits, like the trunking arrangements and special 
circuits used in the “ non-director’’ and “ director ”’ 
systems and in “unit automatic exchanges’ are 
described in detail. After brief accounts of a number 
of other automatic systems, the problems of dialling 
over long distances and the mechanisation of trunk and 
toll switching are discussed. If the author's style is a 
little dry that is rather an advantage than a dis- 
advantage in this class of work and, at any rate, he has 
succeeded in packing a great deal of information into 
an amount of space which is small relative to the 
ground covered. The numerous diagrams are clear 
and are really illustrative of the text. The volume 
provides a complete survey of present practice and is a 
tribute to the excellent work which has been done in 
this branch of engineering. 


Tables to Facilitate Sequential t-Tests. 


United States National Bureau of Standards. Applied 
Mathematics Scries No, 7. The Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., U.S.A. [Prive 45 cents.) 


ALL statisticians are familiar with the t-test devised 
by W. S. Gosset (‘Student ’’), in 1908, which had 
such a profound influence on small-sample theory. 
Multiple or sequential sampling offers certain advan- 
tages and economies compared with the taking of a 
single sample, and the present tables have been prepared 
by the National Bureau of Standards to facilitate 
sequential t-tests like those devised by A. Wald in the 
United States for use in the sequential analysis of 
statistical data. They may be employed to determine, 
with an assigned probability, whether a particular 
numerical value m is the mean of a normal population 
of unknown variance. Before employing the tables, 











however, the user must decide on an acceptable level of 
probability g on which to reject the hypothesis that the 
mean is m when the mean is, in fact, m; and a proba- 
bility p and a value d of the deviation of the true mean 
from m, expressed in units of the standard deviation, 
must also be selected on which it will be satisfactory 
to accept the hypothesis that the mean is m when, in 
fact, it differs from m by d. The test procedure is 
such that, if the deviation of the true mean from m is 
greater than d, the probability of assuming that the 
mean is m is less than p. 


Drainage and Sanitation. 


By E. H. BLakeE, C.B.E., and W. R. JENKINS, 
B.Sc. (Eng.), A.M.I.C.E. Tenth edition, revised by 
LEONARD B. GUMBRELL, A.R.I.C.S. B. T. Batsford, 
Limited, 15, North Audley-street, London, W.1. 
[Price 15s. net.] 


Many changes have been made in the legislation affect- 





ing drainage and sanitary arrangements in dwellings, 
factories and public buildings since the first edition of 
this book was published in 1913, but examples of 
obsolescent arrangements and fittings are still to be 
found. It is a useful feature of the book, therefore, 
that descriptions and illustrations of such equipment 
are retained, and their shortcomings discussed, for 
comparison with the improved systems and appliances 
which are recommended and, in many instances, 
required by law. The principal regulations are quoted 
at length, and local departures from general practice 
noted ; and the concluding chapter of *‘ Legal Notes ” 
summarises all the most important requirements that 
an architect, builder or sanitary engineer is likely to 
need in his ordinary work. Ventilation, heating, 
lighting and water supply are also discussed, so far as 
they bear upon the main subjects. The illustrations 
are generally good, though the time is evidently 
approaching when some of them should be redrawn 
and new blocks provided. 





The Modern Soap and Detergent Industry. 


By GEOFFREY MARTIN, D.Sc., Ph.D., F.R.1.C. Two 
vols. Third edition, revised by Epwarp I. CooKE, 
M.A. (Cantab.), B.Sc., A.R.I.C. The Technical Press, 
Limited, Gloucester-road, Kingston Hill, Surrey. 
{Price 50s. net per vol.] 


THE two volumes of this compendious work appeared 
first in 1923, and the second edition in 1931. Vol. I 
deals with ‘* Theory and Practice of Soapmaking,” and 
Vol. II, which has been enlarged since the previous 
edition, with ‘‘ The Manufacture of Special Soaps and 
Detergent Compositions.”” There have been some addi- 
tions to Vol. I also, but they consist mainly of more 
recent references to research work, statistics, etc., and 
the introduction of more modern illustrations of plant. 
Vol. II, however, has been expanded by the addition of 
a section on synthetic surface active materials, and the 
inclusion of new material on spray-drying of powders, 
and the synthesis of fatty acids. The bibliographical 
references and statistics have been brought more up to 
date, as in Vol. I. The expressed hope that the work 
now presents a comprehensive picture of present 
practice in the manufacture of soap appears to be well 
realised ; but readers might find it easier to locate 
a particular item if the pages were numbered consecu- 
tively through eaeh volume, instead of by sections. 
The index is above the average in completeness, but 
some practice is required to turn quickly to the desired 


page. 





The East Coast Route. 


By GEORGE Dow, M.Inst.T., A.I.Loco.E. The Loco- 
motive Publishing Company, Limited, 88, Horseferry- 
road, Westminster, S.W.1. [Price 7s. 6d.] 


ALTHOUGH one effect of railway nationalisation has 


been to transfer Mr. George Dow to the London Midland 


Region, readers of this book may suspect that his | 
personal leanings are still towards the East Coast route 
which he describes with such a wealth of intimate 
detail. In the first chapter he traces its growth from 
the beginning to the present day. The next three 
chapters deal with the features that a passenger is 
likely to notice, or to be interested in, between King’s 
Cross and Aberdeen. Chapter V is devoted to locomo- 
tive and carriage development, and the book concludes 
with a chapter on “Some Famous East Coast Ex- 
presses.”” The illustrations include a number of con- 
siderable historical interest, and most are likely to be 
novel to a majority of readers; one, for instance, of 
the original Tay Bridge under construction shows 
what a light structure it really was, for such an exposed 
situation. From experience, we can say that the book 
is an agreeable companion over the route that it 
describes, though the type is rather small to read in a| 
fast-moving train. | 








BOOKS RECEIVED. 


Research and Scholarship in the University of Sydney: 
A Short Record of Original Work Done During 1946 
and 1947. Prepared by a Committee appointed by 
the Vice-Chancellor. Australasian Medical Publish- 
ing Company, Limited, Seamer-street and Arundel- 
street, Glebe, Sydney, New South Wales, Australia, 

Department of Scientific and Industrial Research and Fire 
Offices’ Committee. Report of the Fire Research /ioard, 
with the Report of the Director of Fire Research for the 
Year 1950. H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 2s. 6d. net.] 

Overseas Economic Surveys. Pakistan. By WaAtrer 
GODFREY. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 5s. net.] 

Productivity Report. Welding. Report of a Specialist 
Team which visited the United States of America in 
*1950. Anglo-American Council on Productivity, 21, 
Tothill-street, London, S.W.1. [Price 3s. 6d., post 
free.] 

Beama Guide to British Electrodes. Prepared by the Are 
Welding Electrode Section. The British Electrical and 
Allied Manufacturers’ Association, 36-38, Kingsway, 
London, W.C.2. [Price 2s. net.] 

Recommended Designs for Metal Arc Welded Mild Steel 
Building Structures. Beam and Column Connections, 
British Welding Research Associaticn, 29, Park- 
crescent, London, W.1. [Price 2s. 6d.] 

Dollars and Industry. A Record of the Dollar Conycntion 
held at Eastbourne in March, 1951. Dollar Exports 
Board, Thames House North, Millbank, London, 
S.W.1; and BEAMA Export Department, British 
Electrical and Allied Manufacturers’ Association, 36, 
Kingsway, London, W.C.2. [Price 10s. 6d., post free.] 

United States National Bureau of Standards. Applied 
Mathematics Scrics No. 12. Monte Carlo Method, 
[Price 30 cents.] No. 15. Problems for the Numerical 
Analysis of the Future. [Price 20 cents.] The Super- 
intendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C., U.S.A. 

The Works Engineer. By W. R. J. GRIFFITHS, in colla- 
boration with W. O. SKEAT. Third edition. Sir Isazc 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 25s. net.] 

Work Study and Incentives. By A. J. SPEAKMAN. Em- 
mott and Company, Limited, 31, King-street West, 
Manchester, 3. [Price 4s. net.] 

The ** M.E.”’ Lathe Manual. By EDGAR T. WESTBURY. 
Percival Marshall and Company, Limited, 23, Great 
Queen-sirect, London, W.C.2. [Price 12s. 6d.) 

The Oxide-Coated Cathode. By Dr.-ING. G. HERMANN 
and DR. S. WaAGENER. Vol. Two. Physics, 
Including Thermal Emission from Metals and Semi- 
Conductors. Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 42s. net.]} 

Der Ingenieur im Chemiebetrieb. By FRIEDRICH JAHNE. 
Verlag Chemie, Hauptstrasse 127, Weinheim a.d. 
Bergstrasse, Germany. [Price 14.80 D.M.] 

Adhesion and Adhesives. Edited by N. A. DE BRUYNE 
and R. Houwink. Elsevier Publishing Company, 
Incorporated, Spuistraat 118, Amsterdam, Nether- 
lands. [Price 37.50 florins.) ; and Cleaver-Hume Press, 
Limited, 42a, South Audley-strect, London, W.1. 
[Price 70s.] 

Britannica Book of the 
Britannica, Limited, 102, 
{Price 60s.) 


Year 1951. Encyclopedia 
Dean-stroct, London, W.1. 








POWER STATION CONSTRUCTION.—The British Elec- 
tricity Authority have received the consent of the 
Ministry of Fuel and Power to the establishment of a 
power station at Marchwood, near Southampton. This 
station will have a capacity of 480 MW, made up of 
eight 60-MW turbo-alternators, which will be supplied 
with steam from eight 550,000-lb. boilers. Ccnsent has 
also been received to the extension of the Goldington 
station, near Bedford, by four 30-MW sets, four 300,000- 
lb. boilers and three cooling towers. Two other sets for 
this station, with their associated boilers, have already 
been authorised. 





RAILWAY APPRENTICES’ SCHOOL AT CREWE.—Work is 
to commence soon on the building of a school at Crewe 
locomotive works for giving new apprentices, who have 
left day-school at the age of 15, their first year’s training 
in the theory and practice appropriate to the type of 
work in which they will specialise while serving the 
main part of their apprenticeship in the works. It is 
estimated that 270 boys will pass through the school cach 
year; accommodation will be provided for three times 
as many apprentices as at the existing British Railways 
school at Derby. The building will be in two storeys: 
on the ground floor, the workshop, rooms for the prin ipal 
and lecturers, and administrative facilities ; and, on 
the upper floor, classrooms, drawing offices and a library. 
Adjacent to the school there will also be an assembly hall 
which can be used as a gymnasium or cinema. The 
apprentices’ wages will rise from 29s. a week at the age 
of 15 to 71s. a week at 20. 
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ENGINEERING, MARINE AND 


WELDING 


EXHIBITION AT OLYMPIA, 


INCORPORATING THE FOUNDRY TRADES’ EXHIBITION. 


(Continued from page 297.) 


Tue exhibition at Olympia closed yesterday.| The same firm also exhibited the bolt-blank 
The exhibits generally were of a high standard, | heater illustrated in Fig. 60, herewith. This machine 
though few were particularly novel; indeed,| has been designed for heating the ends of blanks for 
novelty was more apparent in the stands, which| bolts before the head is forged. It is pneumatically 
were particularly attractive this year. In this| operated and although the blank is fed in and ex- 
article, we deal mainly with welding equipment. tracted by hand the heating sequence is automatic 
The exhibits on the stand of Asea Electric, Limited, | and operation can be effected by one man. The 
Fulbourne-road, Walthamstow, London, E.17, con- | machine is made in five sizes with rated inputs of 35, 
sisted of machines manufactured by Asea Svets-| 60, 80, 110 and 150 kVA, respectively, at 50 per cent. 
maskiner A.B., of Stockholm. They included the| duty cycle, the range of bank sizes being from 
welding head illustrated in Fig. 59, herewith, which | } in. to } in., § in., ? in., ¥ in., and 1 in., on the five 
is designed for longitudinal seam welding in a tube | patterns, and the number of heatings per hour ranges 
mill; it consists of a rotary transformer and/| from 1,200 to 300 according to the size of blank. 











adjustable pressure and supporting rollers. The | Messrs. Hancock and Company (Engineers), 





The machine can be electronically controlled, for 
which purpose it is fitted with a photo-electric head 
that follows the lines on the drawing. Accurate 
profiles can thus be produced in the steel which is to 
be cut. A small tracing wheel projects from the 
head and engages with the surface of acylinder 
which, in turn, drives the lower carriage of the 
machine through gearing. The wheel is driven by 
a variable-speed motor and is guided by a second 
motor, which steers it over the outline of the 
drawing. Both motors are housed in the head. 
When the axis of the tracing wheel is parallel to that 
of the cylinder, the lower carriage is driven forwards 
or backwards, but when it is at right angles to the 








Fic. 59. Weretprne Heap ror Tuse Mitt; Asea Exectric, LIMITED. 


electrode rollers are connected to the secondary of 
the transformer and they rotate together. The trans- 
former can also be raised and lowered by a hand- 
wheel. An interesting point is that the machine 
is provided with a built-on lathe which, after the 
transformer and electrodes have been lifted a short 
distance from the tube to be welded, by a separate 
motor, can be used for grinding without disturbing 
the mill. The flying cut-off can be of the mechanical 
rotating or electrical tearing-off type. 

The mills are manufactured in four sizes for 
welding tubes with external diameters from } in. 
to 4in., at maximum speeds of about 45 metres per 
minute. Such speeds can, however, only be used 
on light-gauge tubes and the frequency of the current 
supplied must be 150 cycles. Normally, the speed 
is limited to 36 metres per minute if a tight weld 
1s to be secured. The electrical ratings of the four 
sizes of machine are 80 kVA, 150 kVA, 250 kVA 
and 350 kVA, respectively. All the main parts of 
the equipment, which includes the forming mill, 
welding machine and sizing and straightening mills, 
are mounted on the same bedplate, thus facilitating 
erection. The roller shafts on all the mills are car- 
ried in ball bearings and can be adjusted vertically. 
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Limited, Progress-way, Croydon, Surrey, were show- 
ing a model of their latest oxygen profiling machine, 
which deals with the largest plates used in shipyards 
and has a cutting area of 10 ft. wide by any length 
in one setting. It is shown in Fig. 61, on Plate XXII. 
It consists of main and transverse carriages which 
are fabricated from steel plate and tubes. The 
main carriage runs on large-diameter hardened and 
ground wheels and the main 4-in. axle is of alu- 
minium alloy, which is carried on ball bearings. The 
steel racks are precision finished, with a fabricated 
board stand to carry the tracer table. One or more 
burners can be fitted, their holders being mounted 
on a slide bar so that they can be set in any position 
within the cutting width by a handwheel which 
operates through a rack and pinion. The burners 
are of the coupled type with a control-valve box 
mounted on the vertical slide of the holder. They 
can all be operated simultaneously by a single lever 
with cam control, which is actuated from the control 
position at each end of the machine. The tracer 
is of the standard pattern. It can be raised or 
lowered from the two positions and can be used with 
steel, wood or strip templates or direct from the 
drawing or scrieve board. 


Fie. 60. Bout-BLank Heater; Aska ELECTRIC, 


LIMITED. 


cylinder axis, it runs along the latter and so 
causes the head and burner to move laterally with- 
out longitudinal travel. Between these two 
extremes, the resultant movements of the head and 
burner are combinations of the longitudinal and 
lateral travels. The path traced is therefore identical 
with that which would be produced if the tracing 
wheel were in direct contact with the drawing. 

The movement of the head is controlled by a beam 
of light which is projected downwards and forms a 
small spot on the drawing. In this way, the head, and 
consequently the burner, is caused to follow the 
required profile, provided half the area of the spot 
remains over the drawing outline, which should be 
up to } in. thick. Light from the spot is reflected 
on to the photo-electric control gear, so that if the 
spot tends to move away from the outline, the 
steering motor is caused by a bridge circuit to turn 
the spindle of the tracing wheel in the appropriate 
direction. When the spot is half over the outline 
and half over the white, or neutral, colour of the 
drawing paper, the reflected light has no effect on 
the steering motor, which, therefore, remains 
stationary. After the driving motor has been 
switched on, the head is guided by hand to bring 











ENGINEERING. 





SEPT. I4, IQ5I. 








the spot over the outline of the drawing or pattern 
to be cut, the steering motor is started and the 
electronic control gear takes over automatically. 

The principal exhibit on the stand of the Quasi- 
Arc Company, Limited, Bilston, Staffordshire, 
consisted of Unionmelt arc-welding equipment 
which, in addition to being fully automatic in 
operation, has recently been modified so that it 
can be used as a semi-automatic unit or a8 a manual 
tool which can be placed in position and guided by 
the operator. A welder of this type, which can be 
operated at currents up to 900 amperes, is illustrated 
in Fig. 62, on Plate XXII. It is designed for manual 
submerged-are welding and is arranged so that the 
welding wire and Unionmelt powder are auto- 
matically fed through a flexible hose 20 ft. long. 
This hose terminates in the welding nozzle, which 
contains a small hole. The powder is fed round 
the wire automatically, and when sufficient has been 
deposited, the operator touches the wire on the 
workpiece, thus closing the electric circuit. As soon 
as the current flows, the nozzle is guided along the 
joint or over the area to be welded at a reasonably 
uniform distance above the workpiece. The rate at 
which the wire is supplied is automatically controlled 
so that the length of the arcis maintained. Starting 
and stopping are effected by a push-button, which 
operates a starter, the latter incorporating a switch 
so that the wire can be inched forward or backwards 
in the hose. The unit includes a motor for feeding 
the wire, a reel which carries 25 lb. of welding wire, 
a tank holding 75 lb. of powder, and an air-pressure 
regulator and safety valve. Either alternating or 
direct current can be used, the maximum value in 
either case being 900 amperes. Connection can be 
made to any type of arc welding transformer or 
generator. 

The machine can stand on the shop floor with the 
operator at either floor level or higher. A lifting 
eye is fitted so that the unit can be slung over a 
welding area with the hose leading down to the 
operator, who is thus able to work freely within a 
radius of 15 ft. to 20 ft. Alternatively, the plant 
can be suspended from a wall-mounted jib crane, 
so that it can be operated over a still wider area. 

The Unionmelt welding head, which is illustrated 
in Fig. 63, Plate XXII, allows a maximum current 
of 1,200 amperes. When wire from ¥ in. to } in. 
in diameter is supplied down a 20-ft. flexible hose, 
one-pass butt welds can be made in material 
from No. 16 gauge to } in. thick, as can plug and 
fillet welds of comparable size. Multi-pass welds can 
also be made in metal of any thickness. The head 
can be adjusted both vertically and horizontally 
and rotated through 360 deg., a single or double 
gear drive being used to obtain a wide current 
variation with the same diameter of wire. As 
shown in Fig. 63, the head can be supported on a 
self-prope'led carriage, in which case a reel carrying 
25 lb. of welding wire is provided. This can, 
however, be replaced by a reel carrying 150 lb. 
of wire when the machine is to be stationary. The 
welding voltage is kept constant by a series control 
unit which causes the motor to speed up or slow down 
when any variation in the arc length occurs, thus 
restoring the electrode to its correct position. 

The same firm. were showing a 300-ampere mobile 
welding unit, which is driven by a Diesel engine. 
Machines of this type were used for welding the 
Finnart pipeline through which crude oil is conveyed 
across Scotland. A 250-ampere petrol-driven welder 
exhibited was of interest from the fact that it could 
be separated into two parts for easy handling on site 
and that it was fitted with remote current regulation. 

The wide range of alternating-current welding 
plant manufactured »y the General Electric Com- 
pany, Limited, Magnet House, Kingsway, London, 
W.C.2, was represented at the exhibition by their 
twin-arc welding and portable single-phase sets. 
The twin-arc equipment is the result of experiments 
which were undertaken by the company with a view 
to producing alternating-current welders which 
would take a balanced three-phase supply from the 
mains at a high power factor without the expense 
of a correcting capacitor. Two parallel electrodes, 
which are insulated by their normal flux coating 
and are supplied from a three-phase to two-phase 
transformer, enable the whole of the energy to be 
concentrated alternately in each of the two arcs 








between the electrodes and the work-piece. Only 
a very small (single-phase) component of the current 
bridges the gap between the tips of the electrodes. 
Since ionisation, due to the arc burning at one elec- 
trode, assists in re-striking an are at the other, 
and since temperature fluctuation in the arc zone 
is reduced, the open-circuit secondary voltage 
(normally about 80 volts) is only about 45 volts 
and a power factor of the order 0-55 is obtained. 

Moreover, as a direct result of the improvement 
in stability, the arc is quieter and more easily con- 
trolled. Again, owing to the improved thermal 
efficiency of the two-phase arc and the fact that 
a larger cross-section of electrode can be used for a 
given size of weld, the rate of deposition is from 
20 to 50 per cent. faster than in single-phase welding, 
depending upon the size and type of weld being 
produced. A further improvement in the welding 
speed is due to the fact that twin electrodes of stan- 
dard length deposit about a 70 per cent. greater 
length of weld metal than equivalent single rods, 
with a consequent saving in the time taken to 
change the rods. Experience has, in fact, shown 
that on a ¥;-in. fillet weld the total saving compared 
with single-are welding is about 45 minutes for each 
100 ft. of welding, 30 minutes being due to greater 
welding speed and 15 minutes to less frequent rod 
changing. 

Although the equipment is intended primarily for 
service as a twin-arc set, it can also be used as a 
normal double-operator unit with independent 
control for each welder. For this purpose a voltage 
change-over switch is provided which gives 45 volts 
or 60 volts at the secondary terminals, the latter 
value being employed for single-arec welding. This 
facility is useful when special types of electrodes 
are necessary or when the equipment is used for 
tacking and intermittent welding in confined spaces. 

During the exhibition, demonstrations were 
given toenable comparisons to be made between the 
twin plant and the more usual single-phase equip- 
ment. For this purpose, simultaneous welds were 
made by two operators using the two types of set, 
and the relative performances were continuously 
indicated on an instrument panel. As already 
announced, arrangements are now being made 
between the General Electric Company and the 
Quasi-Are Company, whereby the latter will become 
sole concessionaires for this equipment. 

Sciaky Electric Welding Machines, Limited, 
Slough, Buckinghamshire, were showing a full range 
of pedestal spot, portable spot, projection, seam and 
flash welding plant, including an air-operated 
machine which is capable of welding mild steel up 
to } in. thick. This machine has a nominal rating 
of 25 kVA when the arms are arranged to give 
a throat depth of 24 in. The welding pressure is 
exerted by compressed air, which is supplied from a 
cylinder at a pressure of 785 lb. per square inch, and 
the duration of the weld current flow is governed by 
a resistance-capacitance timer. The machine is also 
capable of stitch-welding at speeds up to 150 spots 
per minute. Mention may also be made of the 
multiple cross-wire welding machine illustrated in 
Fig. 64. It has been developed so that a large 
number of welds can be completed simultaneously 
in wire mesh with a mains loading of 75 kVA. The 
welding transformer is located directly below the 
T-slotted platens, thereby reducing the secondary 
gap to a minimum, and considerably increasing the 
electrical efficiency of the machine. The provision 
of platens of this type also facilitates the mounting 
of welding fixtures. Working throat depths up to 
36 in. are available and the maximum welding 
capacity is 120 welds per minute in No. 16 s.w.g. 
mild-steel wires. The cylinder is operated pneu- 
matically at a pressure of 2,200 lb. per square inch. 

Fig. 65 is an illustration of a bench-mounted spot 
welder which has been developed by the same 
firm for welding assemblies, such as radio-valve 
components. It has a capacity of two No. 16 
gauge mild-steel sheets. Weld timing is usually 
effected by a resistance-capacitance timer, although 
a synchronous thyratron timer can also be fitted. 
The main operating cylinder is supplied with 
compressed air, the flow of which is adjusted 
by pressing a small pedal. A range of six heat 
tappings is available and the top and bottom 
electrodes can be adjusted both vertically and 








horizontally. In a second similar type of bench 
machine, the supply of air can be controlled either 
through a foot valve or through an electrically. 
operated valve, which is interlocked with the main 
electrical circuit. 

Messrs. A. Reyrolle and Company, Limited, 
Hebburn, Co. Durham, were showing the 20/300. 
ampere dual-control single-operator welding set 
illustrated in Fig. 68, opposite. This is a composite 
unit of relatively small dimensions and light weight, 
which comprises an alternating-current motor, a 
welding generator and a control box containing the 
motor starter and generator controls. The rotor of 
the motor and the generator armature are mounted 
on a common shaft, which has been designed so 
that complete concentricity is maintained under all 
conditions. It is borne in either ball or roller 
bearings. The frame has been designed to facilitate 
inspection and maintenance and to afford maximum 
protection of the working parts. The motor is of 
the alternating-current squirrel-cage type with a 
normal synchronous speed of 1,500 r.p.m. Its 
windings are impregnated, so that it will withstand 
the most arduous working conditions, while protec- 
tion against overheating is provided by a self- 
resetting switch which is in contact with the stator 
windings. Starting is effected by a push-button 
which switches the motor either directly on to the 
mains or through an air-break star-delta switch. 
The generator is of the direct-current drooping- 
characteristic type with a current range of 20 to 
300 amperes at 20 to 30 arc volts, the striking voltage 
being 70 volts. Control is of the concentric dual 
type, a heavy-duty selector switch, with ‘“‘ make. 
before-break ” contacts and definite settings being 
provided for adjusting the current and a wide-scale 
continuously-variable regulator for altering the 
voltage. This enables the most suitable setting 
for a particular welding run to be selected by 
means of the outer handwheel, after which an 
inner concentric knob can be used to regulate the 
welding conditions. Another single-operator set on 
view on this stand was rated at 400 amperes ; it is 
driven by a Ford V8 petrol engine. Both the 
engine and the generator are housed in a common 
framework above which is a protective canopy, and 
they can be mounted on wheels for mobility. 

The same firm exhibited a selection of their 
variable-speed alternating-current commutator 
motors with outputs from 5 to 35 h.p., as well as a 
number of squirrel-cage induction motors of various 
sizes and constructions. There was also an alter- 
nating-current commutator motor which has been 
designed for driving ring spinning frames. This 
motor, which is illustrated in Fig. 67, opposite, 
embodies a fully automatic speed-control unit for 
regulating the speed in accordance with the varying 
motion of the spinning frame. Switchgear was repre- 
sented by a 33-kV metalclad horizontal draw-out 
circuit-breaker panel with a rupturing capacity of 
1,500 MVA. The construction of this panel, which 
is illustrated in Fig. 66, is in general accordance with 
the firm’s well-known equipment, but there are 
some modifications, including complete phase 
separation and three separate lifting rods, which are 
coupled above the top plate and are used for actu- 
ating the moving contacts. The operating mech- 
anism is totally enclosed in dust-proof and vermin- 
proof covers and is fitted with external dashpots. 
It is nevertheless readily accessible through a 
simple front cover. Owing to the absence of 
projecting fittings on the front of the frame stan- 
dards, and of wing panels on the covers of the 
mechanism, a switchboard built up of these panels 
has a particularly clean finish. - 

Fig. 69, on page 324, is an illustration of a 250-kVA 
flash butt-welder, which was shown by A.I. Electric 
Welding Machines, Limited, 68, Victoria-street, 
London, 8.W.1. This machine has been designed as 
a general-purpose welder and combines the advan- 
tages of pre-heating for heavy solid sections with 
fully-automatic flash welding of lighter sections. 
A power forging unit also enables upset pressures 
up to 6 tons to be applied, thus ensuring correct 
weld consolidation. The welder is supplied from 4 
250-kVA single-phase transformer, the primary of 
which is wound for connection to the 400-volt 
mains. The secondary is water-cooled and, in 
connection with a regulator, supplies current at 
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voltages from 3 to 8. The clamps, which are either 
of the vertical or swivel type, are pneumatically 
operated and are controlled by foot-operated valves, 
the effective clamping pressure being 8 tons. The 
electrode blocks are of hard-wearing copper alloy 
and a water-cooling system is incorporated. As 
regards operation, the components to be welded 
are placed in position and clamped by depressing 
the pedals. The operating lever is moved to the 
“weld” position, thus initiating the flashing cycle 
and power forging and completing the weld. When 
pre-heating is necessary, current for this purpose 
is switched on, after the components have been 
clamped, by depressing a foot switch and operat- 
ing the handwheel with a reciprocating action. 
This reciprocating movement is maintained until a 
temperature suitable for free flashing has been 
reached. The operating lever is then moved to the 
welding position so that automatic flashing and 
upsetting take place as before. The machine is 
capable of welding mild steel up to 5 sq. in. 

The stand was provided with a series of display 
Panels showing how flash butt-welding can be 
applied in a number of industries to increase produc- 
tion at a low cost. Actual examples of welding 
with production cost figures were exhibited to 
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Fic. 68. 20/300-AmMPpERE WELDING MACHINE ; 
A. REYROLLE AND Company, LIMITED. 





| illustrate how simplified designs and reduction in 
|weight can be achieved by planning the forging 


procedure in the shipbuilding, motor-car, mining, 
steel and general engineering industries. 

The British Thomson-Houston Company, Limited, 
Rugby, exhibited on two stands at Olympia. The 
first was devoted to a display of the organisation’s 
practice in electrical propulsion equipment, ships’ 
electrical auxiliaries, marine radar and many kinds 
of electrical plant for dockyards and general indus- 
trial use. The exhibits ranged from a 12-ton 
gearwheel, as used on Diesel propulsion units and 
incorporating an electromagnetic coupling, to 
electric speed indicators and magnetos for marine 
engines. Developments in gas turbines, high 
breaking capacity switchgear for marine service, 
a new range of totally-enclosed fan-cooled motors 
with standardised dimensions, thrustors and sud 
pumps were also on view, and demonstrations were 
given of the firm’s “ Stacreep” system of crane 
|control and of their “ Clearcall’’ industrial com- 
munication equipment. 

On the other stand, control panels for spot and 
seam welding machines were exhibited. These 
included the equipment illustrated in Fig. 70, on 
page 324, which has been designed to control both 
the periods of current flow (heat time) and of current 
interruption (cool time). The welding cycle, which 
is the sum of these two periods, is directly variable in 
one-cycle steps from two to 45 cycles, and the duty 
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cycle (ratio of heat time to heat time plus cool time) 
can be varied from 10 to 90 per cent. The equipment 
consists of an insulated panel which is housed 
in a sheet-steel cubicle and on the lower part of which 
are mounted two ignitrons, two trigger thyratrons, 
fuses and a small contactor. The latter is used as a 
weld-initiating switch when seam welding or as a 
safety switch when spot welding. The transformers, 
rectifiers and other circuit components are mounted 
on the back of the panel. The upper part of the 
cubicle contains a timing tray on which a thermal 
time-delay switch, a rectifier valve and timing and 
control thyratrons are mounted. The tray is 
supported on metal runners so that it can easily be 
withdrawn for servicing. It is connected to the 
ignitron panel by two flexible cables, which termin- 
ate in plug-and-socket connections. All the controls 
are located in a small compartment on the front 
of the timing tray. Locks are provided to prevent 
access by unauthorised persons. 

The ignitrons, which are water-cooled, are 
connected in inverse parallel and act as an electronic 
contactor which controls the current in the primary 
of the welding transformer. Up to 2,400 kVA 
can be controlled in this way, depending on the type 
of ignitron used. The thyratrons provided for 
timing and control purposes are of the mercury- 
vapour type, while those which act as triggers are 
of the xenon gas-filled shield-grid pattern. In both 
cases filament-type cathodes are used. The func- 
tion of this equipment is to act as high-speed relays 
which control the duration of the current flow or 
vary the value of the current passed by the ignitrons. 
The synchronous timing circuit is supplied with 
direct-current at 400 volts from a rectifier. 

The spot-welding equipment is provided with a 
rheostat which, in conjunction with its range 
switch, enables the welding time to be adjusted 
in two ranges from one to 30 cycles in one-cycle 
steps. It also has two heat-control rheostats for 
adjusting the welding current when operating on 
manual and automatic control, respectively; a 
change-over switch for altering the system of con- 
trol ; and a push-button for re-setting a protective 
circuit which prevents operation if the equipment is 
set up with an excessive control voltage. When the 
equipment is used for controlling seam welders the 
welding-time rheostat is replaced by welding-cycle 
and duty-cycle rheostats. The first of these allows 
the length of the welding cycle to be adjusted 
between 2 and 45 cycles in one-cycle steps, and the 
other the duty cycle between 10 and 90 per cent. 
The instruments include an ammeter for indicating 
the line current and a firing-angle indicator which 
shows the phase angle at which current flow com- 
mences. A time delay switch is incorporated in the 
equipment to prevent welding being started until 
the thyratrons have warmed up to their operating 
temperature. There is also a water-flow switch, 
which prevents welding being commenced or 
continued unless sufficient cooling water is flowing 
through the ignitron jackets. As regards the opera- 
tion of the spot-welder equipment, after the main 
supply switch has been closed and the ignitron 
cooling water has been turned on, about one minute 
must be allowed to elapse for warming up. The 
safety contact is then operated and the weld- 
initiating circuit closed. 

Another exhibit on the B.T.H. stand of which 
mention may be made was the high-speed counter 
illustrated in Fig. 71. This has been designed for 
industrial use and is capable of counting at speeds 
up to 25,000 counts per minute. It is operated from 
a 200,/250-volt 50-cycle circuit, and the counting 
signal is normally received from a photo-electric 
scanning head, although other methods of detection 
can be provided. As will be seen,,the counter is 
housed in a sheet-steel case, with the controls 
mounted on a sloping panel. These controls consist 
of a selector switch marked “ auto reset,” “‘ manual 
reset,” ‘“‘count”’ and “test”’; a push-button for 
indexing or resetting ; an ejector selector switch ; 
and a neon lamp which indicates when the equip- 
ment is operating. To the right of the control 
panel are two electronic counting tubes, which give 
visual indications of the units counted, while to the 
left is a six-figure electro-magnetic counter indicat- 
ing hundreds. 





When the counter is operating it closes the 
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contacts of a relay at the 50th or 100th count, | 
according to the position of the ejector selector 
switch ; the former can be used up to speeds of | 
18,000 counts per minute and the latter up to the 
maximum counting speed When first switched on, 
the counting tubes set themselves automatically to 
zero; the electromagnetic counter remains at the 
previously-recorded count, though it can be set 
manually to zero. If it is desired to continue on 
a particular count after the machine has been 
shut down, the counter can be set to the appro- 
priate figure using the “ auto reset ’’ and “ manual 
reset’; and to show the previously-recorded 
count, two indicators, which can be set by hand, 
are provided. When the selector switch is in 
the “test” position, the tubes receive impulses, so 
that the whole equipment from the signal input to 
the electromagnetic counter can be readily checked. 

Among the welding equipment which was exhi- 
bited by Murex Welding Processes, Limited, 
Waltham Cross, Hertfordshire, mention may be 
made of the 250/300-ampere transformer set illus- 
trated in Fig. 73. It is of the single-operator 
self-contained oil-cooled type with an internal 
capacitor. It has three main current ranges, 
which can be selected by an appropriate switch, 
and within each range it is possible to obtain 
twelve values by the use of a second switch. Both 
these switches and the primary switch are installed 
inside the casing and are operated by crank handles 
on the top of the transformer. Two open-circuit 
voltages—80 volts and 100 volts—are available 
and are selected by means of a copper link. The 
ammeter is mounted on a desk-type fitting to 
facilitate reading, and the wheels on which the unit 
is carried are recessed into the equipment and fitted 
with solid rubber tyres. As will be seen from 
Fig. 73, the front wheel is provided with a 
drawbar for steering purposes. 

The Elin-Murex automatic welding equipment, 
which is illustrated in Fig. 72, was shown for the 
first time at the exhibition. It consists of a mobile 
welding head which travels on a specially designed 
gantry girder, and which is provided with a 40-volt 
direct-current controller as well as with two dual- 
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control 400-ampere welding generators connected 
in parallel. One of the advantages claimed for 
this machine is its flexibility. For instance, the 
type shown normally makes use of a coil of bare 
wire, which is joined at the welding head by the 
two halves of a pre-formed strip of flux imme- 
diately before the weld is made. The result is an 
electrode which is similar to one of the extruded 
type with the difference that the wire and type 
of flux can be varied as required. Alternatively, 
the machine can be used for submerged-arc welding 
or for automatic welding with a new type of Murex 
electrode known as Coilex. Either alternating or 
direct-current can be used, according to the nature 
of the work; the maximum current on the model 
shown at Olympia was 600 amperes. The rate of 
travel of the welding head can be varied between 
4 in. and 32 in. per minute. 

Mention may also be made of the firm’s latest 
low-voltage safety device which has been designed 
for use with alternating-current welding equipment. 
This “fails to safety ” in the event of an internal 
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British THomson-Hovuston Company, LIMITED. 


fault, thus reducing the voltage at the electrode 
holder to a safe value within a fraction of a second 
after the arc has been broken and then restoring 
the full voltage and current for welding when the 
electrode is brought into contact with the work 
preparatory to striking the arc. The unit is housed 
in a sheet-metal container which is suitable for 
mounting on standard welding transformers. Both 
motor and engine driven welding sets were exhi- 
bited. The stand also included displays of the 
70 different types of electrode made by the firm, 
and of arc-welding accessories. 

Among the many examples of welders exhibited 
by the Lincoln Electric Company, Limited, Welwyn 
Garden City, Hertfordshire, was the petrol-engine 
set illustrated in Fig. 74. This consists of a 
Fordson Major tractor engine with cylinders 4} in. 
in diameter and 5 in. stroke, which is capable of 
developing 38 brake horse-power. The engine is of 
the side-valve type; the cylinders and the top 
half of the mankcase are a monobloc casting, 
and the cylinder head is detachable. The pistons 
which are of cast iron, are of the solid skirt type. 
The carburettor is of the Ford down-draught pattem, 
The engine is fitted with the firm’s well-known 
system of throttle control, which allows it to 
idle at low speed when welding is not taking place 
and to be run up automatically to the speed set by 
the centrifugal ball-type governor when the are 18 
struck. When the arc is interrupted, the engine 18 
again slowed down in a period which can be adjusted 
from 15 to 30 seconds. ; 

The generator is mounted directly on the engine 
housing, its shaft being connected to the flywheel 
by a special coupling. It is of the single-operator 
variable-voltage type with a completely laminated 
magnetic circuit. Interpoles are provided so that 
no external reactance or stabiliser is required. In 
order to improve welding performance the exciter 
is a separate machine. The current range is from 
40 to 300 amperes with an arc voltage of 40 volts. 
The open-circuit voltage can be adjusted in & 
sequence of fine steps by a shunt-field rheostat- 
The current can also be adjusted independently by 
altering the series field ; a combination of the two 
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Fig. 74. Prtrrot-ENGInE WeipiIne Set; Lrxcotn Execrric Company, Limirep. 


methods enables the operator to select the arc 
intensity best suited to the work. 

The exhibits on this stand also included a number 
of electrically-driven welding machines and several 
recent developments in electrodes, among which 
Were the Multiweld, Positionweld and Fleetwood 5, 
the last of which is used almost exclusively on pipe- 
lines and oil-refining work throughout the world. 

Prominent features on the two stands of the 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, were a number of 
wn of the large types of equipment manufactured 

y them. These included a model of a 17,100-kVA 
11-5-kV vertical alternator which was designed to be 
driven at a speed of 600 r.p.m. by a Boving water- 
turbine. Four of these alternators are being 
manufactured at Trafford Park for the Kiewa 





hydro-electric scheme of the Victoria State Commis- 
sion, Australia. Another model was of a 9,000-h.p. 
Ward Leonard Ilgner winder, which was based on 
the design of equipment now in hand for the Mosley 
Common colliery in the North-Western Division of 
the National Coal Board. This will, it is believed, 
be the largest winder of this type in the world. 
A third model was of an 8,000-h.p. marine turbine 
now being built for two single-screw vessels; it 
illustrated modern tendencies in geared marine 
steam turbines, both in regard to operating condi- 
tions and construction. Finaliy, there were models 
of the Royal iris, the Mersey dredger 26 and the 
Loch Fyne, all of which are fitted with Diesel- 
electric propulsion equipment. 

Fig. 75, on page 326, is an illustration of an auto- 
matic arc welding machine which was shown at the 








Fic. 73. 250/300-AMPERE ARC-WELDING TRANSFORMER SET; MuREX 
WELDING ProcesssEs, LIMITED. 


exhibition to demonstrate the electronic control of 
weld-metal deposition. For this purpose, a short 
gantry had been erected to which a rail track for a 
standard travelling carriage was fixed. This car- 
riage, which carried the automatic welding head, 
operator’s control panel and a reel of coiled electrode, 
was of fabricated steel construction and was elec- 
trically driven on rollers by a motor The speed of 
the latter could be adjusted by a rheostat on the 
operator’s panel and it could be declutched so that 
its position could be rapidly altered by hand, The 
welding head consisted of a pair of rollers which 
gripped the electrode, drew it through an adjustable 
roller-type straightener and passed it through a 
tubular nozzle into the arc. This nozzle was con- 
nected in the welding-current circuit which was 
coupled through the are and an “earth’’ on the 
workpiece. The arm supporting the head was of 
a tubular section and had a flanged bracket which 
could be clamped in several positions between the 
shaped boss projections on the casing and a 
saddle. 

To feed the electrode at a rate which ensured a 
constant arc length, the arc voltage on this machine 
was opposed to a voltage established by a potentio- 
meter. These voltages were applied to the grids of 
a balance valve, the plate currents from which were 
passed to phase-shift transductors, so that the 
strength of the incoming current was translated into 
angle of phase displacement. This phase displace- 
ment was, in turn, connected to the grids of two 
thyratrons and used to regulate the amount of 
current passing through the armature of the feed 
motor. Since the field of this motor was perman- 
ently over-excited, its torque was proportional to 
the armature current and its speed therefore varied 
in such a way that the electrode was fed more 
quickly into a lengthening arc and more slowly 
into a shortening arc. This reaction was so rapid 
that in practice a constant arc length was main- 
tained. This closeness of control made it possible 
to use a short arc, a high rate of deposition of 
weld metal and thus a high welding speed. The 
coiled electrode used in the demonstration was one 
of the Metromatic range and the welding current was 
supplied from a transformer with an output of 1,000 
amperes, 

The application of electronic control to the 
“take-up ”’ or “‘ let-off ” drive of a reel of continuous 
material was also shown. This control is employed 
when constant tension is required and the material is 
fed on to or taken off the controlled reel by an 
uncontrolled motor drive. It provides a simple 
solution to a problem frequently encountered in 
the textile, paper-making and other industries, 
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namely. how to control the speed of the reels to suit 
the linear speed of a continuous strip of material. 
In this system the reel is driven by a constant-speed 
reversible motor, so that the material can be run on 
or let off as required. A second similar reel is 
driven by a variable-speed motor which is elec- 
tronically controlled by two thyratrons. The grid 
phase of the thyratrons is controlled by a magnetic 
amplifier and, in turn, controls the voltage applied 
to the motor armature. The reference voltage for 
the closed-loop control is obtained by a Mag-slip 
transmitter, which is driven by a “ dancing ” roller 
situated in a loop in the material between the two 
reels. This reference voltage is backed off against 
the armature voltage, any difference being fed 
into the magnetic amplifier*and altering the grid 
phase of the thyratron. When controlling ‘ take- 
up,” a tendency for the length of the loop to increase 
increases the speed of the variable-speed motor, 
while a tendency in the opposite direction decreases 
the speed. For the “ let-off” control the reverse 
takes place; the strip tension is maintained 
throughout both operations. As both motors 
drive their associated reels there is a progressive 
change in the linear speed of the strip as the diameter 
of the material on the constant-speed reel changes. 
The speed of the variable-speed reel must be altered 
to allow for these changes in linear speed and 
diameter, a condition which it would be very 
difficult to effect manually. 

Among the exhibits on the stand of Cyc-Arc, 
Limited, 27, New North-road, London, N.1, was 
the stud-welding machine illustrated in Fig. 76, 
on this page. It is capable of welding studs and | 
similar attachments of diameters ranging from | enclosed steel-plate cabinet. Two steel drawers for 
4 in. to $ in. The welding head is fixed to a/| tools, chucks, ferrules and accessories are contained 
bracket which is free to move vertically on close- | in the upper half of this cabinet, while the bottom 
fitting V slides. These slides are carried on a| half houses the welding controller, the timing unit 
horizontal tubular arm the length of which can be | of which is mounted on the front. The welding 
adjusted and which passes through a clamping| head can be swung horizontally through 180 deg., 
device mounted on the top of a vertical pillar. | so that steel welding can be carried out on any work- 
The heigbt of this pillar can, in turn, be adjusted by | piece which is too large to be placed on the table but 
a rack and pinion. The welding head can be moved | can be stood on the floor. 
vertically by a lever-operated spindle to which a| 
pinion engaging a spring-loaded rack on the bracket | Limited, 18, New Cavendish-street, London, W.1, 








is fixed. All the welding and control cables are | included the mobile X-ray equipment illustrated in 


carried inside the tubular members so that they are | Fig. 77. This is designed to produce a peak tension 
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Fig. 77. 140-KV MosILe) X-Ray EqurpMENT; Soius-ScHALL, LIMITED. 


cent screens are used or up to {-in. steel where lead 
screens are employed. The unit consists of an oil- 
immersed high-tension transformer, a control switch- 
board, the X-ray tube itself, and usually an oil pump 
for cooling purposes. In practice, the transformer Is 
mounted on a trolley and above it is placed the 
X-ray tube, which rests on gimbals for transport. 
The control board is arranged in front of and on top 
of the oil pump. The trolley is provided with 


The exhibits on the stand of Messrs. Solus-Schall, | strong rubber-tyred wheels and there are -_ 
| lengths of connecting cables, so that the radius 0 


action of the equipment is wide and the handling 


of heavy parts is reduced to a minimum. Control 


protected from mechanical damage. The machined | of 140 kV and a current of 8-5 milliamperes when | is effected from a switchboard on which a — 
steel table to which the fixtures for locating the | operating continuously. It is thus suitable for the | sating voltmeter and a rr a a m wee 
workpieces are clamped, is welded to a totally-! examination of steel up to 1} in. thick when fluores. | as well as a clock by which the time of the expo: 
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Fie. 78. Turntnc Rotts; Donatp Ross anD PARTNERS, 


LIMITED. 


can be regulated up to 12 minutes, the setting 
being effected by a knob. There is also a milli- 
ammeter, a current-control switch and the mains 
“on” and “off” switch. The kilovoltage can be 
adjusted by a handwheel. 

A 300-kV X-ray equipment was also shown 
on the same stand. This, too, is mobile and has 
been specially designed for the examination of 
welded structures during erection on site. It is 
capable of radiographing sections up to 3} in. thick. 
One half of the apparatus can be used with a 150-kV 
extended-anode X-ray tube, which emits X rays to 
give a 360-deg. coverage. It is therefore particu- 
larly valuable for the radiography of circumferential 
welded seams or for simultaneous exposures on 
several specimens arranged in a circle. A fine-focus 
X-ray unit which was exhibited has been designed 
for the examination of light-alloy castings and small 
assemblies on a fluorescent screen. The use of a 
very small focal spot (0-2 mm.) allows the image to 
be magnified, thus increasing the sensitivity and 
revealing the finest defects. 

Messrs. Donald Ross and Partners, Limited, 1-3, 
Arlington-road, London, N.W.1, showed for the 
first time their Twinner turning rolls for rotating 
large cylindrical workpieces of varying lengths and 
diameters at constant speeds ranging from 4 in. to 
16 in. per minute at the periphery of the roller. 
The rolls, which are illustrated in Fig. 78, herewith, 
are intended primarily for use in connection with 
automatic or semi-automatic welding, but the possi- 
bilities of other applications are being investigated. 
The illustration shows a power-driven section and 
a separate idler section capable of supporting a total 
load of 5 tons. Additional idler sections, each 
capable of carrying 2} tons, can be added, at any 
suitable distance from the power-driven section, 
to increase the load-carrying capacity. Heavy-duty 
versions capable of carrying 5 tons and 7} tons are 
also available. The distance between the rollers in 
each section can be adjusted to suit the diameter of 
the workpiece. 

Both the rolls in a power-driven section are 
driven, so that, in the case of a workpiece having 
an uneven diameter, there is no possibility of the 
drive transmission failing through lack of contact 
between roller and workpiece. A 2-h.p. or 2}-h.p. 
960-r.p.m. electric motor is coupled through triple 
V-belt, to the input shaft of a variable-speed gear- 
-: the output speed is infinitely variable from 

to 250 r.p.m. From here the drive is trans- 

















mitted by a Renold chain to a 40-to-l reduc- 
tion gearbox, and thence through a 30-to-1 worm 
gear mounted on the roller bracket. The output 
shaft of the wormwheel is coupled directly to the 
roller shaft. The adjustable outer roller is driven 
by a square shaft connected through a flexible 
coupling to the input shaft of the worm gear. The 
square shaft can slide through the centre of the 
worm gear which drives the adjustable roller, and 
is mounted on the roller bracket. The projecting 
end of the shaft is carried by a floating bearing. All 
the rollers are fitted with heavy rubber tyres, and 
are carried by heavy-duty bearings. 

Messrs. Spencer and Halstead, Limited, Ossett, 
Yorkshire, showed blast-cleaning machines, dust- 
collecting units and fume extractors. The photo- 
graph reproduced in Fig. 79 illustrates the Spen- 
stead portable welding-fume extractor, which was 
exhibited for the first time. The unit comprises 
a built-in fan with a capacity of 200 cub. ft. of air 
per minute, driven by a }-h.p. motor, and an 
inexpensive oiled-glass filter element which can be 
replaced. The complete unit weighs 80 Ib., and is 
provided with carrying handles. Another machine 
shown for the first time was the Mark II dust- 
collecting unit, which consists of a cabinet housing a 
primary expansion chamber, a battery of filter 
screens agitated by a high-frequency agitator and a 
fan, directly coupled to an electric motor and pro- 
vided with push-button starting. Four sizes of 
machine are available, in capacities ranging from 
500 to 1,500 cub. ft. per minute ; the filtering ratio 
can be varied to suit high or low dust concentrations. 

The argon-are welding plant exhibited by the 
Are Manufacturing Company, Limited, Goldhawk- 
road, London, W.12, a typical example of which is 
illustrated in Fig. 81, Plate XXIII. has been de- 
signed to produce welds in light alloys by utilising 
the arcon-arc fusion process. It consists mainly of a 
transformer, the primary of which is arranged with 
tappings for connection to the 380, 400, 420 and 
440-volt mains, while two control wheels enable 
the secondary current to be adjusted between 25 
and 300 amperes at a maximum of 110 volts. A 
direct-current suppressor, capable of carrying the 
full welding current, is connected in this circuit. 
The high-frequency ioniser consists of a spark 
oscillator with a specially-designed air-core high- 
frequency transformer, the output frequency of 
which is 3-5 megacycles. The plant is controlled 
by a main contactor, which is operated by a remote- 
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controlled foot switch and isolates the set when it is 
not in use. This contactor is interlocked with a 
device in the cooling circuit so that the set is 
shut down automatically if the water supply fails. 
The gas supply can be turned off automatically when 
welding has been completed after sufficient time 
has elapsed to allow the tungsten electrode to cool 
in an inert atmosphere. The complete cycle of 
operations can also be controlled by a low-voltage 
circuit, and the ioniser is arranged so that it only 
operates until the arc is established and is then 
automatically cut off. 

The same firm were exhibiting the Diesel engine- 
driven arc welder illustrated in Fig. 80, Plate XXIII. 
This consists of an air-cooled twin-cylinder Arm- 
strong Siddeley engine with an output of 20 brake 
horse-power at a speed of 1,500 r.p.m. This engine, 
which is of the cold-starting solid-injection type, is 
fitted with a sensitive-speed governor. It is coupled 
to a self-stabilising drooping-characteristic direct- 
current generator, with a maximum current output 
of 300 amperes at 20 to 30 volts. The dynamo is 
controlled by a shunt-field regulator which is 
fitted with a rotary snap action selector switch with 
self-cleaning contacts, so that there is a definite 
location of each step. The regulator can, if desired, 
be remote controlled. The engine and dynamo are 
connected by a Hardy Spicer flexible coupling and 
the complete unit is enclosed in a sheet metal 
housing with a removable side cover and is arranged 
for mounting on a tractor. 

Messrs. Cooper and Turner, Limited, Vulcan-road, 
Sheffield, were showing a range of their welding 
plant, among which mention may be made of a 
mobile Diesel engine-driven set. The engine 
embodies a new method of control so that it can be 
run at idling speed at all times, except when welding 
is actually in progress. A considerable saving in 
fuel is therefore possible. All the controls, both 
for the engine and the welding circuit, are concen- 
trated on a sunk panel at the end of the casing. 
The electrically-operated sets included one with a 
maximum welding current output of 300 amperes, 
which can be driven either by an alternating or 
direct-current motor, and an equipment with a 
maximum output of 350 amperes, which is supplied 
from a heavy-duty oil-immersed transformer and 
choke. This set is contained in a welded steel- 
plate tank, which is mounted on wheels and can 
easily be slung. It is designed for connection to 
either a single or a three-phase supply. 
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The principal exhibit on the stand of Rockweld, 
Limited, Commerce-way, Croydon, Surrey, was a 
Diesel engine-driven welder consisting of an Arm- 
strong-Siddeley air-cooled twin cylinder engine 
connected to a direct-current generator through a 
flexible coupling. The generator is self-excited and 
has a current output, which can be continuously 
adjusted from 40 to 300 amperes at the voltages 
prescribed in British Standard Specification 638, 
The absence of water cooling and a separate exciter, 
combined with the accessibility of all the controls. 
increases the simplicity of the unit and makes it 
easy to maintain. The generator is stabilised by a 
counter-compounding series winding and the charac- 
teristic is controlled by two independent shunt fields. 
A regulator in one of these fields provides stepless 
regulation within the current range mentioned 
above, while that in the second field enables the 
open-circuit voltage to be controlled between 
55 and 80 volts. Both regulators are scaled so 
that the correct combination of open-circuit voltage 
and current can be obtained. The magnetic circuit 
is so designed that the dynamic characteristics 
ensure a quick response and a stable arc. A 
particular feature of the unit to which attention 
may be called is that there is no control gear in the 
main welding current circuit. The regulators are 
therefore of light construction and can, if required, 
be remotely controlled, a facility which is convenient 
when work is being carried out on scaffolding 
and other places that are difficult to reach. The 
equipment can be supplied for stationary use and is 
then provided with two lifting eyes. It is housed 
in a weatherproof enclosure and can be operated 
without the removal of covers or loose panels. 
Alternatively, it can be mounted on a carriage with 
steel or pneumatic-tyred wheels and arranged either 
for manual haulage or on a two-wheeled road towing 
tractor. 

Another exhibit on this stand was an example of 
the firm’s single-operator alternating-current welding 
plant, which actually comprises a range of four 
machines, with maximum welding currents of 160, 
300, 400 and 600 amperes, respectively, all of 
which are of the oil-cooled industrial type. The 
set exhibited was fitted with a Perspex panel and 
illuminated interior. An example of the multi-arc 
plant made by Rockweld was a three-operator equip- 
ment consisting of a 57-kVA air-cooled three-phase 
transformer and three 350-ampere regulators. The 
latter are of the tapped reactor type and each is 
provided with 50 current settings within a range of 
63 to 350 amperes. The open-circuit voltage for 
the range is 90 volts. 

The English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, were occupying 
two stands, one confined to exhibits of the company’s 
Diesel-engine division and the other to their elec- 
trical products. The outstanding exhibit on the 
former stand was undoubtedly the rail-traction unit 
illustrated in Fig. 83, Plate XXIII. It is of the 
four-stroke single-acting type and has 16 cylinders 
arranged in two banks of eight in V-formation at 
an included angle of 45 deg. ; this type of engine, 
it will be recalled, was fitted to the Diesel-electric 
locomotives of the London Midland Region. The 
cylinder bore and stroke are 10 in. and 12 in., 
respectively, and the maximum traction rating 2,000 
brake horse-power, this outstanding performance 
being obtained by employing exhaust-gas driven 
turbo-blowers and incorporating such refinements as 
four valves per cylinder. It has been designed 
specifically for Diesel-electric traction purposes and, 
as a consequence, is provided with a facing for 
bolting the generator directly to the crankcase and 
bedplate as shown in the illustration. 

An interesting feature of the design is the incor- 
poration of three-point suspension, an arrangement 
which ensures freedom from stresses brought about 
by distortion of the locomotive frame in service 
and permits the complete unit to be installed 
without the need for accurate lining up. The 
design of the mounting system is quite straight- 
forward, one support being located under the front 
end of the engine and the two rear supports at the 
sides of the bedplate at the generator end. High- 
grade alloy cast iron is used for the bedplate, which 
is formed so that it accommodates the main bearings. 
These consist of steel shells lined with a copper- 
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lead bearing material and located axially in the 
bedplate housings by means of flarges on the shells. 
The crankshaft is machined from an alloy-steel 
forging, the pins and journals being bored out and 
provided with oil ducts for lubrication of the big-end 
bearings. At one end of the shaft is a flange to 
which the flywheel and generator armature are 
coupled and at the other end there is a smaller 
flange for mounting a vibration damper. The 
crankcase is in two parts, joined at the centre of 
the engine, and contains the cylinder coolant spaces 
and camshaft compartments. Wet-type liners are 
located at the top by flanges and sealed at the 
bottom by oil-resistant rings in the normal manner. 

The pistons are of aluminium alloy and each is 
fitted with four pressure rings and two oil-control 
rings, the latter being located one above and one 
below the gudgeon pin. Fully-floating gudgeon 
pins are employed and the piston crowns have 
simple bowl-shaped combustion chambers machined 
in them. The connecting rods are machined from 
T-section drop-forgings and are fitted with steel- 
backed copper-lead lined big-end bearings provided 
with flanges which, in addition to locating them, 
act as bearing surfaces between adjacent rods. 
Each cylinder has its own separate cast-iron head 
fitted with two inlet and two exhaust valves operated 
from the camshafts through rocking levers and push 
rods in the usual manner. There are two camshafts, 
one for each bank of cylinders, and they are driven 
from the crankshaft through a triplex chain and 
intermediate gearwheels. As previously mentioned, 
the engine is turbo-charged, there being four 
separate units arranged to serve four cylinders each, 
the pressure-charger bearings having their own 
lubricating system which is completely independent 
of the main system. Equipment installed on the 
engine includes a sensitive mechanical governor 
with hydraulic servo gear ; two lubricating pumps, 
one of which circulates the oil through a cooler 
and the other through the main system ; a separate 
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priming pump; and two engine-driven centrifugal 
pumps for circulating th. coolant through the 
engine and radiators. Normally, the engine is 
started by motoring the main generator, a notable 
feature being the provision of an oil-pressure switch 
in the electrical circuit which prevents the circuit 
from being energised until the priming pump has 
built up sufficient pressure. 
Other engines displayed by the English Electric 
Company included a six-cylinder naturally-aspi- 
rated unit having an output of 200 h.p. at 1,300 
r.p.m. This engine is illustrated in Fig. 82, Plate 
XXIII, where it is shown arranged for operating 
drilling rigs. The unit is of straightforward design, 
having a ca t-iron bedplate arranged to support the 
main bearings. Cast iron is also used for the crank- 
case, which is a monobloc structure provided with 
transverse stiffening diaphragms and fitted with 
wet-type cylinder liners. The crankshaft is ma- 
chined from a single steel forging and is supported 
by split-shell main bearings lined with copper-lead 
alloy. Separate castings are used for the cylinder 
heads, and, like the engine just described, each head 
is fitted with two inlet and two exhaust valves. 
Trunk-type pistons are employed; these are of 
heat-treated aluminium alloy and each is fitted 
with three pressure rings and two oil-control rings. 
Automobile-type connecting rods are fitted and 
each has a split-shell big-end bearing and a bush-t ype 
gudgeon-pin bearing. With the exception of the 
pistons and gudgeon pins, all moving parts are 
supplied with oil under pressure, a high-pressure 
system being used for the crankshaft main and 
big-end bearings and a low-pressure system for the 
camshaft bearings, chain drives, valve gear, etc. 
As will be seen from the illustration, the engine, 
radiator and transmission assembly is mounted 
on skids so as to render the complete unit easily 
transportable. The radiator is designed to cool 
both the engine circulating water and the 
lubricating oil, the water being circulated through 
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the engine and radiator by a centrifugal pump with 
self-adjusting gland and cooling assisted by an 
engine-driven fan. Starting is accomplished by 
means of a compressed-air motor provided with a 
sliding pinion that automatically engages with the 
flywheel, the motor being controlled by an air valve 
on the control panel. The output from the engine 
is transmitted to a hydraulic coupling of the scoop- 
controlled type; this is provided with a water 
cooler for the oil, the cooler being located on the 
base at one side of the engine. The skid, or under- 
base, is constructed from heavy I-section girders 
welded together to form a rigid structure and the 
complete unit is protected from the elements by a 
metal canopy and heavy canvas side screens. 
Equipment provided as standard includes a tacho- 
meter, a hand-operated lubricating-oil priming 
pump, air silencers and filters, hand barring gear, 
fuel and lubricating-oil filters, and the usual range 
of pressure gauges, etc. In view of its output, 
the unit is particularly compact, the overall length, 
width and height being 12 ft., 4 ft. 11 in., and 
6 ft. 11 in., respectively. The weight is 12,390 Ib. 
and the fuel consumption at full load is stated by 
the manufacturers to being 0-37 Ib. per brake horse - 
power per hour. 

Messrs. Davey, Paxman and Company, Limited, 
Standard Ironworks, Colchester, exhibited a new 
six-cylinder marine Diesel engine in which the 
cylinders are arranged in two banks of three in 
V formation, a design in which this firm has had 
considerable experience. A photograph of the new 
engine, which has been designated the V6RPHM, is 
reproduced in Fig. 84, opposite. Naturally- 
aspirated and pressure-charged models are avail- 
able, the former developing 250 brake horse-power 
and the latter 312 brake horse-power at 1,250 
r.p.m. In general the design follows normal Davey, 
Paxman practice. An under-slung crankshaft is 
fitted and is supported by four main bearings 
comprising steel shells lined with copper-lead and 
housed in a simple cast-iron crankcase. Two faces 
machined on the upper side of the crankcase carry 
the separate cylinder blocks, which are cast in 
sets of three bores and arranged at an included 
angle of 60 deg. Cast-iron cy1inder heads are used ; 
they are fitted with the overhead valve gear and 
contain the spherical ante-chambers used in con- 
nection with the Ricardo combustion system. 
Aluminium Y-alloy pistons are fitted and are 
joined to the crank-throws by connecting rods 
machined from steel stampings. Blade-and-fork 
construction is employed for the bottom-end 
bearings, separate steel bearing blocks being bolted 
to the palm ends of the forked rods. Each block, 
in turn, is fitted with a shell-type copper-lead lined 
bearing which operates directly on the crankpin, 
while the outer surface of the block is chromium- 
plated to receive the copper-lead lined bearing of 
the blade rod. Special consideration has been 
given to the matter of obtaining good balancing, a 
built-in balance shaft driven at engine speed through 
gearing from the crankshaft being provided in 
addition to the usual counter-weights fitted to the 
crankshaft. 

The camshaft, fuel pumps, governor, etc., are 
located centrally between the two banks of cylinders 
where they are readily accessible. An all-speed 
governor of the centrifugally-operated hydraulic- 
servo type is employed, the design being such that 
it van be adapted easily to remote control. Pressure 
lubrication is provided throughout by means of 
pumps located in the sump; two pumps of the 
valveless gear type are incorporated in the system, 
one being the pressure pump and the other the 
cooling pump. The cooling water is circulated 
by means of a centrifugal pump gear-driven from 
the crankshaft and an additional positive-displace- 
ment pump can be fitted for use when a heat 
exchanger for fresh-water cooling is installed. 
Normally, 24-volt electric-starting equipment is 
fitted but compressed-air starting can be incor- 
porated if required. The engine exhibited was 
equipped with a reverse reduction gear of the oil- 
operated type and fitted with continuously-lubri- 
cated helical gears. A thrust-bearing is provided. 
The pressure-charged engine is fitted with a single- 
Stage centrifugal clower driven by an exhaust-gas 


turbine. (To be continued.) 





DEVELOPMENTS IN GERMANIUM 
TRIODES. 


On page 630 of our 168th volume (1948) we gave a 
description of a device, known as the Transistor and 
consisting essentially of three electrodes and a pin- 
head of germanium which was soldered to a metal 
base. As a result of experiments made in the Bell 
Telephone Laboratories on the semi-conducting proper- 
ties of the germanium, it was found possible to make 
this Transistor perform nearly all the functions of an 
ordinary thermionic valve. Its incorporation in a 
radio receiver would, therefore, have led to the elimina- 
tion of filament heating and have the further advan- 
tages of securing greater compactness and robustness, as 
well as a longer life. Considerable interest, therefore, 
attaches to the further work on this metal which has 
been carried out by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
as this has resulted in a radio receiver embodying this 
device, which, it is claimed, is stable, capable of with- 
standing severe mechanical shock and of producing a 
loudspeaker output with low power consumption. 
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Fig. 1. 
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TRIODE AMPLIFIER CIRCUIT. 
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This receiver consists essentially of the germanium 


triode, which is illustrated in Fig. 1. This incorporates 
two phosphor-bronze blades, 0-003 in. thick and 
0-04 in. wide. The gap between these blades, which 
are supported on a moulded insulator, is very critical 
and during manufacture is obtained by placing a single 
strip of the metal in a channel in the moulding and 
then shearing a gap a few thousandths of an inch wide 
in it with a specially designed cutter. The germanium 
is soldered to the tip of a metal strip and is ground to a 
point with an angle of 60 deg. By inserting the resulting 
cone into the gap between the phosphor-bronze blades, 
the essential two-point contact between them and the 
germanium is made and can be controlled with great 
accuracy. ’ ; 
As pointed out in our previous article, the electrical 
operation of this triode depends on the fact that if a 
negative potential is applied to one of the blades, 
called the collector and shown at a in Fig. 2, then the 
current through it can be varied by altering the positive 
voltage applied to the other blade, called the emitter 
and shown at b in the same diagram. The emitter 
draws appreciable current when positive voltages are 
applied to it. It thus differs from a thermionic valve, 
in which the grid voltage is the important factor in 
securing control of the anode current, since the emitter 
current controls the collector current. The germanium 


triode is therefore a current-operated rather than a 
voltage-operated device. 

The characteristics of the germanium triode are low 
input impedance (of the order of 500 ohms) and a 
relatively high output impedance (of the order of 
30,000 ohms), conditions which influence the design 
of the associated circuits. For instance, typical 
operating conditions when the triode is used as an 
amplifier are 1-5 milliamperes at — 30 volts at the 
emitter and 0-5 milliampere at + 0-25 volt at the 
collector. With proper impedance matching such 
an amplifier stage would give a power gain of 20 to 30 
decibels. Owing to limitations in the collector current, 
the power output of a single germanium triode of the 
present design is about 20 milliwatts for a tolerable 
degree of distortion. Oscillators may, however, be 
made with outputs up to about 100 milliwatts. There 
is also an inherent upper frequency limit for operating 
the germanium triode. Thisis due to transit time effects 
and is at present about 10 megacycles per second. 

Although this triode is an extremely interesting 
development of the work which has been carried out 
by the General Electric Company on the germanium 
crystal diodes which are now used in television receivers 
and for other purposes, it must be pointed out that 
it is at present only in the experimental stage and 
is not likely immediately to replace thermionic valves 
in the ordinary radio receiver. In fact, its first appli- 
cation may be in electronic computing sets in which 
saving of space, weight and power are allimportant. 
Germanium triodes capable of generating oscillations 
with a battery power of less than one microwatt are 
also being e by the British Thomson-Houston 
Company, Limited, Rugby, while at the other end of 
the scale this firm is manufacturing a water-cooled 
rectifier in. which a current of about 100 amperes is 
carried in an area of 1 sq. cm. 





CONFERENCE ON FUEL AND 
POWER SHORTAGE. 


In response to a number of requests prompted by 
the present shortage of fuel and power, the Combustion 
Engineering Association has arranged a two-day confer- 
ence on “ Meeting the Fuel and Power Shortage ” to 
be held at the Dorchester Hotel, Park-lane, London, 
W.1. At the opening session, at 10.30 a.m. on Tuesday, 
October 9, the chairman will be the President of the 
Association, Mr. P. A. Sanders, C.B.E., and the dele- 
gates will be addressed by the Minister of Fuel and 
Power, the Rt. Hon. Philip Noel-Baker, M.P., and by 
Sir Herbert Houldsworth, Chairman of the National 
Coal Board. These addresses will be followed by an 
open discussion on the coal-supply position. 

The session, which is due to conclude at 12.30 p.m., 
will be followed by another in the afternoon, lasting 
from 2.30 p.m. to 4.30 p.m., when Sir John Charrington, 
chairman of the Chamber of Coal Traders, will preside. 
After introductory remarks by the chairman, there will 
be two addresses on the supply and effective use of 
electricity and gas, respectively, to be given by speakers 
whose names have still to be announced. These will 
be followed by an address by Sir Archibald Forbes, 
President of the Federation of British Industries, on 
the subject of industry’s fuel problems. The session 
will conclude with an open discussion. 

On the second day, Wednesday, October 10, the 
chairman at the morning session, from 10 a.m. to 
12.30 p.m., will be Sir Ernest W. Smith, chairman of 
the Industrial Coal Consumers’ Council. Mr. B. E. A. 
Vigers will speak on “The Short Term Economy,” 
and Mr. Oliver Lyle on “‘ The Long Term Economy.” 
These addresses will be followed by an open discussion. 
In the afternoon, at 2.30 p.m., the chair will be taken 
by Sir Ewart Smith, who will also speak on “ The 
Requirements for a National Fuel Policy.” Mr. W. L. 
Boon, O.B.E., will then review the salient points 
emerging from the conference, and an open discussion 
will follow at which Mr. George Schwartz, Dr. E. G. 
Ritchie, Mr. Lionel G. Locket, Mr. L. G. Northcroft, 
and a Parliamentary representative will be present 
to answer questions. The conference will conclude 
with remarks by Mr. P. A. Sanders. 





THe LILLESHALL BLAsT FuRNACES.—Turbo-blowers 
are being installed at the blast furnaces of the Lilleshal 
Iron and Steel Company, Ltd., at Prior’s Lee, near 
Oakengates, Shropshire. When the installation is 
completed, the present steam blowing engine will be 
placed in reserve. This is a vertical compound engine, 
with cylinders of 42 in. and 70 in. in diameter and a 
stroke of 5 ft. The engine has Corliss valve gear, and 
the two blowing cylinders, each 95 in. in diameter, are 
superimposed on the steam cylinders. It was built by 
the Lilleshall Company in 1900. The present reservé 
blowing equipment, a pair of beam engines coupled to a 
common flywheel and having cylinders 39 in. in dia- 
meter and a stroke of 8 ft., was built in 1851. It will 
be dismantled for scrap when the turbo-blowers are put 
into commission. 
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LAUNCHES AND TRIAL TRIPS. 

M.S. “ SENrorITy.’’—Single-screw cargo vessel, built 
by the Goole Shipbuilding & Repairing Co., Ltd., Goole, 
for F. T. Everard & Sons, Ltd., London, E.C.3. Main 
dimensions: 225 ft. by 37 ft. 10 in. by 16 ft.; dead- 
weight capacity, 1,850 tons on a draught of 15 ft. 8 in. 
Sirron Diesel engine, developing 800 b.h.p. at 250 r.p.m., 
constructed by the Newbury Diesel Co., Ltd., Newbury, 
Berkshire. Speed, 10 knots. Launch, August 18. 


M.S. ‘“*‘ Hore EAaGLe.”’—Single-screw oi) tanker, built 
by Sir James Laing & Sons, Ltd., Sunderland, for 
A/S Leif Héegh & Co., Oslo, Norway. Second vessel 
of an order fortwo. Main dimensions: 565 ft. between 
perpendiculars by 74 ft. 9 in, by 41 ft. 6in.; deadweight 
capacity, about 23,000 tons on a draught of 32 ft. Six- 
oylinder opposed-piston oil engine, developing 6,800 
b.h.p. at 118 r.p.m., constructed by William Doxford & 
Sons, Ltd., Sunderland. Speed, 14} knots. Trial trip, 
August 28. 

M.S. “* Bom HiLzs.’’—Single-screw cargo vessel, built 
and engined by the Fairfield Shipbuilding and Engineer- 
ing Co,., Ltd., Glasgow, for the Liberian Navigation 
Corporation, Monrovia, Liberia. First of a series of six. 
Main dimensions: 600 ft. by 80 ft. by 43 ft.; dead- 
weight capacity, 22,500 tons. Fairfield-Doxford oil 
engine, developing 8,560 b.h.p. Launch, August 30. 


M.S. ‘‘ ANNO.’’—Single-screw cargo vessel, built by 
Hall, Russell & Co., ltd., Aberdeen, for Mitchell & 
Rae, Ltd., Newburgh, Aberdeenshire, for service in the 
coal, grain and potato trade. Main dimensions: 120 ft. 
between perpendiculars by 24 ft. by 9 ft. 6 in. to upper 
deck. British Polar two-stroke direct-reversible Diesel 
engine, constructed by British Polar Engines, Ltd., 
Glasgow. Launch, September 3. 


M.S. “‘ WANDERER.”’—Single-screw cargo vessel, built 
and engined by William Doxford & Sons, Ltd., Sunder- 
land, for Thos. & Jas. Harrison, Ltd., Liverpool. Third 
vessel of an order for four. Main dimensions: 460 ft. 
overall by 59 ft. 6 in. by 37 ft. 8 in. ; deadweight capa- 
city, about 10,000 tons on a draught of 26 ft. 6 in. 
Doxford four-cylinder opposed -piston oil engine, develop- 
ing 3,300 b.h.p. at 108 r.p.m. Service speed, about 12} 
knots. Trial trip, September 5. 














(For Description, see Opposite Page.) 











Front View oF 33-KV Swrrcnanar. 
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M.S. “ SyDENHAM.”—Single-screw collier, built’ by the 
Burntisland Shipbuilding Co., Ltd., Burntisland, Fife, 
for the South Eastern Gas Board, Croydon, Surrey. 
Main dimensions: 265 ft. 10 in. between perpendiculars 
by 39 ft. 6in. by 18 ft. 6in. ; deadweight capacity, 2,875 
tons on a draught of 17 ft. 1} in.; gross tonnage, 1,871. 
British Polar eight-cylinder opposed-piston Diesel 
engine, developing 1,150 b.h.p. at 225r.p.m., constructed 
by British Polar Engines, Ltd., Glasgow, and installed 
by the shipbuilders. Speed, 103 knots. Trial trip, 
September 6. 

8.S. “‘ Pot XV.”—Single-screw whale catcher, built 
and engined by Hall, Russell & Co., Ltd., Aberdeen, for 
the Hvalfangerselskapet “Polaris” A/S (managers: 
Melsom & Melsom), Nanset, near Larvik, Norway. Main 
dimensions: 147 ft. 8 in. between perpendiculars by 





29 ft. 6 in. by 18 ft. Hall Russell-Fredriksstad four- 
cylinder steam motor and two Foster Wheeler marine 
boilers. Trial trip, September 6. 


M.S. “ CHakpIna.”’—Single-screw refrigerated-cargo 
vessel, with accommodation for twelve passengers, built 
and engined by Swan, Hunter, and Wigham Richardson, 
Ltd., Newcastle-upon-Tyne, for the British India Steam 
Navigation Co., Ltd., London, E.C.3. Third vessel of a 
series of four for these owners. Main dimensions: 455 ft. 
between perpendiculars by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck; deadweight capacity, 9,200 tons on a 
draught of 27 ft. 23 in.; gross tonnage, 7,150; cargo- 
carrying capacity, 94,000 cub. ft. Swan Hunter-Doxford 
six-cylinder opposed-piston heavy-oil engine, developing 
6,800 b.h.p.at116r.p.m. Speed on trial, over 164 knots. 
Trial trip, September 6. 
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33-KV METALCLAD SWITCHGEAR 
FOR SUBSTATIONS. 


In 1933, the Metropolitan- Vickers Electrical Company 
Limited, Trafford Park, Manchester, 17, introduced a 
pattern of metalclad switchgear in which interruption 
was completed in a single break, while the circuit 
breaker, which was fixed, was isolated from the ’bus- 
bars and cables by oil-immersed switches. These 
modifications were rendered possible by the develop- 
ment of the cross-jet pot for controlling the arc, while, 
after exhaustive study, the oil-immersed isolators, which 
were incorporated, improved operation and made 
testing and maintenance easier. Further advantages 
were that a smaller floor area was required for the 
same power; the life of the bushings was increased, 
owing to the fact that their ends were completely 
immersed in oil in both the service and isolated positions. 
The number of bushings was reduced, thus simplifying 
the maintenance of the contacts. The facilities for 
circuit earthing, for the in-zone testing of the protective 
gear, for the high-voltage testing of the feeder cables 
and for the accommodation of current transformers 
were also better. Finally, where a double ’bus-bar 
arrangement was required, the *bus-bars and their 
selectors could be housed in separate compartments. 

Breakers of this type with a rupturing capacity of 
1,500 MVA, were first used on the London Power 
Company’s 66-kV system, and later units with ruptur- 
ing capacities of 2,500 MVA at this voltage and of 
1,500 MVA and 1,000 MVA at 33 kV were employed. 
The latest development is a unit with a smaller frame 
size than the existing range with a rupturing capacity 
of 750 MVA at 33 kV, a rating that is generally adequate 
to meet requirements on the distribution systems which 
are now being laid down in this country. The relative 
floor areas and cubic space occupied by the horizontal 
draw-out, vertical drop-down and the new fixed 
circuit breakers are shown in the accompanying table. 


TABLE I.—Comparative Space Requirements of 
Circuit Breakers. 











Building Details : 
Unit | Phase Three-phase Circuit. 
Type. Cen- | Cen- 
tres. | tres. 
- : Floor | Vol- 
Width. | Height. ‘Ares. | ume, 
1 Ft. In. Ft. Ft. Sq. ft. | Cub. ft. 
Horizontal 
_draw-out | 4-25 11 22-5 13 06 1,250 
Vertical drop- 
down oo) 4°25 ll 18 17 76-5 | 1,300 
Fixed .. -+| 3°75 14 15 15 56-25 845 























It will be noted that the smaller floor area occupied 
by the fixed breaker is not achieved by reducing the 
phase centres, and consequently the clearances in the 
tank. In fact, the reverse is true, since the elimination 
of the supporting side frames, which are required in 

w-out circuit breakers, enables these centres in 
the fixed breaker to be reduced from 4 ft. 3 in. to 
3 ft. 9 in. and the width of the tank to be increased from 
2 ft. 10 in. to 3 ft. 7} in. 








As the fixed circuit 
breaker incorporates oil- 
immersed isolators, it does 
not have to be withdrawn 
for isolation. Spout insu- 
lators are not therefore 
required and, as has been 
said, the ends of all the 
bushings are oil-immersed. 
It may be pointed out 
that most of the failures 
that have occurred in 
service with metalclad 
switchgear have been attri- 
buted tothe deterioration 
of the Bakelite insulation 
in the spout, which, in 
turn, has been ascribed to 
some obscure chemical 
change or to age; it has 
therefore been regarded as 
inevitable. This theory is 
not, however, supported 
by the results of power- 
factor tests made by 
the Metropolitan- Vickers 
Company over a period 
of 20 years, as these indicate that the major cause 
of the increase in this quantity is moisture absorption. 
If, in fact, a varnish paper insulator is immersed in oil, 
and is thus prevented from absorbing moisture, it 
retains its original quality. 

The new 33-kV equipment consists essentially of the 
circuit breaker and ’bus-bar isolator unit, the circuit 
isolator and current transformer chamber with the 
voltage transformer at the back and the terminal 
cubicle mounted against the wall. The *bus-bars 
occupy an accessible position under the operating 
platform. The various chambers are of welded steel 
with independent compartments to provide phase 
separation. A front view of two such units is given in 
Fig. 1, on the opposite page, and a side view in Fig. 2, 
while an illustration of the 750-kVA metalclad switch- 
board in the Frederick-road substation, Salford, in 
which these circuit breakers are used, is given in Fig. 3. 
The arrangement of the contacts and cross-jet pots, 
which ensure the rapid and efficient interruption of 
short-circuit currents, is illustrated in Fig. 4, on this 
page. 

A.S.T.A. certificates have been issued, which show 
that the complete series of tests laid down in British 
Standard Specification 116: 1937 have been passed. 
The operating mechanism incorporates a multiple-lever 
trip to provide high-speed release and, as will be seen 
from Figs. 5, 6 and 7, on this page and on page 332, 
which show the results of a 10 per cent. symmetrical 
breaking capacity test, a 60 per cent. symmetrical 
breaking capacity test, and of a 100 per cent. asym- 
metrical breaking capacity test, respectively, the time 
from energising the trip coil to arc extinction is from 
3 to 3} cycles. The maximum time at any current 
within the testing range does not exceed 3} cycles. 
Fig. 8, on page 333, is an oscillogram of a make-break 
test. 
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The circuit breaker can be supplied with solenoid 
or hand-charged spring closing mechanism. When the 
latter is employed, the springs are compressed by 
rotating a handwheel on the operating panel in front 
of the breaker. The spring mechanism is fitted with a 
reverse trip to prevent slow opening and an oil dash-pot 
which absorbs the shock of the spring if it is inadver- 
tently released with the circuit breaker closed. When 
compressed the spring can be released by a lanyard or 
by a trip coil energised from a remote point. To remove 
the cross-jet pots and inspect the contacts, the oil is 
drained from the tank and the contacts are exposed 
by opening three hinged doors. No ancillary lifting 
equipment is required and the complete operation of 
opening the breaker, inspecting the contacts and 
making the breaker ready for service again takes less 
than one hour. 

The *bus-bar and feeder isolators each consist of 
three coupled oil-immersed hinged blades with definite 
“on,” “off” and “earth” positions. They are 
operated by a handwheel on a panel on the front of 
the breaker, their positions being shown by an indi- 
cator. The panel also carries the interlocks between the 
isolator and the circuit breaker, which prevent the 
latter being closed unless the isolator blades are fully 
home in one or other of its three positions. The 
isolator blades cannot be moved when the circuit 
breaker is closed and the inspection door cannot be 
opened unless the isolators are earthed. As there is 
an isolator with an “earth” position on each side of 
the breaker, testing can be carried out easily and safely 
without the use of supplementary equipment. To 
earth the circuit the breaker is opened and the ’bus-bar 
isolator is moved to the “earth” position, where it 
can be seen through a window. The circuit isolator is 
next moved to the closed position and the circuit 








earthed by closing the breaker. Work is then possible 
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in the zone between the circuit isclator and the ’bus-bar 
isolator earth contacts in complete safety. To apply 
a high voltage test to the outgoing cables, the circuit 
isolator is moved to the “ off” position and telescopic 
test bushings are inserted through orifices in the top 
cover of the circuit isolator. 

Current transformers can be accommodated on both 
sides of the circuit breaker so that the circuit and 
*bus-bar protective zones overlap. To carry out the 
routine testing of the current transformer, the circuit 
and "bus-bar isolators are both moved to the earth 
position and the circuit breaker is closed. One side 
of the test supply is then connected to the bushings 
mentioned above, the telescopic contacts of which are 
connected to the fixed contacts of the circuit isolator. 
The other side of the test supply is | mnected to 
terminals on the ’bus-bar isolator tank, access to which 
is obtained by removing a cover and disconnecting 
three earthing contacts. 

The ’bus-bars consist of lengths of condenser bushings, 
the ends of which terminate in oil-filled T-boxes. 
These boxes also house the bushing type connections 
between the circuit breaker and the ‘bus-bars. To 
give complete phase separation, the voltage trans- 
formers are single-phase units. Each winding is con- 
nected between line and neutral so that the three 
transformers are in star with the neutral point earthed. 
The fuses are mounted on carriers, which can be moved 
by a lever so that both they and the windings are dis- 
connected from the line. At the same time, the fuses 
are lifted out of the oil into a dome-shaped cover in 
which they are accessible for inspection. The cover is 
interlocked with the lever, so that access cannot be 
obtained to the interior of the transformer while the 
latter is alive. This method of isolating and mounting 
the voltage transformers, enables spout insulators to be 
eliminated and avoids the exposure of insulation and 

1 ive metal. 
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THE STRENGTH OF METALS.* 
By Proressor A. H. CorTTRreE Lt. 


In a ductile metal the yield strength and fracture 
strength both depend on the process of plastic deforma- 
tion that takes place in its constituent crystals. It is 
well known that a metal crystal deforms plastically by 
the sliding of one piece of crystal past another on 
certain crystal planes (slip planes) and in certain 
crystal direction (slip directions). Because the slip 
direction is crystallographically determined, even when 
the maximum resolved shear stress acts in other 
directions in the slip plane, the material in the slip 
plane evidently remains crystalline when slip takes 
place. 

The atoms in a slip plane cannot all slip simultane- 
ously over their neighbours in the next plane; slip 
must begin at certain places and then spread throughout 
the rest of the plane. It is thus possible, in principle 
at least, for us to draw lines in an active slip plane, 
marking out the boundaries of regions where slip has 
occurred to the extent of 0, 1, 2 . . ete., lattice 
spacings. We call these boundary lines “slip dis- 
locations.” The structure and properties of slip 
dislocations can be deduced from the theory of elas- 
ticity and from considerations of lattice geometry. 
Three properties are particularly important: (1) when 
a slip dislocation is moved in a slip plane the amount 
of plastic deformation in the crystal is altered ; (2) the 
stress needed to move a dislocation through a slip plane 
of an otherwise perfect crystal is smaller than the 
lowest observed yield strength ; (3) the stress needed 





* Summary of paper delivered at a joint meeting of 
Section B (Chemistry) and Section G (Engineering) at 
the British Association meeting in Edinburgh on Tues- 
day, August 14, 1951. 
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to create a dislocation in a perfect lattice is larger than 
the highest observed strength. 

This last property implies that slip dislocations must 
be present in the crystal before it is subjected to a 
plasticity experiment. Support for this idea is provided 
by a recent theory of crystal growth (theory of Frank), 
which shows that imperfect crystals, containing dis- 
locations, will grow more quickly than perfect ones. 
This theory predicts that growth takes place by 
deposition along spiral terraces on crystal faces, the 
centre of each spiral being the point where a dislocation 
line emerges from the interior of the crystal. Recent 
observations of such growth spirals on inorganic 
crystals provide striking confirmation of this theory. 

The dislocations formed during crystal growth are 
not constrained to lie in slip planes. Such a dislocation 
line may follow an arbitrary path through the crystal, 
some parts lying in slip planes, and so constituting slip 
dislocations, while other parts do not lie in slip planes 
and are immobile. A slip dislocation which is part of a 
more general dislocation line is anchored to the point 
(point of emergence) in its slip plane where the line 
turns out of the plane into some immobile orientation. 
It can therefore glide in its slip plane only by rotating 
about this point of emergence, rather as the hand of a 
clock glides in the plane of the clock face by rotating 
about the centre. The number of rotations which can 
occur is limited only by boundary conditions, and this 
is consistent with the observed fact that the amount of 
slip on active slip planes can be very large, of the 
order of 1,000 lattice spacings. The analogy with the 
hand of a clock is not perfect ; the dislocation line will 
curl up into a spiral as it rotates, because, for a constant 
linear velocity of the dislocation, the angular velocity 
is greatest for those parts that are nearest to the point 
of emergence. 

In certain circumstances this rotating dislocation 
may climb from one slip plane to the next as it rotates, 
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in which case the plastic deformation is not concen- 
trated into a single active plane, but is spread homo- 
geneously through a sequence of planes. This is most 
likely to occur when the slip dislocation produces a slip 
of less than one lattice spacing each time it moves 
through a plane. It may be the mechanism whereby 
deformation twins are formed. 

Since a perfect lattice offers little resistance to the 

motion of a slip dislocation, the observed hardness of 
metals must be due to imperfections in the structure 
which obstruct the dislocations. Various kinds of 
obstacles may be encountered and affect dislocations in 
different ways. Mobile impurity atoms in solid 
solution may migrate to resting dislocations and 
anchor them firmly to their initial positions. A large 
stress is then needed to break the dislocations away 
from these positions, but once they have broken away 
they can be moved easily by smaller stresses. The 
material should therefore soften suddenly at the start 
of plastic deformation. This “ yield phenomenon ” is 
observed in soft iron which contains carbon and 
nitrogen. 
_ Immobile solute atoms which are dispersed as 
individuals or clustered together into precipitates offer 
4 resistance to a dislocation that is statistically inde- 
pendent of its position in the crystal. No yield 
phenomenon is observed, but the crystal is hardened 
because the dislocation has to be driven through the 
internal stress fields caused by these particles. A 
critical size of dispersion exists at which the hardening 
isa maximum. If the dispersion is too fine, the random 
stress fields acting on the dislocation practically cancel 
one another, and there is little hardening. If the 
Particles are too far apart, the dislocation is able to 
curl between them and “ by-pass” them, and again 
there is little hardening. 

Grain boundaries form strong obstacles to the passage 
of dislocations. Slip can be transmitted from one 
grain to another, however, in the following way. If a 








[ripcoil 


0-222 A per mm. 
nn 


100-PeR CenT. Make-Break TEst. 


sequence of dislocations, in an active slip plane, 
approaches a grain boundary, the pressure of the 
members of the sequence against their leader, which is 
obstructed by the boundary, causes a large intensifica- 
tion of stress in the neighbourhood of the obstruction. 
When the number of dislocations in the sequence is 
large (1,000 is a reasonable value) the stress is enlarged 
so much that slip is forced to take place in the crystal 
on the other side of the boundary. The number of 
dislocations that can be piled up in a slip plane increases 
both with the applied stress and with the length of that 
plane, that is, with the grain size. It follows that grain 
boundaries are less effective as obstacles when the grain 
size is large. 

Strain hardening is proving to be one of the more 
intractable problems facing the theory. It depends 
upon the group behaviour of the large number of dis- 
locations created during plastic flow. Recent experi- 
ments suggest that the initial dislocations tend to 
assemble into sheet-like arrays, roughly perpendicular 
to the slip direction, where they are firmly locked by 
their mutual interactions. These sheets act as barriers 
to the propagation of later dislocations, and as more 
dislocations gather up in them, they become observable 
under the microscope, where they are known as deforma- 
tion bands. We do not as yet fully understand how 
these special arrays of dislocations are formed in the 
first place, or why they should be so stable mechanically, 
but there are strong reasons for believing that they are 
the main cause of strain hardening. 





ROYAL AERONAUTICAL SociETY.—The seventh British 
Commonwealth and Empire Lecture of the Royal Aero- 
nautical Society will be delivered at the Institution of 
Civil Engineers, Great George-street, London, S.W.1, 
on Thursday, October 4, commencing at 6 p.m. The 
lecturer will be Air Vice-Marshal Sir L. M. Isitt, K.B.E., 
who will take as his subject “ Air Transport in New 
Zealand and the Southern Pacific.’ 
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ANNUALS AND REFERENCE BOOKS. 


British Chemical Plant.—A 1951 edition of the illus- 
trated directory of members of the British Chemical 
Plant Manufacturers’ Association, 14, Suffolk-street, 
London, 8.W.1, has been issued to replace the last 
edition dated 1947-48. It contains a list of members 
of the Association, a classified index of products and 
services, and an illustrated section provided by member 
firms. The list of members gives not only the addresses 
of the firm’s head and London offices, but also the 
names and addresses of their overseas agents. The 
classified index of products and services is very detailed, 
and, forming a useful adjunct to this, is the illustrated 
section which occupies over 200 of the 300 odd pages 
of the directory and indicates the vast field covered by 
the Association. We understand that the directory, 
which is entitled British Chemical Plant, has been 
widely distributed to chemical and allied manufac- 
turers at home and overseas, but a few copies are avail- 
able gratis to chemical-plant users, who should apply 
to the secretary of the Association at the above address. 


The Anglo-American Year Book.—The 39th edition, 
that for 1951, of the Anglo-American Year Book has 
been published by the American Chamber of Commerce 
in London, 7, York Buildings, Adelphi, London, W.C.2. 
Following well-established precedent the Year Book 
contains sections giving lists of the staffs of the Ameri- 
can Embassy and Consulate General in London 
and the British Embassy in Washington and brief 
particulars of American institutions in Great Britain 
and British institutions in the United States. Legal 
and commercial information, including chapters on 
** American Law for Britons’ and “‘ English Law for 
Americans,” again finds place in the book, but, to 
many, the directory portions will be found the most 
useful. These include a residential directory of 
American citizens in Great Britain ; a list of members 
of the American Chamber of Commerce in London ; 
a classified trades and professions list ;.and a com- 
mercial directory, consisting of an alphabetical list of 
British and United States firms, giving the representa- 
tives and agents of each in the other country. The 
Year Book is edited by Miss Phyllis Hamlin and the price 
is 25s. net. 

Britannica Book of the Year 1951.—The events of the 
previous year are the subject of each Britannica Book 
of the Year; and they are most comprehensively 
surveyed. ‘“‘ Events” is perhaps too narrow in its 
implication, as the book covers developments in the 
thought and action, theory and practice, of politics, 
economics, industry, science, the arts, humanities, 
religion, law and sport. It can be regarded either as a 
supplement to the Encyclopedia Britannica or as a 
unique reference book standing independently on its 
own merits. The articles which should be mentioned 
here include those on docks and harbours, telegraphy, 
machinery and machine tools, rubber, railways, 
munitions of war, airports, aircraft, the motor industry, 
jet propulsion and gas turbines, shipbuilding and ship- 
ping, bridges, atomic energy, electrical industries, 
metallurgy, coal, tunnels, electronics, physics, mathe- 
matics, and light and heavy engineering. The treat- 
ment in the case of engineering, to take an example, is 
partly commercial and partly technical, a reasonable 
understanding of the subject being taken for granted. 
Facts are preferred to comment and opinion, though 
where the latter intervene they appear to be well 
founded. There is one small inconsistency which it 
might be possible to avoid: in the gas-turbine article 
the names of firms are freely given where necessary, 
but not so in the articles on light and heavy engineering. 
A list of editors and contributors (including some well- 
known names in this country and the United States) is 
given; also a diary of events, and biographies of per- 
sons prominent during 1950. The book contains 
750,000 words, 370 photographs and 40 maps, charts 
and cartoons, and it is difficult to imagine its purpose 
being more admirably achieved than it has been under 
the direction of the London editor of the Encyclopedia, 
Mr. John Armitage. The Britannica Book of the Year is 
published at the price of 31. by Encyclopedia Britannica, 
Limited, 102, Dean-street, London, W.1. 








COURSE IN ENGINEERING METROLOGY.—The Royal 
Technical College, Glasgow, is offering a course of 12 
lectures on engineering metrology at weekly intervals, 
commencing on Thursday, September 27, 1951, at 
7.30 p.m. The inolusive fee for the course is 42s., and 
admission is by personal enrolment at the college between 
7 p.m. and 9 p.m. on September 18, 19 and 20, or by 
post until September 22. The lectures will deal with 
the principles of measurement, gauges and gauging, 
gauge inspection, manufacture of gauges and measuring 
instruments, optical measuring instruments, quality 
control, control in medium quantity production, surface 
finish, interferometry, measu t and i tion of 
gears and gear cutters, and the metrology of machine 
tools. Further details may be obtained on application 
to the Director. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


TRANSPORT OF LARGE TANKS RY SEA.—Three tanks, 
each 16 ft. in diameter by 58 ft. long and weighing 
33 tons, have been assembled as a sea-going raft in 
Queen’s Dock, Glasgow, for towing to Swansea. They 
have been constructed by the Motherwell Bridge and 
Engineering Co., Ltd., Motherwell, Lanarkshire, and 
are to be used in connection with the oil refinery of the 
Anglo-Iranian Oil Company, Ltd., at Llandarcy, Glamor- 
ganshire. 

THE NEED FOR INCENTIVES IN INDUSTRY.—A series of 
nine addresses, under the general heading of ‘‘ Incentives 
from Achievement,” has been arranged for delivery 
during the winter session luncheon meetings organised 
by the Glasgow branch of the Incorporated Sales 
Managers’ Association. The series will be introduced 
by Lord Bilsland, M.C., D.L., chairman of Bilsland 
Brothers, Ltd., Glasgow, at the branch’s luncheon on 
September 20, and speakers at the subsequent meetings 
will be drawn from leading firms in the West of Scotland. 

TELEVISION RECEPTION IN SCOTLAND.—Test trans- 
missions from the north of England television station at 
Holme Moss have been received in Edinburgh, according 
to a stgtement made by Mr. Aiden Thomson, B.B.C. 
assistant head of programmes for Scotland, at the 
Festival luncheon of the Scottish Music Merchants’ 
Association, in Edinburgh, on September 5. The 
station is about 200 miles from the Scottish capital. 

Scottish Gas MANAGERS.—The formation of a new 
organisation, to be known as the Scottish Association of 
Gas Managers, by the amalgamation of the Waverley 
Association of Gas Managers and the North British 
Association of Gas Managers, was announced at the close 
of the annual general meeting of the North British 
Association, by the President, Mr. F. R. Mitchell. Sir 
Andrew Clow, chairman of the Scottish Gas Board, 
expressed the hope that, in adopting this new form, the 
organisations would continue the fine traditions which lay 
behind them. The annual meeting of the North British 
association was held in Ayr on September 6. 





PRODUCTION DIFFICULTIES IN SCOTTISH STEEL INDUS- 
TRY.— Local steelmakers have expressed their uneasiness 
at the extents of the cuts in ingot production imposed 
on them, having regard especially to the decreases in 
output imposed on other parts of Britain. They point 
out that, while output has been reduced by 20 per cent. in 
Scotland, it has been curtailed in Southern districts by 
only about 5 per cent, of their capacity. The shortage of 
scrap is a factor which weighs very heavily in Scotland, 
owing to the higher proportion of scrap in furnace charges. 
One sequel to the uneven apportionment of raw materials 
is that makers try to ensure that the manufactured steel 
is dispatched to local consumers rather than to those at 
a distance, in order that the scrap resulting from the 
finishing trades may remain in the district. 





CLYDE NAVIGATION TRUST.—The revenue of the Clyde 
Navigation Trust, for the year ended June 30 last, was a 
record, it was stated at the meeting of the trustees held 
in Glasgow on September 4. The tonnage of vessels 
using the port increased, but revenue dues were down, 
largely on account of the greater number of vessels 
using the lower stages at reduced rates. Oil, petrol, 
and timber imports and exports were greater than last 
year, while 136,00¢ tons of American coal were imported, 
this being a new traffic. Imports of iron ore showed 
the greatest decrease compared with last year, while 
coke exports were trebled. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


TRADE ON TEES-S"DE.—Alderman B. G. Davies 
presided at the monthly meeting of the Tees Conservancy 
Commission held at Micdlesbrough on September 3 and 
reviewed trade conditions on Tees-side during the past 
year. Traffic to and from the river during June, he 
pointed out, was atalowebb. Importsin June were the 
lowest since the war, but there had been a considerable 
improvement in July, when the revenue had been only 
4,0001. below the highest monthly record. 

PRESSURE FOR MAXIMUM SUPPLIES OF IRON AND 
STEEL.—With no dearth of tonnage at ore ports abroad, 
imports of foreign ore are maintained on a substantial 
scale and consumers are building up stocks satisfactorily. 
North-East Coast: buyers of iron and steel are pressing 
persistently for as big deliveries as possible before the 
control] of tonnage distribution comes into force. 





LANCASHIRE AND SOUTH 
YORKSHIRE. 


MasTER CUTLER-ELECT.—Mr. Geoffrey M. Flather, 
joint managing director of W. T. Flather, Ltd., steel- 
makers, Sheffield, has been chosen by the Cutlers’ Com- 
pany of Hallamshire as Master Cutler-elect. The installa- 
tion ceremony will take place later. Mr. Flather is a 
son of a former Master Cutler and has been prominent 
in the affairs of the Cutlers’ Company and the Sheffield 
Chamber of Commerce. He is a member of.the Council 
of the British Iron and Steel Federation and of the 
Council of the British Iron and Steel Research Associa- 
tion. 

CUTLERY MANUFACTURERS’ ASSOCIATION.—Mr. D. A. 
Palmer, managing director of Joseph Rodgers and Sons, 
Ltd., has been re-elected president of the Sheffield 
Cutlery Manufacturers’ Association, an office he has held 
for 17 years. 

RaILWAY PaSSENGER TRANSPORT.—Many complaints 
having reached British Railways about the lack of a 
sleeping-car service between Yorkshire and London, an 
experimental service is to be inaugurated from October 1. 
A train will leave Leeds at 2.42 a.m. and Sheffield at 
3.55 a.m. and is due to arrive at St. Pancras at 8.5 a.m. 
Sheffield industrialists are not wholly satisfied with the 
proposal, however, some considering that an earlier 
departure time would be convenient. 


REVISED Gas CHARGES.—The East Midlands Gas 
Board hope to be able to issue, in October, revised 
tariffs which will make charges uniform over the whole 
area, At present, there are widely differing tariffs 
that were inherited from the privately-owned under- 
takings. The proposed standardised charges will lead 
to increases in some districts and lower charges in others. 





WARNING OF ELECTRIC-POWER CuTs.—A demon- 
stration has been given at the Cutlers’ Hall, Sheffield, of a 
system of short-wave warnings of impending power cuts. 
A bell rings to give warning because it has not been 
clearly established whether the Post Office would permit 
verbal messages to be transmitted. Mr. F. Lloyd, 
former president of the Sheffield Chamber of Commerce, 
has stated that the proposed two-minutes warning is 
not enough; plant such as electric furnaces needed 
longer notice to avoid the risk of a steel melt being 
spoiled if the power were suddenly cut-off. 


THE MIDLANDS. 


TRADE AND LABOUR CONDITIONS.—The effects of the 
rearmament programme are becoming more marked in 
the Midlands, particularly in Birmingham and the Black 
Country, where there has been full employment and full 
order books for a considerable time ; and rearmament 
orders are additional to normal work. There is a hope 
that the supply of raw materials may improve, if only 
in the iron- and steel-using trades, as a result of the 
increased prices for scrap which were authorised recently. 
These, together with an intensified drive for scrap 
recovery, should bring in more of this valuable material. 
The labour problem, however, remains urgent. There 
has been a small amount of redundancy, and there is 
said to be some concealed unemployment, particularly 
in the motor-vehicle industry, sections of which have 
had to introduce short-time working owing to the short- 
age of materials. This labour will be absorbed readily, 
as it is only a small proportion of the total need. Labour 
cannot be obtained from other districts, even supposing 
it is available, on account of the lack of housing accom- 
modation. 


REMOVAL OF REDDITCH Facrory.—The entire equip- 
ment of the Index Automatic Machine Co., a subsidiary 
of B.S.A. Tools, Ltd., has been moved from Redditch to 
Cardiff, where increased space is available for expansion. 
Some 5,000 tons of machine tools were involved, and 
the whole removal has been undertaken by British 
Road Services. The Index Company’s works at Red- 
ditch will be occupied by the B.S.A. Company, and a 
large number of the Index employees will be taken on 
by B.S.A. Tools. A number of key men will be taken 
to Cardiff to start operations at the new works. 





THE CLOSING OF BRANCH RaAILways.—The West 
Midland Area Transport Users’ Consultative Committee 
have met to consider the proposed closure of certain 
railway branches and stations in the Midlands. The 
railway branch lines involved are those between Craven 
Arms and Much Wenlock ; Abbey Dore and Dorstone ; 
Dollyhir and New Radnor; Blisworth and Stratford- 
upon-Avon ; and Bromyard and Leominster. On other 
lines, between Crewe and Stafford; Malvern and 
Tewkesbury ; and Wellington and Coalport, it is pro- 
posed to close certain stations only to passenger traffic, 





Brigadier F. Lane, chairman of the committee, has 
announced that special sub-committees have been set up 
to investigate, on the spot, the effects of the proposed 
closures. The committee have recommended that the 
British Transport Commission should hold public 
meetings in future when it is proposed to withdraw 
any services, in order that all complaints and views 
may have an opportunity of being presented. 





EXTENSION OF RURAL WATER SUPPLIES.—The Rural 
District Council of Shipston-on-Stour, Warwickshire, 
have been informed by the Ministry of Local Government 
and Planning that their scheme for providing water to 
rural consumers in their area is likely to be approved. 
About 8,000 people live in the Council’s administrative 
area and a large proportion of them go to make up the 
2-6 per cent. of Warwickshire’s population which have no 
piped water. The scheme, which will cost 315,0001., 
involves the purchase of water in bulk for the North 
Cotswold Rural Council, 

NEW PLANT AT WILLENHALL.—New plant installed 
by the Willenhall Motor Radiator Co., Ltd., at Neachells- 
lane, Willenhall, Staffordshire, includes a British Clearing 
500-ton press, a production line for an all-steel motor- 
lorry cab and another for a pick-up truck body designed 
for export to Australia. 





NEw Gas CounciL RESEARCH CENTRE.—The Gas 
Council have now established a second research centre, 
which will be concerned mainly with the complete 
gasification of coal, at the Nechells gasworks, Birming- 
ham. It will be administered by the West Midlands 
Gas Board on behalf of the Gas Council. Dr. F. J. Dent, 
the present assistant director of the Gas Research Board, 
has been appointed Director of the new centre. He has 
been closely associated with the experiments on complete 
gasification which have been conducted at the Poole 
research station. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


CoAST-PROTECTION SCHEME.—A scheme to protect 
the Pembrokeshire village of Amroth from the coastal 
erosion, which, for a number of years, has caused con- 
siderable damage, is to cost 91,0007. At present, the 
first stage of the work, costing 7,8501., is being carried out. 
After grants, the Narberth Rural Council are expected 
to find 10,0001. of the cost. 





Surp-REPAIR WoRK.—The South Wales ship-repairing 
industry, which has been carrying out a substantial 
amount of ship repairs for the Admiralty, is to have a 
larger share of this class of work. On a recent visit to 
Cardiff, Mr. James Callaghan, Parliamentary and Finan- 
cial Secretary to the Admiralty, said there were at 
present 22 naval ships in South Wales ports for repair, 
and 500,0001. was being spent on ship-repairing in South 
Wales. Next year the value would be increased to 
1,000,0001. 

TIMBER ImMpoRTS.—The timber trade at Cardiff Docks 
is now more active than it has been for a long time. 
Recent imports have been at double the normal rate and 
have resulted in a heavy strain on the railway-wagon 
position. 

OBSOLESCENT STEELWORKS.—The announcement by 
Mr. S. J. L. Hardie, chairman of the Iron and Steel 
Corporation, at the annual meeting of Richard Thomas 
& Baldwins, Ltd., that an investigation is to be made 
into the old hand-operated mills in West Wales has been 
welcomed in the area. The shortage of raw materials 
has already caused some of these old works to be closed 
down, and for some time there has been considerable 
concern for their future in view of the large-scale develop- 
ments of the Steel Company of Wales. 





SEVERN BARRAGE SCHEME.— When the electricity load- 
spreading arrangements for next winter were discussed 
by the London and South Eastern Regional Board for 
Industry at a meeting on September 5, it was urged that 
more stress should be placed on the provision of energy 
from sources other than coal. Further consideration of 
the Severn Barrage scheme was advocated. 





BuSINESS EQUIPMENT EXHIBITION AT BrisToL.—The 
first exhibition to be organised by the Office Appliance 
and Business Equipment Trades Association (the title 
of the Office Appliance Trades Association and the 
Association of British Business Equipment Manufacturers 
since their merger in July) will be held in the Victoria 
Rooms, Bristol, from September 25 to 28. It is entitled 
the South-Western Business Equipment and Management 
Exhibition, and will be opened by Mr. Reginald Verdon 
Smith, assistant managing director of the Bristol] Aircraft 


Company. 
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NOTICES OF MEETINGS. 





It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF PRODUCTION ENGINEERS.—Derby 
Section: Monday, September 17, 7 p.m., School of Art, 
Green-lane, Derby. ‘“‘ Materials Handling,’”’ by Mr. E. 
Williamson. Coventry Graduate Section: Tuesday, Sep- 
tember 18, 7 p.m., Hare and Squirrel Hotel, Cow-lane, 
Coventry. Brains Trust Meeting on “ Production 
Engineering.” Birmingham Section: Wednesday, Sep- 
tember 19, 7 p.m., James Watt Memorial Institute, 
Great Charles-street, Birmingham. ‘‘ The Machine-Tool 
Industry,” by Mr. W. J. Morgan. 


INSTITUTION OF WORKS MANAGERS.—Glasgow Branch : 
Monday, September 17, 7.15 p.m., Institution of Engi- 
neers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow, C.2. Annual General Meeting. 
“Job Evaluation,” by Mr. R. Aston. Merseyside 
Branch: Tuesday, September 18, 6.30 p.m., Reece’s 
Restaurant, Liverpool. Annual General Meeting. Man- 
chester Branch: Monday, September 24, 6.30 p.m., 
Grand Hotel, Manchester. ‘‘ The Task Ahead,” by Mr. 
E. J. Holford Strevens. 


INCORPORATED PLANT ENGINEERS.—Edinburgh Branch: 
Tuesday, September 18, 7 p.m., Edinburgh Chamber of 
Commerce, 25, Charlotte-square, Edinburgh. ‘“ The 
Construction of the Modern Oil Refinery,” by Mr. W. M. 
Greenhorn. Western Branch: Wednesday, Septem- 
ber 19, 7.15 p.m., Grand Hotel, Bristol. ‘‘ Steam Peaks 
and Thermal Storage,” by Dr. E. G. Ritchie. Liverpool 
and North Wales Branch: Thursday, September 20, 
7.15 p.m., Radiant House, Bold-street, Liverpool. 
Discussion on “ Industrial Lighting.” West and East 
Yorkshire Branch: Monday, September 24, 7.30 p.m., 
The University, Leeds. Film Evening. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Mid- 
lands Centre: Tuesday, September 18, 7.30 p.m., Crown 
Inn, Broad-street, Birmingham, 1. “The Servicing 
of Brakes,” by Mr. J. Kinchin. North Western Centre: 
Wednesday, September 19, 7.30 p.m., The Victoria 
Hotel, Wigan. ‘“‘ The Heating and Ventilating of Public- 
Service and Goods Vehicles,” by Mr. F. Duncombe. 
North Eastern Centre : Thursday, September 20, 7.30 p.m., 
The Hotel Metropole, Leeds ; and Tuesday, September 25, 
7 p.m., Dunelm Hotel, Old Elvet-street, Durham City. 
“Garage Equipment and Service Tools,” by Mr. R. M. 
Walker. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bournemouth and Portsmouth Branches: Tuesday, 
September 18, 7.30 p.m., The Polygon Hotel, Southamp- 
ton. Combined Lecture on “ Electrical Protective Gear 
in Factories,” by Mr. G. L. Leighton. Manchester Branch : 
Wednesday, September 19, 7.30 p.m., The Engineers’ 
Club, Albert-square, Manchester. ‘“ Application and 
Development of Resistance Welding,” by Mr. R. Bushell. 
Kent Branch: Thursday, September 20, 8 p.m., The 
County Hotel, Canterbury. “Electric Telemetering 
Systems,” by Mr. F.C. Hill. Ozford Branch: Saturday, 
September 22, 2.30 p.m., Clarendon Laboratories, 
Pardis-road, Oxford. Discussion on “ Electrical Appa- 
ratus Used in Nuclear Research,” to be followed by an 
inspection of the cyclotron and other high-voltage 
apparatus, 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, September 19, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, Westminster, 
S.W.1. ‘ Dynamic Braking for Steam, Diesel and Gas- 
Turbine Locomotives,” by Mr. J. Koffman. 


INSTITUTE OF PETROLEUM.—Wednesday, Septem- 
ber 19, 5.30 p.m., Manson House, 26, Portland-place, 
W.1. “ Our Unproduced Reserves: What Are They ? ” 
by Dr. Morris Muskat. 


British Lieut STEAM Power SocreTy.—Saturday, 
September 22, 3 p.m., Waldorf Hotel, Aldwych, W.C.2. 
“The Problem of the Steam Car,” by Mr. M. Harman 
Lewis. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Scottish Branch: Tuesday, September 25, 
6.30 D.m., Engineering Centre, 351, Sauchiehall-street, 
Glasgow, C.2. Annual General Meeting. “ School 
Heating,” by Dr. J. C. Weston. Birmingham Branch: 
Thursday, September 27, 6.30 p.m., Imperial Hotel, 
Birmingham. Annual General Meeting. “ Heating and 
Hot-Water Service for Moderate Rental Flats,” by Mr. 
A. F. Myers. Manchester Branch : Friday, Septem- 
ber 28, 6.30 p.m., Engineers’ Club, Albert-square, Man- 
chester, Annual General Meeting. 


INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Branch: Wednesday, September 26, 7 p.m., Technical 
Col lege, Brighton. Discussion on “ Britain—Liquid Fuel 
—Engineers,” to be opened by Engineer-Captain H. Moy. 
North Western Branch (Administration and Production 
Group) : Thursday, September 27, 6.45 p.m., Engineers’ 
Club, Albert-square, Manchester. “Some Problems in 





the Manufacture of Experimental Gas Turbines,” by 
Mr. L. H. Leedham. East Midlands Branch (Provisional 
Graduates’ Section ): Thursday, September 27, 7.15 p.m., 
Midland Hotel, Derby. ‘“‘ The Marine Gas Turbine from 
the Viewpoint of an Aeronautical Engineer,” by Mr. 
A. H. Fletcher. 


INSTITUTION OF MINING AND METALLURGY.—Thuts- 
day, September 27, 5 p.m., Geological Society’s Apart- 
ments, Burlington House, Piccadilly, W.1. ‘* Work in 
High Air Temperatures in a Fire in Mysore Mine, Kolar 
Gold Field,” by Dr. W. B. Roantree. 


ILLUMINATING ENGINEERING Socrety.—Bradford 
Group: Thursday, September 27, 7.30 p.m., Offices of 
the Yorkshire Electricity Board, 45-53, Sunbridge-road, 
Bradford. “ Lighting of Trains and Public-Service 
Vehicles,” by Mr. S. Anderson and Mr. C. Dykes Brown. 
Leeds Centre: Friday, September 28, 7 p.m., The Guild- 
ford Hotel, The Headrow, Leeds, 1. Chairman’s Address, 
by Mr. J. Sewell, 





CONTRACTS. 


JOHN LAING AND Son, Lrp., London, N.W.7, have 
been awarded a contract by the Air Ministry for the 
laying of high-quality concrete paving for the runways 
at the airfield of the National Aeronautical Establish- 
ment, near Bedford. 

ALBION Motors, Ltp., South-street, Glasgow, W.4, 
an associated firm of Leyland Motors, Ltd., have obtained 
a contract to construct 200 six-wheeled motor lorries 
for the War Office. This contract will provide the firm 
with work for about six months. The lorries have been 
developed from a type widely used in South Africa and 
in countries with similar terrain, and are intended for 
field work generally. Albion Motors will supply the 
chassis, bodywork and engines. 

During August, the British Electricity Authority 
placed contracts for equipment for power stations, trans- 
forming stations and transmission lines amounting, in 
the aggregate, to 4,203,3751. The principal contracts 
include orders for the painting of buildings and plant at 
Poole power station, with R. P. SmInGLETON; generator, 
station and unit transformers at Acton-lane “‘ B ” power 
station, with FERRANTI, Lrp.; 11-kV, 6-kV and low- 
tension power and control cables and accessories, for 
Littlebrook “‘C”’ power station, with W. T. HENLEY’s 
TELEGRAPH WorKS Co., Ltp.; foundations for the 
second half of the main building at East Yelland power 
station, Barnstaple, with TayLor Wooprow COoN- 
STRUCTION, LTD.; coal-handling plant at Bold power 
station, St. Helens, Lancashire, with NAYLOR BROTHERS, 
Lrp.; civil-engineering works at Doncaster power 
station, with Hicas anp Hitt, Lrp. ; extension of boiler- 
house foundations and ancillary works at Skelton Grange 
power station, Leeds, with HaroLpD, ARNOLD AND SON, 
Lrp.; site clearance and preliminary works at Stella 
North power station, Blaydon-on-Tyne, with Sm RoBERT 
MCALPINE (NEWCASTLE-UPON-TYNE), LTD.:; brick chim- 
ney at Chadderton power station, with P. C. RICHARDSON 
Co. (MIDDLESBROUGB), LTD. ; three 360,000 Ib. per hour 
boilers for Carrington power station, Manchester, with 
JoHn Brown & Co., Ltp.; generator and unit trans- 
formers for Fleetwood power station, with the ENGLISH 
ELEctTrRic Co., LtTp.; boiler-house buildings for Roose- 
cote power station, Barrow, with DoRMAN, LonG & Co., 
Lrp.; 132-kV 2,500-MVA switchgear for Ince power 
station, Capenhurst, with the ENGLISH ELECTRIC Co., 
Ltp.; 33-kV and 11-kV static condensers for Llanelly 
substation, Carmarthen, with British INSULATED CAL- 
LENDER’sS CABLES, LTD.; 132-kV switchgear for Bonny- 
bridge substation, Stirling, with the BriTiIsH THOMSON- 
Houston Co., Lrp.; 132-kV and 33-kV cables for 
laying on the Longstone-Gorgie-Telford road, south-east 
Scotland, with PrRELLI-GENERAL CABLE WORKS, LTD. ; 
and 132-kV overhead-line equipment for erection between 
Kilmarnock and Kendon, with WaTsHAm’s, LTD. 





CoaL PRODUCTION IN GREAT BrRITAIN.—The output of 
deep-mined coal in Great Britain, according to statistics 
issued by the Ministry of Fuel and Power, amounted to 
143,597,000 tons for the 36 weeks ended September 8, 1951, 
compared with 138,964,000 tons for the corresponding 
period in 1950. The output of opencast coal declined 
during the same corresponding periods from 8,865,700 
tons in 1950, to 7,690,500 tons in 1951. 





ELecrriciry SupPLy Stratistics.—The official returns 
issued by the Ministry of Fuel and Power show that 
during the first seven months of 1951 34,848 million 
kWh of electricity were generated in the power stations 
of the British Electricity Authority, the North of 
Scotland Hydro-Electric Board and the Lochaber 
Power Company, compared with 30,885 million kWh 
during the corresponding period of 1950. At the end of 
July, the installed capacity of the generating plant was 
15,364 MW, compared with 15,099 MW at the beginning 
of the year. 





PERSONAL. 

The annual awards of the Royal Aeronautical Society, 
presented on September 10 by the President, Major 
F. B. Halford, C.B.E., are as follows: the Society’s 
gold medal, awarded posthumously, to Mr, W. G. A. 
PERRING, C.B.; the Society’s silver medal, to Mr. 8. B. 
Gates, O.B.E., F.R.S.; the British gold medal to Mr. 
A. E. RUSSELL, B.Sc.; the British silver medal to 
Group CaPTaIN JOHN CUNNINGHAM, D.S.O., D.F.C.; 
the R. P. Alston Memorial Prize to Winc COMMANDER 
R. J. FatK, A.F.C.; the George Taylor of Australia 
Gold Medal to Mr. R. E. Bisuop, C.B.E.; the Sims Gold 
Medal to Dr. G. 8. Histor, Ph.D., B.Sc.; the bronze 
medal to Mr. H. J. Pottarp, Wh.Ex.; the Herbert 
Akroyd Stuart Memorial Prize to Mr. A. V. CLEAVER ; 
and the Edward Busk Memorial Prize to Mr. R. His, 
B.A. Three honorary fellows have been elected, namely, 
PROFESSOR SIR BENNETT MELVILL JONES, C.B.E., 
A.F.C., F.R.S., Sm Henry THOMAS TIZARD, G.C.B., 
A.F.C., F.R.S., and Mr. C, C. WALKER, C.B.E. 

Mr. Davip D. WALKER, M.A., M.I.E.E., was elected 
President, and Mr. H. S. Broom, M.B.E., B.Sc., 
M.I.Mech.E., was re-elected vice-president, of the British 
Engineers’ Association, 32, Victoria-street, London, 
S.W.1, for the session 1951-52, at the meeting of the 
Association’s Council on September 6. Mr. Walker is a 
joint managing director of Evershed and Vignoles, Ltd., 
and Mr. Broom occupies a similar position with Broom 
and Wade, Ltd. 

Miss E. M. Commun, Ph.D., D.Sc., F.R.1.C., was 
installed as President of the Women’s Engineering 
Society, 35, Grosvenor-place, Westminster, London, 
S.W.1, at the Society’s annual general meeting, on 
September 8, in succession to Miss SHEILA LEATHER. 

Mr. GILBERT RoBERts, B.Sc, (Eng.), M.I.C.E., MR. 
Ian Cox, M.A. (Hons.), Mr, Crecrm Cooke, F.R.S.A., 
and Mr. F. R. BELL have been awarded the honorary 
membership of the Institution of Engineering Draughts- 
men and Designers, Grand Buildings, Trafalgar-square, 
London, W.C.2. 

Mr. R. W. Taytor, A.M.I1.E.E., who recently resigned 
his position as sales manager to Cyc-Arc, Ltd., has been 
appointed product sales manager of the Nelson stud- 
welding service of Crompton Parkinson, Ltd., Aldwych, 
London, W.C.2, in succession to Mr. R. V. Powpircn, 
O.B.E.,T.D., A.M.1.E.E., who, as announced on page 143, 
ante, has been appointed product sales manager for 
Crompton Parkinson F.H.P. motors, These appointments 
take effect from October 1. 


Mr. H. C. Reeves, B.Sc. (Eng.), A.M.I.C.E., D.I.C., 
has been appointed chief fan designer of Air Control 
Installations, Ltd., Ruislip, Middlesex, 

Mr. C. 1). FISHER has been promoted to the position 
of manager of the British sales division of the Consoli- 
dated Pneumatic Tool Co., Ltd., 232, Dawes-road, 
London, S8.W.6, with effect from August 29. He has 
spent nearly 38 years in the company’s service. 

Mr. D. E. Davis, A.M.I.Mech.E., has been appointed 
chief development engineer of Berger Equipment, Ltd., 
Moor-lane, Staines, Middlesex. Mr. J. A. CORNISH- 
BowDEN, M.I.Mar.E., has been appointed sales manager 
in succession to MR. W. GRAHAM. 


Mr. G. B. Haywarp, A.M.I1.E.E., has been appointed 
manager of the Plymouth sub-office of Metropolitan- 
Vickers Electrical Co., Ltd., with effect from August 1. 
He has succeeded Mr. W. 8. Livsry, who has transferred 
to the Metropolitan-Vickers Export Co., Itd. 

Mr. R. H. PENNEY has been elected chairman of 
Council of the Incorporated Sales Managers’ Association, 
4, Holborn-place, High Holborn, London, W.C.1. He 
will take over that office from Mr. W. E. WHEATLEY in 
November. 

HicuH Duty ALtoys, Lrp., 89, Buckingham-avenue, 
Slough, Buckinghamshire, have changed their telephone 
number to Slough 23901. Their telegraphic address, 
* Alloys, Slough,” remains unaltered. 


A new firm, BESTwooD, FRASER AND WEIR, LTD., has 
been formed as a private company, registered in Great 
Britain, to provide consulting and mining engineering 
services in this eountry, South Africa, the United States 
and elsewhere. It is an association of the BEsTwoopD 
Co., Ltp., Nottingham ; H. H. FRASER AND ASSOCIATES 
(Pry.), Lrp., Johannesburg; and the PAUL WEIR Co,, 
Inc., Chicago, U.S.A. The directors of the new company 
are Mr. R. C. LANCASTER (chairman), MR. HUGH FRASER, 
Mr, PauL WEr and Sir Eric YounG, and its registered 
office is at 22, Ryder-street, St. James’s, London, 8,W.1. 
Offices are also being opened shortly at Johannesburg. 


BELL’s ASBESTOS AND ENGINEERING, LTD., 157, Queen 
Victoria-street, London, E.C.4, have acquired the entire 
ordinary share capital of the MILLER INSULATION Co., 
Lrp., thermal and acoustic insulation contractors, of 
Glasgow. Mr. A. J. M. MILLER, the chairman and joint 
managing director of the Miller Insulation Company, has 
been appointed to the board of Bell’s Asbestos and Engi- 
neering, Ltd. It is intended that the Miller Insulation 
Company shall retain its separate identity. 





336 ENGINEERING. SEPT. 14, 1951. 


ELECTRIC-FURNACE MODEL FOR ROYAL SCOTTISH MUSEUM, EDINBURGH. 














~ 


re " I? &. 


oe oe 


er 


=~) oe 
a 

















Fie. 1. GenerAL Vizew oF MopeE.. 





ELECTRIC-FURNACE MODEL FOR 
ROYAL SCOTTISH MUSEUM. 


THe Royal Scottish Museum at Edinburgh has 
acquired recently, for inclusion in its permanent collec- 
tion, a model of a Heroult electric steel-melting furnace, 
to the scale of 3 in. to a foot. It is illustrated in 
Figs. 1 and 2, herewith, and Fig. 3 shows, for com- 
parison, the actual furnace of which the model is a 
copy, as erected in the works of William Shaw and 
Company, Limited, at Middlesbrough, by the makers, 
the Electric Furnace Company, Limited, Weybridge, 
Surrey. It is of the direct-arc tilting type, with three 
electrodes, and has a capacity of 12 tons. The dia- 
meter of the original is 11 ft. 6 in., the overall height 
27 ft. 6 in., and the weight 31 tons. It is fitted with a 
swing roof for rapid charging; the roof ring with its 
steelwork and brick lining, and the electrodes and their 
carriages, are raised mechanically about 6 in. and 
swung to the side. The adjustment of the electrodes is 
automatic. In the model, which was made by Mr. 
C. A. Mills, 18, Manor-road, Ruislip, Middlesex, the 
furnace is partly sectioned to show the electrodes and 
the refractory lining. The tilting mechanism, which 
rocks the furnace on its two tracks, is of the hydraulic 
type in the model, but electro-mechanical tilting is 
often used. Special efforts were made to complete 
the model in time for it to be placed on exhibition a 
few days before the opening of the recent British 
Association meetings in Edinburgh. 
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Fie. 2. Rear or MopEL, sHowING ELECTRODES. 
PHOTOGRAPHIC EXHIBITION. 


Tue 96th Annual Exhibition of the Royal Photo- 
graphic Society was opened at 16, Princes Gate, 
London, 8.W.7, by Lord Brabazon of Tara, on Thurs- 
day, September 13, and will remain open until Sunday, 
October 14. In addition, scientific films, including one 
on “ Sound Steel” and another on “ Magnetism,” will 
be shown in the Lecture Theatre of the Victoria and 
Albert Museum, Exhibition-road, London, S.W.7, at 
7 p.m. on Thursday, October 4, and tickets for these 
can be obtained, without charge, from the Secretary 
of the Society. Although the majority of the photo- 
graphs at Princes Gate are of a non-technical character, 
we may remark on their high quality, especially of 
those in the stereoscopic section, which include examples 
both in monochrome and in colour. Among these men- 
tion may be made of some photographs showing the 
products of Messrs. J. Bigwood and Son, Limited, 
Wolverhampton. These comprise close ups of a slide- 
way and connecting rod in a horizontal boring machine, 
of a bending machine for heavy steel plate and of a 
double reduction gearbox to show the quality obtainable 
without special > ange, Seem the advantages of stereo- 
scopic photography. There are a number of normal 
photographs of engineering subjects, although these are 
of pictorial rather than technical interest. Fic. 3. Fuuu-Sme Oricrnat oF Furnace Mopgt. 
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WELDING PRACTICE. 


THERE can be but few branches of engineering 
in which welding in some form or other is not 
practised. For this reason, any general report on 
the subject should be of interest to a very wide 
circle. For the same reason, however, a general 
report cannot be expected to deal with every 
detail problem of every industry. This point is 
illustrated by the fact that the British welding team 
which visited the United States in October and 
November, 1950, under the auspices of the Anglo- 
American Council on Productivity, although it 
visited 29 works and attended the Annual Conven- 
tion of the American Welding Society, yet in its 
report has nothing to say about the use of welding 
in the manufacture of aeroplanes and aero-engines. 
It is also indicated in the report* that it was not 
possible for the team to investigate the use of 
welding in the construction of buildings and bridges 
to the extent which would have been desirable. 
The mention of these matters is not intended to 
suggest that the report may not be of value to 
users of welding in some types of industry; its 
purpose is to illustrate the extent of present-day 
welding interests. Many welding problems and 
practices are common to many industries and the 
report may profitably be studied by anyone en- 
gaged in welding in any sphere. 

The report deals with some welding processes in 
considerable detail and contains 25 sketches show- 
ing plant or welding procedure; 25 photographs 
illustrating machines and plant are also repro- 
duced. In broad terms, the team came to the 
conclusion that American productivity in welding 
is higher than British productivity, although the 
difference might not be very great. As has been 
the case with other productivity reports, stress is 


* Productivity Report on Welding. The Anglo- 








American Council on Productivity. U.K. Section. 21, 
Tothill-street, London, 8.W.1. [Price 3s. 6d. post free.] 





laid on shop methods and labour procedure rather 
than on technical processes. In the “ findings ” 
which summarise the contents of the report, atten- 
tion is drawn to only two technical methods. The 
first is the Aircomatic torch in which a consumable 
electrode is shielded by argon or helium; it is 
stated that this device shows great promise of 
increasing the range and reducing the cost of 
welding non-ferrous metals. The second is the low- 
hydrogen electrode for use with a chromium- 
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is apparently based on a general impression rather 
than on specific figures. Tbe matter really turns 
on the meaning attached to the term “ produc- 
tivity.” In a broad sense, it might be taken to 
indicate output per man-hour, but with a process 
of such very varied application output may itself 
be difficult to define. A matter which should be 
capable of specific measurement is the arcing time 
factor for manual welding. This is the ratio of 
arcing time to the total time the supply is available 
for the arc. Actually there proved to be little 
information available on this subject; the same 
thing applies to this country. Among the few 
firms having any figures, a shipyard gave a time 
factor varying between 0-45 and 0-72 for piecework 
manual welders, but it is stated that statistics were 
not available to prove that these time factors were 
obtained in practice. 

The proportion of his time during which a man 
engaged on arc welding is actually welding, clearly 
depends on the amount of time he spends on setting 
up and ancillary operations, and it is particularly 
owing to the attention paid to these matters that 
high outputs are obtained in America. A valuable 
example of this attention is furnished by the 
extensive use of manipulators which enable work 
pieces easily to be swung into the most convenient 
position for working. A further example is the 
provision of local lifting equipment so that welders 
are not dependent on the main shop cranes. Even 
if a shop is well equipped with overhead cranes, 
considerable time may be lost at busy periods, 
waiting until one of them is free. In American 
shops, as a rule, the number of overhead cranes 
appeared to be low compared with British practice, 
but this was made up for by the liberal provision of 
subsidiary lifting apparatus in the form of jibs 
attached to machines, wall jibs and mobile cranes. 

A matter of the first importance, which is one 
of the main lessons of this report, is that this 
auxiliary lifting apparatus is operated by the 
welders themselves ; they do not wait for some one 
else to come and do it for them. Very few slingers 
are employed and anyone available is quite ready 
to assist in handling, pushing bogies or any other job 
requiring little time. The fact that a craftsman 
undertakes labouring jobs in connection with his 
own work does not mean that his output is reduced ; 
on the contrary, it is probably increased, as no time 
is lost in waiting for outside assistance. The whole 
procedure illustrates the absence of that extreme 
demarcation from which British industry suffers. 
In the United States, assemblers carry out their 
own flame cutting, tack welding, chipping and 
grinding when necessary, and do their own slinging 
and handling. 

The low percentage of helpers and labourers in 
the shops means that more men are available for 
production. A released labourer is, of course, 
not a craftsman, but a very large part of the work 
is done by semi-skilled men, and great attention is 
paid to the lay-out and arrangement of work so 
that their tasks will not be beyond their skill, An 
example of this is furnished by the fact that “the 
management is prepared to go to almost any lengths 
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to arrange that all welds can be made in the down- 
hand position.” This practice also relieves fatigue 
and permits the use of large-gauge electrodes and 
heavy currents. Both these factors increase pro- 
duction. It is not suggested that all work can be 
arranged in this way, nor that there are no skilled 
craftsmen, but there is not a sufficient supply of 
the latter to enable work to be confined to them. 
There is, incidentally, a feature of American labour 
relations of which the visiting team did not approve. 
This is the seniority rule, under which, in slack times, 
the latest comers must be stood-off before those who 
joined the firm earlier. This rule may force a firm 
to get rid of a first-class man and retain an indifferent 
one in his place. 

Piece work is apparently not very common, 
but men on time work do everything they can to 
help production and to increase it. As has been 
emphasised in other productivity reports, they 
welcome new methods and new machines and are 
prepared to employ them fully. As explanation of 
this, it is pointed out that the American workman 
has clearly in mind the relationship between produc- 
tivity and the standard of living. He enjoys high 
wages but spends much on amenities such as motor 
cars and refrigerators. Many appliances are 
bought on hire purchase and the necessity for paying 
instalments makes him chary of doing anything 
likely to lose him his job and, industry being highly 
competitive, he does his best towards keeping the 
firm with which he is employed in a position to 
get business. 

One of the recommendations made in the report; 
is that unsparing efforts should be made to provide 
more goods, and particularly foodstuffs, and that 
retail shops should provide more convenient times 
to enable workmen to shop in reasonable comfort. 
The object of this is clearly to create conditions in 
which it is manifest that hard-earned money is 
worth the effort to get it. It will, no doubt, be 
said that measures of this kind are impossible in this 
country, but the real trouble is that a welfare-state 
attitude of mind has been created here. The funda- 
mental reason why the productivity of the American 
workman is greater than that of his British counter- 
part is that his standard of living and his prosperity 
both depend essentially on his own efforts. 

The fact that men may be made redundant by 
the introduction of new machines or methods is 
not looked upon as a serious matter in America, 
since, as there is little trade demarcation, a man 
may turn to some other type of employment without 
difficulty. The productivity team evidently hope 
that some approach to this order of freedom may 
be made in this country, as they recommend “ that 
union rules be so framed as to permit more ready 
entry into alternative forms of employment.” 
They also consider that managements should 
“devote serious thought to economic planning and 
the more generous introduction of mechanical 
handling devices.” To this suggestion, it is added 
that unions should “ accept freely all labour saving 
devices with a realistic approach to any redundancy 
of man-power involved.” There are, no doubt, 
some managements, possibly many, to which the 
criticism implied in the first of these recommenda- 
tions might fairly be directed, but it is doubtful if 
there are any unions to which the strictures implicit 
in the second do not apply. 

It is to be hoped that both employers and employed 
will heed the words of the Chancellor of the 
Exchequer, Mr. H. Gaitskell, when he addressed 
the Trades Union Congress last week. Fear, he 
said, was to be found in both sides of industry— 
fear of the machinery and the proper use of it, 
fear of the lost job, fear of letting unwanted men 
go, fear, of letting who were needed come in, fear 
of better methods, fear of letting someone else 
share in the work, fear of learning ‘“ know-how ” 
from one another or from the Americans. 





MECHANICAL ENGINEERING 
RESEARCH. 


ORGANISING research is in many ways a larger 
problem than actually undertaking research work, 
and the difficulty is greatest when the research is 
basic rather than applied and when the objectives 
are not readily defined. Such were the circumstances 
which faced the Mechanical Engineering Research 
Board when it was appointed in December, 1946, 
“to advise generally on the research to be under- 
taken by the Mechanical Engineering Research 
Organisation of the Department of Scientific and 
Industrial Research.” The report* which the board, 
under the chairmanship of Sir Henry Guy, C.B.E., 
F.R.S., have recently presented to the Committee 
of the Privy Council for Scientific and Industrial 
Research, reviews the whole period of their activities 
up to the end of 1950, and the ramifications of the 
researches which it covers are sufficient evidence—if 
evidence were needed—that “‘ it is not an easy matter 
to determine how best the resources at the disposal 
of the Organisation should be applied.” 

The Board, surveying the potentialities of a 
rapidly expanding team of workers, for whom the 
new laboratories at East Kilbride are being built 
and equipped, concluded that the chief services that 
can be rendered to the mechanical-engineering 
industry are to carry out work designed to fortify 
and give deeper meaning to what is being done 
already, and to provide basic knowledge which wil] 
help the industry to conceive and achieve new possi- 
bilities for development. Stress is being laid on 
original work of a basic and generic character, and 
on the need for codifying and tabulating data in a 
form which can be readily used by industry. The 
work is planned in seven main divisions, namely, 
properties and strength of materials; mechanics 
of solids, stress analysis, and vibration ; mechanics 
of fluids, including hydraulic machinery ; lubrication, 
wear and corrosion; mechanisms and engineering 
metrology ; mechanics of formation and machine 
shaping of materials ; and heat transfer and applied 
thermedynamics. It was apparent to the Board 
that the progress of research in these fields varied 
considerably. In some—for example, properties of 
materials—it was well developed and a programme 
for the future followed readily from past work; 
but in others basic work was almost unknown, 
little work having been done on the kinematics of 
machinery, and work on hydraulic machinery and 
heat-transfer apparatus having lagged. 

To appraise the situation authoritatively and to 
advise the Board on the tasks which should be 
undertaken by the Organisation, several committees 
were appointed, though they do not correspond 
exactly to the seven main divisions mentioned 
above, there being, for example, two separate com- 
mittees for heat transfer and thermodynamics. In 
addition, some correlation of previous work was 
carried out by members of the laboratory staff, so as 
to clarify the conception of future work, and, in that 
connection, some members of the staff visited the 
United States to consult with fellow-workers in the 
same fields. Concurrently with these detail surveys 
the design and construction of the laboratories 
have been proceeding, and, in the interim, work 
on the M.E.R.O. programme, has been continued 
at the National Physical Laboratory. 

The staff at the East Kilbride Laboratory will 
eventually be about 600, including 100 scientific 
officers of all grades, but at the end of 1950 it 
numbered 123. In their work they will often be 
giving a lead in the advancement of mechanical- 
engineering science in this country, in spite of the 
fact that many of their researches will be under- 
taken because industrial firms have not found 
the need to embark on the work themselves. The 

* Mechanical Engineering Research, 1947-1950. De- 
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long-term value of such researches is inestimable, 
but it will certainly exceed the estimated annual 
expenditure of between 250,000/. and 350,000/. 

The report constitutes a valuable record, probably 
more embracing than any other published, of the 
general state of mechanical-engineering research in 
this country, and gives a hopeful indication of the 
content and quality of future papers on the results 
of research. In the Properties and Strength of 
Materials Division, for example, the main items in 
the programme for future work are: the examina- 
tion of the properties of metallic materials under 
static-loading, high-speed loading, and repetition 
of loading (fatigue); the behaviour of metallic 
materials at high and low temperatures ; physics of 
the solid state in relation to the strength of materials, 
and the behaviour under load of various non- 
metallic materials. Specific matters of research in 
this Division include the effect of size on fatigue 
strength, the strength of riveted and welded joints 
in a high-strength magnesium alloy, and the 
fatigue strength of sheet material. Investigations 
are also being undertaken at Leeds University on 
material for springs and at Bristol University on 
the fundamental mechanism of fatigu failure of 
metals. In the Divisions dealing with the mechanics 
of solids, etc., for which a team had still to be 
built up, the main objects of research will be the 
development of new and improved methods, both 
analytical and experimental, for the determination 
of stress distributions in mechanical-engineering 
components and structures. In particular, work 
which should have immediate practical value is 
being carried out on the strength of screwed and 
bolted connections, and a mobile strain-gauge 
laboratory is being equipped to assist industry. 
At Cambridge University, under the direction of 
Professor J. F. Baker, the stresses in gear teeth 
under running conditions are being investigated by 
photo-elasticity. 

A well-equipped laboratory, designed primarily 
to meet the requirements of the hydraulic-machinery 
industry, will be an outstanding feature of the 
East Kilbride station. Meanwhile, extra-depart- 
mental research is being undertaken at Cambridge 
on the reduction of losses through pipe bends—it 
has been found that sheet-metal turning vanes are 
advantageous—on the swirling flow of water 
through a nozzle, on scavenging flow in two-stroke 
engines, and on flow conditions in the runner of a 
centrifugal pump. Imperial College are working 
on axial-flow fans, introducing ammonia gas into 
the air stream so as to record flow patterns on sensi- 
tised paper. 

The programme of work in the Division dealing 
with lubrication, wear and corrosion is in four 
sections, namely hydrodynamic lubrication, boun- 
dary friction, wear, and a special study of the 
lubrication of such mechanisms as ball and roller 
bearings. The subject of wear is receiving greater 
attention than had been possible at the National 
Physical Laboratory. The report states that, hither- 
to, advances in the development and use of mechan- 
isms have been mainly due to the ingenuity of 
designers in relation to particular problems ; there 
has been no recognised school or group responsible 
for the basic study of the subject as a branch of 
engineering science. A team is to be formed for 
this purpose, however, and the starting point for 
research will be a study of particular mechanisms, 
such as cams. } 

The sixth Division’s programme will consist ot 
four main groups dealing with crystal plasticity, 
plastic properties of materials, mechanics of the 
formation of materials, and mechanics of machine 
shaping of materials. Some of the work, on cold 
impact extrusion, is being carried out at Sheffield 
University under Professor H. W. Swift, and the 
behaviour of the material in screw-thread rolling 
is being investigated at Edinburgh University 
under Professor R. N. Arnold. 
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NOTES. 


THe James Ciayton LECTURE. 


Ata meeting held at the Institution of Mechanical 
Engineers, Storey’s Gate, London, 8.W.1, on Wed- 
nesday, September 12, Professor A. P. Colburn, 
head of the division of chemical engineering at the 
University of Delaware, Newark, Delaware, U.S.A., 
delivered the eighth James Clayton lecture on the 
subject “‘ Problems in Design.and Research on 
Condensers of Vapours and Vapour Mixtures.” The 
chair was taken by the President of the Institution, 
Mr. A. C. Hartley, C.B.E., who formally welcomed 
the lecturer as a specialist in the field of heat trans- 
fer and distillation and the author of numerous 
publications on these subjects. On this occasion, 
the James Clayton Lecture formed one of a series 
of papers presented during the course of a three-day 
conference on heat transfer, arranged jointly by the 
Institution of Mechanical Engineers and the Ameri- 
can Society of Mechanical Engineers, in co-operation 
with kindred bodies, which was held in London 
from September 11 to September 13, and mentioned 
previously in our columns, on page 96, ante. Pro- 
fessor Colburn referred to himself as one who was 
interested mainly in problems of design. It was 
important to be able to design condensers accu- 
rately and to be able to predict their performance 
with reasonable certainty. Practical engineers were 
more interested in research which gave answers 
than research for its own sake, and quick methods 
of obtaining reliable estimates were of great value. 
Professor Colburn then dealt with his subject under 
two headings, namely, pure-vapour condensers and 
mixed-vapour condensers. Dealing with condensers 
having vertical tubes, he pointed out how the 
original heat-transfer theory of Nusselt, which 
assumed laminar viscous flow in the layer of 
condensate, had to be modified to take account of 
turbulence and the effect of the friction of the 
vapour current on the surface of the condensate. 
Although the mathematical theory was somewhat 
approximate, certain types of condenser could be 
designed with fair success. In the case of condensers 
of mixed vapours, there were many factors to be 
considered, but reasonable results could again be 
obtained by approximate methods. It was difficult 
to ensure that optimum results were achieved, but, 
frequently, economic considerations ruled out 
possible refinements. Although considerable re- 
search on heat transfer was in progress, more was 
required, and the greatest service to designers 
would be done if a number of large condensers were 
designed carefully using the most accurate theory 
available and their actual performance compared 
with theoretical estimates. A vote of thanks to 
the lecturer was proposed by Professor O. A. 
Saunders, seconded by Professor E. A. Allcut, and 
carried with acclamation. 


THE RoyaLt AERONAUTICAL Socrety. 


The Wilbur Wright Memorial Lecture, which is 
tread before the Royal Aeronautical Society each 
year alternately by an Englishman or an American, 
usually takes place in May, bringing to a close the 
winter season of lectures. This year it was post- 
poned until September 10 so that members of the 
American Institute of Aeronautical Sciences attend- 
ing the Anglo-American Aeronautical Conference— 
which concluded on Friday, September 7, with a 
highly successful dinner and dance—could attend 
the lecture presented by one of their own members, 
Mr. A. E. Raymond. The lecture was preceded by 
the presentation of the Society’s awards, as detailed 
on page 335. The subject of the 39th Wilbur 
Wright Memorial Lecture was “ The Well Tempered 
Aircraft.” The production of an operationally 
useful aircraft, said Mr. Raymond, depended upon 
certain essential elements: an environment con- 
ducive to efficiency, a good initial choice based on 
Sound specifications, excellent detail design, thorough 
development, assisting the operators when the 
aircraft entered service, exploring all the ways it 
could usefully be employed, the properly-timed 
introduction of new aircraft, and adaptability of the 
design to cope with unforeseen elements. A good 
environment for the work implied the enthusiasm 
of the backers of the project and adequate financ- 


ing, and satisfactory relations with the customer, in 
addition to good working facilities and organisation. 
A successful initial choice of design depended upon 
the balanced assessment of what was really needed 
and what it was possible to build. With a conserva- 
tive approach based on past design it was possible 
to start production earlier, but, carried to extremes, 
such an attitude stifled progress. The simplest 
design which fulfilled the requirements was likely 
to be the lightest, with the best performance, and 
the highest reliability in service. From the general 
arrangement of the aircraft to the detail design of 
its components, it was important to allow for future 
requirements—the installation of different engines 
and propellers, the carriage of different types of 
payload, etc. It should be possible to produce the 
aircraft using comparatively simple tools, which 
could be duplicated if production had to be increased 
and thrown away when the design was changed. 
Adopting standard components ensured the utilisa- 
tion of the best previous experience. A new design 
must be commenced several years before the exist- 
ing aircraft showed signs of obsolescence ; this was 
particularly true of military aircraft. ‘‘ The coun- 
try that rests on its oars too long,” said Mr. Ray- 
mond, “is overwhelmed by the enemy.” The 
lecture was followed by a reception by the President, 
Major Frank Halford, and Mrs. Halford, at the 
Society’s headquarters in 4, Hamilton-place, Lon- 
don, W.1. Some 600 people were present, and the 
Society is to be congratulated on the excellent 
organisation of this occasion and of the past week 
in Brighton. 


DEDUCTION OF ENTERTAINMENT 
EXPENSES. 


Income Tax: 


It is the fate of everyone liable to pay income 
tax to receive a form to fill up, in order that an 
assessment can be made. This form is usually 
accompanied by a closely printed circular, which 
sets forth, inter alia, the permissible ‘‘ deductions.” 
Here, however, is to be found a warning to the 
effect that ‘“‘no deduction can be made of any dis- 
bursements or expenses, not being money wholly 
and exclusively laid out or expended for the purposes 
of the trade, profession, employment or vocation.” 
This enactment, which is to be found in the Income 
Tax Act, 1918, has probably given rise to more cases 
in the Revenue Court than any other section of the 
statute. Income tax being a tax upon income, it 
is obvious that, if it is earned income, the taxpayer 
must be allowed to deduct his normal expenses. 
There have been many hair-splitting decisions as 
to what is “‘ money wholly and exclusively laid out 
for the purposes of a trade, etc.,” and it is probably 
true to say that the tendency has always been to 
decide against the taxpayer. For instance, it was 
long since held by the Courts that the expense which 
a taxpayer incurs in travelling between his home 
and his place of business cannot be deducted ; it is 
as if the legislature desired everyone to “live over 
the shop.” There are, however, many expenses 
incurred by a man of business as to which it is 
by no means easy to say, offhand, whether they can 
be deducted or not. An example of a decision in 
favour of the taxpayer and against the Revenue 
authorities is to be found in a recent case which 
came before Mr. Justice Roxburgh (Bentley, Stokes 
and Lowless v. Beeson, Inspector of Taxes: (1951) 2 
All England Reports, 667). While primarily affect- 
ing solicitors, it is of general interest to all taxpayers 
who, being in business, show hospitality to their 
customers and clients. The facts were these. A 
firm of solicitors made a practice of entertaining 
existing clients to luncheon at a social club and at 
various restaurants. During lunch, business was 
discussed. The legal advice then given was charged 
for in the ordinary way, but the expense of the meals 
was charged to the firm. This practice was adopted 
by the partners both for their own convenience, so 
that they could devote the remainder of the day to 
office work, and for the convenience of clients. 
An inspector of taxes refused to allow these “ enter- 
tainment expenses” and the Commissioners of 
Income Tax confirmed his decision, holding that 
they could not come to the conclusion that the 
moneys expended on entertainment were expended 
solely for the purposes of the profession, and were 





entirely divorced from the element of hospitality 


and the relationship of host and guest. They 
stated a case for the opinion of the Court. Having 
heard argument, Mr. Justice Roxburgh held that 
there was no evidence to support this finding. 
He said : “ It seems to me on the evidence that this 
transaction (the entertainment of a client) was one 
single transaction embarked on for business or 
professional purposes solely and exclusively. The 
partner who attended the luncheon was an essential 
element in the transaction. Legal advice could 
not have been given and the fee could not have been 
earned if the partner had not attended, and, 
obviously, if the partner has to attend and the client 
is to be given a lunch, business would not be pro- 
moted if the partner should sit by eating and 
drinking nothing.” He relied on a passage from an 
opinion of a former Lord Chancellor (Lord Cave) who 
said (in the case of British Insulated and Helsby 
Cables v. Atherton : (1926) A.C. 211): “It is clear 
that a sum of money expended, not of necessity 
and with a view to advice and immediate benefit to 
the trade, but voluntarily and on the grounds of 
commercial expediency, and in order indirectly to 
facilitate the carrying on of the business, may yet be 
expended wholly and exclusively for the purposes 
of the trade.” So the solicitors were held entitled 
to make the deduction, one form of “‘ entertainment 
tax,” at any rate, being thus declared inexigible. 
It is a curious circumstance that, in the course of 
the argument before Mr. Justice Roxburgh, no 
case was referred to in which the right of a commer- 
cial firm to make a deduction for the entertainment 
of customers was called in question or even discussed. 
The inference is that no inspector of taxes has ever 
yet asserted that the taxpayer is not entitled to this 
measure of relief. It is, of course, not unknown for 
engineering firms to spend considerable sums per 
annum on extending hospitality to customers, and, 
indeed, to employ responsible men to see that 
customers—particularly foreign customers—are suit- 
ably entertained. If any attempt were made to 
prevent those firms making a deduction when 
preparing the income tax return, the decision in the 
case of the solicitors would be very apposite. 


Evectriciry Suppty Farure In Nortu-WEstT 
ENGLAND. 


That shortage of generating plant is not the only 
difficulty which the British Electricity Authority 
have to face at the present time is illustrated by the 
failure which occurred over a large part of north- 
west England on Monday, September 3. As a 
result, Liverpool was deprived of power for three 
hours during the evening rush hours ; steam trains 
being delayed, electric trains and trams stopped, 
work at the docks brought to a standstill, telephones 
put out of action, and general inconvenience being 
caused, At Blackpool, Southport, Birkenhead, 
Chester and as far away as Colwyn Bay conditions 
were similar. According to a statement made 
by the Parliamentary Secretary to the Ministry of 
Fuel (Mr. H. Neal) in a letter to one of the local 
Members of Parliament this failure was principally 
due to the fact that the grid lines between Black- 
burn and Quernmore and between Percival-lane 
(Runcorn) and Crewe were out of action for main- 
tenance. Shortly before 5 p.m. the protective 
equipment cut out the lines from Percival-lane to 
Bromborough and Chester, with the result that three 
other lines became overloaded and were also tripped ; 
Scotland and the Carlisle area thus being cut off 
from the rest of the network. The local generating 
plant therefore became overloaded and had to be 
shut down. The means of preventing the repetition 
of such an occurrence, and repetitions are, we fear, 
likely to take place in the near future, is, of course, 
to strengthen the transmission system. The grid 
is now being used to transmit supplies in bulk 
from one part of the country to another, a purpose 
for which it was not originally intended and, in 
consequence, is frequently overloaded. The pro- 
tective apparatus, therefore, often performs the 
function for which it was installed and, if it does 
so when lines are out of action for maintenance 
or other reasons, trouble is certain. Given every 
facility, however, that strengthening cannot take 
place at once. In the mean time, “staggering,” 
load shedding and occasional blackouts will be our 





lot. The only advantage of these drawbacks is 
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that they may lead the public to insist on the 
application of the real remedy without more delay. 
THe Women’s Encrneerine Socrery. 

The 29th annual conference of the Women’s 
Engineering Society was held in London on 
Friday, Saturday and Sunday, September 7, 
8 and 9, the headquarters of the conference being 
established at Nutford House, Brown-street, W.1. 
The afternoon of the Friday was occupied in a 
tour of the Science Museum, South Kensington, 
and in a lantern lecture by Mr. G. Tilgham Richards, 
M.I.Mech.E., on “Man and the Machine.” On 
Saturday morning, a visit was paid to the Engi- 
neering, Marine and Welding Exhibition at Olym- 
pia, and the annual general meeting of the Society 
was held in the afternoon. In the evening, Miss 
Sheila Leather, the retiring President, delivered her 
presidential address on “Training in and for 
Industry.” The principal business on the closing 
day of the conference was a discussion on “ The 
Women’s Engineering Society and Its Future,” 
which was opened by Dame Caroline Haslett. The 
annual dinner of the Society was held at Nutford 
House on September 7, in conjunction with the 
conference. The toast of the Society and its Presi- 
dent was proposed by Colonel B. H. Leeson, O.B.E., 
T.D., vice-president of the Institution of Electrical 
Engineers, who traced the growth of the Society 
from the early days of its foundation, with the 
assistance of Lady Parsons, to the present time. 
Its first years, Col. Leeson recalled, were coincident 
with the difficult times following the 1914-18 war. 
In spite of the troubles raised by the economic 
depression of that period, the Society persevered 
in its efforts and had performed useful work in 
opening the doors leading to education, training, 
and employment, to those women desiring to become 
engineers. In her response, Miss Leather referred 
to the substantial increase in the Society’s member- 
Ship which has taken place during 1950. She stated 
that a generous gift had been made to the Society 
by the British Electrical and Allied Manufacturers’ 
Association, and mentioned that the electrical 
industry was always in the forefront in its recogni- 
tion of women engineers. Miss E. M. Collin, Ph.D., 
D.Sec., F.R.1.C., as President-elect, proposed the 
toast of the guests, to which Mr. F. H. Perkins, 
B.Sc., M.1I.Mech.E., M.I.E.E., replied. 





OBITUARY. 


SIR HOLBERRY MENSFORTH, 
K.C.B. 

Ir is often alleged that engineers do not take a 
sufficiently prominent part in the administration 
of engineering businesses, but a notable exception 
is provided by the career of Sir Holberry Mensforth, 
whose death on September 5, at his home in Hazle- 
mere, Buckinghamshire, we regret to record. Sir 
Holberry, who was 80 years of age, distinguished 
himself at a comparatively early age as a thoroughly 
practical engineering designer and constructor, 
and was in his middle forties when he came to the 
front as an administrator, a role in which he left 
his mark on many branches of heavy engineering. 

Holberry Mensforth was a native of Bradford, 
where he was born on May 1, 1871. His home was 
a modest one and he received only an elementary- 
school education; but he possessed great deter- 
mination and force of character, coupled with a 
natural ability as an engineer, so that, even as an 
apprentice in the small local engineering firm of 
8. Clayton and Company, Limited, Bradford, he 
showed qualities of leadership which made him a 
foreman in all but name. It had been his parents’ 
wish that he should study law, but there is no 
doubt that he was justified in following his own 
preference for mechanical engineering. His training 
was mainly on blowing-engines for blast furnaces, 
using blast-furnace gas, and in this field he rapidly 
became expert, acquiring at the same time a know- 
ledge of steelworks plant that was to prove valuable 
in later years. 

In 1904, after several years as assistant to Mr. 
B. H. Thwaite, Great George-street, Westminster, 
he went to Manchester as a draughtsman with the 
then British Westinghouse Company, at first mainly 


years had progressed to the position of head of the 
engine department of the works. In this capacity, 
he was largely instrumental in developing the design 
and production of steam turbines, mainly for power- 
station and industrial applications. He held this 
position for seven years and then, in 1917, was 
appointed general manager of the works, which at 
that time, of course, was operating at high pressure 
on a variety of munitions production outside the 
firm’s usual range. This brought him into more 
direct contact with Government departments, 
especially the Ministry of Munitions, and resulted 
in his appointment as chairman of the Manchester 
and District Armaments Output Committee, and the 
award of a C.B.E. in 1918. It had the further 
effect, however, of making him known on Minis- 
terial levels, so that when the re-organisation 
committee under Sir Eric Geddes, who applied the 
“Geddes axe” to the Government departments 
after the war, required a man to put the munitions 
establishments on an economical peace-time basis, 
Mensforth was entrusted with the task, with the 
title of Director-General of Factories. 

This was an appointment after his own heart, 
unhampered by precedent—though he found himself 
entangled in much red tape at the outset—and 
requiring both initiative and determination. In 
the course of some five years he closed down the 
redundant factories. put others on a care and main- 
tenance basis, and completely re-organised the 
accounting systems at Woolwich Arsenal and the 
other establishments that were retained. He 
relinquished the appointment in 1926, receiving a 
K.C.B. in recognition of his work, and was imme- 
diately engaged as managing director of Bolckow, 
Vaughan and Company, to carry out a somewhat 
similar re-organisation in their group of collieries, 
steelworks, ironstone mines, etc., on the North-East 
Coast. This occupied him until 1931, when, largely 
at his instigation, the Bolckow, Vaughan interests 
were merged with those of Dorman, Long and 
Company, and he joined the board of the combined 
undertaking. Shortly afterwards, he became chair- 
man of the English Electric Company, again with 
the task of modernising their plant and methods ; 
and then of Edmundson’s Electricity Corporation, 
a holding company controlling about 60 electricity 
supply undertakings in the Midlands and west of 
England. In 1931, also, he joined the board of 
John Brown and Company, and remained with them 
and their associates—Thos. Firth and John Brown, 
Limited, Westland Aircraft, Limited, Markham and 
Company, Limited, Craven Brothers (Manchester), 
Limited, and the Tredegar Coal and Iron Company 
—until he retired, in 1945, from all except the last- 
named, of which he was still a director at the time 
of his death. 

Sir Holberry was a member of the Institution of 
Civil Engineers and the Institution of Mechanical 
Engineers, and a vice-president of the British 
Electrical and Allied Manufacturers’ Association, 
and had served as President of the Manchester 
Engineering Employers’ Association. He had few 
interests of other than those of an engineering 
character, but devoted much of what leisure he had 
to a well-equipped private workshop, and, in earlier 
days, to motoring, in which he was almost a pioneer. 
Many with whom he came in contact found him a 
hard taskmaster, ruthless when he had made up his 
mind on a particular course of action, and he could, 
on occasion, express himself with a gruffness which 
lent some colour to the belief ; but he was quick to 
appreciate the need for teamwork in any large 
organisation, and had initiated the equivalent of a 
* joint production committee ” of management and 
employees many years before that term was 
adopted in official circles. He was a great believer 
in providing opportunities for young men, and in 
the advantages of improving engineering education— 
in 1919 he was made a M.Sc. (Tech.), honoris causa, 
of Manchester University, for his work in connection 
with education. In this, and in many other 
directions, his strong individualism is likely to be 
long remembered. 





MR. G. H. HUMPHREYS. 


WE regret to record the death of Mr. G. H. 
Humphreys, which occurred suddenly on Sunday, 





on gas-engine work, and in the short space of six 


August 19, at the age of 55, as the result of a stroke. 


Guy Howard Humphreys was born at Wembley 
on March 31, 1896. He was educated at West- 
minster and Trinity College, Cambridge, where he 
obtained a first class in the Natural Science Tripos 
of 1915. For the next three years he underwent 
practical training with Messrs. Chance and Hunt, 
Limited, Oldbury, and in 1918 began practising 
consulting engineering as an assistant to his father, 
Among the work on which he was engaged was the 
design of the Crumpsall Vale Railway, Manchester, 
for the British Dyestuffs Corporation, for which 
he later acted as resident engineer. He also assisted 
in the design of sewerage schemes for Georgetown, 
Demerara ; St. George’s, Granada ; and Bridgetown, 
Barbados, and drafted a complete set of by-laws 
for the municipality of St. George’s, besides organis. 
ing and supervising a survey of the house propert 
of the city. In 1926 the firm, of which he had by 
then become a partner, was appointed consulting 
experts by the Postmaster-General on questions 
relating to the damage of roads; and also carried 
out the survey and supervision of a new road at 
Axmouth. Amiong other work with which he was 
subsequently connected mention may be made of 
a water-supply scheme for Jinta, Uganda, a main- 
drainage scheme for Lagos, Nigeria, and a water. 
supply scheme for Kaduna in the same colony. He 
was also partly, or entirely, responsible for many 
outfall works, pumping stations, water-supply 
schemes and bridge reconstructions in this country, 
as well as for the repair of the West Pier of Shoreham 
Harbour. At the request of the Secretary of State 
for the Colonies, he prepared a number of sewerage, 
irrigation, water-supply and road-construction 
schemes for St. Kilts, Dominica and Antigua. 

Humphreys was elected an associate member of 
the Institution of Civil Engineers in 1922 and was 
transferred to the class of member in 1931. He 
became a Member of Council in 1946 and was 
serving at the time of his death. He was awarded 
a Miller Prize in 1920 and received a Telford Pre- 
mium in 1933 for his paper on the “‘ Main Drainage 
of Georgetown, British Guiana.’’ He was also chair- 
man of the Engineers’ Guild, a past-president of the 
Institution of Sanitary Engineers and a past-chair- 
man of the Association of Consulting Engineers. 
He was a member of the Westminster City Council 
and had served as chairman of the Works and 
Traffic Committee of that body. He was the 
author of a book on the Training of a Civil Engineer. 





COMMANDER F. G. LORING, O.B.E. 


THE death of Commander F. G. Loring occurred 
at Foot’s Cray, Kent, on Friday, September 7, at 
the age of 82. 

Frederick George Loring was born in the Isle of 
Wight on March 11, 1869, being the eldest son of 
Admiral Sir William Loring, K.C.B. He entered 
the Royal Navy in 1882 and, after serving in 
the Royal Yacht as sub-lieutenant, was one of 
the lieutenants on H.M.S. Victoria when she was 
rammed by H.M.S. Camperdown off Tripoli on 
June 22, 1893. He took an active part in the 
rescue work in connection with this disaster and 
was awarded the bronze medal of the Royal Humane 
Society for saving two lives. After qualifying in 
torpedo work, he was in charge of the Admiralty 
shore wireless stations from 1902 to 1908, and in 
the latter year was appointed Inspector of Wireless 
Telegraphy in the Post Office, a position he held 
until his retirement in 1930. He was Admiralty 
delegate to the International Conference of Wireless 
Telegraphy at Berlin in 1906, and during his time 
at the Post Office was the delegate of that depart- 
ment to the conferences in London in 1912 and in 
Washington in 1927. After his retirement he 
represented the International Marine Radio Com- 
pany at the International Radio Conferences at 
Copenhagen in 1931, at Madrid in 1932, at Lisbon 
in 1934, at Bucharest in 1937, at Cairo in 1938, 
and at Stockholm in 1948. He was also Assessor, 
Wireless Telegraphy, for the Board at the Safety 
of Life at Sea Conference in London in 1914 and 
also in 1929. 

Loring was appointed an Officer of the Order of 
the British Empire for his services at the Post 
Office. He was elected a member of the Institution 





of Electrical Engineers in 1906. 
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THE ANGLO-AMERICAN 
AERONAUTICAL 
CONFERENCE. 

(Continued from page 298.) 

Last week we published summaries of the papers 
dealing with aircraft structures and materials which 
were read before the Anglo-American Aeronautical 
Conference held at Brighton from September 3 to 7. 
We continue our report on the Conference this week 
with summaries on certain aspects of aircraft design, 
propulsion, and airline operation. 


TRAINING IN DESIGN FOR SAFETY. 


On Tuesday, September 4, Mr. Jerome Lederer 
presented a paper on “ Infusion of Safety into 
Aeronautical Engineering Curricula.” 

He proposed five broad principles of safety :— 
(i) The failure of any aircraft component should 
not create an additional hazard ; for example, if a 

peller blade should fracture and whip into the 
fuselage it should not be able to sever any system 
essential for the control of the aircraft. (ii) The 
structure and its components should be able to 
withstand the impact of objects and the effects of 
natural phenomena, such as hailstorms, and rough 
handling by personnel. (iii) Procedures for ade- 
quate maintenance and operating practices should 
be consistent with the average human effort, ability 
and attitude, which might be different from that 
of the mechanic who serviced the aircraft on its trial 
runs or for sales demonstrations. The designer 
must also guard against irresponsible behaviour 
by the passengers. (iv) The aircraft and its com- 
ponents should be protected against the effects of 
human errors or carelessness, for instance, it should 
not be possible for bolts dropped by mechanics to 
jam the aircraft controls. (v) Aircraft should be 
designed to give reasonable protection in accidents 
that are considered to be survivable ; safety-belt 
attachments, for instance, should have adequate 
strength, and loose equipment should be adequately 
restrained. 

Examples of good safety practice should, he 
thought, be woven into existing engineering courses 
and text-books. A good grounding in statistics 
was important for evaluating the chances of several 
things going wrong simultaneously to create an 
emergency. Teaching safety by infusion, however, 
could not deal adequately with the study of the 
average man in relation to the design of the machine 
which he had to operate. The human mechanism 
had been designed to operate in the Stone Age, 
within narrow tolerances, and had not improved 
since. He considered that all students of aero- 
nautical engineering should be given a course in 
human engineering—a study of those factors which 
helped a man to do his job with speed, accuracy, 
comfort and safety. 


TRANSONIC AND SUPERSONIC PROPELLERS. 


On Wednesday, September 5, Mr. George W. 
Brady read a paper on “Propellers for High 
Powers and Transonic Speeds.” The gas turbine, 
said Mr. Brady, had made possible horse-powers up 
to 10,000 or more, and supersonic speeds. Although 
propellers had been operating with supersonic tip 
speeds for a long time, it had been recognised that 
their efficiency was below the maximum possible, 
and several new forms of propeller design, such as 
swept-back blades, blades of necked-down plan form, 
low aspect-ratio blades, etc., had been tried in the 
past few years. They showed no outstanding aero- 
dynamic advantage, however, over the straight 
blade of very thin section, which was superior 
structurally. 

Another method for improving the propeller 
efficiency at high speed was to keep the wind angle 
below 45 deg. (ie. the angle between the relative 
wind and the plane of rotation). This could be 
done by increasing the rotational speed. For 
transonic forward speeds, this resulted in supersonic 
propeller-section speeds along almost all the radius. 
If the individual section efficiencies could be kept 
high under these conditions, by the use of low- 
thickness /chord ratios, the overall efficiency would 
be good. Fortunately, high solidities made it 
possible to achieve satisfactory structures of suit- 


ably thin section. It was expected that the “ tran- 
sonic ”’ propeller, designed with thin sections to give 
high efficiencies at high subsonic and low transonic 
forward speeds, would have an efficiency of 80 per 
cent. at Mach numbers from 0-75 to 0-85. The 
“* supersonic ” propeller, with thin sections and high 
revolutions per minute, would not have quite such 
high efficiencies below Mach numbers of 0-8 to 0-85, 
but would maintain its efficiency well into the 
supersonic region. 

The most important factors in the structural 
design of transonic and supersonic propellers were 
flutter and the “‘1 x P” forced vibration due to 
inclined flow through the propeller disc, or to a 
variable velocity distribution due to fuselage or 
nacelle interference, in which each blade experienced 
a sinusoidal variation of lift once each propeller 
revolution. Resonance could be prevented by 
proper selection of the plan-form and thickness-ratio 
distribution. Flutter in the fundamental torsional 
mode about the radial axis of the blade could arise 
under high-power static conditions; it normally 
disappeared as air speed increased. The tip sections 
of supersonic propellers required to have thickness 
ratios between 2 per cent. and 3 per cent. ; struc- 
tural rigidity must be obtained either by thick wall 
plates or by solid sections, using a high-modulus 
material. The shank thickness was determined by 
the 1 x P conditions. 

A four-blade transonic propeller with a centrifugal 
twisting moment of about 125,000 Ib.-in. per blade 
required a 30-h.p. pitch-changing mechanism for a 
rate of pitch change of 20 deg. per second. Engine 
power could be used to change pitch, through 
electrically-actuated clutches and worm gearing. 
Variable rates of pitch change could be obtained by 
a control system supplying energy to the clutch in 
a series of pulses of variable length or frequency. 
High-speed propellers would be of hollow or solid 
steel, depending on the size. A lighter alloy would 
be desirable ; titanium alloy had good characteris- 
tics, except that its elastic modulus was low com- 
pared with steel, which meant that for equal tor- 
sional rigidity, titanium-alloy blades would have to 
be thicker, and therefore of lower efficiency. For 
structural testing of supersonic propellers a high- 
speed wind tunnel was desirable in order to excite 
high vibrating stresses. 

The take-off thrust of transonic and supersonic 
propellers was good, and the specific fuel consump- 
tion of the propeller-turbine unit was low. The 
reverse thrust, for braking, of transonic propellers 
was also good. The supersonic propeller of small 
diameter had a lower unit negative thrust, but since 
it would be used on a large engine, the actual nega- 
tive thrust available for aerodynamic braking would 
be quite high. Either fixed negative-angle revers- 
ing or constant-speed reversing could be used. 
Using reverse pitch in flight, controlled rates of 
descent of about 10,000 ft. per minute had been 
obtained at indicated airspeeds of the order of 
200 m.p.h. The supersonic propellers would 
probably not be more noisy than existing high-power 
propulsion systems. 

Hicu-Sprep HypRropyNAMIC DEVELOPMENT. 

Mr. Ernest G. Stout presented “A Review of 
High-Speed Hydrodynamic Development” also on 
Wednesday, September 5. By means of free-body 
dynamically similar model tests developed by the 
Consolidated Vultee Aircraft Corporation, hull-load- 
ing and form criteria had been established that 
allowed the seaplane designer a wide choice of opti- 
mum hull size and layout for minimum aerodynamic 
drag, so that the seaplane performance would be 
equal to that of the landplane designed for the same 
duty. The Convair XP5Y-1, a high-speed propeller- 
turbine seaplane, was based on these criteria, and 
incorporated a multi-cellular watertight structure 
below the cargo floor, giving a cargo space free from 
bulkheads. It was possible to design transonic and 
supersonic seaplanes without compromising hydro- 
dynamics, seaworthiness or stability, by using a 
blended wing-hull layout, in conjunction with 
“spray dams ” for suppressing spray. 


Heat TRANSFER IN Rocket PowEr Pants. 


On Thursday, September 6, Messrs. Louis G. 
Dunn, Walter B. Powell and Howard S. Seifert, 





presented a survey of “Heat Transfer Studies 





Relating to Rocket Power-Plant Development,” 
undertaken in the Jet Propulsion Laboratory of 
the California Institute of Technology. In the 
first part of the paper, the lecturers described the 
processes of convective and radiative heat-transfer 
in rocket combustion chambers, reviewed methods 
for measuring rates of heat flow, and discussed the 
various techniques for protecting rocket chambers 
against heat. The only alternative toyproviding 
cooling, they said, was to use refractory materials 
as liners or for the structure of rocket-motor com- 
bustion chambers and nozzles. Refractory liners, 
such as stabilised zirconium oxide, zirconium silicate, 
graphite, molybdenum, and silicon carbide with 
silica, were used. A stabilised zirconium-oxide 
tube inserted in a cylindrical combustion chamber 
could reduce the net heat flow which must be 
absorbed by the outside coolant to 20 per cent. of 
that required without a refractory liner. For 
some systems, and for operating periods not greatly 
exceeding 60 sec., external cooling could be dispensed 
with completely, but this type of lined chamber was 
usually heavier. These liners were, however, 
susceptible to thermal shock, cracking, and spalling, 
and could not be used for more than 3 or 4 minutes. 
To withstand the higher rates of heat transfer in 
exhaust nozzles, and to resist erosion by the high- 
velocity gases, refractories such as silicon carbide, 
graphite with a protective coating of silicon carbide 
and chromium, and molybdenum with a protective 
coating of molybdenum silicide were required. 
Molybdenum metal had been used for rocket 
nozzles, without fluid cooling, for periods of 60 sec. 

External cooling was widely used; the coolant 
fluid, which might be one of the propellants, was 
circulated through a jacket surrounding the com- 
bustion chamber and nozzle. With internal cooling, 
a gaseous or liquid coolant could be introduced into 
the combustion chamber through a porous inner 
shell ; or liquid could be injected as a sheet through 
a slot or as jets through a number of holes in the 
combustion-chamber wall. The internal-cooling 
techniques—of which the bulk-injection of liquid 
was preferred to the porous-shell method—had 
several disadvantages ; the coolant was introduced 
into the chamber in addition to the propellants, 
causing an increased specific consumption and a 
decreased performance. If one of the propellants 
was used as an internal coolant, it might take part 
in the reaction and liberate extra heat near the 
walls. Internal cooling should therefore be used 
only when external cooling was inadequate. 

In the second part of the paper, the lecturers 
dealt with convection to liquids at high heat- 
transfer intensities, discussing in detail the boiling 
process and the influence of fluid pressure, and 
describing studies of bubble dynamics. They 
reviewed theoretical and experimental work on 
transpiration and film cooling, and, finally, presented 
a new relationship for the heat-transfer coefficient 
for turbulent fluid flow which, they said, could take 
into account the variation of the physical properties 
in the boundary layer of the coolant. 

AIRLINE ENGINEERING. 

On Friday, September 7, Mr. B. S. Shenstone 
gave a paper describing some of the “ Engineering 
Problems of Aircraft Operation” that had been 
encountered by British European Airways (B.E.A.). 
A highly qualified development and project group 
was necessary, said Mr. Shenstone, to correct the 
mistakes and omissions made by the aircraft 
designer, to assess the capabilities of the aircraft 
and provide operating data, and to investigate 
future requirements. In B.E.A., both present and 
future problems were considered by the same tech- 
nical group, and it was intended to carry out 
practically all development and project work in 
the new engineering base at London Airport, near 
the aircraft. Before an aircraft was ordered, the 
development group had to draw up requirements, 
obtain from the constructor an outline specification 
of the aircraft, and assist with the technical aspects 
of the contract. After it was ordered, a detailed 
specification had to be worked out with the con- 
structor, and progress had to be watched, in order 
to foresee delays, to ensure interchangeability of 
components and equipment, to eliminate defects 
that had occurred on current aircraft, to compile 
data for the operating, maintenance and repair 
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manual and the parts catalogue, and to keep a 
check on the weight and, consequently, the per- 
formance. 

The maintenance and overhaul department made 
it possible for the aircraft to function continuously. 
Maintenance was essentially carried out by replace- 
ment of worn or life-expired parts. Some operators 
carried out minor ovethauls at out-stations and 
only performed major overhaul at base, whereas 
others carried out both minor maintenance and 
major overhauls at base ; it depended mainly on 
the geography of the routes. An airline should 
have as few bases as possible, to avoid duplication 
of management and equipment and overstocking 
of space, and to ensure consistent maintenance 
standard. Modern production methods should be 
applied ; aircraft should be fed into the base on a 
planned and controlled schedule. There should be 
well-planned tools and jigs, and the shops should 
work in liaison with the development department 
so that improvements could be phased properly. 
In B.E.A.. a premium bonus-incentive scheme had 
been adopted successfully. On the whole, it 
appeared more satisfactory for the airline, which 
had direct access to the development group, to 
carry out overhaul rather than to contract it out to 
the manufacturer. 

The new overhaul base at London airport con- 
sisted of five bays each comprising a shallow hangar 
with a 150-ft. door on one long side ; the hangar 
had a clear height, below a 5-ton overhead crane, 
of 30 ft., and a clear depth of 110 ft. There were 
no permanent internal partitions in the resulting 
900-ft. long structure ; it would thus be easy to 
modify the layout as new aircraft were adopted. 


(Z'o be continued.) 





FLYING DISPLAY OF 
BRITISH AIRCRAFT. 


DurinG this week the Society of British Aircraft 
Constructors have been holding their 12th annual 
flying display and static exhibition of aircraft, 
engines, and equipment at Farnborough aerodrome, 
Hampshire. The display this year has been ar- 
ranged to coincide with the annual general meeting 
in London of the International Air Transport 
Association which is being held from September 10 
to 14; and to follow the third Anglo-American 
Aeronautical Conference, which concluded at Brigh- 
ton last Friday. As usual, a preview was held on 
‘Tuesday, September 11, for technicians and the 
press. On Wednesday, Thursday, and to-day, the 
display is open only to invited guests of the Society. 
Members of the public will be able to attend on 
Saturday and Sunday, the last day, and on these 
two days there will be an additional attraction in 
the shape of a formation flight of Royal Air Force 
jet-propelled fighter aircraft, which is being organ- 
ised as part of the Battle of Britain celebrations. 

An outstanding feature is the growing trend to 
order new aircraft in quantity “off the drawing 
board.” Apart from the aircraft specially designed 
for research purposes, only four of the new machines 
displayed are not in production. This year there 
are some notable new aircraft for the Royal Air 
Force, and there is gratifying evidence of intense 
research activity in the transonic region. In civil 
transport there is, naturally, little that is new ; the 
air liners that have been developed over the 
past few years, including the world’s first turbine- 
powered and jet-propelled air liners, are soon to 
enter service with the British airways corporation 
and they will be expected to operate for some years 
before the question of replacements arises. On 
account of the predominantly military character, 
therefore, it is possible to give only a bare outline 
of some of the most interesting new exhibits, since 


no comment is allowed on the construction (other |i 


than what can be seen from outside the aircraft) 
and the performance. 

For most people, the greatest interest this year 
centres around the new four-engined jet-propelled 
heavy bomber aircraft. Fig. 1 shows the Valiant, 
perhaps the most shapely bomber aircraft that has 
yet been built. It is designed and constructed by 
Messrs. Vickers-Armstrongs Limited, Weybridge, 
Surrey, and is already ordered in quantity for the 
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Royal Air Force. It is said to be faster than the 
Canberra light bomber and has, naturally, a con- 
siderably greater disposable load. It is powered by 
four Rolls-Royce Avon axial-jet engines buried 
completely within the wing and set close to the 
fuselage ; each pair of engines shares a common air 
intake. It will be observed that a high-wing layout 
has been adopted, and that both wings and tail- 
plane have a medium degree of sweepback, the 
tailplane being set high on the single fin, as has now 
become fairly common practice. Boundary-layer 
fences, for avoiding premature tipstall, may be 
observed on the wing forward of the inboard end 
of the ailerons. The aircraft has a tricycle under- 
carriage, with a twin nosewheel, folding backwards, 
and four mainwheels arranged in tandem and 
retracting outwards into the wing. 

The SA4 prototype bomber aeroplane, illustrated 
in Fig. 2, presents an interesting contrast to the 
Valiant. It is designed and constructed by Messrs. 
Short Brothers and Harland, Limited, Queen’s 
Island, Belfast, Northern Ireland. Like the Valiant, 
it has a high-wing layout and is propelled by four 
Rolls-Royce Avon jet engines ; but the latter are 
installed, in pairs, one above the other, in massive 
nacelles. Whereas the Valiant fuselage is of stream- 





line shape, the SA4 fuselage has, over the middle 
section, a straight roof and floor line; it may be 





Fie. 3. P.1067 Fiduter Arrorarr; Hawker AIRCRAFT, LIMITED. 


suggested tentatively that the designers appear to 
have sacrificed elegance and speed to greater load- 
carrying capacity and ease of manufacture. The 
wing, which is very thin, is straight, with only a 
slight sweepback on the leading edge; it has a 
span of 109 ft. The overall length of the aircraft is 
over 102 ft. The dihedral tailplane is in this case 
cantilevered from the fuselage. The SA-4 has a 
tricycle undercarriage with a twin nose wheel and 
main-wheel units of bogie type retracting sideways 
into the wing. A crew of five is carried. 

Although new prototype fighter aircraft have 
appeared regularly each year at the display, and 
the Navy have had on order carrier-borne fighter 
aircraft of high performance and have recently 
formed the first squadron of Vickers-Armstrongs 
Attackers, until this year there has been no mention 
of re-equipping the fighter squadrons of the Royal 
Air Force. They are still using aircraft conceived 
during the second World War. It is therefore good 
news that two new single-seat fighter aeroplanes 
of outstanding performance have been ordered “ off 
the drawing board” for the Royal Air Force. 
Fig. 3 shows the P.1067, designed and constructed 
by Messrs. Hawker Aircraft, Limited, Canbury 
Park-road, Kingston-on-Thames, Surrey. It is pro- 


pelled by a Rolls-Royce Avon axial-jet engine ; if 


the appearance of the P.1067 is compared with that 
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Fie. 6. 


of the Hawker P.1081 (illustrated on page 224 of 
our 170th volume, 1950), which was powered by a 
Rolls-Royce Nene centrifugal turbojet, it will be 
observed that the axial-jet installation has enhanced 
the slenderness-ratio of the fuselage. As in the 
P.1081, which flew for the first time last year, the 
air intakes for the engine are in the wing roots and 
the exhaust nozzle is in the tail. A conventional 
tricycle undercarriage is fitted, the nosewheel 
retracting forwards and the mainwheels inwards. 
The Hawker P.1067 is known to have a speed in 
excess of 661 m.p.h. (the world speed record), and 
is believed to be one of the fastest fighter aircraft 
yet built. On its first high-speed run across the 
aerodrome on Tuesday afternoon, it certainly 
appeared to travel much faster than anything that 
has hitherto been seen at Farnborough. It has, 
moreover, a high rate of roll and generally appears 
to have excellent handling qualities. 

As we go to press, it is doubtful whether the 
Supermarine Swift, the other single-seat fighter on 
order for the Royal Air Force, will appear in the 
display, as orginally intended. We are, however, 














* Avon” AxtaL JET ENGINE; Rowus-Royce, Limrrep. 


including here such details as have been released, 
for comparison with the Hawker aeroplane. The 
Swift, which is illustrated in Fig. 4, is designed and 
constructed by Messrs. Vickers-Armstrongs Limited, 
Supermarine Works, Hursley Park, Winchester, 
Hampshire, and has been developed from the Super- 
marine 535, which has a Rolls-Royce Nene engine. 
As in the Hawker P.1067, a Rolls-Royce Avon jet 
engine is fitted in the fuselage of the Swift, ejecting 
at the tail end. ‘The air intakes, however, are just 
forward of the wing root on either side of the fuselage. 
Whereas the Hawker P.1067 is based on a mid-wing 
layout, the Swift is a low-wing monoplane with a 
sharper sweepback than the Hawker fighter, and 
the tailplane is supported by the fuselage structure. 
The aircraft has a span of 31 ft. 8} in., a wing area 
of 295 sq. ft., an overall length of 42 ft. 11 in., and 
a maximum height of 12 ft. 6 in. 

The Vickers Supermarine 508 twin-engine naval 
fighter, which is illustrated in Fig. 5, has many 
interesting features. The aircraft is constructed 
by Messrs. Vickers-Armstrongs Limited, Super- 
marine Works, Hursley Park, Winchester. It is 





said to be the fastest and most powerful aeroplane 
yet built for operating from an aircraft carrier. 
The wing loading of the Supermarine 508 would 
appear to be considerably higher than has been 
customary in naval fighters designed in this country. 
The thin wings are of very small area and are 
straight. The landing speed, we are told, is kept 
within the limit required for carrier-operation by 
special high-lift devices on the wing. Two Rolls- 
Royce Avon jet engines are installed side by side 
within the fuselage, the exhaust nozzles being 
located aft of the wing roots but well forward of 
the tail. The dihedral stabilising surfaces, which 
combine the functions of tailplane and fin, have 
not, it is believed, been seen hitherto on British 
military aircraft. A conventional tricycle under- 
carriage is fitted, the main wheels folding sideways 
into the fuselage and the nosewheel retracting 
backwards. 

It may have been observed that every one of the 
new aircraft described is powered by the Avon 
axial turbo-jet engine, as are also the various ver- 
sions of the English Electric Canberra aircraft in 
production in this country. Information on the 
Avon engine, which is illustrated in Fig. 6, is still 
very limited, but it is known to have a high power- 
to-weight ratio and a low specific fuel consumption. 
It has an axial compressor and a two-stage turbine. 
The Mark I Avon has a sea-level static thrust of 
6,500 Ib., and the dry weight is approximately 
2,240 Ib. The specific fuel consumption at the 
maximum continuous rating is 0-865 Ib. per pound- 
thrust per hour under sea-level static conditions. 
The overall length of the engine is 119 in. and the 
diameter is 42-4 in. The Avon engine is designed 
and constructed by Messrs. Rolls-Royce, Limited, 
Derby, and is also to be produced at their two 
factories in West Scotland—Hillington and East 
Kilbride ; at a new factory to be opened by Messrs. 
D. Napier and Son, Limited, at Bootle, Lancashire ; 
at the works of the Bristol Aeroplane Company, 
Limited, Filton, Bristol; and at the factory of the 
Standard Motor Company, Coventry. It is also 
being built in Australia for installing in Australian- 
built Canberra and F-86 Sabre aircraft. 


(To be continued.) 





RECENT METALS AND ALLOYS.* 
By Prorgssor A. G. QUARRELL. 


Many operations in the production and working of 
metals are only possible because the engineer provides 
the metallurgist with the powerful and sometimes ela- 
borate machines that are required. It is equally 
true that many of the achievements of modern engineer- 
ing would not have been possible had not the metallur- 
gist developed new and improved alloys with properties 
suitable for the particular application. Whereas 
engineers at first based their designs upon the alloys 
that happened to be available, in recent years they 
have developed the habit of telling the metallurgist 
what combination of properties is required to permit 
optimum, or at least efficient, performance of a given 
machine. The metallurigst is by now quite familiar 
with the technique and knows only too well that as 
soon as he has provided what he was asked for, more 
exacting demands will be made. 

For most of the five or six thousand years that 
metals have beeri used by man, metallurgy has been 
an art rather than a science and new alloys have 
resulted from chance observation rather than from 
deliberate effort. The last few years have seen vast 
strides in our understanding of the theory of alloys, 
but unfortunately the alloys that are most important 
technically are extremely complex and industrial 
practice still outstrips theoretical understanding. As 
a result, alloy development is still largely empirical 
and the rapidity with which existing alloys are 
improved and new alloys developed is due mainly to 
the magnitude of the effort being made and to the 
skill of the metallurgist in exploiting to the full any 
beneficial effects he observes as a result of changes in 
composition or in heat treatment. 

The needs of the aircraft industry for alloys of high 
strength-to-weight ratio suitable for air-frames, and 
for alloys capable of withstanding high stresses at 
elevated temperatures in aero engines, have provided 
the incentives for the steady improvement of light alloys 
on the one hand and of the special alloy steels on the 
other. High-strength aluminium alloys of the alu- 





* Paper read at a joint session of Section B 
(Chemistry) and Section G (Engineering) of the British 
Association at Edinburgh, on Tuesday, August 14, 1951. 
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minium-zinc-magnesi pper t are the most 
recent in the line of descent from Wiim’s Duralumin 
and are used extensively in the form of extrusions and 
rolled sheet in modern aircraft. Such alloys frequently 
contain 6-5 to 7-0 per cent. zinc., 1-5 to 2-0 per cent. 
magnesium with 1-5 per cent. copper and, in the 
extruded form, possess a 0-1 per cent. proof stress of 
36 tons per square inch, an ultimate tensile strength 
of 40 to 41 tons per square inch, and an elongation of 
9 to 11 per cent.* Rather better strength properties 
can be obtained in sheet material, but with some sacri- 
fice of ductility, if the artificially-aged alloy is cold 
rolled and then given a short secondary hardening treat- 
ment at 125 deg. C. Ageing within the range 125 deg. 
to 130 deg. C. is found to give the optimum combination 
of tensile properties and corrosion resistance. There is 
reason to believet that below 125 deg. C. copper- 
bearing phases Al,Cu and Al,CuMg precipitate, whereas 
above this temperature, MgZn, is the main age-harden- 
ing constituent. 
Magnesium-base alloys with greatly improved 
roperties have become available commercially in the 
feat five years owing to the introduction of the magnes- 
ium-zirconium-zine alloys.t{ workers dis- 
covered the beneficial effects of zirconium, but British 
metallurgists exploited the discovery on an industrial 
scale by developing a method of introducing zirconium 
into the alloys without leaving flux residues that had an 
adverse effect upon the corrosion resistance. Zirconium 
exerts a powerful grain refining effect upon magnesium 
and greatly reduces the microporosity that was such 
an undesirable feature of some of the earlier alloys ; it 
also facilitates both hot and cold working. 
Considerable interest is being shown both here and 
in the United States in the ultra-light magnesium- 


lithium alloys. In 1945, Hume-Rothery, Raynor 
and Butchers§ studied the properties of the magnesium- 
In the 


lithium and magnesium-silver-lithium pe 
discussion of their results they said “ It is also interest- 
ing to note that alloys in the homogeneous f-phase 
area, containing 26 to 30 atomic per cent. of lithium 
(about 10 to 12 per cent. by weight) have a melting 
point of over 580 deg. C. and a body-centred cubic struc- 
ture, and consequently they offer the possibility of a 
ductile alloy considerably lighter than magnesium. 
From the purely structural point of view, therefore, 
these alloys appear ofinterest.’’ Practical development 
of the alloys has not been without difficulty. Lithium 
is found to have the predicted effect of making the 
alloys more workable because of the change in structure 
from hexagonal to body-centred cubic, but even 
traces of sodium are sufficient to cause serious embrittle- 
ment and high-purity lithium must therefore be used 
in making up the alloys. Again, some of the precipita- 
tion hardening alloys based on magnesium-lithium 
and having otherwise attractive mechanical properties 
are found to be unstable at 65 deg. to 100 deg. C. 
because they over-age and become brittle. -Stability 
can be —— by increasing the proportion of other 
alloying elements such as zinc, but this increases the 
re. One of the more stable alloys contains 9 per 
cent. lithium, 5 per cent. aluminium and 8 per cent. 
zinc; typical mechanical properties obtained on 
rolled sheet of this composition quenched from 425 deg. 
C. are ultimate tensile strength 24-1 tons per square 
inch before ageing dropping to 21-6 tons per square 
inch after ageing for 1,000 hours at 95 deg. C.||, while 
corresponding values of elongation are 6-5 per cent. and 
2-5 per cent., respectively. The specific gravity of 
this alloy is 1-65. 

The gas turbine has made great demands upon the 
metallurgist and the improvements that have been 
made in creep-resistant alloys for use at elevated 
temperatures during the last seven or eight years has 
been truly astonishing. The subject has been discussed 
in detail recently at a Symposium organised by the 
Iron and Steel Institute, and on the wholef the tale is 
one of steady improvement of known alloys rather 
than of the discovery of alloys of quite new types. 
Steels for high temperature use can be divided into two 
main classes: (i) ferritic steels the structures of which 
at the operating temperatures are based on the body- 
centred cubic «-iron, and (ii) austenitic steels in which 
the matrix is face-centred cubic. Once the practic- 
ability of the jet engine had been demonstrated in 1943, 
working stresses as high as 3 tons per square inch at 
750 deg. C. and 12 tons per square inch at 650 deg. C. 
were envisaged in the rotor disc. As there seemed 
little chance that ferritic steels could be developed to 
satisfy these requirements, effort was concentrated on 
the improvement of the austenitic steels. 

(To be continued.) 





* M. Cook, R. Chadwick and N. B. Muir, Jl. Inst 
Metals, vol. 79, page 293, July, 1951. 

t A. Saulnier, Compt. rend., vol. 226, page 181 (1948), 

3 C. J. P. Ball, Metallurgia, vol. 35, pages 206-7, Jan. 
and Feb., 1947. 

§ W. Hume-Rothery, G. V. Raynor, and E. Butchers, 
Jl. Inst Metals, vol. 71, pages 579 to 601 (1945). 

| P. D. Frost, J. @. Kura and L. W. Eastwood, Trans. 
A.I.M.E., vol. 188, page 1277 (1950). 





LABOUR NOTES. 


Tue wide range of activities undertaken by the 
Ministry of Labour and National Service may not be 
generally realised. They include, to mention but a 
few of the more important, employment services, train- 
ing schemes, vocational guidance, the re-settlement of 
disabled persons and ex-regular members of H.M. 
Forces, industrial relationships, international labour 
relations, the compilation of much useful statistical 
information, and the publication of the Ministry of 
Labour Gazette. Many aspects of welfare work 
come within the scope of the Department. Its duties 
include the keeping of a register of technical and 
scientific personnel available for employment. In 
this connection, although 3,026 vacancies were filled 
by the Department during the past year, there were 
5,254 persons on the register on December 11 last, of 
whom 1,417 were unemployed and 3,837 were in employ- 
ment, but seeking a change of work. A summary of the 
work accomplished by the Ministry during the twelve 
months ended December 31 last, is contained in its 
annual report for 1950 (Cmd. 8338, H.M. Stationery 
Office, price 6s. net.) 





It is estimated by the Ministry that the total working 
population in Great Britain at the end of 1950 
was 23,180,000, being an increase during the year of 
218,000, of whom 91,000 were men and boys, and 
127,000 women and girls. The tendency of the past 
few years for more women to return to, or remain in, 
employment continued. The working population at 
the end of November, 1950, was the highest ever 
attained in peace-time. The Ministry records that 
the entry of young persons into employment in 1950 
was affected ; the low birth rate during the 1930's, 
and forecasts that the effects of the higher birth rate 
attained during 1942 and the succeeding years will not 
become noticeable until about 1957. The size of the 
Armed Forces showed a net increase during 1950 for the 
first time since 1945. The total strength of the Forces 
at the end of 1950 was approximately 752,000, or about 
3 per cent. of the total working population. 





Unemployment during 1950 remained at a low level 
and the number of unemployed persons registered 
with the Ministry did not, at any time, exceed 1-8 per 
cent. of the total working population. At mid- 
January, 1950, the number of registered unemployed 
persons was 372,300. It rose slightly, to a peak 
figure of 372,800 in mid-February, and thereafter 
declined steadily to 272,000 in mid-July. This was 
the lowest figure for the year. There was a seasonal 
increase in the autumn, but, by December, the number 
had dropped again, to 301,800. An analysis of persons 
unemployed in December showed that almost 60 per 
cent. of the men were 41 years old or over and that 
34 per cent. were aged between 21 and 41 yearsold. 
In the case of women, the proportion aged 41 or over 
was 38 per cent. Vocational guidance was given by 
the Ministry to some 485,000 young persons, on their 
leaving school. It may be regarded in some quarters 
as encouraging that the staff of the Ministry declined in 
number to 28,466 at the end of the year under review, 
a reduction of 2,861, or about 9-1 per cent., on the total 
for 1949. 





Now that the eighty-third Trades Union Congress has 
ended, the importance of the need for the exercise of 
much caution in the presentation of new wage claims 
is beginning to be more fully recognised. In his 
address to the Congress at Tinckpost on September 4, 
Mr. Hugh Gaitskell, the Chancellor of the Exchequer, 
urged that the need for such caution would be especially 
necessary during the next few months. At the same 
time, it is becoming increasingly apparent that the 
implications of the Chancellor’s plea will be largely 
ignored by the trade-union movement. The next 
round of wage claims is already in full swing and some 
demands have, in fact, already been conceded. Another 
suggestion made by Mr. Gaitskell, in his address, was 
that some form of partnership might be conferred on 
employees in individual firms or industries, through 
the distribution to them of bonus shares in proportion 
to the increase of undistributed profits in the 8 or 
industries concerned. 





Profit sharing has not been popular with trade 
unions in the and there has been little evidence 
to show that the opinions of these bodies has altered, 
but the idea seems to have been fairly fully discussed 
behind the scenes, perhaps a little unfavourably, 
during the closing stages of the Congress. One result 
of Mr. Gaitskell’s s tion will probably be a renewal 
of the criticism levelled at the Government for its 
action in cancelling a number of profit-sharing schemes, 
after the nationalisation of the gas industry. Man 
privately-owned gas companies had operated pore 





— 


pc a over long periods for the benefit of their 
employees, and the schemes had been very | 
successful. wl 
The meetings of the Congress on September 5 were 
mainly concerned with a series of debates on re. 
armament, peace, and international affairs, from which 
little emerged that was fresh or novel. A motion 
demanding the ending of American interference with 
Britain’s trading policies, and the substitution of a 
policy for an equal exchange of products between the 


also | Commonwealth and other nations, both east and west, 


was overwhelmingly defeated on a card vote. Thursday, 
September 6, was largely devoted to the consideration 
of wages, prices and profits. It had been ex 

that this section of the General Council’s report would 
be introduced at some length by Sir Vincent Tewson, 
the T.U.C. general secretary, but, instead, the report 
was presented formally, in a few words, by the chair. 
man, in order to save time. ; 





Mr. Tom Williamson, the general secretary of the 
National Union of General and Municipal Workers, 
moved a composite motion suggesting five measures 
which the Government should take to check the rising 
cost of living. These were a wider control of the 
_— of home-produced goods, reconsideration of the 
imitation of food subsidies, more effective control of 
profits, with a limitation on the issue of bonus shares, 
and the removal of purchase tax from household 
necessities. Mr. Williamson advocated that, instead 
of fixed subsidies, a sum of money should be set aside 
by the Government for application in a flexible manner 
for the “temporary cushioning of vicious rises in 
prices.” The General Council approved this motion 
and, after some discussion, it was passed by a large 
majority. 


Also on Thursday, a debate on production in industry 
was introduced by Mr. Jack Tanner, the President of 
the Amalgamated Engineering Union. He issued a 
warning that, although the miners were doing their 
best, the fuel and power problems confronting the 
country were threatening to limit industrial develop. 
ment. Serious questions of equity and priority were 
likely to arise during the coming, winter when a fuel 
crisis might become imminent. If coal imports were 
likely to be necessary, as seemed to be the case, a 
decision to that effect should be taken by the Govern- 
ment promptly. Mr. Ernest Jones, vice-president of 
the National Union of Mineworkers, considered that 
it would be impossible to get through the coming 
winter without coal imports. Although the miners 
had produced another four million tons of deep-mined 
coal in 1951, consumption had been increased by five 
million tons, and the output of open-cast coal had 
declined by more than one million tons. Moreover, 
men were now leaving the mines at the rate of over 
15,000 a year. The final sessions of the Congress 
were marked by the number and variety of the subjects 
which the delegates considered. 








Several classes of unskilled employees have bene- 
fited from recent wage increases. Manual workers 
in the employment of those local authorities in England 
and Wales which are represented on the manual 
workers’ section of the National Joint Council for 
Local Authorities’ Service have been granted an 
increase of 2d. an hour in their basic wage rates, under 
the terms of an award by the National Arbitration 
Tribunal. The award, which was announced on Monday 
last, does not apply to local authority employees in 
civic restaurants or in the school-meals service. The 
increase will be payable from September 3. It was 
also announced on Monday last that unskilled labourers 
in Government industrial establishments in the London 
area have secured a wage increase of 6s. a week, as 
the result of an industrial court award. This increase, 
which will date from August 25, will advance the basic 
wage rate of the men concerned to 5/. 14s. a week. An 
increase in their wages, bringing the basic rate to 
51. 88., a week, was conceded as recently as April last. 





Farm workers in England and Wales are to benefit 
in various ways from an agreement reached by the 
Agricultural Wages Board at a meeting in London on 
Tuesday last. Its terms provide for an increase of 88. 
a week for men employees, which will bring their new 
minimum rate to 51. 8s. a week. The rate for women 
will be advanced by 6s. a week, to a new weekly minl- 
mum of 4/. 2s. Payment for overtime is to be 
in proportion, and juveniles and casual employees 
will also receive higher wages. 1] these increases are 
due to become effective on October 10. Other benefits 
to be derived from the agreement will include an 
additional five days annual holiday, bringing the total 
to twelve days a year. It is estimated that some 
700,000 farm workers will be affected by the agreement. 
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HEAT-TREATED CONCRETE.* 
By P. Crarxson, B.Sc., Stud.I.C.E. 


THe advancement made in_ reinforced-concrete 
construction and the increasing popularity of pre-cast 
reinforced-concrete products have brought a growing 
demand for more effective and economical methods of 
production. One way in which this can be done is to 
reduce the time required for the concrete to set and 
harden, so that the moulds can be released as soon as 
possible and the need for large storage facilities 
obviated. The first investigation into the possibility 
of using heat treatment to hasten the curing process of 
concrete was probably the result of coupling two well- 
known facts. Firstly, when the mixing water is 
added to the dry ingredients of a concrete mix a fairly 
complicated chemical reaction between the water and 
the cement is started, which results in the hardening 
of the concrete. Secondly, if heat is added to almost 
any chemical reaction the rate of the reaction is 
accelerated. 

Several different methods of applying heat treatment 
to concrete have been advanced. (1) Electrical heating 
of the concrete by passing an electric current through 
either the steel reinforcement or the concrete itself. 
(2) Passing hot saturated air over the concrete surface. 
(3) Curing of the concrete products in high-pressure 
saturated steam, atmospheric steam or very hot water. 
The electrical methods lend themselves very readily to 
the treatment of individual members, but, like method 
(2), they are comparatively wasteful and mild in action. 
Hot-water curing is inconvenient to use and time is 
lost in waiting for the concrete to set before the members 
can be immersed in the hot-water bath. Steam-curing 
is therefore the most effective method, for it is economi- 
cal to produce and easy to handle. 

The main advantages to be gained from heat treat- 
ment, according to workers in the past, are a more rapid 
increase in early strength, a reduction in final drying 
shrinkage, an increased resistance to attack by sulphate 
solution and, in some cases, a greater final strength 
after prolonged treatment. Steam treatment in 
industry has been restricted mainly to mass-produced 
products such as concrete building blocks, drainage 
tiles and fence posts, where steam at atmospheric 
pressure is used to accelerate the hardening. However, 
there is considerable scope for its use in the manufacture 
of prestressed floor joists and railway sleepers, where 
it is necessary to allow several days to elapse for the 
concrete to mature before releasing the pre-tensioned 
reinforcing wires. If the rate of curing can be acceler- 

ated to cut down this time interval, it would result in 
an effective reduction in moulds, prestressing apparatus 
and floor space. 
_ The following tests were therefore carried out to 
Investigate the possibility of obtaining a concrete of 
Satisfactory working strength in as short a time as 
possible, using normal materials. Many factors 
contribute to the crus’:ing strength and other properties 
of concrete, the most important being: (a) mix, 
(b) water-cement ratio, (c) curing conditions, and 
(d) age. When the concrete is subjected to steam-curing 
several additional factors are introduced, namely : 
(e) age before steaming, (f) rate of increase of tem- 
perature, (9) constant steaming temperature, (h) dura- 
tion of steaming, (i) rate of decrease of temperature, 
(j) dryness fraction of steam and (k) curing conditions 
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after steaming. The influence on the crushing and 
tensile strength of the most important of these factors 
has been studied by varying each one in turn while the 
rest remained fixed. Using a 1: 1:2 mix (by weight) 
with a water-cement ratio of 0-40 to give a concrete of 
normal workability, 4 in. cubes and standard briquettes 
were cast and steam-cured under differing conditions. 
In addition, from each different concrete, a similar set 
of control specimens was cast and cured in air for 
28 days before testing, thus enabling a direct com- 
parison to be drawn between the relative effects of 
steam-curing and air-curing on the strength of a given 
mass of concrete. The effect of varying the water- 
cement ratio and the mix has also been investigated. 
In all cases, Earle’s Ferrocrete rapid-hardening Portland 
cement was used. 

The steam-curing chamber is designed to serve for 
both atmospheric and high-pressure curing processes. 
It consists of a mild-steel tube, 30 in. in internal 
diameter and + in. thick, one end of which is 
permanently sealed by a welded steel flange, the other 
being fitted with a hinged door for access. The overall 
length is 6 ft. The tube is completely lagged with 
fitted asbestos mats to reduce heat losses, and the 
fittings include a thermometer pocket, a blow-off cock 
and a pressure gauge. Steam is supplied at a working 
pressure of 110 to 140 lb. per square inch (gauge 
pressure) and can be admitted either directly to the 
chamber or passed through a reducing valve for work 
at lower pressures. Entering at the sealed end the 
steam is dispersed round the tube by a baffle plate and 
then finally led away through a steam trap. When 
curing at atmospheric pressure, a uniform flow of 
steam is passed through the tube to maintain a constant 
temperature, and a large board is placed at the open 
end to act as a baffle. In the case of pressure curing, 
the hinged door is securely clamped by twelve {-in. 
diameter bolts spaced round the circumference. 

The two most notable workers on high-pressure 
steam curing are Carl Menzel* of the United States and 
T. Thorvaldsont of Canada. Menzel carried out work 





* Carl Menzel, “‘ Strength and Volume Changes of 
Steam-cured Portland Cement Mortars and Concrete,” 
Journal Am. Concrete Inst., vol. 6, pages 125-148 (1934) ; 
“Studies of High-Pressure Steam-Curing of Concrete 
Slabs and Beams,” Journal Am. Concrete Inst., vol. 7, 
pages 621-640 (1936). 

+ T. Thorvaldson and V. A. Vigfusson, Eng. Journal, 





vol. 11, pages 174-180 (1928). 
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on small specimens of neat cement or cement mortar, 
and later applied the tests to concrete products of 
commercial size. He concluded that the optimum 
steaming temperature was 177 deg. C. (corresponding 
to a pressure of 136 lb. per square inch for saturated 
steam), the strength increasing with duration of 
steaming up to three days. The steaming procedure 
consisted of a period during which the temperature 
was gradually increased to a maximum, followed by a 
period of steaming at constant temperature or pressure, 
and finally by a gradual release of temperature and 
pressure, after which the moulds were removed. Menzel 
allowed 10 to 12 hours for gradual heating and cooling 
and between eight hours and three days for constant 
steaming. In this way he stated that concrete could be 
obtained within one or two days after moulding having 
a strength of 40 per cent. to 60 per cent. of that at 28 
days with moist curing. He also showed that, by adding 
optimum proportions of finely-divided silica, strengths 
equalling or exceeding 28-days moist-cured concrete 
could be obtained. 

However, experimental work carried out in the 
civil engineering department of Leeds University, 
under the supervision of Professor R. H. Evans, D.Sc., 
shows that the optimum pressure for short steaming 
periods of one to four hours is 30 lb. per square inch. 
The cycle used is much more rapid than that of Men- 
zel, only 30 minutes being allowed for heating and 
cooling with one to four hours constant steaming. 
Curing under these conditions produces a concrete of 
satisfactory strength for high-grade work, although 
it is somewhat weaker than a similar air-cured 
concrete. Tests were made at steaming pressures of 
30, 60, and 110 lb. per square inch for durations of 
steaming from one to ten hours, and Figs. 1 and 2 
show the relationships obtained between crushing 
strength, steaming pressure and steaming time, together 
with the 28-day air-cured strength for comparison. 
Lower steaming pressures of 5 lb. and 15 lb. per square 
inch were used in later tests, but both gave inferior 
results to those obtained at 30 lb. per square inch. 
When steaming is prolonged to 24 hours and over it is 
found that the greatest strength is then given at the 
higher pressures. 

To study the effect of the rate of increase of tempera- 
ture, a series of steaming cycles were applied in turn, 
using the optimum pressure of 30 lb. per square inch 
for short durations. The time taken to raise the curing 
temperature from atmospheric to the maximum 
steaming temperature was varied from a quarter hour 
to six hours. This was followed by a short period of 
steaming at constant temperature and pressure. These 
cycles, illustrated in Fig. 3, thus gave a range of condi- 
tions varying from a very rapid to a very gradual 
application of heat, and the complete cycle took from 
one to ten hours. Comparing these figures with those 
given by Menzel, it will be appreciated that they were 
designed to obtain an economical steaming cycle which 
could be used in practice to give a sound concrete of 
satisfactory strength as quickly as possible. Menzel 
states that the temperature should be raised gradually 
over a period of five to twelve hours to prevent surface 
cracks. Although this period depends to some extent 
on the working pressure, all the cycles shown in Fig. 3 
have a much more rapid initial temperature rise than 
suggested by Menzel, and yet it is possible to obtain 
a sound concrete with all of them. Indeed, the strength 
given by using cycle (1) is comparable with that of 
cycle (5) (the strengths are shown in Fig. 4 by curves 
1 and 2, respectively), although the timie of the complete 
cycle is reduced by half. 

Nevertheless, many cases did contain surface cracks, 
but it is significant to note that they occurred mostly 
when cycles (2) and (3) were used, i.e., when the 
maximum temperature was reached from 1} to 2} 
hours after moulding. B.S.S. tests on R.H. Portland 
cement show the initial and final setting times to be 
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1} hours and 2} hours, respectively. Expansion 
occurring at these critical times may therefore prevent 
the concrete binding together and be the reason for 
these cracks. By delaying the heat treatment from 
four to 48 hours after moulding, all possibility of 
surface cracks can be eliminated, as the final set of the 
concrete will already have taken place when the heat 
is applied. The strength of the concrete is increased 
even if the steaming is not applied until seven days 
after casting, but naturally the longer the delay the 
lower is the percentage gain over air-cured concrete 
of equal age. 

Heat-treated concrete continues to gain strength 
after steaming in a similar manner to that cured in 
normal conditions. Fig. 4 shows the increase in 
strength with age of concrete cured under differing 
conditions. Curves 1 and 2 compare the effect of 
applying the heat rapidly and gradually, steaming 
cycles (1) and (5) (see Fig. 3) being used, respectively. 
It will be seen that by using a more gradual increase 
in temperature a gain in immediate strength of over 
16 per cent. is obtained, which is maintained as the 
concrete matures. Curve (3) shows that although the 
steaming treatment has been delayed for three days 
the immediate strength is 18 per cent. more than air- 
cured concrete of the same age. In each case the 
increase in strength of steam-cured concrete occurs 
mostly in the first few days, after which it is much 
more gradual. The crushing strength: age graph 
(dotted line) of air-cured concrete is shown for com- 
parison. 

The different factors enumerated and discussed for 
high-pressure curing again apply in the case of atmo- 
spheric-pressure steam curing, but the critical factor is 
the steaming temperature since the process is carried 
out at atmospheric pressure by simply passing a 
constant flow of steam through the chamber containing 
the specimens. The process is much milder in action 
than pressure curing, so that longer steaming periods 
are necessary to produce a concrete of equal strength. 
It is found that the strength of concrete cured under 
atmospheric-pressure conditions increases as the 
maximum temperature of curing and as the duration 
of steaming increase. The concrete continues to gain 
strength with the lapse of time after steaming and 
attains the 28-day air-cured strength after about 
ten days. 

The data in Table I give a comparison of the crushing 
strength of concrete for various intervals of time at 
atmospheric pressure and at different steam pressures, 
the figures in brackets denoting the strength as a 
percentage of the 28-day air-cured cube strength. 
The initial temperature rise is again an important 
factor and must be carefully controlled to avoid 
surface cracks. Rapid application of heat in the 
initial stages invariably causes severe cracking, the 
critical temperature being about 120 deg. F. Therefore, 
to produce a sound concrete of high strength, a period 
of four to six hours should be allowed for gradual 
heating, or, alternatively, the temperature should be 
raised to the maximum in stages at various intervals of 
time. 

Further tests have shown that the mix and water- 
cement ratio influence steam-cured concrete in much 
the same way as normal air-cured concrete. A richer 
mix or a drier mix will give higher strength for the 
same steaming conditions. In addition, the concrete 
strength is affected by the curing conditions after 
completion of the steaming process, according to 
whether moist or air-curing is used. It is, therefore, 
true to say that steam-cured concrete exhibits charac- 
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teristics similar to those of normally cured concrete 
specimens, the steam heat-treatment merely accelerat- 
ing the hardening process to give high early strength. 
Aluminous cement is unsuitable for steam-curing as 
the chemical reaction between the cement and water 
breaks down above a certain temperature so that the 
concrete fails to harden properly. Fig. 5 compares the 
strengths obtained for steam-cured concrete using 
different cements, the corresponding 28-day air-cured 
strength being given for comparison. 

The modulus of rupture and Young’s Modulus, E, 
are also affected by all the above factors and show a 
similar relationship with steaming time and pressure 
to that of crushing strength. The tensile strength of 
concrete steamed for short durations, however, seems 
to increase with the pressure and length of treatment. 
Two other properties on which steam-curing has con- 
siderable effect are shrinkage and bond resistance. 

An important feature of steam-cured concrete is the 
reduction in the volume change in comparison with 
air-cured concrete, as illustrated by the shrinkage 
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hours at 30 lb. per square inch. The figures in the 
table show that, with plain polished wire, steam-curing 
reduces the bond resistance by about 55 per cent., but 
better strength can be obtained by first weathering 
the wires to give a pitted surface. Fig. 7 shows the 
difference in the surface condition of the polished and 
badly pitted wires, the slightly pitted surface repre- 
senting an intermediate condition. Clearly, then, in 
order to get satisfactory bond strength with steam- 
cured concrete, mechanical bond must be used, either 
by weathering or by notching, crimping or twisting the 
wires. 

The following conclusions may be drawn from the 
work outlined and discussed above. Concrete made 
from ordinary materials may be successfully cured in 
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| | ie 
Pressure above at- thr. | 2hr. | Shr. thr. }| 2 hr. he Ca 
mospheric Immediate cube | 3,700 | 4,400 | 4,700 4,300 4,800 | 5,100 | - 
strength, Ib. per| (49) | (59) | (63) (57) oe | «2 | — 
sq. in. | 
Maximum temperature, deg. F. | | 
| Curing conditions. 160 200. | 160 | 180 | 190 | 205 205 
| (2 hr.) (2hr.) | (3hr.) | (3hr.) (3 hr.) (Shr.) | (4hr.) 
Atmospheric pres-/ | Tmmediate cube | 2,200 2,900 | 2,900 | 2,400 | 3,000 3,600 5,000 
r strength (29) (38) | (37) «| (34) | (40) | (48) (67) 
| Cube strength after | 4,800 5,000 | 4,900 | 5,100 6,000 | 6,500 6,900 
| 24 hr. (64) (57) (65) | (68) (80) (87) (92) 








TABLE II. 





Average Bond Strength, Ib. per sq. in. 





Bond 














| 
Description of Wire and Condition of Surface.| Length. | Air-cured. | Steam-cured. 
(In.) | | 7 
| | 
3 days. 7 days. | Immediate. 24 hr. 7 days. 
— i ——_—_—_—— 
1. Plain wire, smooth and polished .. ol 10 286 414 120 143 | 189 
a » Slightly pitted .. es et 10 656 956 478 510 590 
- ow » badly pitted es ane 3 10 | > 1,156* > 1,156* 
4. »» badly pitted = ne : 4 1,500 — 900 
5. Notched wire “A ae a - 4 - 1,280 | — 1,120 
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curves shown in Fig. 6. Steam-cured concrete is found 
to expand slightly during the first few days but the 
net change results in shrinkage, which is always less 
than that of air-cured concrete. Although the first 
measurements for the shrinkage curves shown in 
Fig. 6 were not taken until the columns were 24 hours 
old, attempts have been made to measure any change 
in length which takes place during the steaming period 
in the autoclave. Conflicting results have been ob- 
tained by different methods, however, so that it is too 
early to give precise figures. 

This aspect of heat-treated concrete may affect the 
bond between the steel and concrete in reinforced and 
pre-tensioned prestressed concrete. Indeed, Menzel 
states that the bond resistance of concrete to steel is 
reduced by 50 per cent. or even more by steam-curing. 
Some of the results of a series of pull-out tests designed 
to investigate this are listed in Table II. High-tensile 
steel wire, 0-2 in. diameter, was used, having an ultimate 
strength of about 100 tons per square inch and a value 
of E of approximately 26 x 10° lb. per square inch. 
All the steam-cured specimens were treated for three 


fore the concrete. 


steam at atmospheric or higher pressure, immediately 
after casting for short durations of one to four hours, 
to produce satisfactory strength for high-grade work. 
The optimum steaming pressure for short steaming 
periods lies around 30 Ib. per square inch. To prevent 
undue cracking and to obtain higher strengths, the 
rate of the initial temperature rise must be carefully 
controlled. Steam-cured concrete continues to gain 
strength with age after steaming, in a similar way 
to that of air-cured concrete. The different strengths 
of steam-cured concrete vary with water content In 
the same manner as those of normal air-cured con- 
crete. Aluminous cement is unsuitable for steam- 
curing. The ultimate shrinkage of concrete 1s — 
siderably reduced by steam-curing, but, for i 
days after casting, steam-cured concrete actual 4 
expands. The bond strength developed between = 
and concrete is reduced by steam-curing and shoule 
be supplemented by mechanical bond to obtain satis- 
factory results. Steam-cured concrete 1s white im 
colour, sound in appearance and possesses the same 
flexibility as normal! air-cured concrete. 
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PROPERTIES OF THE GASES OF 
COMBUSTION PROCESSES.* 


By Proressor JosePH H. KEENAN.t 


THE advance of technology from its early contri- 
butions to highways for transport and catapults for 
warfare to modern aeroplanes and atomic weapons 
has been dependent primarily upon the production of 
power from the combustion of fuels. The courage, 
steadfastness and unflagging energy of Herbert Akroyd 
Stuart, and of others like him in various quarters of 
the world, have provided the engines which have 
produced the power which, in turn, has created this 
great era of technology. It is doubtful that Herbert 
Akroyd Stuart ever fully comprehended the import 
of his work in either its technological or social conse- 
quences. Even to-day, from a vantage point farther 
along in time, we often stand aghast at the revolu- 
tionary thing we have created. At times it seems that 
only a profound faith in man, his spirit and his intellect, 
can make us believe that it is good. But there is no 
turning back. The survival of the good that we have 
depends upon the vigorous pursuit of technology. 
The development of the heavy-oil engines of Herbert 
Akroyd Stuart has led to the gas turbine and jet 
propulsion, and these, in turn, to the ram jet and the 
rocket. 

For the accomplishment of these things the engineer 
must have as working material a knowledge of the 
nature of the fluids that he employs. This knowledge 
takes the form of data on the thermodynamic properties 
like energy and entropy and the transport properties 
like viscosity and thermal conductivity. Unless 
these things are known the engineer cannot design an 
oil engine, a gas turbine, or a rocket to the ultimate 
of its possibilities ; and nothing short of the ultimate 
can suffice as an objective. 

For these reasons it is proposed to devote this 
Herbert Akroyd Stuart lecture to a consideration of 
the present state of our knowledge of the properties of 
gases employed in the production of power. Since the 
products of combustion of hydrocarbons in air include 
most of the important power-plant fluids, consideration 
will be limited almost exclusively to these products and 
their constituent gases. Even within this limitation 
the task is a formidable one. The literature of the 
subject is so voluminous that no single lecture could 
possibly encompass it. It follows that selection 
must be made, and selection inevitably reflects the 
prejudices and limitations of the one who selects. If 
the emphasis here lies heavily upon American research 
it is partly owing to the provincialism of the lecturer 
and partly to a deliberate intent to bring a report 
from abroad. 

The most notable extension of our knowledge of 
thermodynamic properties in the last quarter of a 
century is attributable to the development of the 
science of interpreting band spectra of gases. The 
band spectrum yields information about the behaviour 
of individual molecules each uninfluenced by the 
Presence of any other. Thus, the information obtained 
18 applicable to extremely rarefied states of the gas ; 
that is, to states at zero pressure. From measurements 
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of the spectrum, therefore, it becomes possible to com- 
pute the specific heat, the energy, the enthalpy, and 
the so-called reduced entropy of the gas over a wide 
range of temperatures at zero pressure. 

Analysis of the spectrum yields the so-called energy 
levels of vibration of the nucleus and rotation of the 
molecule which, when introduced into the relations of 
statistical quantum mechanics, yield the energy of the 
molecules as a function of temperature. Professor 
Herzberg of the University of Chicago has explained 
the contribution of the spectrum in these words :* 
“The spectra of molecules correspond to transitions 
between these energy levels. The transitions between 
different vibrational levels give rise to ‘ bands’ each 
of which has a fine structure which is determined by the 
different possible transitions between the various 
rotational levels belonging to the two given vibrational 
levels. Broadly speaking, it may be said that the 
separations of bands give the separations of the vibra- 
tional levels and therefore the vibrational constants. 
. . . Similarly, the separations of appropriate fine 
structure lines give the separations of the rotational 
levels and therefore the rotational constants . . . or 
the moments of inertia of the molecule.” 

As to the precision attainable, Professor Herzberg 
has the following to say: ‘‘ For the monatomic gases 
and vapours, He, A, and Hg, the energy levels are so 
accurately known from the spectrum that the thermo- 
dynamic functions can be calculated with an accuracy 
which is limited only by the accuracy of the funda- 
mental constants. In the case of the diatomic mole- 
cules H,, O,, N,, and CO, the rotational and vibrational 
constants are known with sufficient accuracy to obtain 
the thermodynamic functions with an accuracy of 
0-1 per cent., or better, to fairly high temperatures. 
For the polyatomic molecules CO,, H,O, NH;, CH,, 
and C,H, the rotational and vibrational constants 
as yet are not known with as high a precision as those 
of the diatomic molecules just discussed. Neverthe- 
less, except for the case of C,H, . . . the available 
spectroscopic data are sufficient to calculate thermo- 
dynamic functions up to 1,000 deg. K. with an accuracy 
of, say, 5 per cent.” 

From spectroscopic observations the thermodynamic 
properties of N,, O,, H,O, CO,, H, and CO were 
calculated over a wide range of temperature during 
the years 1933 to 1935 by Johnston, Giauque, Gordon, 
and Kassel. In 1945, Wagman, et al,t of the National 











* 4.S.M.E. Trans. vol. 70, page 623 (1948). 
+ Wagman, Kilpatrick, Taylor, Pitzer and Rossini. 
Jl. Res. N.B.S., vol. 34, pages 143-161 (1945). 
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Bureau of Standards reviewed these data in view of 
revision of the fundamental constants and of newer 
spectroscopic data. Even more recently, at the 
thermodynamics research laboratory of the Univer- 
sity of Pennsylvania, Professors Goff and Gratch have 
brought into good order the thermodynamic properties 
derived from spectroscopic data of twelve monatomic 
gases,* the diatomic gases CO and N,,f and the 
triatomic CO,.t The monatomic gases which they 
cover include argon, helium, carbon, and mercury, and 
monatomic oxygen, nitrogen and hydrogen. The 
range of temperature is from 100 to 5,000 deg. F. abso- 
lute and values of properties are tabulated to seven 
significant figures, four or five of which are in most 
instances justified by the precision attained. 

Similar tabulations are given for carbon monoxide 
and nitrogen. Fig. 1 shows comparisons of the spectro- 
scopic values of the isobaric specific heat at zero 
pressure with the best values obtained from thermo- 
dynamic experiments. The triangles in Fig. 1 represent 
the adiabatic-expansion measurements of Eiicken and 
Liide and of Eiicken and Miicke which have an esti- 
mated precision of 0-1 per cent. The spectroscopic 
values are doubtless of still higher precision. Fig. 1 
shows how at low temperatures the magnitude of the 
specific heat of CO and N, conforms to the classical 


7R _ 
kinetic-theory value of ~ for a molecule with five 
y 2 


degrees of freedom, three translational and two 
rotational. The increase in specific heat at high 
temperatures is evidence of the failure of the kinetic 
theory as new modes of behaviour, vibrational and 
rotational, come into play. 

It appears that the study of band spectra has resolved 
the problem of thermodynamic properties at zero 
pressure of the molecularly simple gases. The corre- 
sponding properties of the more complex molecules, 
and in particular those having permanent dipoles or 
magnetic moments, are in a less satisfactory state. 
Among these is water, about which more will be said 
subsequently. Professor Herzberg, however, is hopeful 
regarding these substances. He states that “ there 
is no question, however, that an intensive study of the 
spectra of CO,, H,O, NH;, CH,, and C,H, will make it 
possible to derive molecular constants and therefore 
thermodynamic functions of these molecules comparable 
in accuracy to those now available for the diatomic 

The determination of thermodynamic properties at 
finite pressures has not yet yielded in the same degree 
as at zero pressure to the analysis of non-thermodynamic 
data. Nevertheless, some notable progress has been 
made in this direction, which is based on the con- 
struction of a theory of the effects of interaction 
between molecules from assumptions concerning the 
force field surrounding the molecule. Recently, 
Professor Hirshfelder and his colleagues of the Naval 


* Goff, Gratch and Van Voorhis, Trans. A.S.M.E.* 
vol. 72, pages 725-740 (1950). 

+ Goff and Gratch, Trans. A.S.M.E., vol. 72, pages 
741-750 (1950). 

t Gratch, Trans. A.S.M.E., vol. 71, pages 897-902 
(1949). 
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Research Laboratory of the University of Wisconsin* 
have attempted to bring into a form useful to engineers 
the present state of the science of molecular interaction. 
Their methods are based on the work of Professor J. E. 
Lennard-Jones, of Cambridge University, of David 
Enskog, of the Royal Institute of Technology in 
Stockholm, and of Chapman and Cowling, respectively 
of the Imperial College of Science and Technology and 
of Manchester University. Fundamental to it all is 
the Lennard-Jones potential which may be written in 


e(r) = 4€m = = “e) oS“ s (1) 
Tr r 


where «¢(r) denotes the energy of separation of two 
simple molecules, the centres of which are separated 
by the distance 7, ¢, the minimum value of this 
energy, and r, the separation corresponding to zero 
energy. These quantities are shown in the upper part 
of Fig. 2, page 347, the lower part of which compares 
the energy of separation for certain molecules. The 
significance of ry might be explained by noting that a 
mass starting from rest at r= o and accelerating 
under the influence of the force field of the single 
molecule in question will attain a maximum velocity 
towards the molecule at the distance r, corresponding 
to €m and will return to zero velocity at ro before it 
starts its return journey. 

The authors of this paper, subsequently referred to 
as H. B. and S., state that “‘ the inverse sixth-power 
energy of attraction can be justified rigorously 
on the basis of an instantaneous dipole moment in 
one molecule inducing a dipole in a second molecule 
and the two dipoles attracting one another. 
The inverse twelfth-power energy of repulsion . . . 
has no good theoretical foundation. Lennard-Jones 
and others have shown that it suffices to explain all 
of the available experimental second-virial-coefficient 
data. Ifthe experimental data were accurate to 0-1 per 
cent. rather than to 1 per cent., it is clear that a more 
accurate form for the energy of repulsion would be 
desired.” The impression obtained from this state- 
ment, that this choice of exponents in entirely satis- 
factory in view of all available data on compressibility 
near zero pressure, is probably unwarranted. Never- 
theless, these simple assumptions yield an astonishing 
amount of useful data for many substances for which 
only meagre data were previously at hand. 

In Fig. 3, page 347, is shown the variation of the 
second virial coefficient corresponding to the assumed 
force field with reciprocal temperature. It will be 
recalled that the second virial coefficient is the tempera- 
ture function B (T) in the equation of state 

pv 1 Bt). Ot) 

RT : v v? 
The departure of the curve of Fig. 3 from a straight 
line is a measure of the departure of the assumed force 
field from that of the van der Waals model. The two 
constants €,, and ro in the equation of the force poten- 
tial may be determined from experimental values of 
the second virial coefficient. For example, a curve of 


measured values of B(T) plotted against i for any 


= should resemble in character the curve of Fig. 3. 
he multipliers of ordinate and abscissa which will 
make this curve most nearly superimpose upon that of 
Fig. 3 determine respectively the values of ry and ¢,,. 

It is possible, however, to determine these constants 
quite independently of the second virial coefficient 
from the measured viscosity of the gas and its varia- 
tion with temperature. This procedure involves a 
more complicated analysis of molecular interaction for 
the non-symmetrica! distribution of molecules found 
in a velocity gradient. Here H. B. and S. followed 
the methods of Enskog, Chapman, Cowling, and others 
in the analysis of collisions of various types. They 
improved upon the work of their predecessors by 
analysing the behaviour of pairs of molecules surrounded 
by the force field of equation (1). They determined the 
angle of deflection y of the molecule A interacting with 
molecule B, as shown in Fig. 4, for 500 different com- 
binations of the relative kinetic energy and the per- 
pendicular distance 6 between the molecule B and the 
undisturbed line of motion of molecule A. Fig. 5 
illustrates a type of orbital encounter which was 
included in these calculations. Table I lists the con- 
stants of equation (1) for a number of gases as found 
from viscosity data on the one hand and from pressure- 
volume-temperature data on the other. The agree- 
ment between the values from the two sources is quite 
striking. 

It appears, therefore, that a knowledge of the second 
virial coefficient is sufficient to determine the variation 
of viscosity with temperature at zero pressure ; or, 
conversely, a knowledge of the variation of viscosity 
with temperature at low pressures is sufficient to 
determine the second virial coefficient. In either case, 





* Hirshfelder, Bird, and Spotz, Trans. AS.M.E., 





vol. 71, pages 921-937 (1949). 





the precision would seem to be good compared with 
the meagre direct experimental knowledge available 
for many substances. 

H. B. and S$. are careful to point out that the simple 
potential function of equation (1) is not a satisfactory 
representation of the force fields around molecules 
having permanent dipoles or molecules departing 
tadically from the spherical form. They apply the 
more complex Stockmayer potential to the polar 
molecules H,O and NH, and tabulate the corresponding 


TABLE I.—¥Force Constants Between Like Molecules. 











Force Constants Determined a se 
from Viscosity Data. one os oe — 
Coefficient. 
Gas. e/k r | e/k r 
(deg. K.) (A)o (deg. K.) (A)0 
Air 97-0 | 3-617 99-2 3-522 
Ho 33-3 2-968 37-02 2-92 
No 91-46 3-681 95-9 3-72 
COs 190-0 3-996 185-0 4-57 
NoO 220-0 3-879 189-0 4-59 
NO 119-0 3-470 131-0 3-17 
CHg 136-5 3-882 142-7 3-81 
Oo 113-2 3-433 117-5 3-58 
€ 110-3 3-590 95-33 3-65 
A 124-0 3-418 119-5 3-41 
Ne 35-7 2-80 35-7 2-74 
He 6-03 2-70 6-03 2-63 
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constants. They propose rules of combination of the 


constants ¢€,, and ry in equation (1) which will yield the 
second virial coefficients for binary mixtures of both 
non-polar and polar gases. The validity of these rules, 
it seems, has not yet been tested by comparison of 
calculated with measured second virial coefficients. 

Perhaps the least satisfactory aspect of the science 
of thermodynamic properties of gases is the paucity 
of direct experiment of the thermodynamic type 
presently being pursued. It is true that precise experi- 
mentation is costly and that the numbers of gases of 
engineering importance waiting to be investigated is 
discouragingly large. These considerations, however, 
serve only to emphasise the value of analytical studies 
like those based on spectroscopic data and on assumed 
molecular force fields in generalising our knowledge of 
gases. Nevertheless, the need for precise experiments 
of the thermodynamic type is very great and is being 
filled only inadequately. 

Johnston and White* have given an interesting survey 
of the contributions to our knowledge of gases through 
throttling experiments. Beginning with the work of 
Joule and Thomson in the decade 1852 to 1862 they 
trace the improvements in technique, through attention 
to the reduction of heat leakage along the temperature 
gradient of the expansion, up to the present day. 
Regnault introduced the cup-shaped plug with radially- 
inward flow. More recently, Professor Johnston and 
his colleagues at Ohio State University have perfected 
the simpler valve-t of throttling device with good 
results down to 64 deg. K. on hydrogen and deuterium. 











*Trans. A.S.M.E., vol. 70, pages 651-654 (1948). 





Buckingham, in 1910, was the first to employ iso- 
thermal throttling in which heat is added at a sufficient 
rate to maintain temperatures equal before and after 
the throttle. This yields the very important derivative 


=| which is also equal to 


ops, . a 
v (v T) 
ox (5), 3 “el. 


where h denotes enthalpy and 7 the reciprocal of the 
absolute temperature T. This method has recently 
been perfected by Collins and Keyes at the Massa- 
chusetts Institute of Technology, and Eiicken, Clusius, 
and Berger of Géttingen. To throttling measurements 
we owe a considerable body of data on air and its 
constituent gases, on H,O, CO,, NH, and other sub. 
stances. Joule-Thomson coefficients have been mea- 
sured for water vapour by Kleinschmidt, at Harvard 
University, whose measurements extended to 600 lb. 
per square inch absolute and 600 deg. F., for a number 
of gases by Roebuck, at the University of Wisconsin, 
whose measurements extended to 3,000 lb. per square 
inch absolute and 570 deg. F., and for hydrocarbons 
and binary mixtures of hydrocarbons by Sage and 
Lacey at the California Institute of Technology. 
(T'o be continued.) 





HIGHER TECHNICAL AND 
SCIENTIFIC MANPOWER.* 


By THe Rr. Hon. Lorp Hangey. 
(Concluded from page 299.) 


Just as technical and scientific training and education 
developed during the war from pre-war pr parations, so 
post-war developments originated in demobilisation 
and reconstruction plans made during the war. From 
visits as chairman of the Technical Personnel Committee 
to radar units and other technical establishments, I had 
encountered among the personnel—especially the 
Hankey Bursars—a good deal of anxiety about their 
post-war future. I therefore accepted an invitation 
from Mr. Ernest Bevin, early in 1943, to preside over 
two bodies, one known as the Committee of Further 
Education and Training, the other as the Higher 
Appointments Committee, both intended to look after 
the future of those who had been torn from the careers 
of their choice. Sir Clement Jones was again my vice- 
chairman. Both reports were completed by January, 
1945, 

The main result of the Committee on Further 
Education and Training was to enable the Government 
to advise the universities and technical colleges what 
to prepare for, and, to make known in detail to inter- 
ested personnel in the Services and war workers what 
scientific and technical occupations were open to them 
in civilian life and how they should proceed in order 
to obtain the necessary training and education. The 
value of the scheme is shown by the fact that up to 
June 30, 1951, over 150,000 awards for further training 
and education, out of 217,500 applications, were 
granted. Of these 150,000 awards, more than 18,000 
were for study of engineering, about 3,000 for general 
science, 5,000 for chemistry and physics, 7,500 for 
medicine and some 30,000 for teaching. 

The principal result of the Higher Appointments 
Report was the re-organisation of the Higher Appoint- 
ments Department of the Ministry of Labour and 
National Service and of the Technical and Scientific 
Register. The main functions of the latter are now 
to act as a voluntary employment agency; to carry 
out surveys of manpower in the fields of technology 
and science, and to watch trends of supply and demand ; 
and to distribute between the Services the young 
scientists and engineers leaving the universities who 
become liable for call-up under the National Service 
Act. 

The Register deals with both unemployed and 
employed persons seeking alternative employment. 
It operates centrally from London, with a staff of 
professionally qualified members of the professions 
concerned, who visit the universities to distribute 
scientific and engineering graduates between the 
Services, and take the opportunity also to give advice 
and assistance to ex-Service men and women and 
other graduates not liable for military service. Many 
graduates also visit the Register in London and receive 
similar assistance. Apart from their direct contacts 
with the universities and with the University Appoint- 
ments Boards, the Register is in touch with Government 
departments, industrial establishments and employers 
generally, and such professional agencies as the Pro- 
fessional Engineers Appointments Board—thus con- 
tinuing and expanding contacts built up during the war. 
A measure of its success is, perhaps, the filling of 











* Lecture delivered at the Home Office Industrial 
Museum, London, S.W.1, under the auspices of ” 
Ministry of Labour and National Service, on August °9, 
1951. 
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over 65,000 higher posts since 1939. In addition, since 
1949, the Register has included a special unit to handle 
requests for technical experts from overseas Govern- 
ments. 

Since the war, the universities have made gallant 
efforts to increase their output of technical and scientific 
graduates. They have more than achieved the overall 
increase of 50 per cent. above the pre-war number of 
students—the greater part in scientific and technical 
subjects—envisaged by the Comm‘ttee on Further 
Education and Training in 1944. The immediate aim 
recommended by the Barlow Committee on Scientific 
Manpower of 1946, “to double the present output 
so as to yield roughly 5,000 newly-qualified scientists 
at the earliest possible moment,” has been approxi- 
mately attained. That is a very remarkable achieve- 
ment, on which both the universities and the University 
Grants Committee are to be congratulated. 

In the technical colleges also there have been notable 
advances since the Education Act of 1944, which, 
among other things, made the provision of technical 
education a duty of the local education authorities. 
Eleven Regional Advisory Councils now advise on the 
needs of their regions, both for university and technical 
college provision, thus ensuring adequacy of educational 
facilities without unnecessary duplication and over- 
lapping. Another notable advance is the establishment 
of National Colleges for such varied subjects as aero- 
nautics in all aspects, horology, foundry technology, 
heating and ventilating engineering and refrigeration, 
rubber technology and food technology: more are 
envisaged. A sound feature is that each industry 
concerned is associated with the government of the 
college and usually with its finance. It can be said 
with certainty that at no time has the country’s 
provision for scientific and technical education been 
under such close and continuous review, not only by 
the Government, but by the professional and associated 
bodies. 

An important new factor is the reconstitution of the 
Technical Personnel Committee with wider terms of 
reference, as announced by Mr. Alfred Robens, the 
Minister of Labour and National Service, in the House 
of Commons on July 26. The Committee will, in future, 
deal, in collaboration with the Advisory Committee on 
Scientific Policy, with questions relating to the overseas, 
as well as the home demand for scientific and technical 
personnel of professional or approximately professional 
standards. 

One of the most important and most controversial 
questions now is that of higher education in technology, 
which raises big issues. I understand that the Govern- 
ment have had the matter under consideration for some 
time and that an announcement of policy may be 
expected before long. Another subject of special interest 
to young people bent on a scientific or technological 
career, to their parents, and to those responsible for lay- 
ing out the facilities of universities and technical 
colleges, is the extent of the prospective demand for 
qualified personnel in industry, the fighting Services 
and Government at home and abroad, and the capacity 
of the nation’s educational resources to meet the 
demand. 

Yet another question for the future is the introduction 
of the “ humanities” in the curriculum for students 
of science and technology, which many industrialists 
in Britain and America favour. It is a formidable 
problem for the student. A high standard in science 
at his secondary school is required as a condition of his 
acceptance by a university as a scientific student, and 
at the university itself he becomes so absorbed in 
his scientific work that he finds little time for anything 
else and is liable to become self-centred and narrow in 
outlook. At least one famous university prescribes a 
qualification in one “ humane” subject as necessary 
for a scientific degree. Possibly, however, the same 
object might be achieved in other ways, e.g., by laying 
a foundation in early life, and by bringing home to 
every scholar that the object of education is not so 
much the acquisition of knowledge as an introduction 
to a treasure house of reading and self-education, 
including the humanities, that will last a life time. 

In conclusion, I would draw attention to a new 
high level development in recent years resulting from 
the huge expansion of science and technology since the 
outbreak of World War II, which should not only give 
a fillip to the study of the humanities by the budding 
scientist and technologist, but should also open even 
wider vistas than in the past to those seeking a scien- 
tific or technological career. I refer to the growth of 
great blocks of science and technology, grouped some- 
times by professions, sometimes geographically, some- 
times under Government, sometimes in private indus- 
tries or groups of industries, and whose higher direction 
and co-ordination call for a very special type of scien- 
tific and technological administrator, which is not 
always easy to find. 

Such great groups are to be found in the area of 
defence under the Ministry of Supply, the three Service 
departments, and the Home Office (Civil Defence). 
On the civil side of Government also there are the 





three huge groups of Scientific and Industrial Research, 
Medical Research and Agricultural Research, which 
report to the Lord President of the Council, the new 
Colonial Research Service covering many branches of 
research and technology and extending over the whole 
Colonial Empire, as well as smaller research units, in 
other Government departments and outlying organi- 
sations. In the Government, these blocks of science 
are usually run by a highly qualified Chief Scientist, 
often with a high-powered advisory board or council 
to assist him and the department. The survey and 
co-ordination of the two main branches of Government 
researches is entrusted to two committees known, 
respectively, as (for defence research) the Defence 
Research Policy Committee, associated with the 
Ministry of Defence, and, for civilian research, the 
Advisory Council on Scientific Policy to advise the 
Lord President of the Council, who is responsible for 
the formulation and execution of Government scientific 
policy. At the top of the pyramid are the Prime 
Minister and the Cabinet. Outside the Government 
there are large autonomous blocks of science main- 
tained by universities, the larger private industries and 
joint research associations, supported by smaller 
industries, which usually collaborate with the Depart- 
ment of Scientific and Industrial Research. 

Many experts of exceptional experience and know- 
ledge are now required for higher direction. The 
director of each block or group of blocks must have a 
wide knowledge of several sciences, what can and 
what cannot be done, the personal and professional 
qualities of individual scientists and technologists of 
all kinds, and where they are to be found. He must 
have initiative, drive and ingenuity, and the gift of 
leadership, with vision to sense the wider implications 
of the epoch-making discoveries taking shape in so 
many fields. He must have a flair to appreciate how 
they affect national and international life and politics, 
as well as human relations and indeed nature itself, 
not only within the narrow range of our own senses, 
but far beyond towards the infinite. 

To close, I will throw into the arena a new idea for 
consideration on the top Jevel. Would not science and 
technology do well to study the experience of the 
Committee of Imperial Defence in setting up the 
Imperial Defence College, with a view to the possible 
adaptation of the same system, mutatis mutandis, to 
the study of science and art of higher scientific and 
technological administration ? For 25 years, selected 
officers of the middle ranks, drawn from all branches of 
the fighting Services and civil service of Great Britain 
and other parts of the Commonwealth and Empire, 
have under experienced direction, been studying 
together the broadest aspects of imperial strategy. 
From this pooling of varied experience a common 
doctrine of co-operation in all fields and higher direction 
of war has gradually emerged and has permeated the 
Services and the civil administration, with great 
advantage to all concerned. The system has also 
crossed the Atlantic. 

In science and technology there may not be so definite 
an objective, but there are many problems to be 
solved, and there is the same need in science and 
technology as in the Services for a cadre of persons 
qualified for higher direction and top-level co-ordina- 
tion. Should not aspirants to such posts have some 
establishment comparable to the Imperial Defence 
College, where they would not only obtain a more 
intimate knowledge of sciences and technologies other 
than their own, but also meet people with totally 
different experience in various branches of government 
and administration, finance, economics, humanities, 
and international affairs ? By these means there would 
be a, double advantage : the scientists and technologists 
would broaden their outlook, and in doing so, would 
pass back a much needed knowledge of science to 
government, administration, the humanities and other 
branches of national! life. 





CORROSION OF BURIED Pires.—Inquiry into the 
corrosion of buried pipes will be greatly facilitated if 
water engineers, gas engineers and others concerned will 
co-operate with the British Iron and Steel Research 
Association’s sub-committee on the corrosion of buried 
metals to the extent of completing, in all cases of corro- 
sion failure, a standard data form which has been pre- 
pared by the sub-committee. Copies of the form are 
available from Mr. E. E. White, B.1.S.R.A., 140, Battersea 
Park-road, London, S.W.11, and are to be returned to 
the Chemical Research Laboratory (Department of 
Scientific and Industrial Research), Teddington, Middle- 
sex. The sub-committee have taken over this work from 
the research co-ordination committee of the Institution 
of Water Engineers, and the chairman is Mr. L. C. 
Whiskin, of the Metropolitan Water Board. Under- 
gound corrosion has been estimated to cost the country 
5,000,0007. a year. The seriousness of the problem was 
recognised in the report of the Ministry of Health’s 
departmental committee last year, which emphasised the 
importance of full and accurate records of all cases. 
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Turbine Testing.—Until the testing facilities of 
Pametrada came into operation, the testing of marine 
propulsion turbines had necessarily to be carried out 
afloat. It was not possible accurately to separate 
the turbine water rate from the total water rate, or to 
instrument adequately for other than steady steaming 
runs. The Admiralty normally specified, for cruisers 
and above, a series of six-hour consumption trials at 
perhaps eight or more different powers, with two 12-hour 
trials at particularly important points, and an 8-hour 
full-power trial; for smaller ships the consumption 
trials were reduced to four hours’ duration and the 
full-power trial to six hours. The Daring trials at 
Pametrada constitute the first occasion on which the 
designer can compare design data with recorded evidence 
of performance. 

There are three designs of turbine fitted in the Daring 
class of destroyers, all of which are being tested at 
Pametrada. At the time of writing, full results and 
reports of the first series only are available, so that, 
unless otherwise stated, remarks apply to the reaction 
design of high-pressure and low-pressure turbines. 
In this design, known as Daring I, the high-pressure 
turbine comprises a Curtis wheel followed by reaction 
stages, with a by-pass from the wheel chamber to one 
of the lower stages, and the low-pressure turbine is a 
double-flow reaction turbine with an astern Curtis 
wheel at each end. Double-helical double-reduction 
locked-train gearing isemployed. Daring II is identical 
except that the high-pressure turbine is of all-impulse 
design. In Daring III, both the high-pressure and 
low-pressure are impulse designs, the latter being a 
double-flow turbine with an astern Curtis wheel at 
each end. All three variations were designed to have 
very similar steam consumptions over the whole 
working range. 

Daring I turbines and gearing, together with the 
associated auxiliaries and the boiler, were erected at 
Pametrada by the Wallsend Slipway and Engineering 
Company. Special care was taken to reproduce 
important features of the ultimate ship arrangement 
such as the relative positions of the extraction pump 
and the condenser, and the boiler-room air intake and 
uptake arrangements. The trials comprised, in addition 
to preliminary proving tests, consumption trials of 
six hours duration at one-fifth, two-fifths and three- 
fifths power, full power, and overload, with one-hour 
check readings at intermediate powers, a series of 
mancuvring trials, and a series of astern trials. The 
trials were very fully instrumented, no less than 525 
separate quantities being measured during some of the 
runs, and an accuracy of + } per cent. was achieved, 
with reproducible results on repeat trials. So consis- 
tent were the results that the duration of the consump- 
tion trial could be reduced without loss of accuracy. 
At the design points, the designer’s figures for water 
rate were achieved to within less than 1 per cent. and 
even at lower powers, where turbine clearances play 
such a significant part, the greatest departure from 
expectation was only 4 per cent. 

In all, the machinery was run for 407 hours, including 
23 hours astern trials. This occupied 34 weeks 
which included considerable periods for examination of 
machinery, including three halts each of four weeks 
duration, some modifications, and the eradication of 
teething troubles ; moreover, this was the first occasion 
on which this extensive testing equipment had been 
used. Some important associated researches were 
carried out at the same time, and, since security forbids 
the publication of the main performance data, it is 
proposed to deal with some of these other tests. 

The object of the astern trials was to determine the 
behaviour of the turbines during prolonged astern 
running. Trouble has been experienced in the past on 
account of distortion and overheating, necessitating, 
in some cases, restrictions of astern power and running 
periods. The two chief problems requiring investiga- 
tion were the rate of increase of temperature in the high- 
pressure turbine and the ahead blading of the low- 
pressure turbine, due to ‘‘ windage ”’ losses, and the 
distortion of the low-pressure turbine casing due to the 
presence in the casing of high-temperature exhaust 
steam discharged from the astern turbines. It was not 
found possible to measure turbine blade temperatures, 
but it was considered that these temperatures would 
approximate very closely to the steam temperature, 
provided conditions were not altering too rapidly. 

The first trial was carried out with steam at 650 deg. 
F., which is the temperature that will normally be 
employed at sea when mancuvring. The machinery 
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was first run at 10 per cent. power ahead to get the 
engines properly warmed through, and was then worked 
up to full astern power in half an hour. After three 
hours’ running, temperatures in the ahead turbines had, 
in the main, become steady. The highest temperature 
in the L.P. turbine was 550 deg. F. at the receiver belt, 
and in the H.P. turbine 565 deg. F. at the by-pass belt. 

A second trial was then carried out with steam at 
825 deg. F., as there can be no certainty that, when on 
service, the engine room staff will always reduce the 
steam temperature when manceuvring. Again, the 
engines were warmed through at 10 per cent. power 
ahead and then reversed, half an hour being allowed to 
work up to full astern power. 

The results, which are illustrated in Fig. 1, herewith, 
showed that there was a rapid increase in temperature 
in the L.P. turbine during the first }-hour, approximate 
figures being, L.P. ahead (7th stage) from 160 deg. F. 
to 550 deg. F., and L.P. receiver belt, from 160 deg. F. to 
580 deg. F. The L.P. casing temperature rose to a 
range of 400 to 500 deg. F. under these conditions. 
After 24 hours’ running, the L.P. turbine temperature 
became steady, when the maximum reached was 
710 deg. F. in the receiver belt. The H.P. turbine 
temperatures were, however, still increasing after 
4} hours of astern running when 770 deg. F. had been 
reached in the by-pass belt. 

Maximum acceptable blade temperatures had been 
fixed at 800 deg. F. for the L.P. and 900 deg. F. for 
the H.P. and it can be assumed that these temperatures 
will never be reached, even under the most arduous 
astern running conditions. It is worth noting that, in 
the Daring II trials, with an all-impulse H.P. turbine, 
the H.P. wheel chamber reached the permitted maxi- 
mum temperature of 900 deg. F. after three hours at 
full astern power, with steam at 825 deg. F. With this 
design of turbine, therefore, it is imperative to reduce 
the steam temperature at the boilers during prolonged 
astern running. 

Reverting to the Daring I trials, hog gauges were 
fitted to the L.P. turbine casing to measure the deflec- 
tion during prolonged astern running. Fig. 2, herewith, 
gives the readings of these gauges. During the first 
}-hour the hog at both sides of the casing increased 
rapidly to a value of about 0-030 in. This rapid 
increase period corresponds to the temperature increase 
mentioned above. After reaching a maximum of 
0-035 in. hog in about one hour, it fell off very slowly, 
until after four hours’ astern running it had reached a 
value of 0-028 in. 

Fig. 3, on this page, shows the temperatures at the 
L.P. receiver belt, at the turbine casing, and at the 
rotor bore in approximately corresponding positions. 
Over the period of the first }-hour the receiver-belt 
temperature, and therefore presumably the blade 
temperature, rose rapidly, but the rotor and casing tem- 
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peratures lagged far behind. This must evidently 
cause a reduction in the radial clearances. The 
designed minimum radial clearance was 0-050 in. and, 
as can be seen from Fig. 2, the casing hog will absorb 
0-035 in. The remaining margin was clearly too small 
for safety, and it was decided to increase the minimum 
radial clearance to 0-070 in. The estimated effect 
upon steam consumption of this modification was less 
than 1 per cent. 

An attempt was made to correlate mathematically 
the hog experienced and the measured temperatures in 
the turbine casing. It was estimated that a temperature 
gradient in a vertical plane of 29 deg. F. per foot would 
be required to produce a hog of 0-030 in. but, while a 
gradient of this order could be found during the early 
stages of the astern run, the gradient became very 
much less as the trial proceeded, though the hog was 
but little reduced. The possibility that the hog was 
due to jamming of the L.P. turbine sliding foot, or to a 
temperature gradient in the condenser shell, was 
disproved by practical experiment. The H.P. turbine 
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casing never exceeded a hog of 0-010 in. during the 
astern running. Axial clearances decreased slowly 
through the astern run from 0-035 in. to 0-020 in. 

after 44 hours. ‘- 

The method of measuring axial clearances is inter- 
esting. Three methods were tried, namely, an 
electronic capacitance intrument, which suffered from 
condensation of water vapour ; a telescope measuring 
the axial clearances between fixed and moving blades 
in one of the later expansions, in which trouble occurred 
due to fouling of the observation window ; and a third 
instrument, which comprised a gauge acting against the 
face of the after gland thrower ring. This gauge took 
the form of a box with one open side, so arranged that 
the gland thrower face completed the sixth side, but 
with a clearance, which varied with the relative move- 
ment of rotor and casing. The box was supplied with 
compressed air through an orifice, on the upstream 
side of which the pressure was maintained constant. 
The pressure in the box itself was led to a manometer, 
calibrated in terms of axial clearance. After the 
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technique had been mastered, this gauge was found 
capable of accurate and consistent calibration. It 
worked well under all conditions, and enabled an 
extremely useful record to be made of relative rotor 
and casing expansion. 

The astern trials were at the time chiefly remarkable 
for troubles that arose when subsequently going ahead. 
After the astern run with 650 deg. F. steam, the turbines 
were run at about 10 per cent. power ahead for some 
25 minutes while the soot-blowers were used, and no 
difficulties were encountered. The high-temperature 
astern run was also followed by a period at 10 per cent. 
ahead, but after some 20 minutes the turbine started 
vibrating and the engine was shut down. Turning 
gear was engaged, but the current taken by the turning- 
gear motor, normally 7 amperes, was 10 amperes, rising 
to 30 amperes every half minute. Shortly afterwards, 
it became impossible to turn the engines. An hour 
later, the engines were found to be free and the turning- 
motor current normal. 

Subsequent opening up of the L.P. turbine revealed 
the fact that a blade rub had occurred in the lower half 
of the cylinder, evidently caused by hogging of the 
L.P. turbine casing, and the measurements of casing 
distortion showed that the hogging had taken place 
almost entirely on the starboard side of the casing. 
(See Fig. 2.) In addition to the turbine-casing dis- 
tortion, records of L.P. turbine rotor-bore temperatures 
showed a very slow decline, whereas the casing was 
cooled rapidly by the low-temperature steam. At about 
the time when the rub took place, the casing tempera- 
ture was 300 deg. F., while the rotor-bore temperature 
was 600 deg. F. (See Fig. 3.) If the mean rotor 
temperature were 450 deg. F., there would be a 
reduction of blade clearance of some 0-014 in., so that 
a hog of only 0-036 in. would cause a rub. 

The suggestion was made that differential cooling of 
the starboard side was caused by the cool exhaust 
steam, which left the last row of blades with a con- 
siderable amount of whirl, impinging on the lower part 
of that side of the casing. To reduce the differential 
cooling effect, a system of light metal shields was 
fitted to the lower half of the casing and to the stiffening 
grid in the lower half of the casing. In a subsequent 
trial, it was found that the hog of the outer casing 
when the engine was going ahead was considerably 
reduced and it was possible to carry out a trial of four 
hours full astern, followed by one hour at 10 per cent. 
full power ahead, without recurrence of the rubbing. 
Fig. 2 actually refers to this trial. 

The metal shields had somewhat reduced the asym- 
metrical hog, but they were by no means the complete 
answer. Later trials revealed that the real cause of 
the trouble was the air ejector re-circulating water. 
The re-circulating water pipe, which connected the main 
condensate line downstream of the air ejector to the 
condenser, was led to the forward side of the condenser 
shell almost in line with the starboard side of the L.P. 
turbine casing, and the water was sprayed into the 
condenser over an arc extending from about 60 deg. 
above to 60 deg. below the horizontal. The water 
therefore sprayed on to the lower part of the starboard 
side of the turbine casing. When going from full 
astern to 10 per cent. full power ahead, the re-circulating 
valve was always opened, to maintain a sufficient flow 
of condensate through the air ejector, and the effect 
of the water spraying on the casing was to cause 
differential cooling in the starboard side of the casing. 
A minor modification to the re-circulating water pipe 
effected a complete cure of the trouble. 

The object of the manceuvring trials was to determine 
the ability of the engines to stand up to the most 
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severe handling that might conceivably be encountered 
on service. Only with the full instrumentation that 
was available was it possible to determine whether an 
operation was risky, and yet be able to stop before 
serious damage was inflicted. Before commencing 
these trials, the H.P. turbine axial clearance was 
increased from 0-030 in. to 0-045 in. cold. 

For the first trial, it was decided to start with cold 
turbines, allow half an hour for warming through and 
raising vacuum, and then work up to full power in 
20 minutes. Gland steam was put on and vacuum 
raised to 20 in. Hg., the time taken being 15 minutes ; 
the engines were then turned by bursts of steam at 
}-minute intervals for 5 minutes; full vacuum was 
then raised in a further 10 minutes and the engines 
started, 20 per cent., 40 per cent. and 60 per cent. 
power being achieved in 1, 44 and 9} minutes, respec- 
tively, and full power in 20 minutes. The axial 
clearances in the H.P. turbine decreased rapidly in the 
first ten minutes of running from 0-045 in. to 0-017 in., 
after which they increased gradually to 0-030 in; at 
this point they became steady. 

Negligible distortion occurred in the L.P. turbine 
casing, but a hog amounting to 0-010 in. to 0-015 in. 
was recorded in the H.P. turbine casing. These results 
were roughly in agreement with those obtained for 
steady running, and it appears that no serious distortion 
is induced by the transient conditions. No unusual 
temperature increases were recorded apart from the 
rapid rise during the period of power increase, which 
reached a maximum after approximately 15 minutes of 
steady running. During the period of warming 
through, prior to the trial, turning the engine by bursts 
of steam made no appreciable difference to the H.P. 
turbine casing temperatures and could have been 
omitted. Condensation is most severe during the first 
few minutes from starting, when almost all stages are 
operating with saturated steam and casing temperatures 
are considerably below the steam temperature. It is 
difficult to assess the importance of this factor, and 
probably the only reliable guide is that the trial was 
completed without damage to the machinery. 

The above trial showed that the H.P. axial clearance 
was the only factor which might be critical during 
violent increases in power, so it was decided to try an 
even more rapid rate of increase to see if this factor 
became limiting. In the next trial, the engines were 
increased from 10 per cent. to 100 per cent. power in 
ten minutes. The results of this trial were comparable 
to the previous one. The casing temperature curves 
became almost flat within 15 minutes of reaching full 

wer. The decrease in axial clearance indicated very 
clearly the effect of differential expansion between the 
rotor and the casing when power is increased rapidly. 
This is illustrated in Fig. 4, opposite. It appears, 
therefore, that the principal limitation on the rate of 
increase in power, so far as the turbines are concerned, 
is that imposed by the reduction of the H.P. turbine 
axial clearances. 

The next trial simulated conditions when, owing to 
sudden deterioration in weather, it becomes necessary 
to get under way in the shortest possible time. No 
attempt was made to warm the engines. Gland steam 
was put on and vacuum raised. When vacuum had 
reached 25 in. Hg. (8 minutes from putting on gland 
steam) the engine was started and the power increased 
to 10 per cent. in 12 minutes, Full vacuum was 
attained approximately 8 minutes after starting the 
engine. e results were similar to those obtained 
from previous warming-through trials. There was no 
serious distortion of either H.P. or L.P. turbine casing 
and no reduction in H.P. axial clearance. It was 
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noticeable that putting on gland steam had an appre- 
ciable effect in raising the temperature at the ends of 
the H.P. turbine casing and the top half of the L.P. 
turbine casing. 

Finally, the effects of a sudden call to stop the ship 
at sea were investigated. After a period of steady 
steaming at 20 per cent. power, the ahead throttle was 
shut off rapidly and the astern throttle opened to give 
10 per cent. astern power, this being the maximum 
power that can be absorbed by the brake when running 
reversed. This trial was repeated from 60 per cent. 
and again from 100 per cent. ahead power. The most 
noticeable effect was that these reversals show no 
sudden change of temperature in the H.P. turbine 
casing. In the 100 per cent. trial, the maximum H.P. 
casing temperature dropped approximately 120 deg. F., 
and in the other two trials it remained sensibly constant. 
H.P. turbine hog tended to decrease slightly after the 
reversals. There was a sudden slight decrease in 
H.P. turbine axial clearance after reversals, which was 
probably due to the thrust collar centring itself between 
thrust pads when the thrust came off the blading. 

On the other hand, the L.P. turbine casing tempera- 
ture increased rapidly after the reversal due to the 
presence of high-temperature exhaust from the astern 
turbines. Temperature curves flattened out after 
about 15 minutes of astern running, by which time the 
L.P. turbine casing hog had increased by about 0-005 in. 
to 0-010 in. It was clear from these trials that the 
speed at which the reversal was effected was not, in 
itself, important, and that any effects which did occur 
were caused by the normal astern-running conditions. 

Investigations were also made of various methods of 
warming through the turbines, and of conditions 
obtaining when the engines are stopped, but available 
at immediate notice. In all these tests, there was no 
evidence of untoward distortion or expansion and the 
machinery had thus been proven as being adequately 
robust for all conditions of service. From the record of 
relative movement of the H.P. turbine rotor and casing, 
taken over the whole series of manoeuvring trials, it 
was decided to maintain the coarse axial clearance of 
0-045 in. for normal service, though 0-040 in. would 
just provide a safety margin, even at the most rapid 
rate of increase of power. 

It is known from the results of the consumption 
trials that an increase of axial clearance from 0-030 in. 
to 0-045 in. raises the steam rate by 2 per cent. at full 
power. This has given rise to the suggestion that it 
might be worth considering the fitting of a form of 
pulling-up gear, such as is used in jand turbines of this 
type, to allow a smaller axial clearance to be used 
under steady conditions than when manceuvring. 
From the operational point of view, large increases in 
power can normally only be made over a period of 
several minutes, owing to the limitation of boiler 
output, and therefore, during an increase of power, 
sufficient time should be available for increasing the 
clearances by means of the adjusting gear. On the 
other hand, a rapid decrease in load, which might be 
carried out in a matter of seconds, would involve no 
danger, as such changes cause the clearances to open 
up. Before such a device could be accepted for naval 
service, it would need to be both simple and also proof 
against mis-handling by semi-trained watchkeepers. 

Reference is made above to rotor-bore temperatures. 
The apparatus used to record these temperatures con- 
sisted of five thermocouples, located axially in the 
rotor bore. At each thermocouple position a split 
copper cylinder with three tongues was attached to the 
locating pipe, and the thermocouple was brazed into 
the centre of one of these tongues The clearance 
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between the copper cylinder and the bore is such that, 
when rotating, the centrifugal load presses the tongue 
against the rotor wall so that good thermal contact is 
obtained. The leads from the thermo-couple were then 
led down the locating pipe to an axial-type six-way slip 
ring, and the results recorded on a Speedomax 
automatic recorder. 

Readings were taken at various powers and the 
steady temperatures attained are shown in Fig. 5, 
page 350. As was expected, the highest temperature 
recorded when going ahead was under the first-stage 
Curtis wheel; 740 deg. F. was reached at this point 
at full power, falling to 550 deg. F. at very low power. 
The highest temperature in the L.P. was 270 deg. F., 
under the inlet belt. 

Fig. 6, on page 350, shows the rate of increase of 
rotor-bore temperatures during the most rapid man- 
cuvring trial, when power was increased from 10 per 
cent. ahead to 100 per cent. ahead in ten minutes ; 
and Fig. 7, on page 35], shows the simultaneous records 
of rotor-bore, casing and steam temperatures in way 
of the H.P. turbine Curtis wheel during the same trial. 
The temperature at the surface of the turbine rotor will 
presumably approximate to the steam temperature, so 
that radial temperature gradients across the rotor of 
the order of 260 deg. F. must have been experienced 
during this trial. 

Working up to full power with a cold turbine may 
produce even steeper radial temperature gradients in 
the H.P. rotor. Fig. 8, on page 351, shows rotor-bore 
temperatures taken in the “0 to 100 per cent. ahead in 
20 minutes” trial with the Daring II machinery. 
Generally, the rotor-bore temperature records in 
Daring II gave very similar records to those of Daring I, 
the temperatures differing only by a few degrees ; 
though, in the case of the increasing-power trial, the 
response of the rotor-bore temperatures was naturally 
quicker, owing to the lesser thickness of metal. The 
initial temperatures were from 70 to 100 deg. F., and 
had increased to about 150 deg. F. when the engines 
were started. Since the wheelcase temperature at the 
lower power is about 500 to 550 deg. F., increasing to 
750 deg. F. at full power, it appears that a temperature 
difference of some 400 deg. F. may exist between the 
outside and the inside of the rotor in these 
circumstances. 

Generally speaking, the rotor-bore temperatures 
attained after a reasonable period of running are very 
close to the steam temperature at that position, and, 
in these circumstances, little in the way of temperature 
stress is to be expected. Conditions at the glands and 
journals may be somewhat complex, but, as the rota- 
tional stresses here are small, it is unlikely that any 
undue stressing will arise in a rotor under steady 
conditions, The conditions on first admitting steam, 
however, are much more complex, and work has been 
carried out on the rate of heating of a section of a rotor, 
similar to that on which the first series of rotor-bore 
temperatures were taken. From the temperatures 
observed during the initial warming, it has been 
possible to compute the stresses due to the temperature 
differentials. This investigation has not yet been 
completed, but it would appear that considerable 
stresses may be caused by temperature alone, parti- 
cularly at the reduced diameter between the Curtis 
wheel and the dummy, and at the bore. It may well 
be proved on further investigation that the rate of 
working up a cold turbine may be limited from this 
consideration, though the gashed impulse type of 
turbine is better off in this sense than the solid-rotor 
reaction turbine. 

(To be continued.) 





NOTES ON NEW BOOKS. 


Principles of Mechanism. 
By F. Dyson, B.Se., A.M.I.Mech.E. Fourth edition. 
Oxford University Press (Geoffrey Cumberlege), Amen 
House, Warwick-square, London, E.C.4. [Price 16s. 
net.) 


AFTER careful consideration of the desirability of en- 
larging the previous edition of this book to cover more 
advanced work, the author decided to restrict the 
fourth edition approximately to meet the requirements 
of students taking the first part of the final examina- 
tions for a university degree in engineering. Thus the 
present text is substantially the same as that of the 
third edition, though the appendix has been revised 
and enlarged so as to include an improved system of 
notation adopted for the Coriolis component of accelera- 
tion. For those unacquainted with the earlier editions 
of the book, it may be remarked that Mr. Dyson has 
succeeded in presenting in a comprehensive manner 
the large amount of subject-matter which is sometimes 
called the theory of machines. The chapters on 
mechanisms and velocity diagrams and on acceleration 
diagrams together exhibit a nice balance between 
graphical and analytical methods, which facilitates the 





study of later chapters dealing with the slider crank 
chain, and toothed gearwheels and gearing. Another 
characteristic is an excellent treatment of the dynamics 
of machinery, under the separate chapter headings of 
friction, flywheels and turning-moment diagrams, 
governors, and balancing. In preparing the work it 
has not been overlooked that, while there is a large 
number of students who can grasp bookwork readily, 
there seems to be a general weakness in applying the 
results of theory to specific problems and exercises. 
The author evidently believes that this special faculty 
may be cultivated by solving numerous exercises, for 
a large section, drawn from university and other sources, 
is given at the end of each chapter, and the answers are 
to be found at the end of the text. 





Technology of the Machine Shop. 


By H. C. Town, M.I.Mech.E. Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 21s. net.] 


THERE is no shortage of books on machine tools, jigs 
and fixtures, but Mr. Town’s work differs from most of 
them in that it keeps a proper balance between descrip- 
tions of machines and devices, the investigation of 
cutting actions, and the economics of book production, 
so that it covers the wide field indicated by the title 
in one volume of about 360 pages. It is addressed to 
advanced engineering students, and, therefore, the 
numerous illustrations are, to a great extent, of a 
diagrammatic nature. The descriptions and illustra- 
tions present the latest practice in mechanical, electrical 
and hydraulic operation of all types of machine tools. 
The book deals with recent developments in cutting 
tools, and gives much new information on diamond tools. 
After considering the layout of motorised workshops, 
and methods of metal removal, the author turns to the 
general features of machine-tool design and construc- 
tion, together with geared and hydraulic drives. One 
chapter is devoted to planing, shaping and slotting 
machines, with their construction and control and the 
cutting tools used with them; another, on similar 
lines, to lathes. Capstan, turret and automatic lathes ; 
drilling and boring machines, including jig borers ; and 
the various types of milling machines with their 
attachments, are all given due attention. It may be 
said, in fact, that practically all types of machine tool, 
and methods of metal forming and removing, receive 
attention in some part or another of the book, usually 
with illustrative examples from the current practice 
of well-known machine tool firms ; though it should be 
emphasised that the book is not merely a series of 
paraphrases from catalogues. The concluding chapter 
points to the need for further experimental work and 
research on machine tools, and describes the equipment 
required for these purposes. General guidance is also 
given on inspection tests. 





Konstruieren im Maschinen- und Gerdtebau. Vol. I. 


Das Gestalten der Form. 


Edited by Dr.-INc. H. R6OGNITz. 
Verlagsgesellschaft, Poststrasse 3, Leipzig, C.1. 
3-07 dols. net.) 


Tuts is the first volume of a series of text-books on the 
design of machines and engineering devices, and deals 
mainly with the shape of components. Just, however, 
as studying a book on harmony does not guarantee 
that the reader will become a composer the designer 
can only expect to be guided; only those who have 
experience of design work, and have made typical 
mistakes, can really appreciate the value of this 
guidance. A prominent feature of the book is the 
comparison of illustrations of appropriate and inappro- 
priate designs, with captions explaining what principle 
has been violated. After introductory sections dealing 
with the significance of standards, and with the basic 
geometrical shapes, the forms, sizes, and properties 
of available rolled-steel sections, as well as of semi- 
finished other materials, are discussed. The main 
section of the book deals first with dimensions, toler- 
ances and allowances, and the proper way of indicating 
them on a drawing. The various processes in engineer- 
ing manufacture—casting, forging, pressing, extruding, 
welding, brazing, stamping, bending, drawing, and the 
various machining processes—are then considered, 
design rules being given, based on their respective 
characteristics and requirements. The book continues 
with the various fits of mating parts, and shows how 
assembling is simplified if the respective requirements 
have already been observed in designing the com- 
ponents. The subsequent sections deal with safety 
and ease of control, glands and packings, causes of and 
remedies for excessive noise, and the text concludes 
with considerations of esthetics. The style of the 
book is somewhat pedantic, and many uncommon terms 
are used, but readers sufficiently familiar with the 
German language should find in it useful material. 


B. G. Teubner 
(Price 





BOOKS RECEIVED. 


The Torsion of Aluminium-Alloy Structural Members. 
By Dr. M. S. G. CuULLIMORE and PROFESSOR A. G. 


PUGSLEY. Research Report No. 9.. The Aluminium 
Development Association, 33, Grosvenor-street, 
London, W.1. [Price 7s. 6d.] 


Lloyd’s Register of Shipping. Register Book 1951-52, 
Volume I. A-L. Volume II. M-Z. Offices of the 
Register, 71, Fenchurch-street, London, E.C.3. 

BEAMA Guide to British Electrodes Covering Are 
Welding Electrodes for Welding Mild Steel. Prepared 
by the Are Welding Electrode Section. The British 
Electrical and Allied Manufacturers’ Association, 
36 and 38, Kingsway, London, W.C.2. [Price 2s. net,} 

National Physical Laboratory. Notes on Applied Science 
No. 1. Gauging and Measuring Screw Threads, 
H.M. Stationery Office, Kingsway, London, W.c.2. 
(Price 5s. net.] 

Theoretical Physics. By PROFESSOR GEORG Joos, with 
Second edition. Blackie and Son, Limited, 16-18, 
William IV-street, London, W.C.2. [Price 50s. net.] 

The Hardness of Metals. By D. Tapor. Oxford 
University Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 15s. net.] 

Applied Electricity. By PRoressor H. Corron. Cleaver- 
Hume Press, Limited, 42A, South Audley-street, 
London, W.1. [Price 17s. 6d. net.] 

Tacheometry. By PrRoressor F. A. REDMOND. The 
Technical Press, Limited, Gloucester-road, Kingston 
Hill, Surrey. [Price 21s. net.} 

The London Tramcar 1861-1951. By R. W. Kipner. 
Locomotion Papers No. 7. The Oakwood Press, 
Tanglewood, South Godstone, Surrey. [Price 5s. 6d.] 

Metallurgy for Engineers. By PRoressor G. K. OGALg. 
United Book Corporation, Poona. [Price 10.8 Rupees.] 

Cornish Engineers. By BERNARD HOLLOWOOD. Holman 
Brothers, Limited, Camborne, Cornwall. [For private 
circulation.) 

Locomotive and Train Working in the Latter Part of the 
Nineteenth Century. By E. L. AHRONS. Volume I. 


W. Heffer and Sons, Limited, Cambridge. [Price 
15s. net.] 
The Great Western Railway. By O.S. Nock. W. Heffer 


and Sons, Limited, Cambridge. [Price 18s. net.] 





TRADE PUBLICATIONS. 


Fluorescent Lighting Lamps.—Concise descriptions of a 
new range of fluorescent lighting fittings are given in a 
pamphlet received from Metropolitan-Vickers Electrical 
Co., Ltd., Trafford Park, Manchester, 17. 

Machine Tool Drives.—A leaflet issued by Lancashire 
Dynamo & Crypto (Mfg.), Ltd., 25, Shaftesbury-avenue, 
London, W.1, deals with the various applications of that 
company’s electrical equipment to the driving of machine 
tools. 


Electronics in Industry.—A pamphlet recently received 
from British Electronic Products (1948), Ltd., Rugeley, 
Staffordshire, describes the work of that firm and gives 
a general picture of their specialised activities in the 
electronic field. 

Direct-reading Air-Velocity Instruments.—The con- 
struction and applications of the direct-reading air- 
velocity instruments, known as Velometers, are dealt 
with in a brochure recently issued by Metropolitan- 
Vickers Electrical Co., Ltd., Trafford Park, Manches- 
ter, 17. 


Automatic Control of Alternator Excitation.—The exten- 
sions to power systems which are being carried out on 
an increasing scale add considerably to the problems of 
control. Interest, therefore, attaches to the discussion 
of modern practice in the automatic excitation of large 
alternators, which is contained in a leaflet prepared by 
Metropolitan-Vickers Electrical Co., Ltd., Trafford Park, 
Manchester, 17. 

Resistance Thermometers.—Bailey Meters and Controls, 
Ltd., Progress Way, Croydon, Surrey, have issued a 
catalogue, No. E.230, which gives details of their range 
of “‘ Calortron ” electronic resistance-thermometers. Up 
to four temperatures can be recorded simultaneously on 
one 12-in. diameter chart, a separate electronic amplifier 
and driving motor, mounted in the case, being employed 
for each recording pen. Combined recorders and indi- 
cators can also be supplied. 

Twelve-Channel Carrier Telephone System.—A pamph- 
let, received from Automatic Telephone and Electric 
Co., Ltd., Strowger Works, Liverpool, 7, contains an 
account of a 12-channel carrier telephone system which 
has been designed to meet the requirements of both large 
and small territories. It,is applicable in areas where 
a heavy traffic warrants the installation of coaxial 
cables or where a lighter traffic can be dealt with by 4 
basic group of four channels, A system of this kind, 
comprising six 12-channel groups, is being commissioned 
on a quad-type carrier cable between Liverpool] and 
Manchester, whichis 35 miles long and is “ repeatered” 
at Walton, Old Boston and Swinton. 
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SEPT. 21, I9Q5I. 


FLYING DISPLAY OF 
BRITISH AIRCRAFT. 


(Continued from page 343.) 


Last week we described briefly some of the new 
military aircraft which appeared in the flying display 
of the Society of British Aircraft Constructors, 
held from Tuesday, September 11, to Sunday, 
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to-chord ratio and a high degree of structural stiff- 
ness. 

The control and stability characteristics of delta- 
wing aircraft over the whole speed range are the 
subject of intensive full-scale investigation ; the 
handling of these low aspect-ratio aircraft at low 
speeds differs somewhat from that of conventional 
aircraft. In order to achieve the necessary lift, 
take-off and landing are performed at rather 
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P 111 Armcrart; Bourton Paut Arrcrart, LIMITED. 
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Avro 7078 Arrorarr; A. V. Roz anp Company, LiMiTED. 





Fic. 9. Avro 7074 Arrcrart; A. V. Roz anp Company, LimIrED. 


September 16, at Farnborough aerodrome. Note- 
worthy events in the display were flight demon- 
strations of two delta-wing research aircraft, the 
Boulton Paul P.111 and the Avro 7078; a third, 
the Avro 7074, was on view in the static park. 
The delta-wing arrangement makes possible the 
low wing loading which is essential for high-altitude 
operation at transonic speeds, in conjunction with 
& marked leading-edge sweepback, a low thickness- 


high angles of incidence. Both the aircraft flown 
were fitted with tail parachutes to reduce the landing 
speed, but the Avro 7078 was demonstrated without 
the parachute in action. In this case, the aircraft 
landed at an angle that appeared incredibly steep 
to those spectators unfamiliar with these aircraft. 
Another feature which was most marked was the 
high manceuvrability in flight. Fig. 7 shows the 
P.111, built by Messrs. Boulton Paul Aircraft, 
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Limited, Wolverhampton, which flew for the first 
time in October, 1950. It is propelled by a Rolls- 
Royce Nene engine developing 5,000 lb. thrust, 
having a nose intake end a tail exhaust nozzle, and 
has a span of 33 ft. 6 in. and a length of 26 ft. 1 in. 
The height over the tail is 12 ft. 64 in. It is con- 
trolled by elevons. The main wheels of the tricycle 
undercarriage retract inwards into the wings, and 
the nose wheel folds backwards. 

Fig. 8 illustrates the Avro 707B, built by Messrs. 
A. V. Roe and Company, Limited, Greengate, 
Middleton, Manchester ; the steep landing attitude 
noted above is wellshown. It appeared in the static 
park at last year’s display, but had not then com- 
pleted the requisite number of flying hours for 
taking part in the flight demonstrations. The 
Avro Company consider the delta-wing layout to 
be the ideal configuration for the long-range bomber 
or transport aeroplane, since it offers a large stowage 
capacity in conjunction with low drag at transonic 
speeds. The present aircraft is purely experimental. 
On Friday, the pilot gave a particularly interesting 
demonstration of its satisfactory slow-flying capa- 
bilities in gusty conditions. The Avro 707B has a 
Rolls-Royce Derwent jet engine, developing 3,600 Ib. 
static thrust, installed in the rear fuselage, with a 
bifurcated air intake on each side of the dorsal 
extension of the fin; it has a span of 33 ft. and an 
overall length of 41 ft. 103 in. Control is effected 
by separate aileron and elevator flaps, and air 
brakes are fitted. A retractable tricycle under- 
carriage is employed. 

The Avro 7074, illustrated in Fig. 9, is a more 
refined and slightly larger version of the 707, 
capable of higher speed, which made its first flight 
this summer. It will be observed that the air 
intakes for the Derwent engine have been installed 
in the wing roots, instead of on the top of the fuse- 
lage, as in the 7078. This has resulted in consider- 
ably cleaner fuselage lines. It will be observed also 
that the wing, which has a span of 34 ft. 2 in., is set 
farther back on the fuselage. The engine air intakes 
are provided with boundary-layer fences and 
bleeds. The overall length of the 7074 is 42 ft. 9 in. 

Two interesting power units made their first 
appearance this year—the Nomad compounded com- 
pression-ignition gas-turbine engine, and the Snarler 
liquid propellant rocket motor. Fig. 10, page 354, 
shows the Nomad, designed and constructed by 
Messrs. D. Napier and Son, Limited, Acton, London, 
W.3, which was on view in the static exhibition and 
was also demonstrated in flight, installed in the nose 
of an Avro Lincoln flying test-bed. Although com- 
pounded petrol engines have been constructed in 
the United States for some years, the Nomad, illus- 
trated in Fig. 10, is the first compounded com- 
pression ignition aeroengine, and is designed 
primarily for extremely long range. It consists 
of a highly-supercharged two-stroke 12-cylinder 
horizontally-opposed engine driving one half of 
a contra-rotating propeller. The other half of the 
propeller is driven by a gas turbine which converts 
the heat in the exhaust gases from the piston engine 
into useful work. The high thermal efficiency of 
this arrangement has resulted in a specific fuel 
consumption of 0-36 lb. per effective horse-power 
per hour at maximum continuous power. To 
provide maximum power for take off, two auxiliary 
combustion chambers, in which additional fuel may 
be burned, and an auxiliary turbine are fitted. The 
compression-ignition engine is supercharged by an 
axial compressor and a centrifugal compressor in 
series ; it is believed that this is the firstexample of 
a piston aero-engine with an axial supercharger. The 
Nomad has a maximum sea-level static power of 
3,000 shaft horse-power plus 320 Ib. thrust, and a 
net dry weight of 4,200 lb. The overall length is 
126} in., the width 58} in., and the depth 49} in. 

Fig. 11, page 354, shows the Snarler power unit, 
which was exhibited by the constructors, Messrs. 
Armstrong Siddeley Motors, Limited, Coventry, 
installed in the tail end of a Hawker P.1072 aircraft 
which, however, did not take part in the flying 
display. It was also on view on the Armstrong 
Siddeley stand. This aircraft is, basically, a P.1040, 
and was described on page 258 of our 166th volume 
(1948) ; the main power unit is a Rolls-Royce Nene 
engine. The Armstrong Siddeley Snarler has been 
developed for combat use, to give additional power 
for climb and level-speed flight at very high altitude. 
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Fie. 10. “ Nomap” ComMpouNDED PisToN AND TurRBINE Enorne; D. Napier anv Son, Limrren. 


It can also be used for providing extra thrust for 
take off, developing 2,000 lb. thrust at sea level. 
The unit weighs 215 lb., and is very compact. The 
propellants used in the Snarler are liquid oxygen and 
a methanol water mixture ; the tanks can be stowed 
in any convenient position in the aeroplane. 

Recent versions of the jet fighter aircraft which 
first appeared towards the end of the Second 
World War are capable of giving highly imprsesive 
performances. One of the more interesting research 
aircraft of this type demonstrated was a Venom I 
single seat intercepter fighter entered by the de 
Havilland Engine Company, Limited, Edgware, 
London. Itis powered by a Ghost engine fitted with 
reheat, i.e., equipped for burning additional fuel 
in the jet pipe aft of the turbine for providing extra 
power for combat or take-off. It may be recalled 
that the first reheat demonstrations were given at 
Farnborough two years ago, one of the aircraft so 
fitted being a de Havilland Vampire with a Goblin 
engine. A paper on reheat by a member of the 
de Havilland research staff was _ reprinted in 
ENGINEERING, on page 191 of volume 169, (1950). 
No information has been released on the additional 
thrust available due to reheat, but the sudden 
substantial increase in thrust as the additional fuel 
injection is brought in was obvious to spectators, 
both audibly and visibly. 

The Sea Venom 20, which was ordered by the 
Navy earlier this year, took part in the flying 
display for the first time. Designed and constructed 
by the de Havilland Aircraft Company, Limited, 
Hatfield, Hertfordshire, the Sea Venom, which is 
illustrated in Fig. 12, is a development of the Venom 
2 night fighter, which was shown for the first time 
at last year’s display and was described briefly on 
page 239 of our 170th volume (1950). It differs 
principally from the night fighter in having folding 
wings and deck-arrester gear. It is propelled by a 
de Havilland Ghost centrifugal turbo-jet developing 
5,000 Ib. static thrust at sea level. The wing span 
is 41 ft. 9 in. and the overall length 35ft.3in. The 
Sea Venom carries a crew of two and is provided 
with radar and navigational aids for all-weather 
fighting. The manceuvrability of this aircraft, as 
on earlier versions of the Venom and Vampire, 
appears to be outstancingly good. The Sea Venom 
has been ordered for the Royal Australian Navy, 
and it is also to be built under licence in France. 

The Vampire trainer, which was shown by the 
de Havilland Aircraft Company, Limited, in the 
static park last year, took part in the flying display 
this year. It is powered by a de Havilland Goblin 
engine developing 3,350 lb. static thrust at sea level, 
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combat and gunnery, in ground-attack with rockets! Last year, the Meteor ground-attack aircraft, 
or bombs and in high-speed navigation. The cock- | built as a private venture by the Gloster Aircraft 
pit, which is pressurised, is provided with side-by-|Company, Limited, Hucclecote, Gloucestershire, 
side seating and duplicated flying and armament | was shown in the static park. This year the aircraft 
controls and instruments. The aircraft can carry a | appeared in the flying display, and demonstrated its 
military load of four 20-mm. cannon, plus eight handling qualities by performing several remarkable 
rockets and two 500-lb. bombs, or, alternatively, | ‘‘ cartwheel” aerobatics and spins with a full load 
two 100-gallon drop tanks and two 1,000-lb. bombs | of 24 rocket projectiles and wing-tip tanks. The 
in addition to the guns. It has a maximum speed | spinning of aircraft carrying external loads, it 





and has an all-up weight of 11,030 lb., a span 
of 38 ft. and an overall length of 34 ft. 5 in. The 
Vampire trainer, which has been adopted by the 
Royal Air Force, is equipped for instruction in the 
handling of a high-speed aircraft in high-altitude 


of 549 m.p.h. at an altitude of 20,000 ft. ; the rate | will be realised, is not usually a manoeuvre recom- 
of climb at sea level is 4,500 ft. per minute, and the | mended to pilots. The ground-attack Meteor 18 
operational ceiling is 40,000 ft. At 30,000 ft., the developed from a standard Meteor 8 airframe and 
aircraft has a maximum endurance of 2-15 hours | is powered by two Rolls-Royce Derwent engines. 
and a range of 840 miles. It can carry the following alternative loads : 
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twenty-four 95-Ib. rocket projectiles and two 100- 
gallon wing-tip tanks; or four 1,000-lb. bombs 
with two 100-gallon wing-tip tanks ; or 580 gallons 
of fuel in ventral, underwing and wing-tip tanks, 
giving an operational range of approximately 1,500 
miles. An arrester hook and rocket-assisted take-off 
gear can also be fitted, thus enabling the 
aircraft to be operated from improvised airfields. 
(To be continued.) 





LITERATURE. 


Mathematics of Relativity. 

By Proressor G. Y. Ratnicw. John Wiley and Sons, 

Incorporated, 440, Fourth-avenue, New York 16, 

U.S.A. [Price 3-50 dols.]; and Chapman and Hall, 

Limited, 37, Essex-street, London, W.C.2. [Price 28s. 

net.] 

In some branches of applied mathematics the analy- 
tical methods have obviously no connection with the 
physical processes. The lunar theory is an impor- 
tant instance ; it is inconceivable that the processes 
by which the moon finds out where it ought to be 
are in any way analogous to those by which the 
computer solves the same problem. It is part of 
the attraction of Einstein’s theory that the mathe- 
matical methods correspond step by step with 
physical processes, so that the form, as well as the 
result, of the analysis is significant. The better 
the student’s understanding of the tensor calculus, 
the deeper will be his insight into the structure of 
the world. There may be some who cherish the 
hope that ultimately simpler mathematical methods 
of dealing with these problems will be devised ; 
but even if this hope were fulfilled the simplification 
would be at the expense of the requisite emphasis 
being placed on the physical significance of each 
analytical operation. Further, as Professor Rain- 
ich’s treatment shows, it is easier for the beginner 
to grasp the essentials of relativity theory when 
mathematical and physical types of propositions 
are utilised together as required. 

In the first of the five chapters of the book, the 
re-formulation of the principal equations of physics 
presents to the uninitiated new ideas of matter, 
based on operations with vectors and tensors. This 
is preparatory to the analytical geometry of four 
dimensions expounded in Chapter 2, where the 
peculiarities of such geometry are disclosed by early 
study of two cases: first, with all the co-ordinates 
real, and second, with one co-ordinate imaginary. 
The transition from the first to the second of these 
geometrical systems receives careful consideration, 
before attention is drawn to the question of invari- 
ance of the equations of physics. Thus, guided by 
the view that the formule ought to be expressed in 
terms of four dimensions, the reader is led, in 
Chapter 3, to the interpretation of the motion 
of a particle as a curve in space-time, a simple 
problem of special relativity. The treatment is 
characterised by conciseness, as is perhaps best 
indicated by the concluding section of this chapter, 
where the author shows how gravitation together 
with electromagnetism fit exactly into the original 
theory of curved space. 

Chapter 4, on the general theory of curved space, 
thus starts with the recognition of two defects in the 
special theory of relativity: first, that space-time 
lacks structure and, second, that it does not provide 
an invariant treatment of gravitational phenomena. 
Both of these defects can be remedied by the same 
modification, as is shown in the various sections of 
this chapter dealing with the curvature of curves 
and surfaces, Riemann’s tensor, geodesics, and the 
equations of physics in terms of curved space. The 
discussion of these topics clearly indicates that, if 
all the components of the Riemann tensor were 
required to interpret matter and electricity, it would 
mean that, in the absence of matter and electricity, 
space-time would be flat so far as internal properties 
were concerned. This would imply that matter 
acted only where it was situated. But this would be 
contrary to the fact that matter makes itself felt 
outside the region it occupies, as in the case of a 
gravitational field. It is therefore of interest to 
Rotice the identification of certain quantities in 
Chapter 4, as the result of which only part of the 
components of Riemann’s tensor vanish where there 


is no matter, so that the remaining components may 
be interpreted as corresponding to gravitational 
effects. The treatment proceeds, in the final chap- 
ter, to a short account of general relativity, involving 
consideration of the law of geodesics and solution 
of the related equations, planetary motion, the 
bending of a light-ray as it passes through the 
gravitational field of the sun, the shift of spectral 
lines, and other matters. The treatment as a whole 
gains much from the easy style in which more 
complicated questions are introduced in a series 
of steps, so as to acquaint the reader gradually 
with the more powerful mathematical tools; and 
changes in fundamental concepts and the refine- 
ments of the analytical technique are introduced 
only when they are needed. Further indication 
of the careful arrangement of the work is to be 
found in the numerous exercises which have been 
inserted at appropriate places in the text. 





Welded Deck Highway Bridges. 

Edited by PROFESSOR JAMES G. CLARK. The James F. 

Lincoln Are Welding Foundation, Cleveland, Ohio, 

U.S.A. [Price 2.50 dols., outside U.S.A.; 2 dols, in 

U.S.A.) 

Tuts stimulating and original volume surveys the 
features of special interest which emerge from a 
design competition sponsored by the Lincoln Arc 
Welding Foundation, on the subject of “‘ Welded 
Bridges of the Future, 1949 Award Program.” The 
requirement of an all-welded design for a two-lane 
highway bridge, supported on two end piers 120 ft. 
apart, may seem prosaic to those who have been 
led to look for structural novelty in a Dome and a 
Skylon, but this simple utilitarian “‘ program ” 
has produced an astonishing variety of novel and 
ingenious, yet workmanlike, designs and design 
details. The immediate effect of this book on the 
reader of commonplace structural engineering texts 
is not unlike that of a Jules Verne on the reader of 
history and biography. 

On casual inspection, some of the proposed 
innovations might be dismissed as reversions to 
discarded forms of earlier days, for it is easy enough 
to give classical illustrations of tubular members and 
triangular cross-sections and even of “‘ New Angels,” 
as in Fig. 78; but here there is a difference. Modern 
welding technique enables the tubular members to 
be connected by conventional parallel gussets 
(Figs. 18 and 19) instead of by complex inter- 
sections. The girder of triangular section is used, 
in several designs, the right way up, with the base in 
compression and the apex in tension; the new 
‘‘ angels,” or angles, which differ but slightly from 
standard rolled angles, are immediately weldable 
into cruciform, square, channel or T sections, These 
few technical details are taken at random as a 
small sample of the many novelties introduced by 
the competitors, who, it is recorded, represent 24 
States and the District of Columbia (in the United 
States) and 19 other countries. On page 17, 
reference is made to a design submitted by W. P. 
Dumbleton, of London, England, whose special 
innovation is the ‘‘ Bobbin Plate,” in which the 
thickness varies from 2 in. at the edges to a quarter 
of an inch at the centre, “ giving a smooth stress 
flow and eliminating the common difficulty of 
welding thin plates to thick due to unequal heat 
capacity.” 

The editor, Professor James G. Clark, of Urbana, 
Illinois, has done his job well, not only in bringing 
to notice the principal points of novelty, ingenuity 
and interest, but in the general arrangement of the 
book. In it he first outlines the conditions and 
results of the award and then proceeds under the 
consecutive headings—structural types, floor sys- 
tems, new sections, special connections and details, 
and quantities and costs. In preparing the text, 
he has made good use of the descriptive notes which 
each contestant was encouraged to submit “to call 
attention to and briefly describe any special feature 
of his design that he believes to have special merit.” 
Some of the illustrations are necessarily reduced 
considerably from the originals, but the paper is of 
fine quality and the closest details are easily made 
out with a reading glass. An omission is the lack of 
an index, which might well have been added in 





view of the large number of competitors’ names, as 


|well as the numerous novel designations such as 





“teed flange,” “ Y-stringer,” and “ pipe-adaptor- 
bar.” 

It will be interesting to note the adoption, in 
course of time, into structural engineering practice 
of some of these new designs and ingenious devices. 
For the moment, it appears that they exist only on 
paper, and the next stage may well be that of 
testing in structural engineering research labora- 
tories ; for, in spite of the repute, and even renown, 
of some of the contestants, the consulting engineer 
or architect, acting for a highway authority, cannot 
give the same weight to novelty as can the sponsors 
of a design competition. Whether little or much of 
the new work is ultimately adopted, however, the 
book is of direct interest to all practising structural 
engineers and particularly, perhaps, to teachers of 
structural engineering, who must encourage their 
pupils to look to the possibilities of the future no 
less than to the established practice of the present 
and the past. 





Elementary Theory and Design of Flexural Members. 
By PROFESSOR JAMISON VAWTER and PROFESSOR 
JAMES G. CLARK. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
4 dols.]; and Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 32s. net.] 

In spite of all the virtuosity of the mathematical 
professors who apply their genius to the solution 
of complex problems, the fact remains that building 
construction depends primarily on two units—the 
compression member and the flexural member. It 
must, therefore, be counted quite in order for two 
professors of civil engineering to devote over 200 
pages to the study of a detail that is commonly 
wiped off the blackboard in two or, at most, three 
lectures in most engineering schools. At the same 
time, it must be admitted that this is a specialist 
treatise for the structural engineer who is definitely 
committed to a career as a practical designer ; 
for, as H. G. Wells pointed out in an address to the 
Educational Section of the British Association in 
1937, the hours available for education from the 
kindergarten to the university are very limited and 
must be closely rationed. In the British view of an 
engineering syllabus there can hardly be found time 
in the undergraduate stage for so broad an attack 
on so narrow a front. In this country, the book 
may perhaps make its widest appeal to teachers in 
technical colleges, who have the duty of instructing 
the fairly large body of engineering apprentices and 
draughtsmen incapable of assimilating the more 
abstruse and scientific doctrines of the higher tech- 
logy and the universities. An uncommon feature 
of this book, which is wholly commendable from the 
educational point of view, is the treatment of steel 
and concrete, with an appendix on timber, under 
one cover. Apart from two references to time- 
yield in concrete, there is no mention of plasticity, 
and many potential readers in this country must 
now be looking to a book of this kind for a simple 
guide to the theories of plastic design which, for 
several years past, have been so widely purveyed in 
professional proceedings and technical periodicals. 





THE INSTITUTE OF MARINE ENGINEERS.—The next 
examinations for admission to the Institute of Marine 
Engineers will be held from Monday, April 28, to 
Wednesday, May 21, 1952, for the graduateship, and 
from Monday, April 28, to Thursday, May 22, 
1952, for the associate membership. The graduateship 
examination comprises sections A and B of the associate- 
membership examination. Copies of the syllabuses and 
further information are obtainable from the secretary of 
the Institute, 85, The Minories, London, E.C.3. 

BROADCASTING IMPROVEMENTS IN SouTH-East ENG- 
LAND.—The first three of the 12 low-power transmitting 
stations which, as already announced, the British Broad- 
casting Corporation propose to erect to improve the 
reception in certain areas were brought into service on 
Sunday, September 16, at Ramsgate, Hastings and 
Brighton. The Ramsgate station is radiating the 
London Home Service on 202 m. (1,484 k.c.) and the 
Hastings and Brighton stations the West of England 
Home Service on 206 m. (1,457 k.c.). The stations are 
designed for a power of 2 kW, but a lower output is 
being used temporarily. The Hastings station will 
eventually be replaced by a permanent station near 
Bexhill, which will include Eastbourne in its service 
area. 
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TESTS ON CONCRETE, WITH 
ELECTRICAL-RESISTANCE 
STRAIN GAUGES. 


By N.S. J. Grassam, B.Sc. (Eng.), Ph.D., and 
Davin Fisuer, B.Sc. (Eng.), Ph.D., A.M.I.C.E. 


Srxce electrical-resistance strain gauges were 
introduced in America some ten years ago, they 
have been widely used for measuring local strains on 
test surfaces. Most work has been carried out on 
machined metal surfaces, and the possibility of using 
them on cast surfaces appears to have attracted 
little attention. This is partly due to the desire 
amongst many experimenters to prove to sceptics 
that the gauges are highly scientific instruments and, 
as such, should only be used on ideal surfaces. 
However, it has been shown by the authors that 
results of considerable value can be obtained with 
the gauges on a relatively poor surface such as that 
of concrete. The attractive features of the gauges 
for use on concrete are their simplicity and smallness 
combined with a remarkably high sensitivity. 
Other advantages are that they may be fixed to a 
surface without materially disturbing the strain 
distribution and they can be used in places inacces- 
sible to other types of strain gauges. 

During the period 1946-49, a satisfactory tech- 
nique was developed by the authors in the engin- 
eering laboratories of the Battersea Polytechnic, 
London, for using the gauges on a smooth, dry 
concrete surface,* To prove this new method of 
strain measurement, tests were made on concrete 
specimens subjected to simple compressive and 
tensile loading, in which the strains recorded 
electrically could be verified by mechanical instru- 
ments. The work, although incidental to a main 
research on the strength of concrete in combined 
bending and torsion, revealed several interesting 
features of the behaviour of plain concrete under 
direct loading. This article sets out the more 
unusual features of the strain-gauge technique and 
describes the preliminary tests and observations. 

The concrete was of the conventional 1:2:4 
loose volume mix, of rapid-hardening Portland 
cement (Ferrocrete), Thames Valley sand, and 
graded crushed Thames gravel ballast of 3-in. 
maximum size. A water-cement ratio of 0-55 and 
a water-total dry mix ratio of 7-5 per cent., both 
measured by weight, were used. In general, 
specimens were released from the moulds 24 hours 
after casting and were then water-cured for two 
weeks. After this, they were allowed to dry out for 
at least a week before the gauges were applied, in 
order to allow sufficient time for the glue to harden ; 
a further week elapsed before testing. 

The differing stiffnesses of the component materials 
in concrete make it necessary to use a gauge sufficient 
in length to cover a representative sample, and thus 
ensure that a fair measure of the average strain in 
the concrete will be obtained. Former-wound 
gauges of 200-ohm resistance, made by the British 
Thermostat Company, with a nominal length of 
1 in. and a width of } in., were used on the concrete. 
It was found that, for gauges nominally placed in 
fields of equal strain, readings within 4 per cent. 
could be obtained. 

If faulty readings from the gauges are to be 
avoided, it is essential that the adhesive used for 
fixing the paper carrier to the test surface shall obey 
Hooke’s Law and achieve constant physical proper- 
ties as rapidly as possible. It is also desirable that 
it shall be easy to use. Dampness from the atmos- 
phere, which affects sc me adhesives, can be prevented 
from entering by a suitable covering, but to seal off 
the moisture in the drying concrete is more difficult. 
In an attempt to avoid trouble from such moisture, 
waterproof adhesives were used. For example, 
melting sealing wax was tried but it set too quickly 





* The full reports of investigations on conorete carried 
out by the authors are embodied in Ph.D. theses approved 
by the University of London, namely, ‘The Use of 
Electrical Strain G on © te Specimens under 
Simple and Complex Loading,”” by N. S. J. Grassam ; 
and “‘ The Strength of Concrete under Combined Bending 
and Torsion,” by David Fisher. University of London, 
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Fie. 2, Compression SPECIMEN. 


for the gauge to be securely attached. As an alter- 
native, sealing wax dissolved in methylated spirit to 
form a paste was used, but the spirit did not 
evaporate quickly enough. Shellac dissolved in 
methylated spirit or alcohol proved more suitable, 
and this paste was spread on to the concrete surface, 
set on fire, and the gauge pressed into the tacky 
substance that remained. The paste eventually 
became hard, and, after 14 days, gauges so fixed 
successfully withstood an axial compressive strain 
of 5 x 10-, corresponding to a stress of 1,500 Ib. 
per square inch, which was 50 per cent. of the 
ultimate compression strength; several loading 
cycles were completed and consistent readings were 
obtained. This method of fixing the gauges was, 
however, very messy. It was, therefore, decided to 
avoid the dampness factor by allowing the concrete 
to dry out by air-curing for a week, and to use 
Durofix—a cellulose-acetate solution—which had 
proved very satisfactory when used on metal 
surfaces. However, the limited experience gained 
suggested that the shellac paste could be used 
successfully on damp concrete. 





1950. The latter thesis was the subject of an article in 
ENGINEERING, vol, 171, page 21 (1951). 


High Solids Durofix proved to be eminently satis- 





factory when the following method of preparation 
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had been developed. A reasonably smooth portion 
of the surface of the specimen was chosen in which 
there were few blow-holes. The selected area was 
rubbed gently with sandpaper to remove the top 
cement and to roughen the surface. Any blow holes 
in the area were filled with plaster of Paris, and 
when this had dried out the surface was again 
rubbed down with a fine sandpaper. Any grease 
present was removed with acetone, after which a 
thin coat of High Solids Durofix was applied and 
left todry. Similarly, a coat of Durofix was applied 
to the gauge. When both these coats had hardened, 
a second was applied to the surface of the specimen 
and the gauge dipped in acetone to soften the glue 
film. The gauge was then pressed firmly on to the 
specimen, and after covering with blotting paper for 
protection, surplus adhesive and air-pockets were 
squeezed from the centre of the gauge by an outward 
pressure with the thumb. After pressing for about 
a minute, the whole was left to dry prior to soldering 
on the leads. Before the gauges were used, the 
leads were insulated and secured against an acci- 
dental pull and the whole assembly covered with 4 
felt pad which was itself covered by a waterproof 
transparent tape. This adhesive was found to give 
consistent results after only three days, but it was 
the normal practice to allow at least seven days to 
elapse before testing. 

The active gauges, and the dummy gauges used 
for temperature compensation, were connected to 4 
multi-channel strain-gauge set having a modified 
Wheatstone-bridge circuit. This circuit used the 
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same artifices for eliminating unwanted resistance 
changes as were used by H. Tomlinson* in 1877 when 
making original researches on the effect of strain on oA 
the conductivity of wires. High-rati r : a” 
y . igh-ratlo arms were (4078) Mechanical Strain x 10 


ued in the circuit (10,000 ohms with 200-ohm 
gauges), a8 this enabled the fractional change in 
the active gauge resistance to be measured easily 
without using high-accuracy resistances. The loss 
insensitivity incurred in the circuit by this arrange- 
ment was offset by using a highly sensitive moving- 
coil galvanometer and by working with higher 
gauge currents (15 to 20 milliampéres) than is 
customary. The long leads from the set to the 
gauges and all the switch contacts were in series 
with the high resistances so that variations in these 
would not affect the balance of the circuit. 

Zero drift was mirimised by two methods. First, 
in order to allow the circuit to reach thermal 
equilibrium before it was used for measurements, 
two resistances were substituted for the active and 
dummy gauges and were switched into the circuit 
for about an hour before the test. During a test 
the gauges were switched into the circuit only for 
the two or three seconds required to take a reading. 
Secondly, as far as was possible with the discrimina- 
tion available on the resistance box, a null method 
was used as this eliminated changes in the resistance 
of the galvanometer. Also, the gauges were well 
covered to prevent resistance changes due to a 
varying moisture content causing the gauge paper 
carrier to act as a variable shunt resistance to the 
gauge wire. These precautions were such that 
zero drift was not more than that corresponding to 
4 strain of 1 x 10-5, even with strains as high as 
150 x 10-5. It was considered that it was possible 
to detect a resistance change of two parts in a 
nillion, equivaient to a strain of about 1 x 10 -¢. 

In the early tests with the strain gauges it was 
found that, if readings were taken on the first 
tyele of loading, even to a load well below the 
ultimate, there was a scatter of observations and a 
wero shift which could not be attributed to permanent 
‘et. With successive cycles of loading, the readings 

ame more regular and the zero drift smaller, 
until, after several applications, the effects became 
negligible. It is probable that virgin concrete 
specimens require a few proof loadings before achiev- 
ing a “state of ease,” and also that the gauges 
themselves require “ conditioning” before working 
regularly. This phenomenon has also been observed 
i gauges used on metal specimens, by Gibbonst 


in America, and by E. R. Jonest in this country. 





* “On the Increase in Resistance to the Passage ofan 
he - a ae produced on Certain Wires by Stretch- 
» Dy H. Tomlinson. Proc. 
inane. Royal Soc., vol. XXVI, 
v= ba Stability of Strain Gauges,” S.R.4 News Letter 
a Baldwin-Southwark Division, Baldwin Loco- 
e ve Company, 940, Simpson-street, Eddystone 
;rnnsylvania, U.S.A. 
“pn Physical Characteristics of Wire Resistance 
Solids auges.”— Measurement of Stress and Strain in 
. Inst. of Physics (1948). 


It became a normal practice therefore to “ exercise ” 
the gauges before taking measurements for record 
purposes. 

Compression Tests.—A cylindrical specimen, 10 in. 
high by 5 in. in diameter, was used for the com- 
pression test ; it had been made in a machined steel 
mould fitted with release arrangements. Four 
strain gauges were fitted to the specimen by the 
method already described, and were arranged in 
two pairs arranged diametrically at the mid-height 
of the cylinder. In each pair, one gauge worked 
parallel to, and the other transversely to, the axis 
of the specimen, as shown in the drawing inset in 
Fig. 1, opposite. Four similar gauges were affixed 
to a second cylinder to act as dummies and were 
kept as close to the working specimen as was 
convenient, so that both were subjected to the same 
ambient conditions. The specimen was tested in a 
100,000-Ib. Riehle vertical-screw compound-lever 
testing machine reading to + 50 Ib: Testing was 
done between two substantial machine-faced steel 
platens. To assist in obtaining a uniform loading 
pressure, a single sheet of soft rubber, y-in. thick, 
was placed above and below the concrete specimen, 
which was capped top and bottom by a }-in. 
thick cement-sand mortar. 

The test was carried out on a specimen 45 days 
old which had been air-cured for the last 26 days 
after an earlier period of water-curing. Two pre- 
liminary loading runs were made to about 45 per 
cent. of the ultimate load, in order to condition 
the gauges and the concrete specimen. The third 
and final loading was by 33 load increments until 
fracture occurred at a nominal stress of 3,560 Ib. per 
square inch. Strain observations were made over 
the 1-in. lengths of the electrical gauges, and also 
over the 8-in. gauge length of a mechanical com- 
pressometer. The latter worked on the same 
principle as the Ewing extensometer, with a 2:1 
lever magnification; the instrument had been 
specially made for this type of specimen. The 
clamping screws pivoted on the heads of four brass 
pegs which were rigidly fixed into the specimen. A 
typical specimen with electrical gauges and com- 
pressometer in position is shown in Fig. 2, opposite. 
The readings obtained on the electrical gauges are 
shown graphically in Fig. 1. 

Assuming that plane sections before loading 
remain plane after loading, the effect of eccentricity 
can be eliminated by taking the mean of the readings 
obtained from the similarly-aligned electrical gauges. 
The stress-electrical strain curves so obtained for 
both the axial and lateral gauges are plotted in 
Fig. 3, and the stress-strain curve obtained from 
the mechanical compressometer is shown in Fig. 4. 


The ratio of the electrical strain = to the mecha- 
nical strain, gives the strain-sensitivity factor for 
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the gauges as 2-04, as shown in Fig. 5, herewith. 
Divergence from this figure at very low and very 
high loads was due to local strains. The figure 
compares favourably with 2-08 obtained with 
other gauges from the same batch on a concrete 
tension specimen, and 2-10 obtained on a steel 
tension specimen. 

The shape of the compression stress-strain curve 
is normal for such a concrete so loaded, showing a 
slight stiffening with the load to about 20 per cent. 
of the ultimate, followed by a gradual softening 
until fracture occurs. The curve obtained approxi- 
mates quite closely to a parabola with its vertex at 
the ultimate point. Over the load range from zero 
to 50 per cent. of the ultimate, the secant value of 
Young’s Modulus is 4-3 x 10° lb. per square inch. 
At 87 per cent. of the ultimate load the beginning 
of the final breakdown of the concrete is clearly 
shown by the abrupt increase in the readings of 
the transverse gauges. Fracture was by a hoop- 
tension failure which caused axial cracks in the 
specimen. 

The variation in the ratio of the lateral to the 
longitudinal strains with the load is shown in Fig. 6, 
on this page, for each pair of gauges. It will be 
seen that the ratio increases linearly with load 
from 0-120 to 0-142 over the load range zero to 
87 per cent. of the ultimate. Above this load the 
ratio increases rapidly to 0-32 just before the 
fracture ; this was most probably due to a re-dis- 
tribution of stress caused by a local crack in the 
material. The agreement between the two sets 
of gauges was perfect during the last stage, showing 
that the eccentricity of loading had been reduced to 
zero. It is to be noted, however, that the value of 
Poisson’s ratio is affected by the end constraint, 
offered by the loading platens, that gives rise to a 
barrelling effect, but it may be that the specimen 
was sufficiently long for the effect of end constraint 
to be negligible at the mid-height where the gauges 
were situated. The test was completed in 90 
minutes, so that the average time for each load 
increment was 3 minutes. Self-release of load due 
to creep of the concrete was not noticeable under 
70 per cent. of the ultimate load, and was only about 
2 per cent. of the load above 90 per cent. of the 
ultimate. 

Tension Tests.—Tensile tests on concrete by the 
authors, as well as by other experimenters, have 
shown large variations of the order of + 20 per cent. 
in the mean value obtained for the ultimate strength 
of a particular mix. It is generally accepted that 
eccentricity of loading accounts for a large part of 
this discrepancy, and the following test was made to 
investigate this factor. The test enabled a detailed 
stress-strain curve for a concrete in tension to be 
obtained, together with its ultimate capacity for 
tensile strain. The specimen used was cast in a 
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collapsible wooden mould and was of a flat dumb- 
bell shape with an effective cross-section of 3 in. 
by 3 in. over a parallel length of 6 in.; it is illus- 
trated in Fig. 7, herewith. It was completely 
released 12 hours after casting to avoid cracking 
due to the shrinkage being resisted by the shoulders 
of the mould. 

Four strain gauges were fixed to suitably smooth 
portions of the specimen in the positions shown in 
Fig. 8, and dummy gauges were fixed to a cylindrical 
concrete compression specimen. A mechanical 
extensometer designed by Mr. V. C. Davies* was 
also used in the test. It had a gauge length of 
6 in. and worked on the Ewing principle with further 
magnification obtained from a bell-crank arm which 
tilted a small concave mirror. Observations were 
made by viewing a scale in the mirror through a 
telescope. It is claimed by the designer that errors 
due to friction and backlash correspond to an 
extension much less than 5 x 10-* in. The screws 
which carried the extensometer pivoted against four 
steel bars strapped round the specimen in pairs at 
the appropriate gauge length, as shown in Fig. 9, 
on this page. In this way, no damage, which 
might cause a fracture, was done to the concrete. 
The test was made in the Riehle machine already 
described, the machine being fitted with special claw 
grips mounted in spherical seatings. By using a 
half-weight jockey on the weigh-beam, it was possible 
to measure to about + 301b. In order to obtain a 
uniform pressure between the specimen and the 
claw grips, soft rubber pads, y, in. thick, were 
inserted between the loading faces. The arrange- 
ment is shown in Fig. 7. 

The specimen, which was made from the same 
batch of concrete as was used for the compression 
test, was 47 days old when tested, having been air- 
cured for the last 26 days. ‘n order to exercise the 
electrical gauges, and to ensure that the extenso- 
meter was working satisfactorily, two preliminary 
loading runs were made to 45 per cent. of the ultimate 
load. During these runs, observations were re- 
corded only from the mechanical instrument. The 
third and final loading was by 23 load increments 
until fracture occurred at a nominal stress of 301 Ib. 
per square inch. During this test, strain measure- 
ments were taken on the four electrical gauges of 
l-in. length, and on the mechanical extensometer 
over a 6-in. length. The readings of the gauges are 
shown graphically in Fig. 8. 

In order to eliminate the effects of eccentricity of 


loading, the mean electrical strain was estimated 


on the assumption that plane sections remain plane, 
and is shown plotted against stress in Fig. 10. 
The curve giving the strain as measured by the 
extensometer is plotted against stress on the same 
graph for comparison. The readings of the four 
gauges were not exactly compatible with Navier’s 
hypothesis, but it will be noted that, whereas the 
gauges Nos. 5, 6 and 7 were all arranged at approxi- 





* “ Extensometer for Determining Young’s Modulus 
for Concrete,” by V.C. Davies. ENGINEERING, vol. 125, 
page 131 (1928). 
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Fig. 8. TENSILE TEST RESULTS WITH 
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mately the same cross-section (Fig. 8), the fourth 
gauge, No. 8, was situated close to a shoulder of the 
specimen where stress concentrations may be expec- 
ted. For this reason, the eccentricity of loading was 
calculated from the readings of gauges Nos. 5, 6 and 
7, which made the readings on gauge No. 8 a few 
per cent. higher than that required for compati- 
bility. The estimated eccentricity of loading up to 
45 per cent. of the ultimate was x = 0-06 in., 
y = 0-29 in., which is such as to cause a maximum 
stress of 1-7 times the average—a very large factor 
indeed. Thereafter, the eccentricity remained 
almost constant, until the final period of breakdown 
began at 90 per cent. of the ultimate load. Just 
prior to fracture the eccentricity was x = 0-08 in., 
y = 0-24 in., so that the maximum stress was 
1-64 times the average. Fracture may be inferred 
from the gauge readings to have started on the 
flank to which gauge No. 7 was fixed. 

The agreement obtained between the average 
strain as measured electrically and mechanically 
was very satisfactory, as shown in Fig. 11. The strain 
sensitivity factor for the gauges was 2-08, which 
agreed very well with the value of 2-10 obtained with 
similar gauges on a steel tension specimen. 

Young’s Modulus for the linear part of the stress- 
strain curve, up to 45 per cent. of the ultimate, was 
5-55 x 106 lb. per square inch, and the whole curve 
has the generally accepted form. The strain 
capacity of the concrete, estimated from the strain 
distribution just prior to failure, was 90 x 10-. 
The test was completed in 14 hours and creep under 
load was not noticeable. 

The eccentricity of loading in this test was exces- 
sively high, but in a second test of tae same pattern, 
in which more care was taken in setting the specimen 
into the loading shackles, an eccentricity of 
x = 0-02 in., y = 0-08 in., was obtained, which 
corresponds with a maximum stress of 1-2 times the 
average. However, the first test showed that the 
gauges would respond consistently to the very 
small tensile strains experienced and that they could 
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be used to gain a measure of the eccentricity of 
loading, and, furthermore, that the arrangement 
used for these tensile tests needed modifying to 
reduce the chance of eccentricity. 

Thus, in conclusion, electrical-resistance strain 
gauges of l-in. length can be used successfully on 
concrete made with an aggregate of 3-in. maximum 
size, and they will have a strain sensitivity factor 
which is about the same as that obtained on steel 
specimens. It was found that strains of 1 x 10“ 
could be detected quite easily, which is small 
enough for most practical purposes as it corresponds 
to about 1 per cent. of the ultimate tensile-strain 
capacity of concrete. The consistency of the 
readings as shown by the smooth curves on the 
graphs was very good indeed and leaves little to be 
desired. In particular, the compression test showed 
that Poisson’s ratio for a concrete may increase with 
load by as much as 18 per cent. before failure occurs. 
The tests show that the amount of eccentricity of 
loading may be measured with strain gauges. 
Finally, the investigations have justified the use of 
electrical-resistance strain gauges on a dry concrete, 
and have enabled the strain characteristics to be 
measured more conveniently than has been possible 
hitherto with mechanical instruments. This method 
of strain measurement will allow experiments on 
concrete specimens and structures to be made 
which, by checking the strain distribution, will 
enable the full value of the results of ultimate 
strength tests to be determined. 





GERMAN SCIENTIFIC AND TECHNICAL Booxs.—Messrs. 
Lange, Maxwell and Springer, Ltd., have recently opened 
new showrooms at 188, Shaftesbury-avenue, London, 
W.C.2. They are distributors for several well-known 
German publishers of scientific and technical books: 
they undertake also to search for out-of-print publications 
for their clients. 





PRICE OF CoppER.—The Ministry of Materials announce 
that from: September 13 the price of electrolytic — 
delivered to customers’ works, has been reduced by a : 
to 2271. per long ton. The reduction has been ma . 
possible by the Ministry’s decision not to buy —_ 
for the time being at prices exceeding the America 
f.a.s. export price as quoted in the Engineering yond 
Mining Journal. Corresponding adjustments in “ 
controlled maximum prices of scrap and pecrenpee 
brass have been made by the Minister of Supply Be 
details are given in the “ Non-Ferrous Metals po 
(No. 7) Order 8.1. 1951 No. 1650 (H.M. Stationery Office). 
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THE ANGLO-AMERICAN 
AERONAUTICAL 
CONFERENCE. 
(Concluded from page 342.) 


WE conclude our summary of some of the papers 
presented at the Anglo-American Aeronautical 
Conference, held at Brighton from September 3 to 7, 
with three of the papers on aerodynamic subjects. 


DraG ReEpvucTION By SucTIon. 


Two papers were presented on boundary-layer 
control by suction. The first of these was given on 
Tuesday, September 4, by Mr. T. S. Keeble on the 
“Development in Australia of a Thick Suction 
Wing.” The use of the thick suction aerofoil, said 
Mr. Keeble, had been suggested for comparatively 
slow but highly efficient all-wing cargo- and passen- 
ger-transport aircraft. The suction aerofoil was 
shaped so as to have a rising velocity over a great por- 
tion of its surface so that the major portion of 
the boundary layer remained laminar; towards 
the rear of the aerofoil the boundary layer was 
sucked away at suitably-placed slots, which elimin- 
ated the adverse pressure gradient on the rear of 
the aerofoil. The Australian experiments had been 
carried out by the Aeronautical Research Labora- 
tories on a de Havilland military glider fitted with 
a cambered suction wing, the aerofoil section being 
chosen to have safe characteristics in the event 
of a suction failure. The forms for the suction 
slots were determined by wind-tunnel tests; a 
three-slot arrangement was chosen. 

In the full-scale glider, the suction plant was 
accommodated in the crew bay behind a soundproof 
bulkhead. Air from the wing passed through a 
centrifugal fan, discharged into the fuselage and 
thence through gilled exits to the airstream. The 
original wing plan-form and conventional ailerons 
were adopted. The slots were of constant width 
spanwise and measured 0-09 in., 0-05 in. and 
0-05 in., respectively, for front, middle and rear 
slots; they led into a common suction duct. A 
30-instrument photographic observer was installed 
in the fuselage, and about 150 static-pressure vents 
were provided in the starboard wing and connected 
to a manifold box near the photographic observer. 
Flight tests had shown that the glider could be 
flown, with or without suction, sufficiently well for 
an experienced pilot to approach and land safely, 
but insufficient suction caused lateral instability in 
flight. This was due to a local separation just 
ahead of the front slot. The poor handling qualities 
at partial suction, however, could be immediately 
improved by using full suction or no suction. The 
aircraft behaved well when the flow was properly 
stabilised. Full-scale lift, drag, and pitching- 
moment measurements agreed well with wind-tunnel 
tests, but the pressure losses in the suction system 
of the glider were higher than expected. 

A design study of an all-wing medium-range 
transport aircraft, for 72 passengers, with a suction 
wing had been made. The projected aircraft 
had a sharply swept-back wing and was propelled 
by two 2,900-h.p. gas turbines driving pusher pro- 
Pellers. Suction was supplied by a 1,500-h.p. 
engine. The estimated gross weight was 70,000 lb. 
Comparing it with a conventional aeroplane de- 
signed for the same specific range, said Mr. Keeble, 
the all-wing aircraft could carry a 40-per cent. 
greater passenger weight 40 per cent. faster. It 
was proposed to construct and test in flight a 
half-scale model glider of the air-liner project. 

On Wednesday afternoon, September 5, Sir B. 
Melvill Jones and Squadron Leader T. R. Head 
presented a paper on “ The Reduction of Drag by 
Distributed Suction.” Any substantial reduction 
in drag on the modern aircraft, the paper stated, 
could only be achieved by maintaining a laminar 
boundary layer over large areas of the aeroplane’s 
surface. One method was to make the aircraft 
surface porous and to suck air through it. They 
then described recent experiments carried out on 
Porous aerofoils at the University of Cambridge, 
which, they said, had shown that it was possible to 
maintain laminar flow over practically the entire 
surface of @ smooth porous surface, using a suction 
Velocity no greater than that required to maintain 





the stability of thelayer. The velocity distributions 
in the laminar boundary layer thus produced 
agreed well with those predicted theoretically. 
In order to maintain the laminar flow, however, 
the surface near the front of the body would have 
to be smooth and free from small obstructions, 
such as flies. Farther back, the surface could 
probably be appreciably rougher without causing 
transition, but this would have to be determined by 
tests at the appropriate Reynolds number. 

There appeared to be no fundamental reason why 
laminar flow could not be maintained by distributed 
suction applied over almost the whole surface of the 
aeroplane. If transition could not be prevented at 
discontinuities, such as doors and windows, laminar 
flow could be restored at these points by con- 
centrated suction. It would be possible thus to 
achieve a profile-drag coefficient about one-tenth 
of that of the Comet—which had one of the lowest 
drag coefficients yet realised—at the same Reynolds 
number appropriate to the cruising speed of the 
Comet at 40,000 ft. 


TRANSONIC RESEARCH. 

At the final technical session on Friday after- 
noon, September 7, Mr. John Stack described 
“* Experimental Methods for Transonic Research ” 
that had been developed by the American National 
Advisory Committee for Aeronautics (N.A.C.A.). 
Experiments at Mach numbers of 1, he said, were 
impossible in the conventional wind tunnel, on 
account of choking. Free-falling bodies with a 
density of 300 lb. per cubic foot and a fineness ratio 
of 12 to 1 were dropped from heights exceeding 
30,000 ft. ; they reached a maximum Mach number 
of about 1-3. They were tracked by a combined 
radar and optical unit. The body contained a 
longitudinal accelerometer ; the wing was mounted 
on a balance within the body, and a tail boom 
contained the tail-drag balance. The relative 
motion between the spring-mounted sensitive 
elements and the body regulated variable induc- 
tances controlling the oscillator frequencies in the 
telemetering system. Ground-launched rocket-pro- 
pelled models were used for studying control effec- 
tiveness, drag, and longitudinal stability and con- 
trol, below 15,000 ft. ; the Reynolds number was, 
therefore, high. Their velocity-time records were 
obtained by continuous-wave Doppler radar, at 
the launching site. The model for stability studies 
required much internal instrumentation, and so 
was propelled by a booster rocket. 

In ‘“wing-flow” technique, a model wing, 
aircraft, or missile was placed in the supersonic-flow 
region on the wing of a subsonic aircraft flying above 
its critical Mach number: the main-wing surface 
usually had to be modified to give satisfactory 
results with this technique. A similar method had 
been applied in wind-tunnels capable of a Mach 
number of the order of 0-9. The model was 
mounted on a “ bump ”’ on the tunnel floor or wall, 
in a region of local supersonic flow ; the bumpshape 
had to be carefully determined. These methods 
had the disadvantage of a low Reynolds number. 

In the transonic research tunnel at Langley 
Aeronautical Laboratory, the model was mounted 
on the rim of a 5-ft. diameter rotor, driven at high 
speed. The model travelled in an annular space 
between an inner and outer housing. An inducer 
fan, located a considerable distance downstream, 
removed the wake of the model from the plane of 
rotation, and provided for changing the incidence of 
the model. Boundary-layer control was provided 
on the walls of the annular space. To reduce the 
choking range in the Langley 8-ft. high-speed wind 
tunnel, symmetrical model supports had been 
developed, and studies of supersonic nozzles had 
been carried out. It had also been established that 
open-throated or semi-open wind tunnels would 
give a significant reduction in the choked range. 

Full-scale flight tests had been carried out very 
successfully by the U.S. Air Force, Navy, aircraft 
manufacturers, and the N.A.C.A. in co-operation. 
Fears of unknown phenomena in the transonic range 
had been dispelled. Although extensive research 
had not yet been carried out on correlating the 
various methods, it appeared that, with the 
exception of the “ bump” technique, reasonably 
good agreement had been shown, in spite of large 
differences in Reynolds numbrr, 


ENGINEERING, MARINE AND 
WELDING EXHIBITION AT 
OLYMPIA. 

(Continued from page 329.) 


THE organisers of the exhibition at Olympia, 
which closed last week, on Thursday, September 13, 
report that more genuine inquiries and definite 
orders than ever before were handled by the 500 
exhibitors. Seventy-five per cent. of those who 
attended the exhibition were directly connected 
with the engineering industry, and buyers came 
from many countries overseas. There were also 
numerous works parties and students who visited 
Olympia. Engine makers reported slightly fewer 
inquiries from abroad, but there was a large increase 
in the demand for industrial generating sets, as the 
result of the need to safeguard the supply of power 
to factories. 

The products of Messrs. Slack and Parr, Limited, 
Kegworth, near Derby, which were on view at 
Olympia, included multiple drilling heads of both 
geared and gearless types, metering pumps and 
fluid-flow continuous mixing units for the rayon and 
chemical industries, and variable-pitch reversing 
marine propellers for small towing and fishing 
vessels powered by internal-combustion engines. 
Among the latter, they were showing for the first 
time a three-bladed propeller with a 15-in. diameter 
hub capable of carrying blades from 45 in. to 60 in. 
in diameter. The maximum blade-angle range is 
65 deg., and the maximum speed is 400 r.p.m. 
The propeller can absorb a maximum torque of 
about 3,500 Ib.-ft. The pitch is manually con- 
trolled and is installed at the steering position. The 
entire hub assembly is of non-ferrous material. 

The detachable propeller blades are bolted to 
circular crank-rings; the bending loads from the 
base of each blade are transferred to the blade- 
bearing housing, attached to the hub, by two 
thrust-bearing plates in an annulus formed by the 
blade and the crank-ring. Each crank-ring has a 
pin formed on its lower face, offset from the hub 
axis. The pins carry sliding blocks which transmit 
the movements of the pitch-changing rod to the 
pins, causing the blades to rotate about their 
vertical axes. Each blade root is sealed against 
the entry of water and oil by a synthetic-rubber 
seal. The tail-shaft, on which the propeller hub is 
mounted, is tubular, and houses the pitch-changing 
rod, which is also hollow and forms a conduit for 
lubricating oil. 

The operating gear is built integrally with the 
helical reduction gearing, which is available in any 
ratio between 3 to 1 and 1-5 to 1. The gears run 
in a water-cooled oil bath. The pinion is carried 
on a solid shaft running in roller bearings. The 
gearwheel runs in two steep-angle taper-roller 
bearings which take the propeller thrust and the 
reaction from the operating jack. The latter, at 
the forward end of the gearbox casing, is on the 
same axis as the propeller shafting. The pitch- 
changing rod, which passes through the hollow 
gearwheel shaft, projects into the operating-jack 
housing, which is screwed, and works in a fixed 
nut. The housing is rotated through a splined 
sleeve and wormwheel drive; the axial motion of 
the housing thus obtained is transmitted to the 
pitch-changing rod through a pair of taper-roller 
bearings. The control shaft, which transmits, 
through bevel gearing, the movements of the 
control handwheel to the wormwheel drive, is 
provided with universal joints and, by the use of 
bevel gears may be installed in any part of the ship. 

The exhibits on the stand of Messrs. Mawdsley’s, 
Limited, Dursley, Gloucestershire, included a range 
of their fan-cooled alternating-current motors, a 
240-h.p. direct-current motor with a four-to-one 
speed range, a capstan motor with a disc brake and 
a multi-purpose direct-current generator. Special 
mention may be made of the firm’s compensated 
alternator, two of which, with an output of 10 kVA, 
were shown operating on a load which included 
fluorescent lamps. One of these machines was also 
shown testing a 9-h.p. squirrel-cage induction motor 
against a torque-reaction electro-dynamometer 





which was equipped with Desynn remote indica- 
tion, thus enabling the starting and load charac- 
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teristics to be obtained. As regard the design of 
this machine, as is well known, the de-magnetising 
magnetomotive force produced by the load current 
in an alternator causes a voltage droop. In a rotat- 
ing-armature machine this magnetomotive force is 
stationary and at unity power factor is at nearly 
90 electrical degrees to the main flux. As the power 
factor becomes more lagging the magnetomotive force 
moves from its original position until at zero power 
factor it directly opposes the flux generating it, thus 
causing a drop in the output voltage. This drop 
is normally corrected by adjusting the field current. 
{n the alternator exhibited, however, compensation 
is effected by providing a second direct-current 
voltage which is connected in series with the excita- 
tion voltage and thus automatically increases the 
field current in relation to any increase in load 
current or any decrease in power factor. The 
ratio of this correction is such that the alternating- 
current output voltage is maintained virtually 
constant irrespective of the system load or power 
factor. 

The direct current necessary for exciting the 
compensated alternator is generated by a winding 
which is placed in the same slots as the alternating- 
current winding and is connected to a commutator. 
Automatic regulation is obtained from a second 
similar but very short armature, which is mounted 
on the main shaft and surrounded by an unwound 
and unslotted stator. The main alternating-current 
winding is carried through this second armature 
and, when the machine is on load, produces an 
independent secondary field in the unwound stator. 
The magnitude of this field varies with the load 
current and its position moves through 90 deg. 
according to the value of the power factor. The 
small direct-current winding is also extended 
through the second armature, but is offset by one pole 
pitch. As it cuts the stationary field this part of 
the winding generates an additional direct-current 
voltage, the value of which is proportional to that 
of the load current and to the position of the flux 
in the unwound stator relative to the fixed brushes. 
The actual value of this additional voltage is 
chosen so that the increase in the field current 
exactly neutralises the demagnetising effect of the 
load current in the main armature winding. 

The Westminster Engineering Company, Limited, 
Victoria-road, Willesden Junction, London, N.W.10, 
were showing their scaling machines for cleaning 
around the edges of plates of an uneven thickness, so 
that the resulting surfaces can be resistance-welded 
without further preparation. These machines con- 
sist of either four or two grinding wheels which are 
separately driven by 1-h.p. enclosed three-phase 
squirrel-cage motors through duplex chains, so 
that there is noslip. The wheels, which are carried 
on hard steel spindles running in ball bearings, 
therefore always run at their best speed. Adjust- 
ment of the wheels in a floating condition is effected 
by suspension springs. A bridle spring is then 
regulated to give about 12 lb. to 15 Ib. pressure 
between their faces, which are held just clear of 
one another by an adjustable stop, thus enabling 
both thick and thin plates to be scaled. The scaling 
speed is about 40 ft. to 45 ft. per minute and one 
pass is usually sufficient to scale the edges of well- 
annealed plates. 


The standard four-wheel machine is designed to 
accommodate plates up to 6 ft. 3 in. wide, the scaling 
heads and supporting trolley being adjustable for 
that purpose. Four surfaces can be scaled simul- 
taneously on two edges of the plates up to a length 
of 3ft.4in. The trolley is hand operated and runs 
on machined rails. It is provided with machined 
faces on which the plates are supported, the edges 
of the latter being held close to the grinding wheels. 
Two balanced pressure clamps, which are operated 
by a single lever, secure the plate in position, while 
it is maintained at 90 deg. to the trolley track by 
adjustable thrust stops. In the single-ended scaling 
machine, the plate is fed through the two grinding 
wheels against two roller thrust stops and guided 
through an adjustable fence. Any length can be 
scaled and the overhanging edge of large and 
heavy plates can be supported on a separate metal- 
faced table. A third type of machine is fitted 
with a rotating table to carry plate discs. This 
table, which is driven by a motor, is adjustable in 





the direction of the grinding wheels, so that discs 
smaller than the maximum diameter can be sup- 
ported. The discs are held in contact with the 
driving table by a screw-operated spring-controlled 
clamp, and are centred by three grooved rollers 
carried on ball bearings. One of these rollers is 
supported on a pivoted arm, so that the discs 
can be rapidly mounted and withdrawn. Scaling 
can be effected either on the periphery of the disc 
or at some distance from it. 

Three pump impellers were included in the 
exhibits of Gwynnes Pumps, Limited, 62-64, 
Chancellors-road, Hammersmith, London, W.6. 
These were intended to illustrate the difference 
between axial-flow, mixed-flow and centrifugal 
designs. The axial-flow impeller eventually will be 
used in a 24-in. pump driven by an 85-h.p. Diesel 
engine. The pump will discharge 10,000 gallons a 
minute against a total head of 15 ft. and is intended 
for use in connection with an irrigation scheme in 
Gambia. The mixed-flow impeller is for a 36-in. 
pump driven by a 300-h.p. electric motor and is 
designed to discharge 26,000 gallons of sea-water 
per minute against a total head of 27 ft. The 
centrifugal impeller is one of eight being supplied 
in 45-in. vertical-spindle pumps to the British 
Electricity Authority for use at the Uskmouth 
power station, each of which is capable of supplying 
45,000 gallons of water per minute against a total 
head of 60 ft. They will be driven by 1,100-h.p. 
electric motors with grid-controlled rectifiers to give 
speed variation. 

Gwynnes Pumps, Limited, were also showing a 
2}-in. 12-stage pump which they have manufac- 
tured for British Railways, Southern Region, for 
the hydraulic-pumping plant at Deptford wharf. 
This unit, which is illustrated in Fig. 85, Plate XXIV, 
is of the split-casing horizontal type and is designed 
for a working pressure of 750 lb. per square inch. 
The pump casing is of cast steel and the shaft, 
which is fitted with gun-metal impellers, is supported 
by ring-oiled bearings located in cast-iron pedestals. 
A hydraulic plate-balance system is incorporated, 
but there is also a Michell thrust bearing at one 
end to take the axial thrust until the balance gear 
takes over. The pump will be driven by an electric 
motor through a speed-increasing gearbox, and at 
2,980 r.p.m. will deliver 150 gallons per minute 
against the full head, the motor speed corres ponding 
to this pump speed being 1,465 r.p.m. The equip- 
ment installed on the pump includes special air cocks 
designed to withstand the full pressure and a 
complete series of drain cocks coupled together so 
that they can be opened and closed from a central 
point. 

The exhibits on the stand of Messrs. Russell 
Newbery and Company, Limited, Dagenham, 
Essex, included the new horizontal single-cylinder 
Diesel engine illustrated in Fig. 86, Plate XXIV. 
This machine is of exceptionally compact design, as 
the length, height and width are only 31 in., 24} in. 
and 19 in., respectively ; even so, it develops a 
maximum of 7 brake horse-power at 1,500 r.p.m. 
on the 12-hour rating. It is of the four-cycle type 
and has been designed so that it can be started 
easily by hand from cold without recourse to outside 
aids. The construction of the unit is quite straight- 
forward, the crankcase and cylinder block being 
formed by a single iron casting, the lower portion 
of which incorporates the oil sump. It is fitted with 
a wet-type renewable liner and has a large inspection 
door to give easy access to the running gear. The 
cylinder head, also an iron casting, incorporates the 
firm’s own design of combustion chamber in which 
the exhaust and inlet valves are arranged hori- 
zontally and fitted in such a way that they can be 
removed for servicing without dismantling the 
cylinder head. Push rods and rocking levers are 
used to actuate the valves, the complete valve gear 
being totally enclosed. An aluminium-alloy piston 
provided with three pressure and two oil-control 
rings is fitted and is joined to the crankshaft by an 
H-section steel connecting rod; to facilitate re- 
moval of the rod through the cylinder bore, the 
bottom end is split at an angle. Pressure lubrication 
is employed throughout, and to ensure an adequate 
supply reaching the little-end bearing the connecting 
rod is drilled centrally. Governing gear is provided 
and this controls the speed of the engine to the 





requirements of B.S.S. 649-1935, suitable adjust- 
ment being incorporated to permit a variation 
up or down of 10 per cent. from the set speed. 
The gears driving the camshaft are of sufficient 
strength to permit the half-speed shaft to be used 
for power transmission when the reduced speed is 
required. Starting is by hand, a decompressing 
device being provided, and other equipment 
supplied as standard includes oil and air filters, an 
efficient silencer and twin flywheels. 

Messrs. Russell Newbery were also showing a 
selection of their standard units. These included a 
six-cylinder Diesel engine arranged for ship propul- 
sion; a four-cylinder Diesel marine auxiliary. 
generating set and an emergency Diesel-driven 
fire-pump. The propulsion engine, which is illus- 
trated in Fig. 87, Plate XXIV, is known as the 
EM6 and is capable of developing 120 brake horse- 
power at 1,200 r.p.m. on the 12-hour rating, the 
bore and stroke being 5} in. and 7} in., respectively. 
As will be seen from the illustration, the unit is of 
straightforward design. Like the engine just 
described, the inlet and exhaust valves are disposed 
horizontally and may be removed without disturbing 
the head or associated piping. The crankcase is 
an iron casting and is provided with long through- 
bolts and removable steel supporting columns 
located adjacent to each bearing and extending 
through to the cylinder block. This form of con- 
struction relieves the case from imposed stresses and 
enables the crankshaft, pistons and connecting rods 
to be withdrawn from one side of the engine without 
dismantling the cylinder heads, manifolds, water 
piping, etc., a valuable feature where there is 
limited headroom. Aluminium-alloy pistons are 
used and they are joined to the crankshaft by 
drop-forged connecting rods, circular in cross-section 
and drilled through the centre for top-end lubrica- 
tion. Pressure lubrication is, of course, employed 
throughout, the system incorporating an oil cooler, 
together with primary and secondary filters. Stan- 
dard equipment includes a fuel-lift pump, air filter, 
exhaust silencer, fuel-service tank and the normal 
range of gauges, etc. The unit exhibited at Olympia 
was fitted with a Russell Newbery fluid-operated 
reverse-reduction gear, fresh-water cooling and a 
clutch-operated power take-off. Separate clutches 
are used to select ahead and astern gear, the former 
using helical reduction gears and the latter multiple 
chains and sprockets. The design is such that the 
ahead clutch must be disengaged before the astern 
clutch can be engaged and, as oil is used as the 
actuating medium, engagement is remarkably 
smooth. The use of oil-actuated clutches also 
enables remote control to be employed. 

The auxiliary Diesel generating set is illustrated 
in Fig. 88, Plate XXIV. It comprises a Russell 
Newbery type-D4 Diesel engine coupled directly 
to a 20-kW generator at one end, and then through 
a clutch to a 2-in. self-priming pump and an air 
compressor. In general, the Diesel engine is similar 
to that just described, having the same type of 
cylinder head with easily-removable valves. It 
differs, of course, in detail, the connecting rods, for 
example, being machined from H-section steel 
stampings. The bore and stroke are 4} in. and 
6 in., respectively, and the output is 36 brake horse- 
power at 1,000 r.p.m., this being the 12-hour rating. 
Pressure lubrication is employed throughout and 
the system incorporates a cooler in addition to the 
usual primary and secondary filters. Cooling is by 
sea-water or fresh water, a radiator or heat exchanger 
being employed in the latter case. 

The emergency fire pump is illustrated in Fig. 89, 
Plate XXIV. It is driven by a Russell Newbery 
type-RD1 Diesel engine, a single-cylinder unit which 
develops 11 brake horse-power at 1,200 r.p.m. 
In common with other engines of this make, it has 
horizontal inlet and exhaust valves, a wet-type 
cylinder liner and forced lubrication, the design 
being such that it can be easily started by hand when 
cold. The engine is coupled directly to a single- 
stage centrifugal pump arranged for self-priming 
and capable of dealing with a suction lift of 25 ft. 
Normally, the casing is of cast iron, the impeller of 
gun-metal and the spindle of stainless steel, but a 
gun-metal casing can be supplied if required. 1 - 
impeller is overhung, the spindle being support 
by two widely-spaced ball bearings provided w ith 
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Fic. 91. Dggasstxe ConDENSER ; 
EVERSHED AND VIGNOLES, LIMITED. 


grease lubrication and located in a pedestal designed 
to form a substantial base for the pump. Both the 
engine and pump are mounted on a fabricated-steel 
girder hase and cooling of the engine is accomplished 
by means of a small tank visible in the illustration ; 
this is of sufficient size for the starting period, i.e., 
until the main pump is primed and supplies the 
tank and cylinder jacket. The performance of the 
pump varies, of course, with the speed and suction 
lift, but at 1,300 r.p.m. it is capable of delivering 
32 tons an hour against a total head of 120 ft. The 
complete unit is particularly compact and is 
designed to meet the requirements of the Merchant 
Shipping (Fire Appliances) Rules, 1948. If re- 
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quired, it can be supplied for fresh-water cooling in 
conjunction with either a radiator or a heat ex- 
changer. 

Siemens-Schuckert (Great Britain), Limited, 
Great West-road, Brentford, Middlesex, were exhi- 
biting a number of electric seam and spot welding 
machines. Among the former mention may be 
made of the 100-kVA air-operated equipment 
which is illustrated in Fig. 90. It consists of a 
welded steel frame within which all the apparatus 
is mounted in a dust-tight enclosure. The controls 
are arranged behind a large inspection door so that 
all the parts are easily accessible. The pri 
of the main transformer is designed for connection 





to either a 400-volt single-phase or the two outers of 
a three-phase supply, and the secondary is water- 
cooled. The arms have a clear reach of 42 in. and 
the upper electrode, which is 9 in. in diameter, is 
driven through gearing by a motor at a speed 
which is infinitely variable between 2 ft. and 
12 ft. per minute. The lower electrode, which is 
of the same diameter, is stationary and, like its arm, 
is water-cooled. There are two cooling circuits, 
one for the transformer and the other for the 
electrodes. An electrically-operated air valve con- 
trols the movement of a 5-in. diameter piston with 
a stroke of 3 in. at a maximum pressure of 80 lb, 
per square inch. The pressure exerted by this 
piston can be varied between 500 Ib. and 1,500 Ib. 

Welding is initiated by pressing a foot switch in 
the 25-volt secondary circuit, thus admitting air 
to the piston and lowering the electrode on to the 
work. When the required pressure has been built 
up, the welding current is supplied from two igni- 
trons. These ignitrons are provided with thyra- 
trons and with a device for controlling the duration 
of the welding and “off” times. The times can 
be adjusted in one-cycle steps between one and 30 
cycles, and the arrangement of the control unit 
is such that welding always begins at the correct 
point on the cycle of the incoming supply. The 
welding current can be adjusted by a seven-step 
rotary off-load tapping switch. Welding continues 
until the foot switch is released. 

The spot welders exhibited included one for fine 
work, from lamp filaments up to No. 12-s.w.g. 
mild-steel wire, as well as thin sheet work. This is a 
modification of the firm’s well-known pedal-operated 
bench spot-welder in that it is operated pneu- 
matically. A projection welder on the same stand 
had a capacity of 100 kVA and was capable of welding 
up to nine spots simultaneously, depending on the 
gauge of the sheet. Its welding arms were provided 
with slotted platens to which the fixtures for each 
job could be clamped. 

Among a number of new products exhibited by 
Messrs. Evershed and Vignoles, Limited, Acton-lane 
Works, Chiswick, London, W.4, was the degassing 
condenser illustrated with its cover removed in 
Fig. 91, herewith. This equipment may be used 
in conjunction with a water-purity meter to deter- 
mine the percentage of dissolved salts in a sample 
of water or steam. As is well known, the electrical 
conductivity of water depends on the percentage of 
such impurities, but it happens to be affected also, 
often considerably, by any amounts of dissolved 
gases, such as ammonia, carbon-dioxide, and hydro- 
gen sulphide, which may be present. From the point 
of view of chemical action on superheater tubes, 
turbine blades, etc., it is the dissolved salts which 
are dangerous, and the function of the degassing 
condenser is to separate out the dissolved gases so 
that the percentage of dissolved salts can be deter- 
mined by measurement of the remaining conduc- 
tivity. The condenser is made to the design of 
Professor F. G. Straub, of the University of Illinois, 
and Messrs. Evershed and Vignoles are sole conces- 
sionaires for it in Britain. Briefly, its operation, 
when used in conjunction with a boiler, consists in 
first condensing some of the steam, which is fed at 
a controlled rate and pressure into a coil within 
the base of the apparatus, where it gives up part 
of its heat to boil previous condensate and then 
passes through a water-cooled coil around the 
centre of the column on the outside. The conden- 
sate, apart from a small overflow, is then fed to an 
orifice within the column, whence it drops down 
under gravity through a series of horizontal per- 
forated stainless-steel plates forming a scrubber. 
During this process, it meets steam rising from 
condensate being evaporated within the base of the 
column by the heating coil mentioned previously. 
The rising steam heats and degasses the condensate 
and is itself condensed in a condenser at the top of 
the column, whence it falls back to the base. The 
liquid passes subsequently through the lower outer 
coil, which is a cooling coil, to the outlet. Mean- 
while, the unwanted gases pass out through a 
vent at the top of the column. 

Samples of gas-free condensate may be taken 
from the outlet pipe and non-degassed condensate 
may be obtained from the overflow. The samples 
80 obtained are tested for conductivity in the water- 
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purity meter, the main parts of which are a conduc- 
tivity tube and a chart recorder. The apparatus 
gives a direct reading of the electrical conductivity 
and is automatically compensated for variations in 
the supply voltage and water temperature. In a 
new model of purity-meter which was exhibited, 
a much smaller flow of water than was previously 
necessary suffices for the measurement, and the 
effects of electrolysis are reduced by operating with 
alternating current. Other new designs of apparatus 
on view included a circular disc recorder and a 
rudder-angle recorder. 

Messrs. Ransomes, Sims and Jefferies, Limited, 
Orwell Works, Ipswich, showed a range of fork-lift 
trucks, among which was their latest truck, illus- 
trated in Fig. 92, on page 361, and shown in public 
for the first time. The Forklift “10” truck, as it 
is called, is designed particularly for use in congested 
areas and narrow gangways. It is electrically 
driven, and provides a maximum travelling speed of 
54 m.p.h., fully loaded ; the overall turning radius 
is 5 ft. It has a capacity of 10 cwt., with the load 
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centre 15 in. from the heel of the forks. It has | 
telescopic lifting gear providing a' maximum lifting | 
height of 8, 9, or 10 ft., as desired. The lifting | 
and tilting motions, which are hydraulically operated | 
by @ vane-type pump driven by a separate electric | 
motor, are controlled by separate handles so that | 
lifting and tilting can be carried out at the same | 
time. The tilting angle ranges from 3 deg. forward | 
to 8 deg. back, and approximately 5 sec. is required | 
for full tilt. The control valves for lifting and tilting 
are interlocked with the motor starter so that no} 
current is used until required. The maximum | 
lifting speed is 20 ft. per minute, fully loaded, and | 
30 ft. per minute unloaded. 

The framework and carriage are of welded-steel | 
construction. The carriage runs on ball-bearing | 
rollers travelling on renewable wearing strips 
attached inside the upright channel-section members. | 
The truck has a front-wheel drive through a totally- 
enclosed worm reduction gear and spur differential | 

The driving wheels are provided with 
hydraulically-operated internal-expanding double- 
shoe brakes. The truck is steered by the rear 
wheels, which have a maximum lock of 70 deg., 
through a worm reduction gear from the steering 
column. 








The exhibits on the stand of Messrs. Clarke, | S3a§ 


Chapman and Company, Limited, Victoria Works, 
Gateshead, 6, included a number of examples of their 
electric, steam and hydraulic winches, pumps, 
pulverisers and searchlight projectors, as well as 
models of an electrically-driven winch for topping 
ship’s derricks, of an electrically-driven endless rope 
haulage, of a water-tube boiler and a dry chain 
ash conveyor. Particular interest attached to the 
application of the Ward Leonard system to the group 
drive of winches as this enables a higher standard 
of performance to be obtained than when the direct 
alternating-current motor drive is used. As will 
be seen from the diagram reproduced in Fig. 93, 
herewith, there is, in this system, only one squirrel- 
cage motor and one starter for four winches, and the 
alternating-current from the mains is converted to 
variable-voltage direct current for controlling this 
group individually. The motor-generator whereby 
this conversion is effected usually consists of a three- 
phase squirrel-cage induction motor and two dual- 
output generators of the Ward Leonard type, 
which independently and simultaneously supply 
two winch motors. The dual-output generator is 
wound in the normal way and has only one com- 
mutator. There are four brush arms, spaced at 
90 deg., those at opposite ends of a diameter forming 
a pair from which ore output circuit is supplied. 
The field system is also similar to that of a normal 
four-pole machine, except that each pole carries a 
compensating coil, in addition to the excitation 
coils, to prevent the two outputs interfering with 
each other. There are also four interpoles, each of 
which carries two coils. 

The speed of each winch is governed by the output 
voltage of the generator, to which its motor is 
connected. This voltage is controlled by a potentio- 
meter regulator in the form of a pedestal controller, 
which can be placed at any convenient point on 
the deck. The winch speed is infinitely variable 
from creep to full speed and the load can be lowered 
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at any speed within these limits. All the winches 
are fitted with disc-type magnetic brakes, which 
are applied automatically if the power fails. These 
brakes, as well as the generator and motor fields, are 
supplied from a rectifier housed in the alternating- 
current starter. An arrangement of winches is 
shown in Fig. 94, herewith. 

One of the electrically-driven winches exhibited 
on this stand has been designed for raising, holding 
and lowering derricks and reeling the wire on to its 
drum so that no loose coils lie on the deck. It can 
be fitted to the top or sides of the deckhouse if 
necessary. It is self-holding and the drive is 
through totally-enclosed worm gearing, which runs 
in oil. The motor is watertight and the starter is 
provided with a spring-loaded “ dead-man ” bandle. 
A magnetic brake and self-holding worm stop and 
hold the derrick in position when the controller 
handle is turned to “ off,” or when the current fails. 
A pawl and ratchet are provided for locking the 
winch and holding the derrick when working cargo. 
The paw] is electrically interlocked so that when the 
derrick has to be lowered the winch will not start 
until it has to be disengaged. This disengagement 
is effected by starting the winch in the hoisting 
direction, after which the winch is free to lower. 

The hydraulic winch being shown by Messrs. 
Clarke, Chapman and Company, Limited, is illus- 
trated in Fig. 95, opposite, from which it will 
be seen that the complete unit is remarkably com- 
pact, the hydraulic motor taking up less space than 
the usual lectric motor. It incorporates the 
Hydropulsion hydraulic system developed by 
Commercial Patents, Limited, Aldwych House, 
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London, W.C.2, and has been designed for cargo 
handling on board ship, the capacity being 3 tons, 
The advantages claimed for the winch include 
silence of operation, a wide range of load and speed 
control and low maintenance cost. It works in 
conjunction with a hydraulic pump which may be 
driven either by a squirrel-cage motor or a Diesel 
engine and is normally located in the engine room, 
together with a suitable oil reservoir. There: can, 
of course, be more than one winch in the hydraulic 
circuit, which includes an unloading valve to control 
the pressure at a maximum of 1,600 Ib. per square 
inch. As a safety precaution, the reservoir is 
provided with a low-level valve which automatically 
closes the system when the limit is reached and, 
at the same time, gives a suitable warning. To meet 
peak demands when handling cargo, accumulators 
are provided so that any winch is instantly available, 


vi 4 | the accumulators being loaded by the pump during 
j| the intervals between cargo handling. When they 


are fully cherged, the discharge from the pump is 
by-passed to the reservoir by the action of the 
unloader valve. 

Lockheed Pneudraulic air-loaded accumulators 
are used and it is claimed that the leakage from 
these is negligible, any topping-up required being 
accomplished by means of an ordinary hand or 
foot-operated pump. Alternatively, an auxiliary 
compressor can be arranged to boost the ship’s 
compressed-air supply. The pump, which is illus- 
trated in Fig. 96, opposite, is a five-cylinder radial 
unit designed to operate at constant speed. The 
winch motor is similar in construction. to the 
pump but has nine cylinders arranged so that three, 
six or nine cylinders can be used at a-time to give 
speed variation. Control of the winch is excep- 
tionally easy and the design is such that the power 
must be shut off before it can be reversed. A spring- 
| loaded brake is provided which normally is held out 
by the pressure in the hydraulic circuit and only 
comes into operation should the pressure fail for 
any reason; application of this safety brake is, 
|of course, entirely automatic. The 3-ton winch 
| illustrated can lift the full load at 100 ft. per minute, 
| 14 tons at 200 ft. per minute and a light hook at 
| 400 ft. per minute. Other sizes of winch are also 
| available. 
| Standard Telephones and Cables, Limited, Foots- 
| cray, Sidcup, Kent, were exhibiting two patterns of 
| their electro-gas equipment, which is suitable for 
brazing, annealing, hardening and soldering opera- 
tions. One of these was used to demonstrate the 
brazing of tricycle frames and the other illustrated 

various types of burners, singly and in arrays. The 
| equipmentiwhich is illustrated in Fig.97, Plate XXV, 
is operated from the normal town gas supply, but is 
fitted with an injector system so that it is possible 
to use high-intensity burners, and these can be 
arranged to give any heat pattern. Either single 
jets or multi-burner arrays can be employed and 
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Fig. 101. Diect-CURRENT WELDING GENERATOR: Max Fic. 102. 15-KVA Spot-WELDER ; Fic. 103. Automatic Stator-RotTor STARTER; 
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several areas can be treated at once. Once it 
has been adjusted to a predetermined heating 
cycle, the unit can be controlled by push-buttons 
by setting a process timer. The standard unit is 
fitted with 10 burners, but with slight modifications 
any number up to 30 can be used and these can be 
mounted either on, or at a reasonable distance from, 
the body of the equipment. Gas and compressed 
air are mixed in the correct proportions in an 
injector, the flow of each being controlled by electro- 
magnetic valves. The normal gas consumption is 
from 10 to 20 cub. ft. per burner per hour, while the 
electrical consumption is 0-5 amperes at 200/240 
volts and compressed air is supplied at 10 lb. per 
square inch. 

A selection from their wide range of air-cooled 
and water-cooled petrol and Diesel engines was 
exhibited by the Coventry Victor Motor Com- 
pany, Limited, Coventry. These included the new 
water-cooled Diesel engine illustrated in Fig. 99, 
Plate XXV, which was being shown for the first 
time. It has been designated the WD3 and, in 
general, follows the design and layout of the WD1 
and WD2 models. The cylinder bore, however, is 
90 mm. as against 85 mm. for the WD2 and 80 mm. 
for the WD1, and the output 9 brake horse-power at 
1,500 r.p.m., the rated speed. The crankcase is 
cast from a non-corrodible aluminium alloy and the 
cylinder from high-grade cast iron, the latter being 
finished internally by a special process to minimise 
wear. An aluminium Y-alloy piston is fitted and 
is coupled to the forged-steel crankshaft by a 
steel connecting rod. Overhead valves are, of 
course, used and these are operated in the usual 
manner by push rods and rocking levers, the 
mechanism being totally enclosed but easily acces- 
sible. A gear-type pump supplies oil to the main 
and big-end bearings, the system incorporating a 
large oil filter of the removable type and the usual 
form of relief valve. Normally, the engine is fitted 
with a constant-speed governor having a limited 
adjustment, but a variable or wide-speed governor 
can be installed which enables the engine to operate 
at 800r.p.m. Starting is by hand, the handle, which 
is of the safety type, engaging with the camshaft 
So that the engine turns over twice for each full 
Swing of the handle. Water cooling is employed 
and the circuit may be connected to a static tank, 
& heat exchanger or a radiator, cooling being 
assisted by an engine-driven fan in the last-named 
case. The complete unit is of com construc- 
tion, the height being 28 in., the width 15% in. and 
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the length, excluding the starting handle, 21} in. 
The weight of the engine only is 296 Ib. and in 
normal operating conditions the fuel consumption is 
stated to be 0-38 pint per brake horse-power per 
hour, a commendable performance. 

The WD range of engines can, of course, be used 
for a wide variety of duties ranging from battery 
charging to the driving of marine auxiliaries. Their 
application to the latter duty was represented at 
Olympia by a standard engine arranged to drive a 
generator, centrifugal pump and air compressor. 
This unit is illustrated in Fig. 100, Plate XXV, 
from which it will be seen that the pump, generator, 
air-compressor and engine are all mounted on a 
common bedplate. the various components being 
driven through hand-operated friction clutches. On 
the normal installation of this type, cooling is 
accomplished by sea water circulated through the 
system by a gear-type pump mounted integrally 
with the engine, but radiator cooling is equally 
effective. On the other hand, if the set is a long 
way above the water-line, tue air-cooled version of 
the engine may well be employed. 

Other exhibits on the stand of the Coventry 
Victor Motor Company included the air-cooled 
petrol engine illustrated in Fig. 98, Plate XXV. 
Known as the Neptune, it is a new unit having 
four cylinders and developing from 12 h.p. to 26 h.p. 
As will be seen from the illustration, it is air-cooled 
and is of the horizontally-opposed type, there being 
two cylinders at each side of the crankcase. In 
common with all Coventry Victor engines, the new 
unit operates on the four-stroke cycle, induction 
and exhaust being through side-by-side valves 
disposed along the top of the engine and operated 
by a single camshaft arranged vertically above the 
crankshaft. The crankcase is machined from a 
non-corrodible aluminium-alloy casting and is fitted 
with a deeply-finned sump for oil cooling. The 
cylinder blocks are cast in pairs from close-grained 
cast iron and are equipped with heat-treated Y-alloy 
aluminium cylinder heads of the detachable type. 
Aluminium Y-alloy is used also for the pistons, 
each of which is fitted with two compression rings 
and one oil-control ring and joined to the crank- 
shaft by a connecting rod machined from a nickel- 
steel forging. The crankshaft is formed from a 
solid steel forging and is supported by three bearings 
of the steel-backed replaceable type. There are 
solid balance weights to each throw and drillings 
are incorporated for pressure lubrication of the 
big-ends. The lubricant is supplied to the major 
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moving parts by a gear-type oil pump mounted in 
an accessible position on the crankcase, the lubri- 
cating system incorporating the usual form of oil 
filter. Cooling air is delivered by an axial-flow fan 
fitted at the rear of the engine, the air being led to 
the finned cylinder heads and barrels by removable 
cowlings, which, for the sake of clarity, are not 
shown in the illustration. The length of the engine 
is 35 in., the width 25 in., and the height 19} in., 
and the weight is approximately 350 lb. 

The arc-welding generator illustrated in Fig. 100, 
Plate X XV, was exhibited by Max Arc and Electrics, 
Limited, 190, Thornton-road, Croydon, Surrey. 
This machine has been designed to give stable arc 
conditions when welding both ferrous and non- 
ferrous metals under the most adverse climatic 
conditions, and»is specially insulated so that it can 
safely be employed in tropical countries. It is fitted 
with a dual control system, so that the operator can 
adjust the current to suit the class of work being 
performed. This adjustment is effected by a 
selector switch with a click action so that it is 
locked in the chosen position. The equipment is 
available in several sizes for currents up to 400 
amperes and can be driven at a number of different 
speeds by either a motor or an engine. 

Other exhibits on this stand included the Max- 
Arclette alternating-current welding set which 
has been specially designed for use where lightness, 
portability and compactness are essential. It is 
capable of welding any thickness of metal and is 
rated at 3 kVA. The maximum intermittent 
demand on the mains is about 17 amperes at 
380/440 volts, but it can be fitted with a condenser 
so that this demand is reduced by about one-third 
and the power factor stepped up to 0-8 lagging. 
The electrode holder is attached to a tough rubber- 
covered flexible cable and terminal plugs and the 
welding-current range is from 15 to 150 amperes 
with 24 intermediate settings. 

The exhibits on the stand of Messrs. Holden and 
Hunt, Limited, Old Hill, Staffordshire, included a 
range of wire butt-welders for handling round- 
section mild steel from No. 20 8.w.g. up to rods 
& in. in diameter. These machines are semi- 
automatic in action and are arranged either for 
permanent fixing or for mounting on a chassis. 
Four spot-welders with loadings of 5, 10, 15 and 
25 kVA were also shown. Of these, the 15-kVA 
model is illustrated in Fig. 102, Plate XXV. It con- 
sists of a cast-iron frame in which the naturally 
cooled transformer is enclosed and which also forms a 
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pedestal for the working parts. A regulator is fitted, 
which allows four heating speeds to be obtained 
according to the thickness of the material which is 
being treated. Both electrodes and electrode tips 
are water-cooled, the water connections being made 
with }-in. rubber hose. The electrode tips are of 
Scaden copper alloy which, it is claimed, has a life 
six to eight times that of electrolytic copper. The 
top and bottom arms can either be of the angle type 
for reaching awkward corners, or horizontal for deal- 
ing with tubes and other small articles. Vice-type 
arms for the welding wires and studs or pins to 
hold sheets are available. The machine is operated 
by a pedal, which can be adjusted to the most con- 
venient working position and has a very short lift. 
The toggle included in the mechanism ensures that 
a heavy pressure is applied to the weld with the 
minimum of effort, a point stressed by the makers, 
since the necessity for sufficient welding pre~sure is 
frequently overlooked. An automatic trip switch is 
provided and is so arranged that after light pressure 
has been applied to the weld the final pressure is 
obtained by depressing the pedal. 

The exhibits on the stand of Brookhirst Switchgear 
Limited, Chester, included examples of their latest 
alternating-current and direct-current motor starters 
for industrial and marine service. The principle 
of these new models is adaptability, the basic 
components being designed so that they can be 
employed in a great number of combinations. 
These components include ‘“ channe]-sprung ” 
conractors, edge-pivoted thermal-overload relays, 
broad-base solenoid over-load relays and U-pack 
isolating switches. A typical stator-rotor starter 
incorporating these features, which has been 
designed for use with wound-rotor induction 
motors of outputs up to 274 h.p. at 415 volts, is 
illustrated in Fig. 103, Plate XXV. It is of the 
frequent-duty type and is suitable for up to 40 full- 
load starts per hour, provided the aggregate starting 
period does not exceed two minutes in every fifteen. 
It comprises triple-pole stator and rotor contactors, 
an escapement-controlled timing relay, a triple-pole 
isolating switch, a solenoid-type over-load relay, 
control circuit fuses and torque-adjusting links. 
It can be arranged for two-wire or three-wire local 
and remote control. 

(To be continued.) 


500-B.H.P. DIESEL-MECHANICAL 
LOCOMOTIVE. 


OPERATING experience with a new machine has a 
way of revealing unexpected weaknesses. It is easy 
to be wise after the event, and the causes of such weak- 
nesses are then usually obvious, but it is not easy to 
predict them at the time when attention is being 
directed to laboratory or bench tests, however carefully 
the tests have been arranged to simulate operating con- 
ditions. Credit is therefore due to the Hunslet Engine 
Company, Limited, for inviting recently representa- 
tives of the technical Press to observe the trials 
of the first of four 500-brake horse-power Diesel- 
mechanical locomotives which they are building for 
the Paita-Piura railway of the Peruvian Corporation. 
The locomotives have an 0-8-0 wheel arrangement, 
with a maximum axle loading of 14 tons, and have been 
designed for freight traffic. By arrangement with 
Mr. R. A. Riddles, of the Railway Executive, trials 
are being conducted on a difficult line in Yorkshire, 
hauling coal trains which are normally handled by 
steam locomotives, and manning the locomotive with 
crews who have been given some training but who 
cannot be said to “ nurse” the machine. 

The 500-h.p. Diesel locomotive has been hauling 
trains which otherwise would have necessitated double- 
heading, using a Class-8F 2-8-0 locomotive (Sir William 
Stanier’s L.M.S. design) and a Class 3F 0-6-0 locomo- 
tive of the old Midland Railway. Its performance, if 
we may judge on the »asis of a single run on severe 

ients, was the comp'ete answer to those who doubt 
the ability of a Diesel Jocomotive to haul and shunt 

trains as flexibly as a steam locomotive does, and 

it showed that a mechanical drive, low in capital cost, 
is applicable to an engine of 500 h.p. The provision 
of six gear ratios ensures that there is adequate overlap 
of both tractive efforts and speeds in successive gears, 
even if, on a rising ient, the driver is slow in gear- 
© ing due to lack of experience. Indeed, the run 
on the footplate last week | whe that gear-c i 
is no bar to the use of Diesel locomotives on this c 
of freight traffic. 

The run was on the former Midland line to Carlisle, 
from Stourton Junction, Leeds, to Apperley Junction ; 
thence on a branch line to Guiseley, where, after shunt- 
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GENERAL VIEW OF LOCOMOTIVE. 
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ing, a lighter train was taken on the single line to 
Yeadon. On the main line the steepest gradient is 
1 in 133 (0-75 per cent.) but on the branch line there is a 
length of about 2 miles at 1 in 60 (1-66 per cent.), 
followed by a short distance at 1 in 53 (1-89 per cent.) 
and another at 1 in 62 (1-61 per cent.) into Guiseley 
station. The latter gradients are accompanied by 
curves of 30 to 47 chains radius, some of them reverse 
curves, and most of the 1 in 60 gradient is through 
well-wooded cuttings where greasy rails are common. 
The run to Guiseley is a distance of 13 miles, and 
one mile of the two miles to Yeadon climbs at 1 in 48, 
1 in 72 and 1 in 50, with curves of 17 to 47 chains 
radius. The Diesel locomotive has taken a 515-ton 
train from Leeds to Guiseley, running at a steady 
speed of 4 to 4} miles an hour from Apperley Junction 
to Guiseley. Using steam motive power, this load 
would have required two engines weighing 198 tons, 
compared with the 55 tons of the Diesel locomotive ; 
alternatively, the train would have been divided. 
The Diesel locomotive has been on this run since 
August 24, and for four weeks previously it was 
engaged on heavy coal-train shunting at Stourton 
down yard. It has also hauled trains of up to 700 tons 
over ruling gradients of 1 in 133. In Peru the loco- 
motives will haul cotton and general freight trains on 
a 62-mile line which includes a quarter-mile at 1 in 29, 
preceded by 2 miles at 1 in 52-56-65 and succeeded by 
half a mile at 1 in 44 and 2} miles at 1 in 45-52. The 
1-in-29 gradient is on a curve of 340 yards radius. 

Figs. 1 and 2, on this page, show the first of the two 
0-8-0 locomotives to be built; the other two of the 
order will have an 0-6-0 wheel arrangement, but other- 
wise will be similar in design. The locomotive has 
48-in. wheels; its wheelbase and axle load (Fig. 2) 
were designed to suit the conditions on the Paita- 
Piura Railway, and the top speed of 53 km.p.h. (33 
m.p-h.) was also chosen to suit the operating conditions 





on that line. The plate-frame structure below the 
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running-plate level is particularly robust to withstand 
shunting and freight service, and to maintain the 
alignment of the engine, driving shaft and gearbox. 
The side buffers and link couplings shown in Fig. | 
are for the trials on British Railways ; centre couplers 
are to be fitted for workin South America. The suspen- 
sion system comprises underhung laminated springs, 
compensated in two groups down each side. Ajax 
grease lubrication is used for the axleboxes, and also for 
the driving-rod and coupling-rod crankpins. The 
cast-steel wheel centres are provided with grease 
lubrication for the liners on the inner faces of the hubs. 
The frame structure is based on 1}-in. steel plates 
tied by heavy buffer beams at each end, and by hori- 
zontal and vertical stretchers, one of which is the 
lower half of the welded steel gearbox, which itself 
acts as a rigid cross-member about 7 ft. long. Above 
the running plate a long casting houses the engine and 
main transmission shafting, and at the front is 4 
separate compartment housing the cooling fans and 
auxiliaries. The cab is unusually commodious, and 
has been designed to give the driver a clear view in 
each direction without leaving his swivel seat ; he can 
see both buffer beams quite easily. The main gear- 
changing, throttle, direction, braking and sanding 
handles are duplicated. A hot-air system of cab 
heating, using the engine exhaust, is provided. 
Westinghouse air brakes apply the brake-blocks on all 
wheels through two 10-in. cylinders, giving a braking 
effort of 38 tons at a pressure of 60 Ib. per square inch, 
and operating through fully-compensated rigging. 
There is also a hand brake. Hand sanding is fitted, for 
both forward and backward directions. At present, 
freight stock on the Paita-Piura Railway is not equipped 
with continuous brakes, but provision has been made 
for this, when Westinghouse automatic equipment will 
be installed on the locomotive. A pneumatic whistle 
and air-operated warning bell are fitted. 
The power unit of the locomotive is a 12-cylinder 
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Davey, Paxman four-stroke engine, type 12 RPH, 
with cylinders 7 in. by 7} in., arranged in V formation, 
a compression ratio of 17 to 1, a dry weight of about 
7,200 lb., and a maximum output of 500 brake horse- 
power at 1,375 r.p.m. It has a cast-iron crankcase 
structure, underslung main bearings secured addition- 
ally by horizontal tie-rods, a drop-forged crankshaft 
with main bearings composed of renewable steel shells 
with copper-lead linings, Y-alloy pistons, fork-and-blade 
connecting rods, and cylinders and cylinder heads cast 
in groups of three. C.A.V. fuel-injection pumps are 
used. At the back end of the crankshaft is a Bibby 
coupling to take up torsional vibrations, and on the 
coupling casing there is a starting ring, the engine not 
being equipped with a flywheel. Water-cooling is 
effected in two side radiators com of Serck 
elements and Hunslet headers; and oil-cooling ele- 
ments are provided above these. Air is drawn in 
through the grating at the front end of the locomotive 
by a belt-driven fan, and expelled through the side 
radiators by another two belt-driven fans. A drive 
from the front end of the engine shaft is taken to two 
compressors and two centrifugal water-circulating 
pumps. Electric starting by one motor at 24 volts 
is used; a 24-volt 550 ampere-hour Nife battery is 
housed in the cab and charged by a 1,100-watt dynamo 
driven from the crankshaft. The fuel tank is located 
in the top of the casing, and has a capacity of 500 

ons. 

Behind the Bibby coupling the transmission comprises 
& fluid coupling, flexible coupling and cardan shaft, a 
Hunslet self-ventilated friction clutch (Fig. 3), and a 
Hunslet six-speed gearbox with the pre-selective 
mechanism, and reverse gear inside the box. The final 
drive is through a jackshaft, carried on roller bearings, 
and the side rods. Following previous Hunslet practice, 
the gear-changes are made by internal gear clutches 
operated by air pressure. The reverse gear, which 
comes between the change-gear and the jackshaft, is 
also air-operated, and the whole of the control gear 
18 mounted in the top of the box, so that the box and 
controls form one complete unit. In this, the latest, 
design the main clutch, which is normally carried on 
the engine, is mounted on the input shaft outside the 
gearbox, so that the whole transmission, including the 
control mechanism, is one sub-assembly. The main 
self-ventilated friction clutch is able to take a 100 per 
cent. overload above the ine torque, and is designed 
to start the heaviest trains loan rest without difficulty. 





If a hydraulic coupling is preferred, however, it can be 
mounted on the engine flywheel without interfering 
with the remainder of the transmission. The main 
clutch, mounted on the input shaft, is based on previous 
Hunslet practice ; clutches of this type have been in 
constant service for nearly 20 years with only routine 
maintenance attention. The important features include 
the case-hardening of all mating parts, and open con- 
struction which allows air cooling throughout the 
clutch and visibility of the linings at all times, so that 
wear can be measured and checked monthly and ample 
warning given for re-lining. The clutch is designed to 
transmit the full engine power at starting and can 
maintain full torque under maximum slipping condi- 
tions as long as is needed on any railway work without 
over-heating. The clutch is designed for use without 
~~ other slipping medium. 

he gearbox is split on the horizontal centre-line of 
each shaft; the several sections are shown in Fig. 4, 
herewith. It is a welded structure, each section 
stress-relieved after welding. Stripping and assem- 
bling are straightforward jobs, and all shafts and 
wheels can be lifted from the box as assembled items 
without internal stripping. This feature is applicable 
even when the gearbox is in position in the locomotive, 
all the internal parts of the box being removable 
without dismantling the main part of the gearbox, 
the reverse mechanisms being lifted out from above 
the frame and the jackshaft being dropped out from 
below. All shafts and wheels run on ball or roller 
bearings and are made from an oil-treated nickel- 
chrome casehardening steel, giving a core strength of 
about 65 tons per square inch. In order to avoid 
high peripheral tooth speeds, there is an initial pair of 
wheels which reduce the gear-change shaft speed. 
The gear-change shaft of the new 500-h.p. box carries 
six free-running wheels mounted on ball bearings to 
accommodate the six speeds, these being in constant 
mesh with six fixed wheels on the speed shaft. All 
these wheels are casehardened and ground. On the 
gear-change shaft there are three double-ended internal- 
gear sliding clutches which can couple any of the six 
speed wheels to the gear-change shaft. Mounted on 
the speed shaft is a bevel pinion which mates with 
two bevel wheels on the reverse shaft ; a further internal- 
gear sliding clutch on this shaft couples either bevel 
wheel to the shaft to give forward or reverse gear. 
On the extreme ends of the reverse shaft are mounted 
a pair of single-helical pinions, one left-hand and the 
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other right-hand, meshing with two mating wheels 
on the jackshaft. These helical wheels on the jack- 
shaft are torsionally resilient to take shocks, and they 
are the only gearwheels in the box which are not 
case-hardened. They are made of 75-ton oil-hardened 
steel. The jackshaft, 11 in. in diameter, is mounted 
in roller bearings and carries the fly-cranks and case- 
hardened crankpins. Nees 
The power control unit is compactly placed within 
the top of the gearbox. The equipment comprises an 
ordinary operating air cylinder, together with main 
and auxiliary air valves which control not only the 
gear change, but the complete pre-selection of all gears 
by air in the correct sequence. Control and operation 
do not involve any use of complicated and delicate 
electropneumatic and electromagnetic circuits. All 
the control details are straightforward and are 
adequately lubricated by splash from the box. The 
lubrication of the main gear drive is by a high-pressure 


ump. 

The chief dimensions, etc., of the locomotive, other 
than those already given, are as follows. The normal 
speeds and tractive efforts in the several gears are: 
first, 44 m.p.h. and 35,400 Ib. ; second, 6 m.p-h. and 
26,600 Ib.; third, 9 m.p.h. and 17,700 lb.; fourth, 
14} m.p.h. and 11,200 Ib. ; fifth, 21 m.p-h. and 7,600 Ib.; 
and sixth, 33 m.p.h. and 4,830 lb. The adhesive factor 
in second gear is 4-63 to 1; the lightest rail on which, 
it is recommended, the engine should run is 70 }b. 
per yard; and the minimum radius of curve the engine 
will traverse alone is 325 ft. Assuming a limit of 
adhesion of 4 to 1, a train starting resistance of 18 lb. 
per ton, and a train running resistance of 12 lb. per 
ton, the locomotive will haul, in first gear, 1,650 tons 
on the level, 700 tons up 1 in 100, and 430 tons up 
1 in 50. 





REGISTER OF INDUSTRIAL PREMISES.—Industrial firms 
which occupy a floor space greater than 5,000 sq. ft., 
but are not already heavily committed to the rearmament 
programme, will shortly be receiving from the Board of 
Trade regional controllers a letter asking them to supply 
certain basic information about their premises. This is 
to assist the Factory and Storage Premises (Defence 
Planning) Division of the Board, under Sir Philip Warter, 
to prepare for the establishment of a Control of Factory 
and Storage Premises organisation in the event of an 
emergency. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ScortisH STEEL PRODUCTION DURING AUGuUsT.—Steel 
outputs during August remained appreciably below the 
level of a year ago, because of the scrap shortage. The 
production of ingots and castings for the month was at 
an annual rate of 2,122,600 tons, compared with 2,533,300 
tonsin 1950. The annual equivalent for the first quarter 
of the year was 2,220,800 tons, and for the first six 
months 2,231,800 tons. Improved arrivals of iron ore 
increased pig-iron production to a rate of 796,100 tons 
in August, in contrast with 674,900 tons in July and 
756,400 tons in June. In August, 1950, however, the 
annual equivalent reached 823,000 tons. 


NAVAL AIR STATION AT MACHRIHANISH.—AN advance 
party of about 120 naval officers and ratings has arrived 
at Machrihanish, near Campbeltown, to prepare for the 
arrival of the main body, due there shortly to take over 
the war-time Royal Naval Air Station, which is to be 
commissioned before the end of the year. Air crews are 
to be trained at the station in anti-submarine operations. 


BLOCHAIRN STEELWORKS.—A campaign to prevent the 
partial closing of Blochairn Steelworks, Glasgow, is 
being actively waged, and yesterday a meeting of about 
100 of the men affected decided to send a protest to the 
Prime Minister. Mr. J. Simon, spokesmen for the men, 
said the melting shop was the only part of the works 
that was old-fashioned, and it could be modernised 
without excessive capital outlay. The men’s case is 
that, with a moderate expenditure, the works could be 
made an economical steel-producing unit, ~ 


STEEL FOR ABERDEEN SHIPBUILDING.—As a result of 
efforts to obtain a bigger quota of steel for Aberdeen 
shipyards, a “‘ priority treatment certificate” for 115 
tons of steel has been granted to John Lewis & Sons, 
Ltd., at whose shipyard 50 men were suspended recently 
because of the lack of steel. Lord Pakenham, First Lord 
of the Admiralty, in a letter to Mr. Hector Hughes, M.P. 
for Aberdeen North, and the shop stewards, explained 
that priority treatment certificates had been introduced 
to enable firms to obtain marginal quantities of steel 
until the general steel allocation is reintroduced at the 
end of the year. 

INDUSTRIAL EXHIBITION AT GREENOCK.—The Greenock 
“ Festival of Britain” Industrial Exhibition, which 
opened, in the Town Hall on Saturday, September 15, 
and closes to-morrow, was designed primarily to portray 
the history, development and present significance of the 
work of Greenock craftsmen. Shipbuilding and marine 
engineering are prominent features, the exhibits includ- 
ing the steering gear for an Atlantic liner, by John 
Hastie & Co., Ltd. ; a Doxford opposed-piston oil engine, 
by Scott’s Shipbuilding & Engineering Co., Ltd., and a 
model] Doxford engine by J. G. Kincaid & Co., Ltd. ; 
models ef Clan liners built by the Greenock Dockyard 
Ltd.; and coaster models by George Brown & Co., 
(Marine), Ltd. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


STEEL RESTRICTIONS IN CLEVELAND.—Bigger sup- 
plies of steel and iron are urgently needed here, and 
the announcement this week of the curtailment of opera- 
tions at the Cargo Fleet works, Middlesbrough, of the 
South Durham Steel and Iron Co. is a bitter disappoint- 
ment to customers as well as to employees. The call by 
400 of the men affected for a full inquiry into the internal 
organisation of the firm might tend to give the wrong 
impression that the announcement might have been 
avoided by local action. The origin of the action, how- 
ever, was the decision, by the Iron and Steel Corporation, 
to close the ingot works at Stockton. 


EXTENSIONS TO HEATON WorKs.—The September 
issue of the works News Letter of C. A. Parsons & Co., 
Ltd., Heaton, Newcastle-on-Tyne, records that the new 
bay for the construction of large power transformers is 
now practically completéd. The two 100-ton overhead 
travelling cranes, delivery of which is overdue, are 
expected to be erected towards the end of November. 
Work has begun on the preparation of foundations for 
the new research and design block, to be erected on the 
site of the former “top shop,” recently demolished. 
Piling is almost completed and a retaining wall is being 
built round the perimeter of the building, When it is 
finished, the excavation of the basement will begin. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


UNEMPLOYMENT Pay.—A difficult position results 
from the displacing of about 500 steelworkers at Sheffield 
and Rotherham, deprived of their usual work by the 
closing of melting furnaces which are short of materials. 
Some of the men have accepted labouring jobs as an 
alternative, but many have refused the alternative 
employment at the works and protest against the 
decision that they are not entitled to unemployment 
pay. Test cases are to be heard. 

CoaL Output RESTRICTION.—Coal production in the 
Yorkshire coalfield would be much greater if the miners 
completed the necessary number of shifts to qualify for 
their bonus. About 25 per cent. of Yorkshire coal-face 
workers and about 18 per cent. of the surface workers 
do not qualify. If every miner put in all his shifts, it is 
stated, the additional wages would be about 4,000,000/. a 
year. Inthe case of the younger men especially, liability 
to income tax appears to be the deterrent. 





Exports RESUMED.—Exports of slag from the North 
Lincolnshire steelworks have been resumed, with ship- 
ments from Immingham to Ghent, where the slag is 
required as a fertiliser and for road repairs. One of 
the big stacks of slag at the Redbourn steelworks of 
Richard Thomas and Baldwins, Ltd., is the source of the 
exports. It is expected that the removal of the slag will 
bring to light some much-needed steel scrap. 

ELEcTrRICITY CHARGES.—It is regarded as probable 
that electricity charges in Yorkshire will be increased. 
The Yorkshire Electricity Board already bear 200,0001. 
a year in extra costs resulting from the last rise in coal 
prices, and there has been a wage increase which will 
cost an extra 130,0001. a year. Other applications for 
wage increases are probable. 

STEEL FOREMEN IN CONFERENCE.—Three conferences, 
each of a week’s duration, have been arranged for steel- 
works foremen, to take place at Hope, Derbyshire. 
Foremen will attend from Sheffield, Chesterfield, Rother- 
ham and the West Riding, and representative foremen 
from other training areas of the British Iron and Steel 
Federation will be invited. Members of the executive 
staffs of steelworks, as well as trade-union officials, will 
address the sessions and initiate discussions on the 
foreman’s work. The arrangements are being made by 
the West Riding and North Derbyshire Training Com- 
mittee of the Federation. 

COURSE IN Rap10-IsoToPEs.—A post-graduate course 
in radio-isotopes in research and industry is to be held 
at the Department of Engineering, College of Commerce 
and Technology, Pond-street, Sheffield, 1, on Monday 
evenings from October 1 to November 5, inclusive. The 
lecturer will be Mr. H. S. Peiser, M.A., of Messrs. Had- 
fields, Ltd. The fee for the course, payable on notifi- 
cation of acceptance, is one guinea ; an application form 
can be obtained from the Head of the Department. 





THE MIDLANDS. 


THE LaTE Sir W. H. Wieetn.—The death is an- 
nounced of Lieutenant-Colonel Sir William Henry 
Wiggin, K.C.B., D.S.0., T.D., D.L., J.P. Sir William, 
who was born at Birmingham in 1888, was a director of 
W. & T. Avery, Ltd., William Hunt & Sons, The Brades, 
Ltd., and other Midland companies. He was formerly 
connected with the family business of Henry Wiggin & 
Co., Ltd., of Birmingham. 





PROPOSED “ FLATTED ”’ FACTORIES FOR COVENTRY.— 
Coventry City Council have under consideration the 
building of three factory blocks on the principle of 
residential flats, to accommodate small manufacturing 
firms. The city’s central re-development area contains 
a number of these small firms, which will be displaced 
by the reconstruction. The proposed factory blocks 
will be several stories in height, and will each contain 
ten factory flats. A similar scheme was suggested for 
Birmingham some years ago, but it did not materialise ; 
if the Coventry plan is carried out, it will be the first of 
its kind in the Midlands, though the small self-contained 
workshop in a large building has been a feature of Shef- 
field industry for a century or more. 





LARGE ROLLER LEVELLING MACHINE.—The Bronx 
Engineering Co., Ltd., of Lye, Stourbridge, have des- 
patched to France an eleven-roll plate-levelling machine 
weighing 64 tons, and capable of dealing with steel 
plates from }in. to #in. thick. The machine is claimed 
to be the largest yet made in the district. 

THE Cost or Gas FIRING IN. THE PoTTEeRY INDUSTRY. 
—tThe British Pottery Manufacturers’ Federation have 
approached the West Midland Gas Board for a reduction 





in the preferential rate for gas used in kiln firing. North 


Staffordshire, the traditional home of the coal-fired 
“bottle ’. kiln, has adopted gas firing increasingly in 
the past 20 years, until, at present, 57 per cent. of the 
output of the Etruria gasworks, Stoke-on-Trent, is used 
for kiln firing. 

ALUMINIUM FABRICATING FIRMS’ AGREEMENT.—The 
London Aluminium Co., Ltd., of Birmingham, and the 
Midland Metal Spinning Co., Ltd., of Wolverhampton, 
have concluded an agreement whereby the services of 
the latter company’s managing director, Mr. F. P, 
Webster, will be available to re-organise the Birmingham 
company’s works and plant. The agreement is for a 
minimum period of three years. 





NOTTINGHAM TRADES EXHIBITION.—A Trades Exhibi- 
tion, arranged as part of the Festival of Britain, was 
opened yesterday by Mr. A. G. Bottomley, O.B.E., M.P., 
Secretary for Overseas Trade, and willremain open until 
September 29. It has been organised under the auspices 
of the Nottingham Chamber of Commerce. 





ANOTHER INDUSTRIAL COURSE FOR SCHOOLTEACHERS, 
—Another Midland firm have held a short training 
course for schoolteachers, similar in scope to the two 
already conducted by Stewarts and Lloyds, Ltd. The 
previous courses took place in Bilston ; the recent one, 
of two days duration, was at the Witton works of the 
Metals Division of Imperial Chemical Industries, Ltd. 





THE LATE Mr. E. M. W. BOUGHTON, M.C.—We regret 
to record the death of Mr. E. M. W. Boughton, which 
occurred in Birmingham on Saturday, September 8, at 
the age of 65. He was educated at Wyggeston school 
and Leicester municipal technical school and joined the 
staff of the British Thomson-Houston Company as a 
jig and tool draughtsman in 1910. After serving in the 
Royal Corps of Signals during the 1914-18 war, he rejoined 
the B.T.H. Company as head of the production depart- 
ment at their Birmingham works and was appointed 
manager of that worksin 1941. He was a member ofthe 
Institution of Production Engineers. 

CouRSE FOR WORKS AND PLANT ENGINEERS.—A 
refresher course for works and plant engineers is to be 
given at the College of Technology, Birmingham, on 
Friday evenings for a period of 23 weeks, commencing 
on October 12. The papers will be presented by specialists 
drawn from industry throughout the country, and 
each will be followed by a discussion. The course is 
sponsored by the West Midlands Advisory Council for 
Technical, Commercial and Art Education, and the fee 
is 63s. A brochure is obtainable from the Registrar, 
College of Technology, Birmingham, 1. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


PROPOSED RESERVOIRS FOR CARDIFF WATER SUPPLY. 
—Urging that action be taken on a proposal for a new 
reservoir, which has been estimated to cost 750,0001., 
the Cardiff city water engineer (Mr. G. W. Cover) said 
that the city’s daily water consumption of 14,000,000 
gallons would increase by a further 1,000,000 gallons 
per day in three years’ time and by 4,000,000 gallons in 
ten years. The waterworks committee, he said, would 
not be able to meet the demand in a few years, especially 
in time of drought ; already the city had less than 100 
days’ supply in reserve. It was stated that the Corpora- 
tion would deposit soon with the appropriate Ministry 
a formal application for sanction of the new Blaen Taff 
reservoir. The committee also decided to take action 
to acquire a site in Radyr, near Cardiff, for a new reser- 
voir, though it was indicated that there would be opposi- 
tion to the scheme at the Ministry inquiry. 





RELIEF OF CARDIFF TRAFFIC CONGESTION.—A new 
road through Cardiff Castle grounds, skirting the walls of 
the Castle, has been suggested by the city engineer (Mr. 
E. C. Roberts) as the most effective method of relieving 
traffic congestion in the city centre. The scheme was 
presented as part of along-term highway plan forthe city, 
and was regarded as the most promising of three which 
have been under consideration between the engineer and 
the Ministry of Transport. The new road would divert 
north-south traffic and the construction costs would be 
relatively small, but the Ministry stated that it was 
unlikely that the work could be sanctioned under present 
economic. conditions. 


CoaL Propuction.—Returns issued by the National 
Coal Board for the second quarter of the year show that 
the South Wales coalfield produced 5,844,784 tons of 
saleable coal, which brought in 16,991,9471. The total 
costs of production, however, were 17,274,6521., a loss 
of 283,6051., or 11-6d. per ton raised. In the Somerset 
coalfield, the output was 130,467 tons, produced at a loss 
of 127,7221., or 19s. 7d. per ton. In the Forest of Dean, 
the loss was 76,8711., or 8s. 2-9d. per ton, on aD output 





ot 186,623 tons. 
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ENGINEERING. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF WORKS MANAGERS.— Manchester 
Branch: Monday, September 24, 6.30 p.m., The Grand 
Hotel, Manchester. ‘‘ The Task Ahead” by Mr. E. J. 
Holford Strevens. Northampton Branch: Monday, 
September 24, 7.30 p.m., The Franklins Gardens Hotel, 
Northampton. ‘“‘ Financing a Small Company,” by 
Mr. D. G. Petrie. Notts and Derby Branch: Monday, 
October 1, 7.30 p.m., The Welbeck Hotel, Nottingham. 
“My Own Experience in America,’’ by Mr. J. A. Warner. 


INSTITUTION OF PRODUCTION ENGINEERS.-—Man- 
chester Section: Monday, September 24, 7.15 p.m., 
College of Technology, Sackville-street, Manchester. 
“We Must Do Better,” by Mr. E. C. Gordon England. 
Luton Section ; Tuesday, September 25, 7.15 p.m., Town 
Hall, Luton. ‘‘ Some Applications of Rubber in Engi- 
neering,” by Mr. G. W. Trobridge. Dundee Section: 
Thursday, September 27, 7.45 p.m., Mathers Hotel, 
Whitehall-crescent, Dundee. ‘‘ An Assessment of Pro- 
duction Engineering Training,’ by Mr. T. B. Worth. 
Reading Section: Tuesday, October 2, 7.15 p.m., The 
Great Western Hotel, Reading. ‘‘ Industrial Incentives,” 
by Mr. R. N. Marland. Nottingham Section : Wednesday, 
October 3, 7 p.m., Victoria Station Hotel, Nottingham. 
“The Fatigue of Metals,” by Professor J. A. Pope. 
South Essex Section: Wednesday, October 3, 7.30 p.m., 
South East Essex Technical College, Barking. ‘‘ The 
Problems of Modern Management,” by Mr. Lewis C. Ord. 
Dundee Section: Wednesday, October 3, 7.30 p.m., The 
Imperial Hotel, Abroath. ‘“‘ Cast Iron as an Engineer- 
ing Material,” by Dr. H. T. Angus. 


INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, September 24, 7.30 p.m., 
The University, Leeds. Film Evening. South York- 
shire Branch: Thursday, September 27, 7.30 p.m., The 
Grand Hotel, Sheffield. Film Evening. ‘‘ Electronics 
inIndustry.” Birmingham Branch: Friday, September 
28, 7.30 p.m., Imperial Hotel, Birmingham. Symposium 
of Films on “‘ Welding.” London Branch: Tuesday, 
October 2, 7 p.m., The Electric Light Manufacturers’ 
Assocjation, 2, Savoy-hill, Strand, W.C.2. “‘ Planned 
Maintenance,” by Mr. J. T. Bromley. Southampton 
Branch: Wednesday, October 3, 7.30 p.m., The Polygon 
Hotel,Southampton. ‘‘ Howthe Institution Functions,” 
by Mr. L. G. Northcroft. Peterborough Branch: Thurs- 
day, October 4, 7.30 p.m., Offices of Eastern Gas Board, 
Church-street, Peterborough. Discussion on “The Manu- 
facture of Electric Lighting Fittings.” 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Scottish Branch: Tuesday, September 25, 
6.30 p.m., Engineering Centre, 351, Sauchiehall-street, 
Glasgow, C.2. Annual General Meeting. ‘School 
Heating,” by Dr. J. C. Weston. Birmingham Branch: 
Thursday, September 27, 6.30 p.m., The Imperial Hotel, 
Birmingham. Annual General Meeting. ‘‘ Heating and 
Hot-Water Service for Moderate Rental Flats,” by Mr. 
A. F. Myers. Manchester Branch: Friday, September 
28, 6.30 p.m., Engineers’ Club, Albert-square, Man- 
chester. Annual General Meeting. East Midlands 
Branch: Wednesday, October 3, 6.30 p.m., Victoria 
Station Hotel, Nottingham. ‘“‘ Refrigeration with Special 
Reference to Air Conditioning,” by Mr. F. L. Pettman. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North 
Eastern Centre : Tuesday, September 25, 7 p.m., Dunelm 
Hotel, Old Elvet-street, Durham City. “ Garage Equip- 
ment and Service Tools,” by Mr. R. M. Walker. Scottish 
Centre: Monday, October 1, 7.30 p.m., Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow, C.2. “‘ Heating and Ventilation of 
Public-Service and Heavy-Goods Vehicles,” by Mr. F. 
Duncombe. Institute: Wednesday, October 3, 6.30 
P.m., Central Hall, Broadway, Westminster, S.W.1. 
Annua] General Meeting. 


INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Branch: Wednesday, ‘September 26, 7 p.m., Technical 
College, Brighton. Discussion on “ Britain—Liquid 
Fuel—ingineers,” to be opened by Engineer Captain 
H. Moy. North Western Administration and Production 
Group : Thursday, September 27, 6.45 p.m., Engineers’ 
Club, Albert-square, Manchester. ‘Some Problems in 
the Manufacture of Experimental Gas Turbines,” by Mr. 
L. H. Ieedham, East Midlands Provisional Graduates’ 
ae : Thursday, September 27, 7.15 p.m., The Mid- 
me Hotel, Derby. ‘“ The Marine Gas Turbine from the 
— of an Aeronautical Engineer,” by Mr. A. H. 
; pe North Western Branch: Thursday, October 4, 
45 D.m,, Engineers’ Club, Albert-square, Manchester. 

Industrial Design and Its Relation to Machine Design,” 
-- H. G. Conway. Institution: Friday, October 5, 

Y P.m., Storey’s-gate, St. James’s Park, S.W.1. 
Special General Meeting (Open to Corporate Members 
of the Institution only). 


INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, September 27, 5 p.m., Geological Society’s Apart- 
ments, Burlington House, Piccadilly, W.1. ‘‘ Work in 
High Air Temperatures in a Fire in Mysore Mine, Kolar 
Gold Field,” by Dr. W. B. Roantree. 


ILLUMINATING ENGINEERING Society.—Bradford 
Group: Thursday, September 27, 7.30 p.m., Offices of 
Yorkshire Electricity Board, 45-53, Sunbridge-road, 
Bradford. ‘“‘ Lighting of Trains and Public-Service 
Vehicles,” by Mr. S. Anderson and Mr. C. Dykes Brown. 
Leeds Centre: Friday, September 28, 7 p.m., Guildford 
Hotel, The Headrow, Leeds, 1. Chairman’s Address, 
by Mr. J. Sewell. Sheffield Centre: Monday, October 1, 
6.30 p.m., The University, Western Bank, Sheffield, 10. 
Chairman’s Address, by Mr. G. L. Tomlinson. New- 
castle Centre: Wednesday, October 3, 6.15 p.m., Minor 
Durrant Hall, Oxford-street, Newcastle-upon-Tyne, 1. 
Chairman’s Address, by Mr. W. H. Dodgson. 


INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, October 1, 6.30 p.m., 
Royal Institution, Colquitt-street, Liverpool. Chair- 
man’s Address, by Mr. E. W. Ashby. North-Western 
Centre: Tuesday, October 2, 6.30 p.m., Engineers’ Club, 
Albert-square, Manchester. Chairman’s Address, by 
Mr. G. R. Polgreen. Seuthern Centre: Wednesday, 
October 3, 6.30 p.m., British Electricity House, 111, 
High-street, Portsmouth. Chairman’s Address, by 
Mr. A. L. Ashton. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, October 
2, 5.30 p.m., 85, The Minories, E.C.3. Presidential 
Address, by Dr. S. F. Dorey, F.R.S. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
October 2, 6.15 p.m., The Grand Hotel, Sheffield. ‘‘ World 
Survey of the Iron and Steel Industry,” by Mr. it A. 
Hacking. 

Royal AERONAUTICAL SocrETy.—Thursday, October 
4, 6 p.m., Institution of Civil Engineers, Great George- 
street, Westminster, S.W.1. Seventh British Common- 
wealth Lecture, on ‘‘ Air Transport in New Zealand and 
the South Pacific,” by Air Vice-Marshal Sir L. M. Isitt. 


INSTITUTE OF FUEL.—South Wales Section: Friday, 
October 5, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. ‘‘ Fuel Efficiency in the Oil Indus- 
try,” by Mr. M. J. Stradling. 





CONTRACTS. 


MARCONI’S WIRELESS TELEGRAPH Co., LTp., Chelms- 
ford, Essex, have received an order, valued at nearly 
50,0001., from the British Broadcasting Corporation, for 
television equipment for their new studios at Lime Grove. 
The material to be supplied will include six complete 
Marconi Orthicon image camera chains, nine 10-in. 
picture monitors, one 16-in. picture monitor, one com- 
plete set of inter-communication equipment, vision mix- 
ing, relaying and amplifying installations, wave-form 
generators and test equipment, six Monoscope cameras 
and camera channels, and one supervisory desk. 


JoHN READHEAD AND sons, LTD., South Shields, have 
obtained orders recently for the construction of a cargo 
vessel of 8,000 tons deadweight for the Stag Line, Ltd. 
(Managers: Joseph Robinson and Sons], North Shields; 
one cargo steamship of 10,000 tons deadweight for Mr. 
Nicolas G. Nicolaou, Athens; and two cargo vessels, of 
10,000 tons deadweight each, for other overseas owners. 
The vessel for Mr. Nicolaou will be propelled by triple- 
expansion engines working in conjunction with a Bauer- 
Wach exhaust turbine, to be supplied by Readhead and 
Sons. 


CooK, WELTON AND GEMMELL, LTD., Grovehill, Bever- 
ley, Yorkshire, have secured an order from the Boston 
Deep Sea Fishing and Ice Co., Ltd., Fleetwood, Lanca- 
shire, for two motor trawlers of 155 ft. in length; and a 
contract from J. Marr and Son, Ltd., Fleetwood, Lanca- 
shire, for the construction of a motor trawler of 123 ft. 
in length and a steam trawler of 185 ft.in length. The 
propelling machinery for the three motor trawlers will be 
supplied by MIRRLEES, BICKERTON AND Day, LTD., 
Stockport, Cheshire. 


. 





PowER CUTS AND MAINS-OPERATED CLOCKS.—In a 
letter to the Electrical Times, Mr. M. Gaughan makes 
the useful suggestion that any difference between electric 
and Greenwich times caused by power cuts and frequency 
reduction might be broadcast during the 9 p.m. and 
1 p.m. news, so as to facilitate the re-setting of syn- 
chronous clocks. As itis, he points out, during the last 
winter there were days when “ electric time ” was slow 
for 12 hours or more and there were several occasions 
when the leeway was not made up within 24 hours, 
In such circumstances re-setting is difficult, especially 
where there are a large number of clocks as on business 





premises. 


PERSONAL. 


Sir HENRY TIZARD, G.C.B., A.F.C., F.R.S., F.R.Ae.S8., 
F.Inst.P., Sm: ROWLAND SmrrH, M.I.Mech.E., F.R.S.A., 
and Mr. J. F. Lockwoop have been appointed by the 
President of the Board of Trade to be members of the 
National Research Development Corporation, Other 
members of the Corporation, whose initial terms of 
service expired recently, have been reappointed, and, in 
addition to the foregoing, the Corporation now comprises 
Sm Percy H. Mitts, K.B.E. (chairman), Lorp Halis- 
BURY (managing director), PROFESSOR P. M. 8S. BLACKETT, 
F.R.S., M.A., PRoFEssoR E. C. Dopps, M.V.O., F.R.S., 
D.Se., F.R.1.C., Sm JoHN McL. DUNCANSON, SIR EDWARD 
H. Hopeson, K.B.E., C.B., MR. W. E. P. JOHNSON, 
and Sir EDWARD DE STEIN. 

The Redwood Medal of the Institute of Petroleum has 
been awarded to Proressor F. H. GARNER, O.B.E., 
Ph.D., M.Sc., M.I.Mech.E., and will be presented at a 
meeting of the Institute at 26, Portland-place, London, 
W.1, on October 3, commencing at 5.30 p.m. 

Mr. C. H. Davy, M.I.Mech.E., has been appointed 
works director at the Renfrew and Dumbarton works of 
Babcock and Wilcox, Ltd., Babcock House, Farringdon- 
street, London, E.C.4. Mr. Davy, who has been chief 
research engineer since 1932, was elected to the board of 
directors in July, 1947. Mr. I. M. Lyon, M.B.E., B.Sc., 
M.I.Mech.E,, will continue in his present position as 
general manager of the Renfrew and Dumbarton works. 
Mr. T. B. Wess, B.Sc., A.M.I.Mech.E., has been 
appointed chief research engineer. 

Mr. G. H. FLETCHER, M.I.Mech.E., M.I.E.E., has relin- 
quished his position as general manager of the Attercliffe 
Common works, Sheffield, of Metropolitan-Vickers Elec- 
trical Co., Ltd.,on reaching the retiring age, but will remain 
in the company’s service as consultant for the design of 
motors and generators forelectric traction. He will also 
continue as a director of Metropolitan-Vickers Electrical 
Export Co.,Ltd. Mr. R.P. Knient, A.M.1.E.E., has been 
appointed manager of the Attercliffe Common works. 
Mr. A. H. HARE, B.Sc., A.M.I.E.E., has been made. 
manager of a new sub-office of Metropolitan-Vickers 
Electrical Co., Ltd., which has been opened at 78-80, 
Hanover-street, Edinburgh. (Telephone : Central 6784.) 

Mr. F. R. Mason, B.Sc. (Tech.), who has been the 
principal representative of the Metropolitan-Vickers 
Electrical Export Co., Ltd.,at Trafford Park, Manchester, 
since 1948, has been elected a director of that company. 

Mr. Pair Cook and Mr. FRANK RIDLEY have been 
appointed directors of Daralum Castings, Ltd., Long- 
field-road, Darlington. Mr. Cook has been promoted to 
the position of general manager, and Mr. Ridley to that 
of secretary, of the company, as well as of the associated 
firm of John Vickers and Sons, Darlington. 

Mr. A. H. Horsriexp, district engineer at Dewsbury 
for the British Insulated Callender’s Construction Co. 
Ltd., 21, Bloomsbury-street, London, W.C.1, retired on 
August 31 last, after spending over 37 years in the firm’s 
service. 

Mr. A. E. BARTRAM, of the turbine-construction depart- 
ment of the British Thomson-Houston Co., Ltd., Rugby, 
retired on September 6, after 31 years’ service with the 
company. 

Mr. D. J. Youna, C.A., F.C.W.A., who has been secre- 
tary of the Steel Company of Wales, Ltd., Port Talbot, 
since its formation in 1947, will be known in future as 
“secretary and comptroller,” as this title reflects more 
accurately the range of his responsibilities. 

Mr. W. H. PowELL, executive transport manager for 
Falk, Stadelmann & Co., Ltd., 91, Farringdon-street, 
London, E.C.1, has been appointed by the Minister of 
Transport to fill the vacancy on the Transport Users’ 
Consultative Committee for London, caused by the 
death of Mr. E. W. RAINER. 

Kerry’s (GREAT BRITAIN), Ltp., Warton-road, 
London, E.15, opened new showrooms at Furnival-street, 
Sheffield, 1, on September 17. 

B.S.A. Cycies, Lrp., Small Heath, Birmingham, 
formed a subsidiary company in Dublin, to be known as 
B.S.A. (IRELAND), LTp., for the manufacture of bicycles. 
RALEIGH INDUSTRIES, LTD., Lenton, Nottingham, have 
also formed a subsidiary, Irish BICYCLE INDUSTRIES, 
Lrp., Dublin, for a like purpose. 

The Orb Works at Newport, Monmouthshire, which 
have been operated hitherto as the STEEL Co. oF WALES 
(LYSAGHT WoRKs), LTD., will be operated as the Lysaght 
Division of the Steel Co. of Wales, Ltd., as from October 1, 
1951. The company state that no changes in manage- 
ment or policy are involved. 

Rorary Hogs, Lrp., East Horndon, Essex, announce 
that they have formed a subsidiary company in France 
tor the manufacture of all Rotavator tractor attachments. 
The new company will be known as ROTAVATOR ET 
CaBROL, S.A.R.L., and has offices and works at Usine 
Pontpoint, Pont Ste. Maxence, Oise. Rotary Hoes Ltd. 
now have subsidiary or associate companies in the United 





States, New Zealand, South Africa and France. 
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CLEANING AND RESEALING JOINTS IN CONCRETE ROADS. 
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MACHINE FOR CLEANING JOINT AND RESHAPING ARRISES. 
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MAINTENANCE OF JOINTS IN 
CONCRETE ROADS. 


Tue cleaning and resealing of joints in concrete road- 
ways is one of the more tedious and time-wasting jobs 
in road maintenance and one that lends itself readily 
to mechanisation. Several machines have been 
developed for this purpose, both here and in the United 
States, and in order to show the advantages to be gained 
from their use, the Road Research Laboratory, in co- 
operation with the Ministry of Transport and the 
County Surveyor, Surrey, have been carrying out 
demonstrations this week on the Kingston By-pass. 
These finish on Saturday, September 22, when the 
machines will be working between 10 a.m. and 12 noon 
near the Ace of Spades road house. 

Four machines are being demonstrated, namely, a 
unit for reshaping the arrises, a rotary cleaner, a com- 
bined air-jet and priming unit, and a thermostatically- 
controlled heater for the preparation of the sealing 
compound. The resha»ing machine, which also cleans 
out the old bitumen, te illustrated in Fig. 1, above. 
It is made by the G. H. Tennant Company, Minnea- 
polis, U.S.A., and consists basically of a rotary cutter 
driven by a petrol engine and having six steel cutters 
mounted on a cutter head — to rotate at 2,400 
rp.m. The engine is a two-cylinder air-cooled unit 
developing approximately 13 h.p. and the drive is 
transmitted to the cutter head by triple V-belts. The 
cutters are built up from a series of toothed forged-steel 
wheels which are held between two heavy steel discs 
and arranged in such a way that they can be set, with 
the aid of spacing w: to give cuts ranging in width 
from } in. to 2 in. When dealing with joints in which 
the bitumen has spread, the routing cutters can be 

with others desi to plane off the excess 
material from the surface of the road. The machine 





operates at a slow walking pace and to assist the opera- 
tor in following the line of the joint, a mirror is located 
in front of the cutter in such a way that markers showing 
the position of the cutter can be seen from the driving 
position. The complete unit is mounted on pneumatic 
tyres and the equipment includes an electric starter 
together with associated dynamo and batteries. It 
should be mentioned that the unit is hand-propelled, 
but the balance is such that handling is quite easy. 

The cleaning machine is illustrated in Fig. 2; it has 
been developed by Expandite Limited, Cunard-road, 
London, N.W.10, and is used after the cutter has 
reshaped the arrises and loosened the old bitumen. 
It is of very simple construction, consisting of a steel 
frame mounted on pneumatic tyres and supporting a 
small two-stroke petrol engine arranged to drive a 
circular wire brush by means of V-belts. The brush, 
of course, rotates in the vertical plane and the machine 
is designed so that it can be lowered into the groove 
prepared by the cutter, a third wheel, the height 
of which can be adjusted from the handlebar, being 
provided for this purpose. Any dust left in the 
joint is removed by the combined air jet and priming 
unit illustrated in Fig. 3. This consists basically of a 
standard machine as constructed by the Tarpen Engin- 
eering Company, Limited, Ixworth House, Ixworth- 
— London, 8.W.3, for the application of white lines, 

ut suitably modified by the Road Research Laboratory 
for spraying a bituminous primer in the prepared 
groove. The primer is stored in the lower part of the 
cyclindrical vessel visible in the illustration, the vessel 
being also supplied with compressed air supplied by a 
petrol-engine driven compressor. The primer is 
y gun situated close to the ground 
and just behind the air jet, the two units working 
together, the air jet blowing out the dust prior to the 
application of the primer. To ensure that the primer is 





TTHERMOSTATICALLY-CONTROLLED HEATER. 


not applied to a dusty surface, the spray gun is con- 
nected to the compressed-air system in such a way 
that it cannot operate until the air jet is in action. 
The engine and compressor are mounted on top of the 
cylindrical vessel and the equipment installed on the 
machine includes an automatic unloader and a separate 
container for holding a solvent solution used for cleaning 
the spray gun at the end of each working period. 
The thermostatically-controlled heating tank for 
bituminous sealing compounds is illustrated in Fig. 4. 
Known as the Heetmaster, it has been developed by the 
Aeroil Products Company, Incorporated, South Hacken- 
sack, U.S.A., and consists of a mobile gas-fired heating 
tank which is oil-jacketed and can be controlled by 
thermo-regulators over a range of temperatures extend- 
ing from 40 deg. C. to 320 deg. C. On the model 
illustrated, Calor gas is used for heating the oil contained 
in the jacket, the gas being stored at the forward end 
of the machine in replaceable bottles. The burners, 
which work intermittently under control of the thermo- 
stat, are ignited by pilot jets and, as a safety precaution, 
bi-metallic strips are located in the flame from the 
jet so that should the flames be extinguished the 
strips contract to shut off the gas supply to the main 
burners. The Heetmaster has been developed for use 
with rubber-bitumen compounds and is being used for 
heating such compounds during the demonstrations. 





INCORPORATED PLANT ENGINEERS.—The Scottish 
branches of Incorporated Plant Engineers are arranging 
for a conference to be held at Dunblane Hotel Hydro, 
Perthshire, Friday, October 5, to Sunday, October 7. 
Addresses will be given by the President, Mr. D. Lacy- 
Hulbert, B.Sc., by Mr. J. F. Field, B.Sc., and, on “ Coal 
and Europe,” by Mr. L. G. Northcroft, 0.B.E., B.Se. 
(Eng.).. The main offices of I.P.E. are at 48, Drary-lune, 
Solihull, Birmingham. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.e sar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “ ENGINEERING ” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 

places abroad, with the exception 

EIN isco ecmnsslindd,-Saceadssionnes £510 0 
War CN 632828) tA wl esiacit as £ 5 0 

Subscriptions for periods less than twelve months 
are yg on the price of a single copy, namely, 2s. 3d. 
post e 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. e are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘“ Appointments Open,” “Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 

averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s, per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week's issue must be received not later 
than first post Wednesday. 

* Copy - ey omy alterations to standing 

ertisemen isplay announcements must be 
Hoan c? at least 10 days ee cle 
m, otherwise it i i i 
fivch tor appeceah.” may be impossible to submit 


The Proprietors will not hold themsel i 
for advertier’ blocks left in their posecesion for mare 
hwo years. 





Literature.—Mathematics of Relativity. Welded 
Deck Highway Bri Elementary Theory 
and Design of Flexural Members............................ 

Tests on Concrete, with Electrical-Resistance 
Strain Gauges (ZUUs.) 0.0.0.0... ccceecccceeceeceeee 

The Anglo-American Aeronautical Conference........ 359 

Engineering, Marine and Welding Exhibition at 
Olympia (Jllus.)....... iad tile eaecnrcsiena dtr aaa 

500-B.H.P. Diesel-Mechanical Locomotive (Illus.) 364 

Notes from the Industrial Centres ............... . 366 

Notices of Meetings 4 : a 

Contracts................ Siete eee 


NT i, os csncsetiattichiiallbite chive sipiibed . 367 
Maintenance of Joints in Concrete Roads (Illus.) 368 
Gauging and Measuring Screw Threads ........... . 369 
The Technology of Broadcasting............ — 
Notes PR Le ees 2 Le ree —— 
Letter to the Editor.—British Association Dis- 
cussion on Metals and Alloys ................................ 371 
The Iron and Steel Institute.......................cccecseeeeeees 372 


Analysis of Gear-Tooth Undulation Records (Jlus.) 373 
NE SI 5 ccinensinavesvisciseyt-sinapseosinetnee) teeeihiniitinn 376 
The Measurement of Microwave Power by Radia- 
NE PIN NIN occ ns. osc cnesecosescndeocooaresosctepiobent 377 
Recent Metals and Alloys 
Properties of the Gases of Combustion Processes 
(illus.) vue 879 








Two One-Page Plates—ENGINEERING, MARINE 
AND WELDING EXHIBITION AT OLYMPIA. 


ENGINEERING 


FRIDAY, SEPTEMBER 21, 1951. 








Vou. 172. No. 4469. 





GAUGING AND MEASURING 
SCREW THREADS. 


TOLERANCE in ethics may be tantamount to indiff- 
erence ; tolerance in engineering predicates a rigid 
specification of allowed limits. In the case of a 
shaft fitting in a bush, for example, apart from the 
question of the class of fit desired, which must be 
settled first, it is necessary to decide on the tolerance 
on the shaft, the tolerance on the bush, and the 
relationship between the two. From the production 
point of view, go and not-go gauges must be selected 
for the shaft and the bush, and in the toolroom the 
makers of the gauges must adhere to even finer 
tolerances, with due allowance for wear on the 
gauge faces. Nothing could be so unlike indifference 
as such systems for ensuring that the quality of the 
products is right, neither too low nor—of equal 
importance—too high. Yet there are possibly 
many workshops where the system and values of 
tolerances are not the most economical or appro- 
priate, since an adequate study of the problem is a 
major task requiring a full understanding of many 
factors, and since new materials, new products and 
new production methods may invalidate the funda- 
mentals of the existing system. 

Basic data for fixing tolerances and limits, and 
for measuring and gauging, have been made available 
for many years in British Standard Specifications 
and publications of the National Physical Labora- 
tory. The N.P.L. has recently commenced a series 
of handbooks under the general title “ Notes on 
Applied Science,” and the first to appear, Gauging 
and Measuring Screw Threads,* has been prepared 
by the Metrology Division—the prime source of 
metrological data and advice in this country. The 
handbook is a considerably revised and enlarged 
edition of the pamphlet, Notes on Screw Gauges, 
which was prepared by the N.P.L. as a result of the 
experience gained in testing large numbers of screw 


* National Physical Laboratory. Notes on Applied 
Science No.1. Gauging and Measuring Screw Threads. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 5a. net.) 





past 25 years orso. In the new version the subject 


355 | matter has been brought up to date and its scope 


enlarged to meet current requirements, the principal 


356 | additions relating to the Unified Screw Thread 


System and to the measurement and gauging of 


9 | tapered threads. 


A screw thread has no less than seven elements 
of shape and size: major diameter (over the crests 
of an external thread or roots of an internal thread), 
minor diameter (over the roots of an external 
thread or crests of an internal thread), effective 
diameter (the definition of which need not trouble 
us here—it is approximately the mean diameter), 
pitch, flank angles, radius at crest, and radius at 
root. Of these elements the effective diameter, 
pitch and flank angles are perhaps the most critical 
and are those in which errors most frequently occur. 
Though it is not possible to alter one element without 
altering at least one other, if the major and minor 
diameters of an external screw thread are correct, 
and the effective diameter is below its basic value, 
the threads will be thin ; conversely, if the effective 
diameter is above its basic value, the threads will 
be thick. Thus, errors in the effective diameter 
govern to a large extent the play between mating 
screw threads. 


The effect of errors in pitch on the fitting together 
of screw threads depends not so much on the 
individual errors in the spacing of the adjacent 
turns of thread as on the additive effect of these 
errors, which is known as the cumulative error. 
Much work has been done on the examination of 
pitch errors, and analyses have revealed various 
causes, such as faulty lead-screws on lathes and 
eccentricity in the mounting of lathe change-wheels. 
To obtain a complete knowledge of the cumulative 
pitch error of a screw thread it is necessary to 
measure the error of the effective-diameter helix 
from one end of the thread to the other. As it is 
rarely convenient or practicable to do this, it is usual 
to measure the errors at intervals of whole pitches 
along a line parallel to the axis of the thread. This 
simplification, however, is now of much less con- 
sequence than it was formerly, since modern thread- 
grinding machines are so accurate that periodic 
and erratic pitch errors on gauges and other 
ground-thread products are very small. 


An external screw thread with pitch error, but 
otherwise perfect, can be made to screw into a 
perfect internal screw of the same nominal size by 
making the threads slightly thin, ie., by reducing 
its effective diameter. Likewise, errors in the angles 
of the flanks of an external screw thread must be 
accompanied by a corresponding reduction in the 
effective diameter if the screw is to fit a perfect 
internal screw thread of the same nominal size. 
The handbook includes formule and tables on these 
two sets of relationships. Errors in the radii at 
the crests and roots of screw threads, particularly 
of gauges, are frequently of great consequence, as 
they may lead to superfluous metal or insufficient 
metal. Such-defects may prevent a gauge from 
functioning satisfactorily, even though the measured 
values of the major, effective and minor diameters 
are correct. Where high accuracy of pitch is 
desired, the threads should be ground, or cut with 
forming tools the profiles of which have been ground. 
If screw threads are cut on a lathe special attention 
should be paid to the accuracy of the pitch generated 
by the screwcutting mechanism. Accuracy of pitch 
is particularly important where screw gauges are 
concerned. 

The sections of the handbook relating to the 
measurement of screw threads are intended to refer 
to screw gauges, though similar methods of measure- 
ment are applicable to screw threads on components 
if it is necessary to measure rather than gauge them. 





The major diameter of a parallel plug screw gauge 
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is measured by an ordinary hand micrometer, or 
preferably a bench micrometer. The instrument is 
used a8 a comparator, in conjunction with a standard 
cylindrical plug of known diameter, so as to elimi- 
nate the effect of slight errors in the micrometer 
screw. The minor diameter is measured by means 
of a pair of V-pieces seating in the grooves on 
opposite sides of the gauge. An instrument designed 
for this purpose at the N.P.L., but obtainable 
commercially, allows the micrometer to “ float” to 
obtain the correct alignment ; it is used as a com- 
parator in conjunction with a standard cylinder. 
A similar instrument and method are used for 
measuring the effective diameter, except that two 
small cylinders replace the V-piece. A formula is 
used to obtain the result, and corrections have to 
be applied for the rake of the thread and the elastic 
compression of the cylinders. 

Normally, the pitch of screw plug gauges is 
measured by an N.P.L. instrument embodying a 
stylus which measures the pitch along a line parallel 
to the axis, from the first thread groove to every 
groove in turn. The test is repeated along a line 
180 deg. round the screw from the first line, and, 
provided the screw is not ‘“‘ drunken,” the maximum 
error in the pitch can be seen from the mean result. 
“‘Drunkenness” is a periodic pitch error which 
occurs during each revolution of the thread, and 
an N.P.L. instrument has been designed for measur- 
ing it. The error in the included angle between two 
flanks of a plug gauge, though not in the angle to 
the axis of one flank, can be determined by obtaining 
values for the effective diameter with two pairs of 
cylinders of different sizes used in succession, 
provided the flanks are straight. 

The measurement of parallel screw ring gauges 
is slightly more difficult than the measurement of 
screw plug gauges. The minor diameter can be 
determined by a pair of sliding wedges (known as 
“taper parallels”), by a mandrel with a very 
gradual taper, by a range of cylindrical plugs, or 
by slip gauges and two rollers. Major and effective 
diameters must be measured by one of three special 
machines : a displacement machine, which employs 
two double-ended styli ; a radial measuring machine, 
in which the gauge is turned through 180 deg. and 
the position of a stylus noted before and after ; 
and a horizontal comparator which uses an internal- 
calliper principle. The diameters of screw ring 
gauges may be tested between limits by means of 
check plugs. The pitch is measured by the method 
used for plug gauges, and the thread form and 
angle are found by means of a plaster of Paris cast. 
Screw calliper gauges are being used to an increasing 
extent, and the handbook therefore describes the 
testing of them, as well as the use of various forms 
of optical projection apparatus for the examination 
of thread forms. 

The new sections on taper screw threads will be 
welcomed, since the testing of such threads has 
not been adequately covered before. A complete 
set of gauges for testing a taper thread numbers 
ten, but, in practice, gauging is often confined to the 
use of a taper threaded plug gauge and a taper- 
threaded ring gauge, together with a plain taper 
plug gauge and ring gauge. The mechanical 
measurement of taper screw plug gauges involves 
the use of some of the instruments already men- 
tioned, but it is also necessary to use a “‘ spotting- 
off” technique for locating the plane in which the 
measurements are to be taken. For taper screw 
ring gauges, the major, effective and minor dia- 
meters are measured in a specified plane on the 
radial measuring machine already mentioned. The 
rate of taper, pitch, flank angle and thread form are 
also measured. 

The handbook lives up to the customary high 
standard that the engineering industry has come to 
anticipate in N.P.L. publications. The style of the 
text and illustrations is as precise as the subject with 
which they deal. 


THE TECHNOLOGY OF 
BROADCASTING. 


Ir is obligatory on certain of the public and semi- 
public bodies which, during recent years, have been 
established by the wisdom of Parliament, to prepare 
an annual report. These documents are then laid 
before the House of Commons and may or may not 
be debated, depending upon the congestion of the 
political programme, the willingness of the Govern- 
ment to give the necessary time and other more 
obscure factors. In any event, the result, as far as 
any subsequent action is concerned, is generally 
meagre. Such reports are therefore mainly useful as 
records. Among the bodies upon whom this obliga- 
tion is laid is the British Broadcasting Corporation, 
although this would seem to be superfluous cori- 
sidering the extent to which their diurnal actions are 
patent to all who can hear or see. Moreover, the 
Corporation are not averse from making public 
what they are doing through the Press, while the 
constant criticism which their commissions and 
omissions receive from a variety of sources afford 
plenty of opportunity to justify their actions and, 
perhaps more rarely, toamend them. Nevertheless, 
the annual report,* the latest of which has been 
published this week, is of interest since it enables 
the activities of the Corporation to be viewed in an 
atmosphere of relative calm. 

The present report, which covers the year ended 
March 31, 1951, deals at some length with home 
sound broadcasting and television from the lis- 
teners’ and viewers’ standpoints, while the external 
services to Europe and other parts of the world, the 
monitoring service and listener research are also 
considered. Administration, which includes rela- 
tions with external representative bodies and its 
own staff, as well as publicity, is also covered, as is 
finance, and a number of appendixes inform the 
curious regarding the distribution of wireless 
licences, the results of 8.0.8. and police messages 
and the net sales of the Radio Times. The latter 
figures must cause envy in some publishing circles. 

Further, adequate space is given to “engineer- 
ing.” This is as it should be, since it is upon the 
painstaking and imaginative work that has been 
carried out by Sir Noel Ashbridge and his staff 
that so much of the present success of the B.B.C. 
depends. It is clear, too, that this is likely to 
be equally true in the future. That this work has 
not been without its difficulties is shown by the 
fact that the position regarding the medium and 
long waves used for the European services has 
deteriorated seriously since the Copenhagen Plan 
was implemented in March, 1950. As will be 
recalled, this Plan allocated the wavelengths which 
might be used in the European zone and was signed 
by all countries on that Continent, except Russia 
and Spain. It has, however, practically deprived 
the Corporation of long-wave coverage and of 
the use of the medium-wavelength transmitter at 
Norden in Germany. The employment of short 
waves for the European services has, it is true, 
continued, but these do not provide full compensa- 
tion for the other shortages. In addition, there 
has been considerable interference from foreign 
stations with the home services in certain parts 
of the country, particularly those in Russia and 
Spain. On the other hand, it is recorded that the 
reception of the Light Programme was improved 
in most home areas after the power of the Droitwich 
long-wave transmitter had been increased to 
400 kW and that, although the limitations on capital 
expenditure have delayed the full carrying out of 
remedial projects a number of low-power trans- 
mitters, which give local coverage, have been 
planned, and some are now in operation. 





* Annual Report and Accounts of the British Broad- 
casting Corporation for the Yeur 1950-51 (Cmd. 8347). 





London: H.M. Stationery Office. [Price 4s. 6d. net.) 





An alleviation, if not a solution, of these difficulties 
may, it is to be hoped, result from the expériments on 
very high frequencies, which have been carried out 
since July, 1950, at the high-power station at 
Wrotham. In the experimental transmissions from 
this station both amplitude and frequency modula- 
tion have been used ; and a survey has been made 
of the field strength obtained from the two trans- 
mitters on receiving sets installed in the homes of 
members of the staff. These tests have now been 
completed and plans have been submitted to the 
Government. which cover chains of stations for 
transmitting the Home, Light and Third Pro- 
grammes on frequency modulation. As several 
of the sites suggested for these stations are the same 
as those chosen for existing or projected television 
transmitters, very high frequency aerials are being 
incorporated in the existing masts at those places. 
Once again limitations on capital expenditure will 
temporarily limit progress in this direction, quite 
apart from the fact that, before the very high- 
frequency service can be received, listeners will 
require new sets or adapters. 


It is further mentioned that improvements have 
been made in the acoustics of the studios and that 
condenser microphones, which are sensitive to sounds 
reaching them from one side only, have been intro- 
duced. It has also been decided to employ magnetic 
tape recording on a wide scale, both in the studios 
and for handling outside events. For dealing with 
such events, a lightweight transmitter which can 
be carried on the back of the commentator, and a 
microphone which can be worn on the lapel, have 
been brought into service. 


In the section of the report which deals with 
television, the progress with the erection of the 
high-power stations at Holme Moss, Kirk o’ Shotts 
and Wenvoe is recorded. Two new studios, equipped 
with modern cameras, have been opened at Lime- 
grove, Hammersmith, and plans for three others 
are well advanced. It is recorded that great strides 
have been made in the operation of the radio links 
by which television signals from the outside broad- 
cast points are conveyed to the transmitting 
stations. The demands for increased facilities of 
this kind have led to the formation of a special 
unit to plan and carry out the experimental and 
testing work entailed. It is also hoped to have an 
outside broadcast unit permanently stationed’ 
in Birmingham before the end of the present. year 
and to follow this up with others in Scotland and: 
the Bristol Channel area. This will enable a large 
part of the country to be opened up for the supply 
of television programmes. Standard 35-mm. cine- 
matograph films can now be transmitted on equip- 
ment which has been designed by British manu- 
facturers and is not’ used elsewhere in the world. 
This employs the “ flying-spot ” scanning system 
and enables the quality of film transmission to be 
raised to a level comparable with that. of pictures 
direct from the studio. A telefilm recording process, 
invented by the Corporation’s engineers, has also 
been utilised with success. 

Considerable research in television is being carried 
out in a new building at Kingswood Warren, Surrey. 
Much of this work is necessarily of a long-term char- 
acter and includes such problems as the improve- 
ment of picture quality, flicker and colour television. 
Work has also been carried out on the assessment 
and measurement of impulsive interference with 
television reception and a study has been made of 
acoustic conditions in the studios, where lighting 
and scenery may impair the quality of the sound. 
Some interesting figures are given under the head- 
ing of audience research from which it will be’ 
gathered that the public regard broadcasting much 
more as an entertainment than as a meals of 
acquiring knowledge. For instance, of 100 evening 
listeners it is estimated that only one is tuned im 
to the Third Programme. 
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NOTES. 


Heat TRANSFER CONFERENCE DINNER. 


At the conclusion of the three-day discussion on 
Heat Transfer, organised jointly by the Institution 
of Mechanical Engineers and the American Society 
of Mechanical Engineers, with the collaboration of 
kindred bodies, which took place in London from 
September 11 to September 13, a dinner was held 
at the St. Ermin’s Hotel, Westminster, London, 
§.W.1, on Wednesday, September 12, which was 
attended by some 120 conference delegates and 
guests of the Institution. The President of the 
Institution, Mr. A. C. Hartley, C.B.E., presided. 
After the loyal toast and the toasts of the heads 
of states of the visitors from overseas, the President 
proposed the toast of “The Guests.” Thereafter, 
at his request, the proceedings were largely informal, 
Mr. Hartley inviting various members of the gather- 
ing torespond. Those who spoke included Professor 
A. P. Colburn (Delaware), Professor A. L. London 
(Stanford, California), Mr. J. F, Alcock, Mr. L. P. 
Saunders (American Society of Heating and 
Ventilating Engineers), Dr. A. Klinkenberg (Hol- 
land), Professor J. L. Mansa (Copenhagen), Professor 
B. E. Short (Texas), Sir Henry Guy, Col. C. E. 
Davies (secretary of the American Society of 
Mechanical Engineers), and Mr. B. G. Robbins 
(secretary of the Institution of Mechanical Engi- 
neers). Mr. Robbins was presented by Col. 
Davies with a certificate of election to member- 
ship of the American Society of Mechanical Engi- 
neers. Professor E. A. Allcut (Toronto) proposed 
the health of the President, who, in the course of 
his reply, spoke of the ulterior value of the con- 
ference in establishing personal contacts and 
cementing friendships among the delegates from 
home and overseas, and as making for a better 
understanding between pure scientists and engineers. 
On Mr. Hartley’s suggestion, the proceedings were 
brought to a close by the drinking of a silent toast 
to the various societies and institutions represented. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON. 


To enable those interested to see something of 
the work in progress at the Chemical Research 
Laboratory, of the Department of Scientific and 
Industrial Research, the laboratories were open to 
visitors on the afternoon of Wednesday last for a 
few hours. Of particular interest to engineers was 
the investigation on boiler corrosion which is being 
carried out for the British Shipbuilding Research 
Association. The equipment consists of four 
electrically-heated model cylindrical boilers, each 
containing six tubes 22 in. in length and 2} in. in 
outside diameter, operated at working pressures 
representative of those used in Scotch marine 
boilers. Various concentrations of sea water are 
used for the feed and among the matters being 
studied are the effects of variations in pH values 
and dissolved-oxygen contents. Several other 
laboratories are engaged in work on the corrosion 
of metals, using interesting apparatus and tech- 
niques. For stripping oxide films from metal 
surfaces, iodine in methyl-alcohol is used to dissolve 
the metal and leave the oxide film, which can then 
be removed and examined in an electron microscope. 
Protective coatings on metals are being examined by 
electrochemical methods and various corrosion 
inhibitors are being investigated in their different 
applications. An interesting exhibit in the inor- 
ganic group of the laboratory was the preparation 
and properties of the rare.metal gallium and the 
purification of another rare metal germanium, which 
has been brought into prominence recently by its 
application to radio apparatus, was also shown. 
The crude oxide of this element is derived from 
flue dust. The oxide is converted to a chloride, 
which is purified by distillation, and the purified 
chloride is reconverted to the oxide by hydrolysis, 
the oxide being subsequently reduced in hydrogen 
to produce the metal. A new magnetic separator 
for ores, known as the Franz isodynamic separator, 
Was shown in use in the Concentration Section of 
the Radiochemical Group. It is used for separating 
small quantities of substances which are only 

ightly paramagnetic and, on the occasion of the 
visit, the machine was being used to separate a 
mixture of garnet, monazite and quartz. The 


machine consists essentially of an electromagnet 
with a relatively long vibrating trough in the air gap. 
The trough, which is set at an angle with the hori- 
zontal and is also inclined laterally, has a central 
division which, however, does not extend for the 
whole of its length. The mixed powder is admitted 
at the upper end and the effect of the field is to 
direct it to one or other side of the central division 
according to its magnetic properties. When three 
powders have to be separated, the field strength is 
adjusted so that one of the substances is separated 
out first and the mixture of the other two is subse- 
quently separated by passing it through again with a 
stronger field. There were, of course, many other 
processes worthy of comment, but the time available 
for examining them was rather too brief. 


TELEVISION CONVENTION. 


Further details are available regarding the 
Television Convention which, as has already been 
announced, is being arranged by the Radio Section 
eon behalf of the Council of the Institution of 
Electrical Engineers. At this Convention, which 
will be held from Monday, April 28, to Saturday, 
May 3, 1952, the whole field of television will be 
covered in nine sessions, dealing with programme 
organisation, point-to-point transmission, broadcast- 
ing stations, propagation, receiving equipment (two 
sessions), non-broadcasting applications and system 
aspects. At each of these sessions, which will last 
about two hours, a survey paper will be presented 
and a number of supporting papers will be dis- 
cussed. There will also be an historical paper and 
a broad survey paper to act as an introduction to the 
whole Convention. In addition to the technical 
sessions, there will be a number of visits to industrial 
and other appropriate installations. Proofs of all 
the papers will be available shortly before the 
Convention, attendance at which will be open, on 
payment of a registration fee, to non-members 
as well as members of the Institution. The pro- 
ceedings of the Convention, comprising the 
opening addresses, the full text of all the papers 
and reports of the discussion, will be published in 
four issues of Part IIIa of the Proceedings, for 
which special application will have to be made. » 


Bemsy Memorimat AWARDS. 


The Royal Institute of Chemistry announces that 
consideration will be given early in 1952 to the 
making of an award or awards from the Sir George 
Beilby Memorial Fund, which is administered 
jointly by representatives of the Institute, the 
Society of Chemical Industry and the Institute of 
Metals. The awards are made to British scientists 
who have done distinguished work, preferably in 
fields which were the special interests of the late 
Sir George Beilby, including fuel economy, chemical 
engineering and metallurgy. Workers of established 
repute are not eligible, in general, for the awards ; 
they are granted to younger men in recognition of 
original work of exceptional merit over a period 
of years, which has advanced scientific knowledge 
or practice. They are not made as the result of 
any competition, and the administrators are em- 
powered to make more than one of them in a given 
year if work of sufficient merit by several candidates 
is brought to their notice. In 1950, two awards, 
each of 100 guineas, were made. The adminis- 
trators will be glad to receive notice of outstanding 
work of the type indicated, not later than Decem- 
ber 31, 1951. All communications should be 
addressed to the Convenor of the Administrators, 
Sir George Beilby Memorial Fund, Royal Institute 
of Chemistry, 30, Russell-square, London, W.C.1. 


THe NationaL SMOKE ABATEMENT SOCIETY. 


The 18th annual conference of the National Smoke 
Abatement Society is to be held at the Winter 
Gardens, Blackpool, next week, from Wednesday 
to Friday, September 26 to 28. On the opening 
morning, after a welcome by the Mayor of Blackpool, 
Dame -Vera Laughton Mathews will deliver the 
presidential address, and in the afternoon the 
second Des Voeux Memorial Lecture, on ‘‘ Power and 
Waste in Their Social Setting,” will be given by 
Dr. J. Bronowski, Director of the Central Research 
Establishment of the National Coal Board. On 
Thursday morning, under the chairmanship of 





Mr. W. A. Damon, a group of papers on “ The 


Smokeless Operation of Small Steam-Raising 
Plant ”’ will be presented by Mr. V. R. Chadwick 
(hand-fired boilers), Mr. C. H. G. Hayward (chain- 
grate stokers), Mr. H. E. Pearsall (coking and 
sprinkler stokers), Mr. Colin C. Day (underfeed 
stokers), and Mr. G. A. G. Ive (smoke-indicating 
devices). ‘‘ Policies for the Prevention of Industrial 
Air Pollution ” will be the general title for a group 
of papers to be presented on Friday morning, with 
Sir Ernest Smith, C.B.E., in the chair; the authors 
are Mr. N. Higginson (collieries), Mr. J. W. Denton 
(gas industry), Dr. H. E. Crossley (electricity 
generation), Mr. Neil H. Turner (iron and steel 
manufacture), and Mr. E. Burke (cement manufac- 
ture). Three papers on “ Smoke Prevention in the 
Home—the Woman’s Viewpoint ”’ will be presented 
on Friday afternoon, with Alderman Miss Mary L. 
Kingsmill Jones, C.B.E., in the chair; they are by 
Mrs. E. Fraser-Stephen (solid fuel), Miss Lovell 
Burgess (gas), and Dame Caroline Haslett (elec- 
tricity). Several social events are also to be held. 
The address of the Society is Chandos House, 
Buckingham-gate, London, 8.W.1. 





LETTER TO THE EDITOR. 


BRITISH ASSOCIATION 
DISCUSSION ON METALS AND 
ALLOYS. 


To THe Eprror oF ENGINEERING. 


Smr,—With reference to your report on my 
contribution to the discussion on the papers presen- 
ted at the B.A. Meeting by Professor Quarrell and 
Mr. T. S. Robertson, in your issue of August 31, 
page 278, columns 2 and 3: due to the shortage 
of time for this discussion, I was speaking very 
rapidly and there are two points in the report 
which do not give the sense I intended. 

The first is about half-way down column 2. The 
sentence “In his own work, for example, where 
steel was being held at 900 deg. C. for 30 seconds 
between the salt bath and quenching, the fatigue 
life had been halved by polishing 0-001 in. from the 
surface” should read “In his work, for example, 
where steel was being held at 900 deg. C. between 
the salt bath and quenching, the fatigue life had 
been halved. By’ polishing at 0-001 in. from the 
surface the fatigue strength of the metal was 
restored.” 

The second is about one-third of the way down 
column 3. The sentence “ It could be assumed that 
the yield strength was affected by the shear stress, 
and the cohesive strength by the co-axial stress ; 
so that if there were a co-axial stress, there could be 
no shear stress, but the cohesive stress would rise,”’ 
should read “If it were assumed that the yield 
stress was affected by the shear stress and the 
cohesive strength by the maximum direct stress, 
then if a piece of metal were subjected to triaxial 
stress (hydrostatic tension), there would be no 
shear stress, but the maximum direct stress would 
increase until the cohesive strength was exceeded 
and the metal failed in a brittle manner.” 

Yours faithfully, 
J. A. Popz. 
Head of the Departments of Engineering. 
University of Nottingham, 
University Park, 
Nottingham. 
September 19, 1951. 





MERGER OF MANAGEMENT INsTITUTES.—The Institute 
of Industrial Administration has been merged with the 
British Institute of Management, and all members of 
the I.I.A. become Founder Members, Associates or 
Students of the B.I.M. As B.I.M. membership is not 
intended to constitute a professional qualification, the 
I.1.A. has been incorporated as a general management 
professional institute within the framework of the 
B.LM., its membership being open only to members of 
the B.I.M. Thus, the 1.1,A. becomes, in effeot, the 
professional wing of the B.I.M. The terms for merger 
between the councils of the two bodies required ratifica- 
tion by the written consent of at least 75 per cent, of 
the total membership of the I.1.A., and this was obtained 
within rather more than a week after the issue of the 





voting papers. 
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THE IRON AND STEEL 
INSTITUTE. 


As already announced in our columns, the Iron 
and Steel Institute have been holding a special 
meeting in Austria at the invitation of the Tech- 
nisch-Wissenschaftlicher Verein Eisenhiitte Oecester- 
reich. The meeting opened on September 6 and 
was concluded on September 18. The first por- 
tion of the meeting was held at Gmunden, in 
Upper Austria, from which excursions were made 
to the Vereinigte Oesterreichische Eisen und Stahl- 
werke A.G., at Linz (this excursion including 
a trip on a steamer on the River Danube), and to 
the Vereinigte Aluminium Werke A.G., at Mattig- 
werke, and the Oesterreichische Metallwerke A.G., 
at Ranshofen, both near Braunau-sur-Inn. On 
Saturday, September 8, the members left Gmunden 
for Graz, the capital of Styria, by special train. On 
the way a stop was made to visit the Veitscher 
Magnesit A.G., at Trieben, and to partake of lunch 
at these works. On Monday, September 10, the 
Institute was given a formal welcome in the Ste- 
faniensaal in Graz on behalf of the Austrian recep- 
tion committee, the State of Styria, the city of Graz 
and the University of Mining and Metallurgy, 
Leoben. Dr. J. Oberegger, President of the Eisen- 
hiitte Oesterreich, occupied the chair. 

In the course of his speech of welcome, Dr. 
Oberegger recalled that, when the Institute last 
visited Austria, in 1907, the Austro-Hungarian 
Empire was in being. At the present time, Austria, 
the core of the former Empire, was a small 
country. As in Great Britain, however, Austria 
could look back on long years of tradition in the 
manufacture of iron. In spite of the fact that ore 
had been mined for hundreds of years, the known 
deposits still amounted to some 350,000,000 tons, 
which, at the present rate of consumption, would 
assure the existence of an Austrian iron and steel 
industry for more than 150 years. In addition to 
these important iron-ore deposits, Austria also pos- 
sessed considerable deposits of anthracite and 
lignite, situated in the immediate neighbourhood 
of the steelworks. The large number of rapidly 
flowing rivers and streams not only provided a con- 
siderable source of energy, but also yielded adequate 
supplies of water. Other raw materials, such as 
limestone and quartz, and above all, the valuable 
refractory material magnesite, were available in 
sufficient quantity and adequate quality. For one 
raw material only, namely, metallurgical coke or 
coking coal, essential to the operation of blast 
furnaces, Austria was entirely dependent upon 
imports. Like the British industry, the Austrian 
iron and steel industry had considerably increased 
its output since the war. In 1937, Austria had 
produced 1,885,000 tons of iron ore, 388,000 tons 
of pig iron, and 650,000 tons of steel ingots. 
In spite of political and other difficulties, the pro- 
duction of ore was being considerably increased 
during 1951 and it was hoped, during that 
twelve months, to produce one million tons each of 
pig iron and ingot steel. 

Professor F. Platzer, Rector of the University of 
Leoben and a member of Council of the Eisen- 
hiitte Oesterreich, who also welcomed the Institute 
of Austria, stressed the importance of close inter- 
course between countries to promote cultural and 
scientific relations. Other speeches of welcome 
were delivered by Dipl. Ing. Karl Waldbrunner, 
Minister of Transport and Nationalised Industries, 
~~ by Dr. Ing. Leopold Figl, the Austrian Chan- 
cellor. 

Mr. R. Mather, the President of the Institute, 
thanked all the individuals and firms who had con- 
tributed, and were contributing, to the success of 
the meeting. He also emphasised the international 
character of the Institute, adding that 1,300 of the 
members came from countries outside the United 
Kingdom. Moreover, the Bessemer Medal, the 
highest honour in the Institute’s power to bestow, 
had been awarded to many distinguished overseas 
metallurgists. In 1878, only five years after its 
foundation, the Medal had been presented to 
Peter Ritter von Tunner, the first Professor of 
Ferrous Metallurgy and Director of the Leoben 
University. At the conclusion of his speech of 
thanks, Mr. Mather announced that, quite recently, 





the Council of the Institute had decided to offer an 
honorary vice-presidency of the Institute to Dr. 
Oberegger, in recognition of his services to industry 
and in connection with the Austrian meeting. Ina 
brief speech, Dr. Oberegger thanked the Council and 
members for the honour conferred upon him. 

After luncheon in the open-air restaurant on 
the Schlossberg, a hill 1,550 ft. in height, over- 
looking the town of Graz, the members reassembled 
in the Stefaniensaal, in the afternoon of Septem- 
ber 10, for a joint technical session with the Eisen- 
hiitte Oesterreich. Mr. Mather occupied the chair 
and stated that two papers had been specially pre- 
pared for the meeting, namely, ‘The 2,000 Year 
Tradition of the Austrian Iron and Steel Industry,” 
by Professor R. Walzel, of the Leoben University, 
and ‘‘The Present Metallurgical Bases of Austrian 
Tron and Steel Production,” by Dr. B. Matuschka, 
of the Vereinigte Oesterreichische Eisen iind Stahl- 
werke A.G., Linz. Although neither paper con- 
tained matter for discussion, they constituted records 
of facts and were thus valuable additions to the 
Institute’s proceedings. 


Tue AvusTRIAN [RON AND STEEL INDUSTRY. 


The paper by Professor R. Walzel traced the 
growth of the Austrian iron industry, which, he 
pointed out, was based on two main sources of ore, 
one in Carinthia and the other in Styria. The 
Romans had used the Styrian ore for making arms 
and tools. So long as the smelting of iron was 
carried out with charcoal, Austria held an ample 
supply of fuel from the large Alpine forests, and 
adequate water power was available everywhere for 
operating the blowers used in the reduction process. 
The development of the coke blastfurnace had been 
a serious blow to the Austrian iron industry, as 
Austria had no deposits of bituminous coking coal. 
The change-over to coke smelting had been made 
with hesitation, and not until 1870 had the first 
coke blastufrnace been blown in. Since then, 
however, a large-scale iron industry had been 
built up, using imported coke and coking coal. 
The present blastfurnaces at Donawitz and Linz 
were among the most efficient in Europe ; the coke 
consumption, to which Austrian blast-furnacemen 
always paid great attention because supplies had 
to be imported, had been reduced to less than 
16 cwt. per ton of iron. The comparatively cool- 
blown manganese-rich pig iron was an excellent 
raw material for the production of high-grade 
steels. 

The effect of the invention of the Bessemer process 
had been comparatively small, and this process had 
declined and disappeared when the open-hearth 
process was invented. The electric-furnace pro- 
cess was also of great importance. The first arc 
furnaces in Austria had been put into operation 
in 1908, and, soon after the war of 1914-18, some 
high-frequency furnaces had been installed. An 
8-ton furnace, the largest in existence up till that 
time, had been built at Ternitz. Electric steel- 
making had now completely superseded the crucible 
process in Austria and comprised about 16 per cent. 
of the total raw-steel production. The large-scale 
requirements for plain-carbon steels were met by the 
open-hearth steelworks at Donawitz and Linz, the 
latter containing 200-ton furnaces, and by the works 
at Kapfenberg, Ternitz, Diemlach, Judenburg, and 
Liezen. At the same time, the works at Kapfen- 
berg, Donawitz, Linz, Ternitz, Judenburg, Liezen 
and Breitenfeld made electric steels in arc and 
high-frequency furnaces to meet the demands for 
special and alloy steels. 


Tue Basis oF AusTRIAN IRON AND STEEL 
PRODUCTION. 


In his paper, Dr. B. Matuschka stated that the 
burden in Styrian blast furnaces consisted almost 
entirely of Styrian and Carinthian ores, but the 
coking coal had to be imported from the Ruhr, 
from Poland, or from Czechoslovakia. As pointed 
out by Dr. Oberegger in his opening speech, in 
1937 the Austrian steel production had amounted 
to about 650,000 tons and the pig-iron output to 
388,000 tons. Since the war, a plan providing for 
an annual steel production of 1,000,000 tons had 
been drawn up, and, under it, the production of rod, 
sections and wire was to remain concentrated chiefly 





at the Donawitz works. The works at Linz, which 
had been newly built during the war, were to be the 
centre of steel production. Trials with oxygen- 
enriched blast had given good metallurgical results 
and pilot Bessemer-converter plants and oxygen 
generators were being erected at Donawitz and Linz. 
The high-manganese content of the pig iron pro- 
tected the metal from over-oxidation during blowing 
with oxygen, and ensured the production of nitrogen- 
free high-quality steel, similar to open-hearth steel. 


Errect oF INcLUSIONS ON STEEL WORKABILITY. 


“Investigations into the Effect of Non-Metallic 
Inclusions on the Hot-Workability of Steel” was 
the title of the only paper to be discussed at the 
meeting. It was by Mr. F. Rapatz and Mr. M. 
Strobich, of Gebr. Béhler A.G., Kapfenberg, who 
stated that the paper gave the results of some 
investigations, and indicated the nature and quantity 
of inclusions that a steel could tolerate without 
prejudice to its hot-workability. Non-metallic 
compounds had been added arbitrarily to steel and 
this had been accomplished by mixing various 
quantities of the components with iron powder which 
contained about 3 per cent. of oxygen and about 
2 to4 per cent. of carbon. Quantities of CaO, Si0,, 
CaF,, Na,CO,, and Na,SiO,, of given sizes less 
than 0-1 mm., had been mixed with the iron powder 
and the mixture was packed into steel tubes 2 in. 
in diameter, 14 in. in length, and } in. in wall 
thickness. The two ends of the tubes were sealed 
by welding cover plates on to them and, in all 
cases, a Il-mm. diameter hole had been made in 
the cover plate, to allow the escape of gases formed 
during the reactions. The filled tubes were heated 
for 25 to 30 minutes at 1,250 deg. C. in a gas-fired 
furnace and the specimens were then given a first 
deformation by stamping in a die at a temperature of 
1,200 deg. C. Complete consolidation in the 
transverse direction had been achieved with only 
slight lengthening. The bars so obtained had been 
subjected to further deformation by free forging. 

The results had shown that the addition of up to 
approximately 6 per cent., by volume, of high- 
melting point inclusions did not cause internal 
cracks under the experimental conditions; the 
behaviour, as regards forgeability, was like that 
observed when carbides were added. Non-metallic 
compounds having low-melting points, such as 
Na,CO, and Na,SiO,, even where present to the 
extent of only 14 per cent. by volume, made hot 
working impossible. The occasional poor forge- 
ability of acid steel was attributed to the relatively 
low melting points of some silicates, in comparison 
with those of basic inclusions. Pure SiO, had a 
high melting point, and only rendered hot-worka- 
bility difficult when present in large amounts. 
Bars prepared from steel powder by hot working 
had almost the same mechanical properties as those 
prepared by casting and rolling. There would seem 
to be a variety of possible new applications for 
hot-worked steel powder mixed with non-metallic 
additives. 

The discussion was opened by Mr. W. Bar, 
who congratulated the authors on their novel 
method of investigating the hot-workability of steel. 
At the outset of their paper, the authors had said 
that it was usual to ascribe difficulty in hot- 
working to the effect of non-metallic inclusions. 
To this, he (Mr. Barr) would answer that, at the 
Colville works, casting temperature, teeming speed 
and other factors were also of importance. Never- 
theless, inclusions provided a fruitful field for 
investigation. The authors had been, perhaps, 
rather too brief in the description of the technique 
they had adopted for making and forging their 
bars, and a few more details would clear up some 
doubtful points. One factor in favour of their 
method was that the non-metallic inclusions did 
“stay put” and facilitated the investigation ™ 
many respects. The authors had also stated 
that their results indicated the nature and quantity 
of inclusions that a steel could tolerate wi 
prejudice to its hot-workability, but they had added 
that no final conclusions had been drawn. The 
important word in this statement, continued Mr. 
Barr, was “ quantity,” and in their conclusions the 
authors stated that up to 6 per cent. by volume 
high-melting point inclusions, such as silica, had 
no deleterious effects on hot-workability. A steel 
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containing such a high percentage of SiO,, however, 
could not be used for such processes as the making 
of tubes by the hot rotary piercing press. 

Professor F. C. Thompson, who was the only 
other speaker, agreed with Mr. Barr that the experi- 
mental technique employed was both ingenious and 
novel. For the particular purpose of the research, 
this technique was better than that which involved 
boring holes in a bar and filling these up with 
inclusions. The authors had demonstrated that the 
melting points of the inclusions were of first-rate 
importance, but it had been shown about 40 years 
before that the shape of inclusions was also of con- 
siderable importance. In conclusion, he paid 
tribute to the historical value of the two papers 
submitted by Professor Walzel and Dr. Matuschka. 
Their interest was by no means confined to Austria, 
and many of the facts presented were worthy of 
note by all concerned with the history of iron and 
steelmaking in other countries. 

Mr. Strobich, in a brief acknowledgment, said that’ 
in two places in the paper as printed in the Journal 
of the Institute it had been stated that the iron 
powder in the 2-in. diameter tubes had been sintered 
and then forged down to 2 in. in diameter. This 
was a printer’s error and should have read “ forged 
down to 0-2 in. diameter.” 


Recent ADVANCES IN BritisH OPEN-HEARTH 
FURNACES. 


The last irem on the agenda was the delivery 
of a lantern lecture, entitled ‘“‘ Recent Advances in 
British Open-Hearth Furnaces,” by Dr. J. H. 
Chesters, assistant director of research, the United 
Steel Companies, Limited, Sheffield. In the course 
of his lecture, Dr. Chesters stated that the open- 
hearth furnace was a complex unit, any change in 
which tended to react on the structure and operation 
asa whole. Thus the life of the furnace refractories 
depended on a flow pattern within the furnace and 
the permissible combustion practice was limited 
by the refractories available. During the last few 
years a concerted effort had been made in Great 
Britain to provide the fundamental data needed 
for the scientific design and operation of open- 
hearth furnaces and it was his intention, in the 
present lecture, to indicate the broad general line of 
approach. The work of Dr. A. H. Leckie and his 
colleagues of the British Iron and Steel Research 
Association, on a one-fifth scale “‘ hot’ model of 
an open-hearth furnace, and a co-operative investi- 
gation, by the United Steel Companies, Limited, 
and the British Coal Utilisation Research Associa- 
tion on the influence of port design on open-hearth 
furnace flames, had been followed by extensive 
work in a number of laboratories, utilising hot 
small-scale furnaces or models adapted to use air 
or water. These researches had now reached the 
stage at which full-size furnaces were being built 
on the basis of data obtained from the models. 
Furthermore, flow patterns, developed in two- 
dimensional and three-dimensional water models, 
were being used in the design of actual furnaces. 
The distribution of refractory wear had been 
explained in terms of flow patterns, and changes in 
design suggested by flow-pattern work had already 
led to improvements in refractory life. 

For oil-fired furnaces, the general trend was 
towards single-uptake designs, which not only 
made for longer roof life, but gave faster mixing and 
combustion, and, consequently, greater output. 
Moreover, the sloping of the end walls facilitated the 
protection of the roof and side walls from flame 
impingement and substantially reduced end-wall 
wear. Although the main roof accounted for only 
10 per cent. of the total refractories and bricklaying 
labour costs in an open-hearth furnace, attention 
was still focused on it, because it limited, more 
than any other section of the furnace, both the 
output rate and the furnace availability. Sub- 
stantial improvement in roof life had been obtained 
by the use of low-alumina silica bricks of high 
bulk density and also by the adoption of all-basic 

tory construction. The most remarkable 
results using silica had been obtained by the adop- 
tion of South African quartzite, the alumina contents 
of bricks made from this material being only about 
0-3 per cent., and the porosity roughly 10 per cent. 
below the normal figure. Since the war, six 

ces in Great Britain had been converted to 


all-basic refractory construction ; one of these had 
already had a roof life of well over 1,000 heats, in 
spite of an increase in output rate of about 30 per 
cent. At other plants, however, experience had 
not been so favourable and considerable improve- 
ments, both in basic-brick quality and in design and 
operation, were required before such furnaces could 
become generally economic. Fast driving, at appre- 
ciably higher than normal roof temperature, was 
advocated to maintain the fuel costs and the over- 
head charges below the level of those for furnaces 
furnished with silica roofs. 

Rapid strides had been made in instrumentation 
and automatic control, and it was now widely a; 
that all open-hearth furnaces should be fitted with 
instruments to indicate, and, where necessary, to 
record, such quantities as fuel flow, air flow, furnace 
pressure, roof temperature, and chequer tempera- 
tures. With furnaces fired with liquid fuel, the 
steam employed for atomisation should also be 
measured by a meter. The intelligent use of such 
instruments had enabled outputs to be raised with- 
out a corresponding increase in refractory costs. 
Indeed, a distinct advantage of roof-pyrometer 
control was the improvement in life obtained where 
the roof was maintained below 1,650 deg. C. During 
the last few years, a number of firms had completed, 
or fitted, automatic-control equipment to govern, 
in particular, roof temperature, fuel flow, furnace 
pressure, and the chimney-stack dampers, and most 
of these firms claimed that the advantage gained 
was more than sufficient to offset the extra cost of 
installing and maintaining such equipment. 

Fivurp Fiow. 

At the conclusion of Dr. Chesters’ lecture, a 
sound colour film, entitled ‘‘ Fluid Flow,” was 
shown. This indicated the relation which existed 
between flow in furnaces and the flow around such 
structures as boats, aeroplanes and motor cars. 
The film indicated also that future development 
called for simplicity and symmetry in the flow pat- 
tern, so that the desired conditions could be specified 
and subsequently obtained. Time did not allow 
of discussion of Dr. Chesters’s lecture and the meet- 
ing concluded with votes of thanks to the authors 
and speakers. In the evening, a reception in the 
Burg at Graz was given by Landeshauptmann J. 
Kranner, Governor of the State of Styria. 


Visits AND EXxouRsSIONs. 

On Tuesday, September 11, a visit was paid to 
the Montanistische Hochschule, Leoben (the Univer- 
sity of Mining and Metallurgy at Leoben) and the 
Oesterreichisch-Alpine Montangesellschaft at Don- 
awitz, a mile or two distant. At the Hochschule, a 
reception was held, at which the Rector, Professor 
F. Platzer, and the Burgomaster of Leoben, Mr. 
G. Heindler, delivered speeches of welcome. In 
return, Mr. Mather and Sir Charles Goodeve, O.B.E., 
D.Sc., expressed their thanks. In the evening, 
a reception and dance was held in the Kammersaal, 
Graz, at the invitation of Dr. E. Speck, Burgomaster 
of Graz. On Wednesday, September 12, an all-day 
visit was paid to the Steirische Erzberg, the Styrian 
iron-ore mountain, and on the following day,Thurs- 
day, September 13, visits were made to Gebriider 
Bohier A.G., Kapfenberg; Ocsterreichisch-Alpine 
Montangesellschaft, Kindberg; Felten und Guil- 
leaume A.G., Bruck-a.-d.-Mur; Schoeller-Bleck- 
mann Stahlwerke A.G., Hénigsberg-Miirzzuschlag ; 
Elin A.G., Weil; Steyr-Daimler-Puch A.G., Graz ; 
and Andritzen Measchinenfabrik A.G., Graz. On 
Friday, September 14, members travelled by road 
from Graz over the Packstrasse to Klagenfurt 
and, after lunch at Klagenfurt, visits were paid 
to the Kartnerische Eisen-und Stahlwerke A.G., 
and the Guild of Gun Makers, both of Ferlach. 
After these visits the party proceeded to Port- 
schach, where a reception given by Landeshaup- 
mann F. Wedenig, Governor of the State of Carin- 
thia, was held at the Park Hotel. On Saturday, 
September 15, the Oecsterreichisch-Amerikanische 
Magnesit A.G., Radenthein, and the Bleiberger 
Bergwerks Union, Bleihiitte Gailitz, and in the 
evening a dinner and dance was held at the Hotel 
Werzer-Astoria, Pértschach. The remaining three 
days of the meeting, from Sunday, September 16, 
until Tuesday, September 18, were spent at Zell-am- 
See in the State of Salzburg, during which a visit 





was paid to the Tauernkraftwerke A.G, at Kaprun. 





ANALYSIS OF GEAR-TOOTH 
UNDULATION RECORDS. 
By P. M. Giver. 


One of the important tests made in the examina- 
tion of large hobbed gears is the measurement of 
undulations. All such gears must be tested for 
undulations as part of their complete examination. 
In addition to this aspect, however, undulation 
measurements can give important information 
about the various errors of the machine on which 
the gear was hobbed. 

When undulation measurements are made with 
the sole aim of determining whether the gear is 
satisfactory, it is only necessary to determine the 
maximum amplitude of the undulations; but to 
do this, as will be shown later, it is often necessary 
also to determine their wavelengths. Moreover, 
when the tests are made to determine the machine 
errors which give rise to the undulations, not only 
is the amplitude required, but also the wavelength, 
in order to distinguish between the various possible 
sources of error. 

The National Physical Laboratory (N.P.L.) type 
of undulation recorder has been in use for many 
years and is well known. This instrument has 
three ball feet closely in line, each of the outer two 
feet bearing against both flanks of the tooth space 
concerned, and the middle foot being made to bear 
against one flank. As the instrument is traversed 
along the tooth space, undulations on this flank 
cause the middle foot to move at right angles to the 
line joining the outer feet. This movement is 
magnified by the instrument and recorded radially 
on a smoked-glass plate, which is rotated by an 
amount proportional to the distance travelled by 
the instrument along the tooth space. 

It is clear that, with such an arrangement, the 
magnification factor of the record will depend on 
the relationship between the separation of the feet 
and the wavelength of the undulation. For 
example, if the middle foot is midway between the 
outer feet, and the separation of the outer feet is 
equal to an even number of wavelengths of the 
undulation, the magnification factor will be zero, 
i.e., the undulation will not be recorded. If the 
distance between the outer feet is an odd number 
of half wavelengths, the magnification factor of the 
record will be that of the instrument (about x 18); 
and if the distance between the outer feet is an 
odd number of wavelengths the magnification factor 
will be approximately x 36. The magnification 
factor of the record is given by the expression 


aL 
K (1 — cos *r). 
where K is the magnification factor of the instru- 
ment; A is the wavelength of the undulation; and 
L is the separation of the two outer feet, the third 
foot being midway between them. 

The procedure normally followed, to allow for 
the fact that the amplitude of the recorded undula- 
tion varies with its wavelength, is as follows. The 
possible causes of undulations are first listed. 
These include the possible daily change in tempera- 
ture during hobbing, as well as periodic departures 
from uniformity in the motion of the machine table 
and of the hob saddle, due to periodic errors in the 
motions of the various machine elements, such as, 
for example, axial float of the main worm. From a 
knowledge of the way in which the machine was set 
up for hobbing the gear concerned, it is possible 
to calculate the wavelengths of undulations due to 
the various causes. A table is made of all these 
possible wavelengths, as well as of all their odd 
multiples up to about 5in. Values are chosen from 
this table for the various settings of the outer feet 
of the recorder. It is usually possible to choose 
three or four settings such that an odd multiple 
of each possible wavelength is close to one or more 
of the setting values. In this way, it is ensured 
that any possible undulation will be recorded with a 
reasonably large magnification factor for at least 
one setting. 

Often there is only one main source of undulations, 
and each record takes the form of an approximate 
sine curve of uniform amplitude. It is an easy 
matter then to determine the wavelength of this 
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ANALYSIS OF GEAR-TOOTH UNDULATIONS. 


REPRODUCTIONS OF ACTUAL UNDULATION RECORDS 


Fig. 1. INSTRUMENT SETTING 1-8 INCHES 


Fig. 2 INSTRUMENT SETTING 3:0 INCHES 


INSTRUMENT SETTING 4:76 INCHES 


Fig. 3 


(343) 


approximate sine curve and its amplitude on the 
record. The wavelength and the instrument setting 
for that record enable the record magnification 
factor to be calculated from the expression given 
above, and hence not only the wavelength, but the 
amplitude of the actual undulation can be deter- 
mined. 

It sometimes happens, however, that two or 
more main sources of undulation are present, 80 
that the actual undulation on the tooth flank takes 
the form of what may be described as a “ beat” 
wave; in other words, the actual undulation has 
several components, each of which is an approxi- 
mate sine curve, but which have various ampli- 
tudes, phases and wavelengths. The record is 
then also a combination of several approximate 
sine curves, but, whereas the component wave- 
lengths are not affected by the undulation recorder, 
the amplitudes are recorded with varying magni- 
fication factors, so that the shape of the recorded 
composite curve may be quite different from that 
of the actual composite undulation. (See Appen- 
dix.) 

Such a case recently occurred in the testing of a 
turbine reduction wheel, 12 ft. in diameter. Records 
had been taken at four different instrument settings, 
ranging from 1-8 in. to 3-0 in. An attempt was 
made to determine the wavelengths and ampli- 
tudes by inspection in the usual way, but this was 
soon discarded, It was realised that there were at 
least three main sources of undulations and that it 
was not possible by inspection to determine the 
wavelengths and the record-amplitudes of the 
component undulations. 

It was clear that a procedure was required which 
would give definite information about the wave- 
length and amplitude of each component undula- 
tion, with no risk of neglecting a component because 
it was “‘ masked ” by the others. The method used 
is described below. It is not a new method, 
and, indeed, is used in the analysis of records of 
periodic errors in the table and hob-saddle motion 
of a hobbing machine, obtained by the N.P.L. 
test with smoked-glass plates. As far as can be 
ascertained, however, from the literature of the past 
few years, the method does not appear to have been 
applied before to the analysis of undulation records. 

The method depends on the following principle. 
If two sine curves of different wavelength and 
amplitude are combined, a beat curve is obtained, 
the complete beat cycle having a length equal to 
the least common multiple of the two component 
wavelengths. Ifa length of the beat wave covering 
a complete cycle is divided into parts, each equal 
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in length to one of the component wavelengths, 
say, A,, and these part curves are averaged, the 
mean curve so obtained is one cycle of the com- 
ponent curve of wavelength ),, the effect of the 
other component having been eliminated. Simi- 
larly, if the beat cycle is divided into parts, each 
of length equal to the wavelength of the other 
component, the mean curve obtained is one cycle 
of this other component. 

The undulation records are analysed, making use 
of this principle. The actual procedure will vary 
greatly, depending on the individual case, and it is 
not proposed to describe the method any further in 
general terms. An actual example is given below, 
to illustrate the method, and this will make clear 
the procedure which should be followed in any 
given case. 

The example is taken from the work done in the 
examination of the 12-ft. diameter wheel mentioned 
above. This wheel was regarded primarily as a test 
gear, giving evidence of the performance of the 
hobbing machine. Three records were analysed in 
full, two of them having been taken on the same 
part of the same flank of a particular tooth face of 
the wheel. These records were quite typical of 
records taken on four other tooth spaces of the 
wheel, and it was thought unnecessary to analyse 
these other records in full ; though a partial analysis 
was made, sufficient to show that the component 
undulations for all tooth flanks were similar in 
wavelength and amplitude. 

Of the three records fully analysed, two were 
taken at instrument settings (separation of outer 
feet) of 1-8 in. and 3-0 in. Analysis of these records 
indicated the presence of a hitherto unsuspected 
component undulation of large amplitude and 
wavelength. The wavelength was, in fact, greater 
than the maximum setting of the available instru- 
ments. In an attempt to confirm the presence of 
this component, records were taken at the maxi- 
mum possible instrument setting of 4-76 in. One 
of these records is the third record mentioned above 
as having been fully analysed. 

For this third record, the instrument travel was 
134 in. The other two records were, in fact, each 
composed of two overlapping records, the two 
overlapping records together covering about 14 in. 
along the tooth space. The single third record and 


the two pairs of overlapping records are shown in 


Figs. 1, 2 and 3, herewith, In each record there are 
two curves, one for each flank of the tooth space. 
The upper curve only of each record is dealt with 
in this example. 





The two overlapping records at the 1-8-in. instru- 


Fig. 4. CURVES FOR INSTRUMENT SETTING OF 1-8 INCHES 








Recorded 
Composite 
Undulation 


Component 
of 2-8 inch 
Wavelength 


Composite 
Curve Minus 


Component } 


Component 
of 2-0 inch 
Wavelength 


Composite 
Curve Minus 
Compenents 


bad 


Compenent 
of 6 inch 
Wavelength 
Composite 
Curve Minus 
Components 


bd af 


ment setting were measured, and from the measure- 
ments the graph of Fig. 4 was plotted. It seemed 
that this curve was a beat curve with at least three 
components, the beat cycle for two of the com- 
ponents extending from A to B. Now the calculated 
wavelengths of possible components included, among 
others, the values 1-94 in., 2-48 in., and 2-60 in. 

It was found possible to show from the records 
that the component wavelength, 2-60 in., was not 
present. It was noted that the length AB of 
8} in. was approximately equal to 4 in. by 2-0 in. 
and also approximately equal to 3in. by 2-8in. It 
was considered, therefore, that the beat wave of 
length AB was composed of two component 
undulations of wavelengths measured to be 2-0 in. 
and 2-8 in., which were probably the 1-94-in. and 
2-48-in. components. The presence of the 2-8-in. 
component in curve a, Fig. 4, can be seen by noting 
the distance between the peaks A, C, D, Band E. It 
will be noted, however, that the presence of the 
2-0-in. component is not at all evident from this 
curve. 

The curve a of Fig. 4 between A and B was, there- 
fore, divided into three parts and an average curve 
caleulated. The calculated values are shown 
plotted from F to G in curve b, Fig. 4. The ordi- 
nates of the curve b were subtracted from those of 
curve a, with the results shown in curve c. 

It is probable that the beat wave from A to B of 
curve a does not contain exactly four cycles of one 
component, nor exactly three cycles of the other 
component. Moreover, the beat wave is unlikely to 
contain an exact number of cycles of the other 
components. The averaging procedure, therefore, 
would not have completely eliminated the 2-8-in. 
component from curve c. It is considered, however, 
that the greater part of this component was 
eliminated. 

It will be noted that. in curve c, peaks now appear 
at intervals of about 2 in. These peaks were quite 
masked in curve a and, had the method by inspec- 
tion been used, this component would have been 
missed. It will also be noted from curve c that the 
peaks at H and J are not as high as the others. 
This indicates that the 2-0-in. component is beating 
witb some other component and that the beat cycle 
has a length H J of approximately 6 in. The curve 
c from H to J was therefore divided into three 
parts and an average curve obtained as before. 
This curve is shown in curve d, Fig. 4, and is 
considered to be a good approximation to the 
2-0-in. component. 

The curve d of Fig. 4 was subtracted from that 
of curve c, giving the curve shown at e. This curve 
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Fig. 5. ‘CURVES FOR INSTRUMENT SETTING OF 3:0 INCHES Fig. 6. CURVES FOR INSTRUMENT SETTING OF 4:76 INCHES 
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shows signs of a component of wavelength about Fig. 7. previous analyses. The results of the three analyses 


6 in., and this agrees with the evidence of curve c 
that there is a beat cycle of wavelength about 6 in. 
It was considered probable that the beat cycle was 
due to the beating of the 2-0-in. component and a 
6-in. component. The curve e was therefore 
divided into two parts, each of length 6 in., and the 
parts were averaged to give the curve f, Fig. 4. 
Curve f was subtracted from curve e, giving the 
curve g. 

It will be seen from curve g that there appears to 
be yet one more component, of very long wavelength. 
It is not possible to determine this component at 
allexactly, but it would appear to have a wavelength 
of about 12 in. The results obtained from the 
above analysis are given in Table I, herewith. 





MODIFICATION OF UNDULATION IN RECORDING 
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of the value determined for actual amplitude is 
much better. 


TABLE II.—JInstrument Setting : 3-0 in. 



































TABLE I.—Instrument Setting : 1:8 in. 
bth Ampli- ae ene Fosse 
en, tude cation ctua ompara 
Wave- | Ampli- | Ampll- | Magnif- | | | |Eatimated | of Com- | from | Factor of | Amplitude. | tive 
of Com- | from on Factor of | Amplitude. tive ponent. Graph. Record. Accuracy. 
ponent. | Graph. | Record.| Record. A y. 
7 o-12 17 0-000 80 0-000 14 
In. In. In. In. In. : x : +0: 
2 | g:14 | 0-160] x3 | 9-000 48} +0-00007] gt | .28 | xiz | 0-001 % | £0-000 17 
0-24 0270 x ‘ 8 | +0- i a 
. 6 0-12 0-0138 x7 0 -0029 0-000 5 Approx. 12 0-14 x5 0-008. +0-000 8 
pprox. 
12 0-06 0 -0068 x2 0-0034 +0-002 Ngaigs 4 ? 
The record at the 4-76-in. instrument setting was 














The amplitudes given in Table I are all total 
(or double) amplitudes. The values in column 3 
have been obtained from those of column 2 by 
dividing by 8-8, the maximum enlargement avail- 
able for prints from the smoked-glass records. 
(In Tables II and III, herewith, the values corre- 
sponding to those of column 3 above have been 
omitted.) The magnification factors in column 4 
have been obtained using the expression given 
above. In the Appendix, this expression is derived 
and it is shown that the record magnification for 
any given component is independent of the presence 
of other components. 

Estimates of the comparative accuracies of the 
values given for actual amplitude are set out in the 
last column of Table I. These values of accuracy 
have been calculated on the assumption that the 
amplitude values from graphs could be in error by 
0-02 in. and the magnification factor by 1. 

_ The two overlapping records at the 3-0-in. 
instrument setting were measured and the curve 
marked a in Fig. 5, herewith, was plotted. This 
curve was analysed in a manner similar to that 
used for the curve a of Fig. 4. The components 
found are shown in curves-b to-e, Fig. 5, and the 
results are summarised in’ Table II, herewith. It is 
to be noted that the magnification factor for the 
component of 6-in, wavelength is 24 times greater 
for this setting, and that, therefore, the accuracy 





measured, and the curve a, of Fig. 6, on this page, 
was plotted to the same scale as the graphs 
Figs. 4and 5. In the analysis, use was made of the 
information already obtained from the previous 
analysis about the wavelengths of the two shorter 
components. The components found are shown in 
curves b to g, Fig. 6, and the results are summarised 
in Table III, herewith. It is to be noted that the 


TABLE III.—Jnstrument Setting: 4:76 in. 








Wave- Ampli Magnifi- Estimated 
length tu cation Actual Compara- 
of Com- from Factor of | Amplitude. tive 
ponent. Graph. Record. Accuracy. 
In. In. In. In. 
1 0-03 x31 0-000 1; 0-000 07 
aT 3 0-06 x 25 0-000 24 0-000 08 
2 0-07 x12 0-000 67 0-000 20 
23 0-09 x6 0-001 7; 0-000 5 
6 0-40 x $1 0-001 47 0-000 09 
Approx. 12 0-20 x12 0-0019 0-000 25 

















magnification factors for the two largest components 
are much greater for this setting, and that the 
accuracy of the value for actual amplitude is 
correspondingly better. In this analysis, additional 
components of wavelengths 1 in. and 1} in. were 
taken out. The actual amplitudes of the com- 
ponents are negligibly small, however, and they 
have, therefore, not been taken out in the two 





are summarised in Table IV, herewith. 

This method of analysis of undulation records is 
rather long and tedious, but appears to give fairly 
accurate results. It is considered that its use is 
warranted only if it is suspected that the undulations 
contain more than one component of significantly 
great amplitude. In such a case, however, the 
method is very useful in bringing to light components 


TABLE IV.— Amplitudes in Units of 0-001 in. 











Actual Amplitude (and Accuracy) of 
Wave- Component Deduced from Record at | Estimated 
length Setting of : Best 
of Com- |_ Value of 
ponent. Actual 
1-8 in. 8-0 in. 4-76 in. Amplitude. 

In. 

1 = _- 0-14 0-1 0-1 

12 os aoe 0-2 + 0-1 0-2 

2 0-5 + 0-1/ 0-8 + 0-2/|0°'7 + 0-2 0-7 

23 1-2 + 0-1] 1-0 + 0-1] 1-7 + 0-5 1-2 

6 2-0 + 0-5] 1-7 + 0-2] 1-5 + 0-1 1°5 

12 8-4 + 2:0 / 3-2 + 0-8] 1:9 + 0°83 2 

















of appreciable amplitude which are not at all 
apparent by inspection of the records. For instance, 
in the above example, the three records showed 
little, if any, trace of the components of wave- 
lengths 2 in. and 12 in., and it was only after analysis 
of the records at settings of 1-8 in. and 3-0 in. that 
the presence of the 6-in. component was detected 
and the record at a setting of 4-76 in. was taken. 

This work has been done as part of the research 
programme of the Division of Metrology, National 
Standards Laboratory, Commonwealth Scientific and 
Industrial Research Organisation. The thanks of 
the writer are due to members of the oe the 
Division for assistance in the measurerhent of 
records, the calculation of results, and the prepara- 
tion of graphs, and to Mr. N. A. Esserman, Chief of 
the Division, for helpful criticism in the preparation 
of the article. 

APPENDIX. 

Modification of Undulation in Recording.—Let the 
curve of Fig. 7, herewith, represent the surface of a 
tooth flank, the undulation having several com- 
ponents. Let A, B and C be the points of contact 
of the three ball feet of an N.P.L.-type undulation 
recorder, of which the setting is such that the 
distance AC is equal to L and the middle foot is 
midway between the outer feet. Let BD be the 
displacement of B from its zero position at the 
instant represented by Fig. 7, arid let K be the 
magnification factor of the instrument, so that, for 
the position shown, the radial co-ordinate of the 
record on the smoked-glass plate is K x BD. 

Let the composite undulation of the tooth flank 
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be represented by 
z 
y = asin [+ oa 0. + bsin = + a» | + soeiee 
Since AC is very large compared with the differ- 
ence between the ordinates of A and C, the value of 
BD is given to a very close approximation by the 
difference between the ordinate at B and the mean 


of the ordinates at Aand C. If the point B has the 
co-ordinates (z,, yy), the co-ordinates of A and C 


. L 
are respectively (2: = > vs) and (« + 2’ Uo) 


Now BD = y3— Yat te; therefore 


BD = sein [ir« + 0a | — sin ee + 0 -=] 
~ tein eee + 0 +] + bsin Ee + 0 | 


2 L 2 
— }sin SE ay +O - S| - aim [Sa + 
g ely 
Site 
Therefore, 


BD = Ka| 1-008 5 sin ir 1 + Oa | 


+Kb [2 - cos 5 | sin [ira + 0» | , ae 

The last equation shows that, when the recorded 
composite curve is analysed, the components found 
will correspond to the components of the actual 
curve, but with a change in amplitude, the amplitude 
of each component having been increased by a 


factor K | 1 - 008 , where A is the wavelength 
of the component. It will be noted that the change 
in amplitude of each component is independent of 


the values of amplitude, wavelength or phase of any 
other components which may be present. 





“THE UsE OF RUBBER IN BITUMEN FOR ROAD SuR- 
FACING:” ERRATUM.—In the above article, which 
appeared in our issue of August 31, on page 268, ante, it 
was stated that, “‘ while the viscosities of rubber bitumen 
and ordinary bitumen are the same at 25 deg. C., at 
30 deg. C. the rubber bitumen is 30 per cent. higher.” 
We are informed by the British Rubber Development 
Board that the last-mentioned figure is incorrect; at 
30 deg. C., the viscosity of rubber bitumen is 15 per cent. 
higher than that of ordinary bitumen. 





First MAIN-LINE DIESEL-ELECTRIC LOCOMOTIVE IN 
AUSTRALIA.—“ Lady Norrie,” the first of ten 1,760-h.p. 
main-line Diesel-electric locomotives for the South 
Australian Government Railways, completed a first 
trial run of over 300 miles on September 6. The loco- 
motive went into regular service on September 10, and 
is the first main-line Diesel-electric locomotive to operate 
on regular schedules on the mainland of Australia. The 
motive-power equipment for the ten locomotives, 
including the Diesel engine, generator, traction motors 
and control gear, is being supplied by the English 
Electric Company, Limited, Kingsway, London, W.C.2, 
and the locomotives are being built in the workshops of 
the South Australian Government Railways. The 
wheel arrangement is AlA-A1A. Rheostatic braking 
is provided. The locomotives will be used in pairs to 
haul the Overland Limited express and 600-ton freight 
trains over the Mount Lofty Ranges, where the ruling 
grade is 1 in 40. 





Messrs, F. PERKINS, LTD., PETERBOROUGH.—On Tues- 
day, September 18, and Wednesday, September 19, 
Messrs. F. Perkins, Limited, held an “‘ at home ” at their 
Eastfield Factory, Peterborough, to enable representa- 
tives of the firms whe supply them with materials and 
components to see how these are utilised in the assembly 
of Diesel engines for commecial vehicles and tractors, as 
well as for marine and industrial purposes. A descrip- 
tion of the factory was given on page 699 of our 169th 
volume (1950), but it may be mentioned that it was 
specially laid out in 1947 for machining, assembling and 
testing parts obtained from outside and is now being 
extended. It is equipped with a number of modern 
tools, process planning and the jig and tool drawing 
office are well organised, and every effort is made to 
ensure a continuous flow of material. When the firm 
were established some 18 years ago their ideas were re- 
garded in some quarters as revolutionary, but the results 
have evidently justified them. 





LABOUR NOTES. 


Rattway wage claims from the three principal rail- 
way unions for an all-round increase of 10 per cent. and 
the counter offer of the Railway Executive were 
discussed at a meeting of the Railway Staff National 
Council in London on Tuesday last, but no pro 
was made and the meeting was adjourned until this 
morning, to enable the unions to consider their attitude. 
The discussions before the Council form the second 
of the three normal stages in railway-wage negotiating 
machinery. The Council represents both sides of the 
railway service and consists of sixteen members, eight 
representatives from the Railway Executive, four from 
the National Union of Railwaymen, and two each from 
the Associated Society of Locomotive Engineers and 
Firemen and the Transport Salaried Staffs’ Association, 
the other two unions involved in the joint wage claim. 
Should there be a failure to reach an agreement in the 
discussions before the Council, the next step should be 
to submit the claims to the Railway Staff National 
Tribunal for arbitration, but two of the three unions 
concerned have stated that that course of action will 
not necessarily be followed. The alternative would 
Po take the form of an appeal to the Minister of 

bour for his intervention, either informally, or 
officially, under the new Industrial Disputes Order. 





Following the formal submission of the demands 
to the Railway Executive a few weeks ago, direct nego- 
tiations took place in London between representatives 
of the Executive and officials of the three unions. The 
unions had combined to present a joint claim for an 
all-round increase of 10 per cent., which, if conceded 
in full, was estimated to increase the wage bill of 
British Railways by some seventeen to eighteen million 
pounds in a full year. A counter offer, which would 
have added nine and a half million pounds to the 
railway wage bill, was put forward by the Executive 
at a meeting of the two sides on September 10. This, 
however, was rejected by the unions. The Transport 
Salaried Staffs’ Association claimed not only that 
the Executive’s offer was inadequate but expressed 
its strong disapproval of the form in which the offer 
was made. The T.S.S.A. appears to have hoped that 
something would be done to restore the differentials 
which had formerly existed between the wages of its 
members and those of the lower grades of railwaymen. 
These differentials were reduced by the succession of 
flat-rate increases which were awarded during the 
war years. The National Union of Railwaymen 
estimated that the sncreases suggested by the Executive 
in its offer would amount to an average for all members 
of the three unions of less than 5 per cent., and the 
N.U.R. considered this quite insufficient. 





Details of the Railway Executive’s offer were made 
public on September 12. As stated above, this was 
estimated to cost nine and a half million pounds 
annually, and would have provided increases in wages 
and salaries for the whole of the 450,000 railwaymen 
belonging to the three unions. One of the more 
interesting clauses of the offer was the provision, for 
the first time, of additional flat-rate payments for full 
turns of duty booked to begin on Saturday afternoons. 
Generally speaking, the increases offered were greatest 
in those grades where there is the most need for 
obtaining new recruits. The minimum weekly rate of 
pay for adult men would have been increased by 
4s. 6d., from 51. 2s. 6d. to 51. 7s. This rate applies to 
such grades as crossing keepers, porters, and the lower- 
ranking engine cleaners and labourers. At the other 
end of the scale, a third-year goods guard would have 
received an additional 15s. a week. In the salaried 
grades, the proposed increases would have amounted 
to 501. a year in some instances. Many railway 
employees would have benefited from another clause, 
which proposed that the time taken to reach the 
maximum rate of pay should be reduced for certain 


grades. 


The Confederation of Shipbuilding and Engineering 
Unions decided at its annual meeting to submit a 
claim for an increase of 20s. a week for all adult male 
employees in the engineering industry. Subsequently, 
the unions concerned with women employees decided 
to pursue a parallel claim. Both these demands are 
being put forward without prejudice to those claims 
which have been pressed recently for a new wage 
structure in the engineering industry. It is understood 
that the Engineering and Allied Employers’ National 
Federation has been informed that the unions are 
anxious that negotiations on these claims should com- 
mence at a very early date. Pressure by the unions 
for an additional week’s annual holiday with pay for 
all employees in the industry is being continued. The 
Confederation, at its annual meeting, pen its 
determination that the whole structure of the nego- 
tiating machinery in the engineering industry should 
be overhauled in the near future. 











Somewhat similar action is being taken with respect 
to the shipbuilding and ship-repairing industries. A 
unanimous decision was reached at the Confederation’s 
annual meeting that a claim should be pursued for a 
weekly increase of 20s. for all a in these 
industries. Representatives of the Shipbuilding im. 


ress | ployers’ Federation will discuss this claim with officials 


of the Confederation on Tuesday next, when state. 
ments in support of the demand will be presented. 
The same joint meeting will also consider the claims 
of the shipbuilding unions for extended holidays with 
pay and for the operation of the five-day week through- 
out the year. A claim by the Transport and General 
Workers’ Union that certain grades of semi-skilled and 
unskilled employees in these industries should receive 
the same monetary allowances as skilled men was 
referred by the annual meeting of the Confederation 
to its executive council for fuller examination. 





Some apprehension is felt by the Officers’ (Merchant 
Navy) Federation at the steadily rising price of new 
merchant ships. The Council of the Federation states 
in its annual report for the twelve months ended 
June 30, 1951, published on Tuesday last, that it has 
noted with concern the continued warnings “ given by 
those best qualified to speak” that the ever-increasing 
cost of replacing ships coming to the end of their 
operational age limits is rapidly approaching the point 
where new vessels are being ordered which cannot be 
expected, in the normal course of events, to pay their 
way. 





Proposals for the employment of from five to ten 
thousand Italians were referred to by Mr. Alfred 
Robens, the Minister of Labour, in the course of a 
speech at Stretford on Monday last at a conference of 
representatives of employment, labour, and disabled- 
persons advisory committees. Mr. Robens stated that 
in Italy, from which he had only recently returned, 
there were some two-and-a-half million unemployed 
persons and he considered that it should be possible 
to make use of some of these people in this country, 
with the permission of the trade unions concerned. 
With regard to the fears entertained in some quarters 
that unemployment would increase if foreign work- 
people were brought here, he said that he had been a 
trade-union official and knew what the problems were, 
but, in his opinion, there was no need for any British 
employee to be out of work during the next decade’ or 
two, at least. " 





There was a great need for an increase of work- 
people in Britain, Mr. Robens continued, and it was 
essential that increased efforts should be made to 
persuade those women who were able and willing to 
do so to return to employment. It was not suggested, 
however, that women with two or three young children 
should go back to industry. Employers should endea- 
vour to find a sufficient number of women to undertake 
part-time work, and he appealed to them to inquire 
into the matter. The country had entered a most 
serious stage in its national economy and could not 
afford to lose the possibility of employing any pair of 
willing hands. 





At the request of the British Transport Commission, 
a number of reports were prepared by the Docks and 
Inland Waterways Executive between 1948 and 1950 
tendering advice to the Commission on methods con- 
sidered likely to promote the efficient and economical 
development of the principal port areas in Great Britain. 
In the main, the reports have dealt with such matters 
as the management and maintenance of the ports, and 
with suggestions as to what schemes therefor should 
be submitted to the. Minister of Transport. In some 
instances, however, labour relations at certain ports 
formed the subject of comment. Most of the reports 
were drawn up between May and November last year, 
and the complete series was published by the British 
Transport Commission in one volume on September 13, 
under the title of Review of Trade Harbours, at the 
price of 2s. net. 





With respect to the Port of London, the Executive 
reported that labour relations there were a most 
disturbing factor and suggested that these tended to 
lessen very materially the efficiency of the port. It was 
considered that permanent improvement could only be 
obtained if the Port Authority were to be reconstituted 
so as to provide greater and more direct representation 
for labour interests and if ter responsibility were 
to be vested in the reconstituted Port Authority. The 
Executive advocated that efforts should be made to 
secure more cohesion between the various firms of 
employers at the port, and that the co-operation 
between the emplo and the trade unions connected 
with the port should be improved. Other suggestions 
were for the standardisation of labour ments and 
working conditions as a part of the port’s dock-labour 
scheme, and for co-operation between the unions. 
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MEASUREMENT OF MICROWAVE POWER. 
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“ENGINEERING” 


THE MEASUREMENT OF MICRO- 
WAVE POWER BY RADIATION 
PRESSURE.* 


By A. L. CuLen, Ph.D., B.Sc. (Eng.), A.M.I.E.E. 


THE pressure of electromagnetic radiation is a pheno- 
menon not usually encountered in engineering, and 
it may be best to start by describing some of its 
characteristics, and explaining how it is produced. 
When light, the commonest kind of electromagnetic 
radiation, falls on a reflecting surface it exerts a pressure 
tending to push the surface away from the source of 
light. This pressure is usually exceedingly small. 
For example, the pressure due to a beam of strong 
sunlight at normal incidence on a plane reflector is 
about 10-5 dyne per square centimetre, which is 
equivalent to a weight of about 10-* gramme on each 
square centimetre of the surface. If the intensity of 
the beam were halved and the area doubled, the total 
power flow and the total force would remain unchanged. 
Moreover, the effect of radiation pressure is quite 
independent of the wavelength, and the same power- 
force relationship holds good throughout the electro- 
magnetic spectrum. In electrical units, the power 
flow corresponding to “strong sunlight” is about 
0-015 watt per square centimetre, and we have seen 
that this exerts a force of 10-' dyne per square centi- 
metre of surface. It follows from the foregoing that 
any homogeneous beam of electromagnetic radiation 
carrying a power of 0-015 watt will exert a total force 
of 10-* dyne on a reflecting surface. The force produced 
8 directly proportional to the power in the incident 

m, and so it will be clear that a very large amount 
of power would be required to produce a readily measur- 
able force. _ For example, to produce a force equivalent 
to} 1b. weight would require an incident wave carrying 
rather more electrical power than Edinburgh Corpora- 
tion would have been able to supply at any time up to 
1943. It should be obvious that radiation pressure 
does not play a very important part in everyday life. 

On an astronomical scale, however, it is often of the 
or. importance. Over 300 years ago, Kepler 
Gage that radiation pressure of light might account 
ok e bending of comets’ tails away from the sun. 
a. remarkable that, in spite of the revolutionary 
i nges In our understanding of the nature of radiation 
Keal that time, modern astronomers believe that 
. 7 °r's Suggestion is correct. Perhaps an even more 
% ng example of the importance of radiation pressure 
: rages, is Eddington’s theory that the mass of 
Aad ‘s determined by the condition that radiation 
re ure and gas pressure shall be of the same order of 
a The calculation leads to the conclusion 
10 ¢ < _— of a star should lie roughly in the range 

0 10°° grammes, and observation shows that this 
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the thee 4 an overwhelmingly large majority of 
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We now turn to the mechanism which gives rise to 
radiation pressure. It is obviously easy to explain 
such a pressure on the basis of a corpuscular theory 
of light, and Newton realised that Kepler's inter- 
pretation of the bending of comets’ tails would harmon- 
ise well with such a theory. The advent of the wave 
theory of light led many scientists to doubt the 
existence of a pressure of radiation. However, in 
1873, James Clerk Maxwell showed that his electro- 
magnetic wave theory of light would also account 
for a pressure due to radiation. Subsequently, it was 
found that the overthrow of the corpuscular theory 
of light, which followed the many triumphs of Maxwell’s 
electromagnetic theory, had been too complete, and 
that, in some circumstances, a beam of radiation 
behaved exactly like a stream of corpuscles. The most 
remarkable and convincing of these is the Compton 
effect, which can be explained in terms of individual 
encounters of photons and electrons in each of which 
momentum is conserved. It is quite easy to show that 
both classical electrodynamics and quantum theory 
lead to precisely the same result for the pressure of 
radiation. 

Consider the electrodynamic argument first. We 
consider a plane wave normally incident on a perfectly 
conducting surface. If the r.m.s. magnetic field strength 
in the incident wave is H, the field just outside the 
reflecting surface will be 2H, and just inside it will be 
zero. Boundary conditions require a surface current 
density K = 2H perpendicular to the magnetic field. 
This current is acted on by the magnetic field H of the 
incident wave to produce a force »HK = 2y H* 
per unit area of the reflector. Note that the magnetic 
field due to the current sheet itself, which is responsible 
for doubling the field outside the conductor, and 
cancelling it inside, cannot produce any resultant 
force on the current. The power density in the 


Pp H?, and it follows 
K 


that the force per unit area, which is the pressure 


incident wave is 8 = EH = 


due to radiation, is 2S*/px« or =, where c is the 
velocity of light in vacuo. 

The quantum argument treats the beam of radiation 
as a stream of photons, each of energy 4 v and momen- 
tum Y, and travelling with the velocity of light. 


The change in momentum of an individual photon 


. . 2hv 
on reflection is —. 
c 


If there are n photons per unit 


volume in the incident beam, then cn photons cross 

unit area in unit time and the resulting pressure is 
-2h 7 a? 

—— Similarly, the power flow density in the 
c 

beam is S=cn.hv. 


pa . 28 
h v that the radiation pressure is =" , as before. 


It follows by elimination of 


It is convenient for our purpose to deal with the total 
force exerted on the reflector and to express this force in 
terms of the power in the incident beam. Referring to 
Fig. 1, if the beam (of light, for example) is incident 
on a perfectly absorbing surface, the power in the 
incident beam will be equal to the rate of production 
of heat at the surface, say P. If the same beam 
is then allowed to fall on a perfectly reflecting surface, 
the force exerted on this reflector, say F, is 

2P 
Fe—, . ° ° » @) 
c 


where c is the velocity of light. Although attempts 
to detect radiation pressure experimentally were 
made at intervals from 1750 onwards, the first reliable 
experiments were those of Lebedew in 1900. A much 
more detailed study of the problem was undertaken 
by Nichols and Hull a year or two later.* In both 
cases, the experimental arrangement was the same, 
and is illustrated schematically in Fig. 2. 

The light beam, the radiation pressure of which is 
to be measured, falls on a highly reflecting mirror 
mounted at one end of the torsion arm of a torsion 
balance. A similar mirror at the other end of the 
torsion arm serves as a counterweight. The torsion 
balance is mounted in an evacuable enclosure so that 
gas action may be minimised. The angular position 
of the torsion arm is indicated by a lamp, mirror and 
scale in the usual way. In principle, the scale readings 
with and without the light source are observed, and 
from these readings the — of twist of the suspension 
may be found. Hence, if the specific couple of the 
suspension is known, the torque can be calculated, and 
knowing the radius of action of the torsion system, the 
radiation force may be determined. 





* “The Pressure due to Radiation,” by E. F. Nichols 
and G. F. Hull. Proc. Amer. Acad. of Arts and Sciences, 





vol. 38, No. 20, page 559 (1903). 
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In practice, it is usually observed that on switching 
on the light source, the deflection increases immedi- 
ately to a certain initial value, and then gradually 
drifts to a fairly steady final value which may be 
on or less than the initial value. The radiation 
alling upon the mirror causes a slight and gradual rise 
in its temperature which at atmospheric pressure sets 
up convection currents in the enclosing vessel. These 
convection currents lead to spurious deflections. At 
low gas pressures convection currents are negligible 
but a different effect comes into play. Because 
radiation falls on one side of the mirror only, while 
cooling takes place over the whole surface, the back of 
the mirror is at a slightly lower temperature than the 
front. Air molecules rebounding from the hotter 
surface suffer a greater change of momentum than 
those rebounding from the cooler surface, and on the 
average there is a net pressure in the same direction 
as the radiation pressure. This is known as the radio- 
meter effect. In Nichols’ and Hull’s experiments it 
happened that the two spurious forces could be made 
to oppose one another, and a suitable choice of air 
pressure virtually eliminated the effects of gas action. 
The power in the light beam was measured by a 
bolometer method, and the force calculated from the 


: 2P , , 
expression F = — (with a correction to allow for 


imperfect reflection), was found to agree with the 
measured force to within experimental errors of 1 to 
2 per cent. The radiation-pressure formula therefore 
rests on very firm theoretical and experimental founda- 
tions, and can be used with confidence as the basis of 
a method of measuring microwave power. 

Carrara and Lombardini* were the first to demonstrate 
the existence of radiation pressure at microwave fre- 
quencies. In their experiments an aluminium reflect- 
ing blade was supported at one end of a torsion arm 
and enclosed in a glass corner. Radiation at a wave- 
length of 3 cm. was directed on to this blade, and a 
deflection of the right order of magnitude was observed. 
The method employed by Carrara and Lombardini 
cannot be used quantitatively because, as they point 
out in their note, a calculation of the force on the blade 
for a given power flow involves the solution of an exceed- 
ingly difficult diffraction problem, particularly if 
nearness of the source and the effect of reflections from 
the glass container and other parts of the apparatus 
are properly taken into account. This difficulty, 
which was absent from Nichols’ and Hull’s experi- 
ments, arises because of the relatively long wave- 
length (3 cm.) which prevents the formation of a 
narrow parallel beam of radiation such as that employed 
by Nichols and Hull. A further difficulty is that the 
net power output of the source is eventually radiated 
into the laboratory, and the resulting spatial standing- 
wave pattern will cause the observer's position to 
influence the results to some extent. 

These difficulties could both be overcome by using 
& wave guide to guide the radiation on to the reflector. 
It is not difficult to show that the force is then given by 


F < ; 
where A is the free space wavelength, and A, is the 
wavelength in the wave guide, which is always greater 
than A. However, a new difficulty then arises, because 
the whole of the power incident on the reflector is 
returned to the source, and for most sources of micro- 
wave power this leads to a very inferior performance 
or in some cases to permanent damage. It is clear that 
if a radiation pressure method is to be employed, some 
technique must be devised which permits the oscillator 
to work into a matched load. This can be done by 
making use of a wave-guide T-junction in the way shown 
in Fig. 3, on page 377. 

If a reflector is suitably placed in the wave guide 
forming leg 2 of the T-junction, power incident on the 
junction in leg 1 will flow past without reflection into 
leg 3. If the power flow is P, the force on the reflector 
is 


(2) 


= A 
2c No, 


In this expression Ag, is the guide wavelength in 
leg 2, and m is a faetor which takes account of the 
coupling between the main guide and the circular guide, 
and this can be evaluated either by direct calodetion 
or by measurements of impedance transformation by 
the junction. To give an idea of order of magnitude, 
with a particular form of this apparatus, if P = 20 watts, 
F = 0-01 dyne. 

This microwave apparatus is closely analogous to 
that employed in the classical experiments with light 
waves previously described, and forms an absolute 
method of power measurement at microwave fre- 
quencies. In practice, it is found necessary to replace 


F = ° ° ° (3) 


Sle 





* “ Radiation Pressure of Centimetre Waves,” by 
N. Cartara and P. Lombardini. Nature, vol. 163, page 
171 ‘Jan. 1949), 





the solid-dise reflector by a series of concentric wire 
rings, which effectively reflect the microwave radiation 
while minimising the effects of convection currents. 
Some trouble with convection currents remains, 
however. Fig. 4, page 377, shows the gradual rise in 
deflection which occurs after the initial true radiation- 
pressure deflection, under various experimental con- 
ditions. 

Measurements of power with this apparatus were 
compared with simultaneous measurements using a 
balanced water calorimeter, and agreement to within 
2 watts found in the range 10 to 40 watts. The 
accuracy of the apparatus is limited mainly by residual 
convection-current effects, but experiments with an 
improved apparatus have shown that it is possible to 
overcome this difficulty, and there seems to be no 
reason why an accuracy of better than 1 per cent. 
should not be achieved. 

In conclusion, it should be emphasised that the 
method is absolute, depending only on measurements 
of mass, length, and time; no secondary electrical 
standard is involved in the experimental procedure. 
Moreover, no appreciable power is absorbed by the 
apparatus, so that it would be particularly suitable for 
the purpose of calibrating secondary standards. 





RECENT METALS AND ALLOYS.* 


By Proressor A. G. QUARRELL. 
(Concluded from page 344.) 


Most of the austenitic steels then known [1943] were 
of the nickel-chromium type with suitable additions to 
prevent weld decay. An exception was the complex 
alloy R. ex 78 that Hatfield had developed in 1937 
primarily as a corrosion-resistant steel, especially 
resistant to sulphuric acid. It is worth noting that 
nickel, chromium, molybdenum, copper, silicon, 
manganese, titanium, vanadium and carbon were all 
deliberate additions to this alloy. As a matter of 
routine the creep properties were determined and were 
found to be superior to those of any other steel then 
available. R. ex 78 was, in fact, the first of the age- 
hardening austenitic steels, and the best combination 
of creep and room-temperature properties was found to 
result when a carbide phase had been precipitated by a 
triple heat-treatment. Systematic study of the effects 
of varying the amounts of different elements in R. ex 78 
showed that by adding 7 per cent. of cobalt, omitting 
the vanadium and increasing the carbon content from 
0-1 per cent. to 0-2 per cent., the creep properties could 
be greatly improved. Thus, when this modified steel 
R. ex 337 is solution-treated at 1,230 deg. C., aged at 
700 deg. C. to 750 deg. C. and subjected to a stress-to- 
rupture test, failure is produced at 750 deg. C. in 1,000 
hours by an initial stress of 10-5 tons per square inch, 
whereas the corresponding stress for the original 
R. ex 78 is 5-5 tons per square inch, 

Another attractive feature of the precipitation- 
hardening alloys is that they have high 0-1 per cent. 
proof stress values of 21 tons to 25 tons per square inch, 
compared with about 13 tons per square inch for the 
simple austenitic steels. Steels used for rotors and 
discs should have high proof stress to prevent undue 
plastic extension resulting from thermal or centrifugal 
stresses in service. 

Another complex alloy, G.18.B., containing 13 per 
cent. each of nickel and chromium, 10 per cent. cobalt, 
2 to 3 per cent. each of tungsten, molybdenum and 
columbium, and about 1 per cent. each of silicon and 
manganese, may be regarded as a development of an 
earlier austenitic exhaust-valve alloy ; its mechanical 
properties, notably the 0-1 per cent. proof stress, can 
be improved by what has been called ‘“ warm- 
working,” i.e. by work-hardening in the lower end of 
the forging range. This alloy has been used success- 
fully for gas-turbine rotor discs under the most severe 
conditions, but, now it has been found possible to cool 
rotors sufficiently to keep rim temperatures below 
550 deg. C., increasing interest is being shown in the 
ferritic steels, such as the molybdenum-vanadium and 
the chrome-molybdenum-vanadium-tungsten types. 
The ferritic steels are cheaper than the austenitic, not 
only because they are more economical in the use of 
ferro-alloys, but also because they are more readily 
forged and machined. Colbeck and Raitf have sug- 
gested that for good creep properties it is essential 
that a stable cubic carbide of the NaCl type of struc- 
ture shall be precipitated in a fine state of dispersion 
and that it shall resist coalescence. These authors also 
drew attention to the fact that, although creep-resistant 
steels can be made containing 0 to 3 per cent. or 
11 to 13 per cent. chromium, alloys containing, say, 





* Paper read at a joint session of Section B 
(Chemistry) and Section G (Engineering) of the British 
Association at Edinburgh, on Tuesday, August 14, 1951. 

t E. Colbeck and J. R. Rait ; Iron and Steel Institute, 
Symposium on High Temperature Steels and Alloys for 
Gas Turbines, February, 1951, page 107. 





5 to 7 per cent. chromium invariably have poor creep 
properties. When we understand why this should be 
so, we shall have a much better understanding of the 
metallurgical factors affecting the creep resistance of 
complex alloys. 

Most rotor blades of British gas turbines have been 
made from one of the Nimonic alloys; these are 
essentially 80 per cent. nickel, 20 per cent. chromium 
alloys to which have been added titanium and alu- 
minium to make them precipitation-hardening. Opti- 
mum creep properties result from solution treatment 
at 1,080 deg. C., followed by precipitation treatment at 
about 700 deg. C. Continuous work by a large team 
has enabled the maximum working stress and tem- 
perature of alloys of the Nimonic type to be raised 
repeatedly. The most recent addition to the series— 
Nimonic 90—contains 15 to 21 per cent. cobalt, an 
element which is playing an increasingly important 
part in alloys for use under the most stringent condi- 
tions at high temperatures. Some idea of the extent 
to which the properties of Nimonic alloys have been 
improved can be gained from the stresses required to 
produce creep extensions of 0-1 per cent. in 300 hours 
at 750 deg. C.; for Nimonics 75, 80, 80A and 90, 
which were developed in that order, the corresponding 
stresses are 3-1, 8-0, 11-5 and 14-5 tons per square 
inch. 

Copper alloys have also been affected by the require- 
ments of the gas turbine. Light alloys are used exten- 
sively for compressor blading, but the higher working 
temperatures involved in contemporary design are 
causing special interest to be shown in the complex 
aluminium bronzes. The single-phase aluminium 
bronzes are similarly of interest in connection with the 
heat exchangers that form an essential part of long-life 
gas turbines suitable for marine or land installations. 

Full information has recently been -published* con- 
cerning the copper-nickel-iron alloys that were deve- 
loped to meet certain exacting requirements of the 
Navy at war. The discovery that the resistance of 
70/30 cupro-nickel to impingement attack by the 
rapidly moving seawater was improved by the addition 
of 0-3 to 1-0 per cent. iron led the British Non-Ferrous 
Metals Research Association to make a study of the 
properties of alloys of copper with up to 30 per cent. 
nickel and 10 per cent. iron. It was found that alloys 
containing up to 10 per cent. nickel and up to 2 per cent. 
iron can be worked almost as readily as copper by the 
techniques used by the coppersmith and yet have excel- 
lent resistance to the impingement type of corrosion 
attack. These alloys have already shown their value 
for auxiliary piping carrying seawater, and in the 
United States the alloy containing 10 per cent. nickel 
and 1 to 2 per cent. iron is being advocated as a con- 
denser-tube material for marine turbines. ws 

Systematic study of the effect of alloying additions 
upon the properties of cast iron has considerably 
extended their field of usefulness; alloy cast irons 
have been developed with good resistance to air and to 
furnace gases up to 950 deg. and others have greatly 
improved resistance to weak acids, alkalis and many 
corrosive solutions. Probably even more important 
potentially is the development of nodular cast iron, 
which has resulted from a scientific study of the mode 
of graphite formation. By adding to the molten iron in 
the ladle small amounts of cerium or magnesium, the 
iron can be made to solidify with the graphite in 
nodular instead of flake form, and the mechanical 
properties, particularly the resistance to shock, are 
so much improved that they are comparable with those 
of steel. At the same time, the excellent casting 
characteristics of normal cast iron are retained. Test 
pieces cut from the central boss of a 5-ton flywheel 
casting gave the following results: tensile strength 
35 tons per square inch, yield point 27-5 tons per square 
inch, elongation 15 per cent. The successful produc- 
tion of nodular cast iron calls for closer technical control 
than is usual in many iron foundries to-day, and 
another factor that is likely to restrict its use is the 
fact that a low-phosphorus hematite iron must be ee 

Substantial progress has been made in the field 0 
magnetic materials. If we accept the stored magnetic 
energy as a basis of comparison, the figure of merit of 
anisotropic Alcomax III is 5-0, whereas for the bes 
alloys of 1940 and 1935 the corresponding values he 
3-5 and 1-6, respectively. As in so much other alloy 
development, improvement in properties oe been 
accompanied by an increase in the number of alloying 
elements. On the other hand, the magnetic properties 
of transformer steels of the 3 or 4 per cent. silicon 
type have been improved not by changing the com- 
position of the alloy, but by using a controlled Pony 
of cold-rolling and annealing to produce a = 
preferred orientation in the resulting strip. “ty 
there is a strong tendency for the (110) planes -y i 
the plane of the strip and the (001) axes parallel tt nf 
rolling direction, the permeability in this directio ue 
greatly increased and the hysteresis losses ee 





* G. L. Bailey, Jl. Inst. Metals, vol. 79, page ead 
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much lower. If full advantage is taken of this in oFis- 8. 
design, transformers may be much smaller for the same a 
output, with consequent saving of both steel and a — 
copper. . 

Some of the metals hitherto considered only as| =_g4 Sal 
alloying elements are becoming of increasing interest| . Ss 
as the possible bases of new systems of alloys. Thus,| §_, bh 
certain chromium-rich alloys* have good creep pro-| ¢ - ; > - 
perties at temperatures as high as 900 deg. or 1,000! $ i 
deg. C., although their practical use is at present | O~7% 
prevented by their extreme brittleness at ambient | = - 
temperatures. Again, in recent years, ductile titanium | ‘= ~'® Zé Ton 
has become available in reasonably large quantities | > | * Nijhoff and Kee 
for the first time and much effort is now ht. devoted | = ~'? / a ranger > al 
to assessing its potentialities. The tensile strength of| § / | -O d eg 
annealed titanium prepared by the Kroll magnesium- | 4 ~'*4 5 ° me le SR os0e oro 
reduction process varies between about 38 and 45/ 3 ' Holborn and One... . 
tons per square inch and is coupled with an elonga-| 3 -*6 
tion or 25 to 35 per cent. Strengths very much greater | 3 / 
than this may be obtained by alloying. Other attrac- | © -1-8 
tive features of titanium are that it is almost unattacked 
by seawater and other chloride solutions, and its specific |  -20 
gravity is only 4-5. For many applications, titanium ea rig Md Lita Tr ~ Fo wg 
is more suitable than any metal in common use, and in i eareie eens: Tr ee 


numerous others it could usefully replace an established 
metal and so reljeve the metal shortage. Unfortunately, 
the present methods for extracting titanium, although 
successful when relatively small batches of metal are 
being produced, do not lend themselves to large-scale 
production. Large quantities of titanium ores are 
available, and, if improved methods of extraction can 
be devised, a new and important metal industry will 
almost certainly grow up. 

No review of recent metals and alloys would be 
complete without some reference to the increasing 
shortage of metals and the way in which this will 
affect, and be affected by, alloy development. It is 
already clear that the metal shortage from which we 
are suffering is not just a short-term problem resulting 
from the rearmament programme. On the one hand, 
metals are being used to an ever-increasing extent in 
civilian life all over the world, and, on the other, some 
of the most important ore deposits are becoming 
worked out. As a result, demand is likely to exceed 
the supply even of such common metals as copper, 
zinc and lead, and everything that can be done must 
be done to ensure that metals are used to best advan- 
tage. The development of improved alloys offers one 
method of economising and the progress made in the 
last 10 or 15 years suggests that still further advances 
are possible. As mentioned earlier, an outstanding 
feature of the technically important alloys is their 
complexity; most contain between six and ten separate 
elements, and we may well ask if they are all really 
necessary. In our present state of knowledge, they 
undoubtedly are, but as our understanding of the 
factors influencing the structure and properties of 
alloys increases it should be possible to achieve desired 
properties with simpler alloys and in some cases to 
avoid the use of particular metals. 

_ Again, the relative weakness of metals is explained 
im terms of dislocations within the crystal lattice. It 
1s not beyond the realms of possibility that research 
on the plasticity of metals will show how these dis- 
locations may be controlled. If this should prove to 
be so, very large increases in strength may be possible 





, . E, A. G. Liddiard and A. H. Sully; Iron and Steel 
ustitute, Symposium on High Temperature Steels and 
Alloys for Gas Turbines, February, 1951, page 243. 
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and smaller quantities of metal may be necessary for a 
given duty. 

Finally, the situation may be changed considerably 
if those working on the chemistry of extraction processes 
are able to devise suitable methods for the cheap and 
large-scale extraction of metals such as titanium and 
zirconium, which so far have not been used to any 
great extent commercially but have some very 
attractive properties. 





PROPERTIES OF THE GASES OF 
COMBUSTION PROCESSES.* 


By Proressor Joseph H. Keenan. 
(Concluded from page 348.) 


One of the most notable recent additions to our 
experimental knowledge of the common vapours is 
the work on water vapour by G. C. Kennedy, a geologist 
of Harvard University.{ He has determined the 
pressure-volume-temperature relation up to a tem- 
perature of 1,000 deg. C. (1,800 deg. F.) and a pressure 
of 2,500 bars (36,000 Ib. per square inch). Kennedy’s 
method is essentially the same as that used by Keyes 
in his extensive measurements on water in the decade 
of the 1920’s. For these extreme conditions of pressure 
and temperature, however, he used a thick-walled 
bomb made of an iron-nickel-chromium-cobalt alloy. 
The bomb, which was maintained at the desired —— 
ature in a furnace, was charged through a capillary 
connection from a cylinder held at room temperature. 
The position of a piston in the cylinder determined the 
mass of the charge in the bomb. The results of these 
measurements are shown by the isobars of Fig. 6, on 
which are also indicated the boundaries of the range of 
actual measurements and the critical point. Unfor- 
tunately, Fig. 6 does not cover the entire range of 
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measurements, in that measurements were made 
between 800 deg. and 900 deg. C. at pressures up to 
800 bars. The precision of this work is quite remark- 
able considering the extreme range of conditions 
covered. Except in the immediate neighbourhood 
of the critical point the agreement with the measure- 
ments of Keyes, Smith and Gerry, which extended to 
460 deg. C. and 350 bars, is to four significant figures. 
Fig. 7 shows isometrics for the lower-pressure portion 
of these measurements. They indicate a straight line 
for the critical isometric and slight curvature for the 
others at the low-temperature ends. The straightness 
of the isometrics at pressures and temperatures well 
in excess of the critical values indicates safety in 
extrapolation. 

At the University of Pennsylvania, Andersen* has 
added to our knowledge of the properties of air by 
isothermal throttling measurements at 0, 10 and 
30 deg. C. for pressures up to 4 atmospheres. The 
major difference between Andersen’s method and that 
of Collins and Keyes is that Andersen used an orifice 
for throttling whereas Collins and Keyes used a capil- 
lary tube. Andersen expressed his results in the form 
of the second enthalpy coefficient 8 in the equation 


h=hpwg +Bo+yp?+.. 


where h denotes the enthalpy and f, y,... are 
functions of temperature only. It is evident that for 


zero pressure 
ra =(0) 
p= ap 5 


Andersen formulated 8 as a function of temperature in 
terms of the corresponding function from the Lennard- 
Jones potential, using in addition to his own values 
those of Eucken, Clusius, and Berger to determine the 
constants ¢€,, and 7, in equation (1) (page 348, ante). 
Andersen also formulated the second virial coefficient in 
accordance with his formulation of 8 by introducing a 
term proportional to the temperature. The constant of 
proportionality was selected to satisfy the compressi- 
bility data of Holborn and Schultz published in 1932. 
The work of Johnston and Whitet on hydrogen is 
of interest here because it provides an accurate pressure- 
volume-temperature relation for a pure substance over 
a wide range of reduced pressures and temperatures. 
The method differs from that of Keyes primarily in the 
manner of introducing and measuring the mass of the 
charge. Messrs. Schneider and Duffiet of the National 
Research Laboratories at Ottawa have made a con- 
tribution of similar value by the measurement of the 
pressure-volume-temperature relation for helium at 
pressures from 6 to 80 atmospheres and at temperatures 
extending to the unusually high value of 600 deg. C. 
The method, which is attributed to Burnett, consisted 
of the measurement of pressures before and after 
isothermal expansion in a known proportion by volume. 
The synthesis of the available data on a given sub- 
stance into a formulation of the relation between 
thermodynamic properties is an important step toward 
making new experimental data available for the uses 
of technology. A few such tasks have been performed 
in the past decade. In 1942, a group of workers at the 
California Institute of Technology§ formulated the 





* Herbert Akroyd Stuart Memorial Lecture, delivered 
at Nottingham University on May 10, 1951. Abridged. 

+ Of Massachusetts Institute of Technology. 

t American Jl. of Science, vol. 248, pages 540-564 
| (1950). 








* Trans. A.S.M.E. vol. 72, pages 759-766 (1950). 

+ Trans. A.S.M.E., vol. 72, pages 785-788 (1950). 

t Jl. Chem. Phys., vol. 17, pages 751 (1949). 

§ Gerhart, Brunner, Mickley, Sage and Lacey, Mech, 
Eng., vol. 64, pages 270-274 (1942). 
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properties of air at temperatures from 32 to 550 deg. F. 
and at pressures from 0 to 3,500 lb. per square inch 
absolute. Their tables are the best available informa- 
tion on the effect of pressure on the properties of air at 
temperatures in excess of room temperatures. In the 
lower-temperature range, Claitor and Crawford* have 
recently prepared charts of thermodynamic properties 
for air, and for oxygen and nitrogen as well. The 
range of pressure is from 0 to 180 lb. per square inch 
absolute and of temperature from room temperature 
down to — 320 deg. F. For the three gases O,, N, 
and air, Claitor and Crawford employed a single equa- 
tion of state in terms of the reduced density and 
temperature, namely, 

pv 

RT 
where p, is the reduced density (the ratio of the density 
to the critical density) and B, and C, are functions of 
the reduced temperature—the same function in each 
instance for all three gases. 

The reduced virial coefficients B, and C, were formu- 
lated from experimental data on specific volume, Joule- 
Thomson coefficient, and velocity of sound, for all 
three gases taken together. The success of this method 
is illustrated in Fig. 8, on page 379, which shows the 
experimentally determined reduced second virial 
coefficients, and in Fig. 9, herewith, which shows the 
reduced Joule-Thomson coefficients for pairs of these 
gases falling in each instance upon a single curve. It is 


= 1 + By pr + Cy py* 


only because the value of = at the critical point is 


nearly the same for oxygen and nitrogen that this appli- 
cation of the law of corresponding states proves a 
happy one at such low pressures. 

The work of 8S. W. Akin,f of the General Electric 
Company, Schenectady, on the properties of helium 
is of interest here for its bearing on the generalisation 
of the properties of the pure substance. Fig. 10, repro- 
duced from Akin’s paper, shows the range of his work— 
namely, from 15 to $,000 lb. per square inch absolute 
and from —449 to 600 deg. F. It is based on all experi- 
mental values published prior to 1945. It does not 
include, therefore, the more recent work of Schneider 
and Duffie. In pressure range it stops considerably 
short of the extent of the available compressibility data 
which goes to 15,000 lb. per square inch absolute. 
Akin’s results are given in the form of a long and 
narrow temperature-entropy chart. He adds to this 
a formulation and a chart for the viscosity of helium 
for zero pressure and for 6,000 lb. per square inch 
absolute. 

Professor Keyes,t of t1e Massachusetts Institute of 
Technology, has given atiention to the formulation of 
the properties of water at intervals over the past 

le. He has examined the possibilities of an 
equation of state of higher accuracy and broader 
range of applicability than that employed in the steam 
tables of Keenan and Keyes in 1936.§ He has also 
studied the implications of new determinations of 
temperatures on the thermodynamic scale. Since the 





* Trans. A.S.M.E., vol. 71, pages 885-895 (1949). 

t Trans. A.S.M.E., vol. 72, pages 751-758 (1950). 

3 Jl. Chem. Phys., vol. 15, pages 602-612 (1947), and 
vol. 17, pages 923-934 (1949). T'rans. 4.S.M.E., vol. 70, 
pages 641-644 (1948). 

§ Thermodynamic Properties of Steam, by Keenan and 
Keyes. Wiley, 1936, 
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establishment, in 1927, 
of the International 
Temperature Scale, vir- 
tually all thermodyna- 
mic measurements have 
been reported in terms 
of that scale. Recently, 
Professor Beattie, of the 
Massachusetts Institute 
of Technology, has de- 
termined the relation 
between the Interna- 
tional and the Kelvin 
scales by means of some Very accurate measurements 
in gas thermometry. 

Keyes has shown that the thermodynamic consistency 
between the calorimetric measurements of Osborne and 
his colleagues at the National Bureau of Standards 
and the volumetric measurements of Keyes and his 
colleagues at the Massachusetts Institute of Technology 
is improved when these are reinterpreted in terms of 
the thermodynamic scale of temperature. His method 
of testing showed consistency within one part in 3,000 
from 0 deg. to 350 deg. C. The steam tables of 1936 
employed specific heats at zero pressure taken from 
spectroscopic data. Subsequent work has shown that 
these values should be revised upwards by fractions 
of 1 per cent., which increase with the temperature. 
Keyes has attempted to reconcile this modification 
with the existing experimental data on volumes, 
enthalpies, Joule-Thomson coefficients, and specific 
heats, but without success. This dilemma has not 
been resolved. It would seem that either the present 
state of the science of band spectra is not adequate to 
determine the specific heat of the polar water molecule 
with sufficient precision, or else a curious combination 
of errors in the thermodynamic types of experiment 
has brought them into spurious accord. 

The usefulness of the material outlined above 
depends in no small degree upon the art of designing 
working tables and charts which the engineer can use 
with facility. A few developments along these lines 
will be described. The National Bureau of Standards, 
aided by the National Advisory Committee for Aero- 
nautics, are engaged in two major projects for selection 
and presentation of existing data.* The first is a 
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compilation of thermal properties of wind-tunnel and |. . 


jet-engine gases. The properties listed when available 
are i enthalpy, entropy, specific heat, specific-heat- 


ratio, viscosity, thermal conductivity, relaxation para- 
meters, and others. Three additional sets of tablest 
are being prepared and distributed covering an ex- 
tremely wide range of substances and giving, in series I, 
enthalpies of formation, entropies of formation, etc., 
at 298-16 deg. K. ; in series II, thermodynamic data on 
change of phase in fusion and vaporisation, and in 
series III, enthalpy of formation and other chemical- 
thermodynamic data over a range of temperatures 

Of somewhat more immediate engineering interest 
are the tables for air and products of combustion of 
lean mixtures of h ms and air which were 
published in 1945 under the title Gas Tables.t The 





* H. J. Hoge, Trans. A.S.M.E., vol. 72, pages 779-784 
(1950). 

+ Rossini, Trans. A.S.M.E., vol. 70, pages 626-627 
(1948). 

+ Gas Tables, by Keenan and Kaye. Wiley, 1945. 
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distinctive feature of this table is the quantity p,, 
the “relative pressure,” which makes it possible to 
compute processes at constant entropy from a table 
with a single argument, namely, the temperature. By 
comparison with a table with two independent argu- 
ments—for example, the steam tables with pressure 
and temperature—this table is of far greater con- 
venience. For instance, the number of temperature 
entries can be so greatly increased that interpolation 
is hardly necessary. It has been shown that when the 
values in such a table are given per mol, instead of 
per pound, the table is applicable to a wide range of 
the carbon-hydrogen ratio in the fuel. - 

Hottel, Williams, and Satterfield, at the Massachu- 
setts Institute of Technology, have published charts* 
for reactants and products of combustion of fuels 
containing hydrogen, carbon, oxygen, and nitrogen. 
These are for richer fuel-and-oxygen mixtures than 
the Gas Tables of Keenan and Kaye. They are 
calculated for the chemical-equilibrium composition 
of the products. 

The development of power plants for missiles and 
other things that was stimulated so greatly by World 
War II has introduced into engineering activity many 
new fuels for which no tables or charts are available. 
The authors of this new set of charts have undertaken 
a major task of generalising the properties of equili- 
brium mixtures of gases made up of the atomic species 
C, H, O and N. Concerning this development the 
authors say: ‘‘ This chapter [of their book] presents a 
set of generalised thermodynamic data which encom- 
pass all probable compositions of interest in the four- 
component system, carbon-hydrogen-oxygen-nitrogen 
They may be used in solving problems involving 
chemical species which are composed of any two or 
more of these elements in almost any proportions. 
The ratios considered include those which are‘ encoun- 
tered with mixtures of fuel such as hydrogen, gasoline, 
alcohols, ammonia, organic amines, and hydrazine ; 
with oxidants such as oxygen, air, hydrogen peroxide 
and nitric acid.” The use of the charts involves first 
a calculation of a “ fictitious” or simplified chemical 
composition by ready means supplied by the authors. 
Certain thermodynamic constants are readily deter- 
mined from this fictitious composition. Small auxiliary 
charts are entered with ratios representing the nitrogen- 
oxygen, the carbon-hydrogen, and the carbon-oxygen 
ratios to obtain an interpolation number. This 
number, along with the temperature, fixes a point in 
another chart. The ordinate, along with the previ- 
ously determined thermodynamic constants, fixes the 
enthalpy. ; ; m 

Although this procedure is hardly a simple one, ! 





* Thermodynamic Charts for Combustion Processes . 
Wiley, 1949. 
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will not seem too formidable to anyone who has had 
the experience of calculating a thermodynamic property 
through the usual procedure of determining equilibrium 
composition before embarking on the chemical-thermo- 
dynamic computations. 

The present state of knowledge of the transport 
properties, viscosity and thermal conductivity, is far 
less satisfactory than that of the thermodynamic pro- 
perties. Moreover, the amount of work now in progress 
on transport properties is utterly inadequate in view 
of the urgent needs of technology. In 1947, Hawkins, 
of Purdue University, reviewed the available data on 
viscosity and thermal conductivity of gases.* His 
bibliography includes 133 items. Fig. 11 shows his 
summary of viscosity data for vanishingly small 
pressures and Fig. 12 is the corresponding chart for 
thermal-conductivity data. Subsequently Keyes re- 
viewed these data and summarised them by tabulating 
for each gas the constants in his empirical formulations. 
The empirical formulation is a modification of the Suther- 
land equation. It will be recalled that the Sutherland 
equation is derived from the van der Waals molecular 
model. Keyes has modified the denominator of the 
Sutherland equation in such a way that the modified 
equation approaches the Sutherland equation as the tem- 
perature approaches infinity. For helium and argon 
Keyes found it necessary to subdivide the temperature 
Tange into parts with different equations for the different 
parts. Keyes found to his surprise that the equation 
he had used to formulate viscosity served admirably to 
formulate thermal conductivity. Fig. 13 compares 
observations and formulation for CO,. In this chart 
A denotes thermal conductivity, T temperature, and 
7 the reciprocal of temperature. As regards the thermal 
conductivity of water vapour at low pressures, Keyes 
and Sandellt have recently published measurements in 
serious disagreement with those of the Russian investi- 
gators Timroth and Vargaftig. Keyes and Sandell 
discuss this disagreement at some length. They show 
that the data for nitrogen from the same two sources 





* Trans. A.S.M.E., vol. 70, pages 655-659 (1948). 
t Trans. A.S.M.E., vol. 72, pages 767-778 (1950). 
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are in good agreement and infer that the disagreement 
for water is related to its higher absorptivity to radia- 
tion and to electrical leakage through the water. 
They point out that the hot-wire method used by 
Timroth and Vargaftig is subject to errors resulting 
not only from absorption of radiation by the water 
vapour but also from the effects of adsorbed water 
vapour on the wire as a resistance thermometer. They 
question too whether the Thomson effect has been 
properly allowed for in determining the temperature 
of the wire. 

Keyes has concluded that the two-constant formula- 
tion based on the Lennard-Jones force field does not 
represent the variation of viscosity with temperature 
within the precision of the observations. It would 
seem, therefore, that the force-field synthesis will serve 
primarily in predicting the order of magnitude of the 
properties of gases which have not yet been experi- 
mentally studied. Keyes shows that the viscosity of a 
binary mixture at low pressures can be predicted in 
terms of the viscosities of the pure constituents with 
the aid of Enskog’s equation which is based on the 
van der Waals model. Table II compares the observa- 


those of the group at Purdue University* are shown 
in Fig. 14, which was published by Hawkinst of the 
Purdue group. The agreement is quite good at zero 
pressure, but there it ends. 

At the University of Illinois, Comings, Mayland, and 
Eglyt measured the viscosity at pressures in excess of 
the critical pressure for carbon dioxide and three 
hydrocarbons. On the basis of these measurements 
and of existing data on other gases they prepared a 
generalised chart of the ratio of the viscosity at any 
pressure and temperature to the viscosity at the same 
temperature at a pressure of one atmosphere. The 
independent variables are the reduced temperature, 
ie., the ratio of the absolute temperature to the 
absolute critical temperature, and the reduced pressure. 
The apparent success of this generalisation is quite 
remarkable. In effect, it says that the ratio of the 
viscosity to the viscosity at zero pressure (the difference 
between one atmosphere and zero pressure being 
insignificant) for any temperature is a single function 
of the reduced pressure and the reduced temperature 
for all gases. It would be more reasonable to expect a 
single function at these supercritical conditions for the 
ratio of the viscosity to the viscosity at the critical 
state. In the absence of information about the vis- 
cosity at the critical state the use of the viscosity at 
zero pressure is more realistic. Nevertheless, if we may 
judge by the variations in the compressibility product 
pv 
RT 
pressure is likely to prove unsatisfactory for some 
substances. In the meantime, however, the generali- 
sation of Comings, Mayland and Egly is the best we 
have and its indications are doubtless reliable as 
first-order approximations. In particular it would 
seem to indicate that the pressure effect on the viscosity 
of steam as found at Purdue University is too large 
and that the Timroth values are of the right order of 
magnitude. 

By an application of the Enskog equations the 
Illinois group§ have developed an analogous generali- 
sation of the thermal conductivity. The Enskog 
equations permit the thermal-conductivity ratio to be 
expressed in terms of the viscosity ratio and quantities 
taken from the equation of state. This generalisation 
of thermal conductivity was tested against the obser- 
vations of Vargaftig|| for nitrogen, which extend to a 
reduced pressure of 2-9. The agreement was found 
to be entirely satisfactory. 

Knowledge of the pressure effect on the thermal 
conductivity of nitrogen is in a remarkably happy state. 
Keyes and Sandell (loc. cit.), at the Massachusetts 
Institute of Technology, have confirmed the Vargaftig 
data and extended the range of our knowledge in both 
pressure and temperature. Their results indicate an 
approximately linear variation of thermal conduc- 
tivity along an isotherm from zero pressure to five 
times the critical pressure. For steam the pressure 
effect on thermal conductivity which was observed by 
Keyes and Sandell is appreciably less than that ob- 
served by Timroth and Vargaftig. Until further data 
appear, the values of Keyes and Sandell are to be 
preferred in view of their caution regarding radiation 
and other characteristics of water. 

Keyes has measured the pressure effect on the ther- 
mal conductivity of mixtures of nitrogen and carbon 
dioxide and correlated it with the Enskog synthesis. 
At the higher pressures he encountered in the course 
of his measurements a periodic fluctuation of his tem- 
perature indications which he attributed to the separa- 


» the generalisation based on viscosity at zero 





TABLE II.—vViscosiry or H,—C,Hg. 

















(27-82 deg. C.) 
Percent. Ho .. 0-0 18-21 37-04 58-18 78-82 87-50 92-25 100 7 
(n) obs* .. va 8-20 8-40 8-77 9-25 9-84 9-92 9-71 8-92 
(n) corrt F 8-92 _ —_ _ — _ — 8-96 
(n) caltt —- 9-08 9-28 9-52 9-67 9-60 9-47 —_ 
(n) cale*t —- 8-40 8-65 8-99 9-65 9-57 9-26 — 
(277-48 deg. C.) 
(n) obs* .. an 14-20 14-40 14-83 15-28 15-68 15-39 14-87 13-44 
(n) corrt re 14-24 - — a — _ — 13-06 
(n) calett ne _- 14-42 14-62 14°81 14-75 14-45 14-11 _ 
(n) cale*t _ —_ 14-41 14-46 14-90 14-93 14-69 14-40 _— 

















* ny and m2 reported by Trautz and Kurz. 
+ 71 and 72 from a correlation of all reported data. 
¢ Taking 8 and S2 from equation of state constants and ass 
tions of Trautz and Kurz* for hydrogen-propane mix- 
tures with the values obtained from the Enskog 
equation. The ment here is of particular interest 
because the viscosity of the mixture in certain propor- 
tions is very much in excess of that of either constituent. 
The effect of pressure on the viscosity is clouded 
in obscurity, largely because of the disagreement 
among various investigators of the viscosity of steam. 
The results of two extensive sets of measurements, 
those of the Russian investigator D. L. Timrotht and 





* Annalen der Physik, vol. 9, page 981 (1931). 
t Jl. of Physics (U.S.S.R.), vol. 2, pages 419-435 
(1940). 





uming 82 to be $ (81 + 82). 
tion of the constituents by thermal diffusion in the 
temperature gradient. 

In conclusion, gratification may be expressed con- 
cerning recent progress in our knowledge of the thermo- 
dynamic properties. This progress may be credited 
very largely to the development of the science of 





* Trans. A.S.M.E., vol. 62, pages 677-688 (1940). 

+ Trans. A.S.M.E., vol. 70, page 21 (1948). 

t U. of Illinois, Eng. Exp. Sta. Bull. Series No. 354. 

§ Comings and Nathan, Ind. & Eng. Chem., vol. 39, 
pages 964-970 (1947). 

| N. Vargaftig, Technical Physics (U.S.S.R.), vol. 4, 
page 343 (1947). 
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interpreting band spectra, to direct thermodynamic 
experiment, and to the synthesis of the pressure effect 
from the theory of interaction of molecular force fields. 
The development of the resulting data into forms of 
immediate utility to the engineer has also progressed. 
The most difficult phase of this work is to be found in 

resenting the properties of products of combustion 
or which the equilibrium compositions are of infinite 
variety. Further attention to this problem would 
seem to be desirable. 

About transport properties, however, we know the 
least. Every effort should be made to increase the 
number of experimental investigations of viscosity, 
thermal conductivity, and coefficients of diffusion so 
that material shall be accumulated on which theoretical 
synthesis may be constructed. If these things are 
done, then the successors to Herbert Akroyd Stuart in 
the development of power-producing machinery will 
have tools at hand for their work. The consequence of 
that work no man can foretell. 





BOILER AND TURBINE TESTING.* 


By Caprarn (E) L. F. Incram, R.N., and Captarn (E) 
L. A. B. Pemez, D.S.O., M.V.O., R.N. 
(Concluded from page 352.) 

Ir is generally considered inappropriate to say much 
about troubles experienced with a new design, but a 
new design which has no troubles at all is usually one 
in which the advances on previous practice are very 
limited ; the diagnosis and cure of troubles are matters 
of essential interest to engineers. To maintain proper 
perspective, let it be understood clearly that there were 
very few mechanical troubles throughout these exten- 
sive, and, in some instances, punishing trials. Some 
teething troubles were experienced with feed-pump and 
extraction-pump systems and boiler equipment, but 
these were eliminated before the trials proper had 
proceeded very far. The main defects on trials which 
entailed considerable investigation were a few cases of 
overheated bearings, L.P. turbine distortion (discussed 
previously), and wear on flexible couplings between 
turbines and pinions. 

It is difficult to measure true bearing temperatures, 
and the various compromises adopted include the 
measurement of the bearing-shell temperature and 
outlet-oil temperature. In the case of the Daring 
bearings, the thermometers are placed in a separate 
outlet path from the main oil discharge. This con- 
struction was not successful in the case of most of the 
bearings as first fitted, since, at one or more conditions 
of running, the oil pressure at the bleed point was 
insufficient to cause the oil to be pumped up to the 
thermometer. 

To get up to the thermometer, the bleed point must 
clearly be at a zone of high pressure in the journal ; 
even at positions no more than 50 deg. away from the 
load line, there may be insufficient pressure for an oil 
jet to reach the thermometer. Pressure zones were 
analysed under different conditions of load and plotted 
on polar diagrams ; these diagrams showed clearly the 
cause of the trouble. Fig. 9, herewith, shows a typical 
polar diagram from this investigation. A circumfer- 
ential groove was needed to collect oil, close enough 
to the boundary of the bearing not to affect the oil 
distribution over the journal, yet not so close as to 
cause excessive side leakage. An oil groove yy in. deep 
effected little improvement. Considerations of oil 
conditions in the groove suggested that the drag of the 
shaft upon the oil in the groove was sufficient to prevent 
equal pressure obtaining all round the circumference ; 
to overcome this drag effect, conditions of turbulent 
flow were required in the oil groove. To obtain a 
Reynolds number of 2,000 at turbine speeds below 
100 r.p.m., an oil groove } in. wide and } in. deep was 
necessary. The final design was practically identical 
with an American method, and their practice of putting 
a dam in between two bleed holes was incorporated ; 
if there is no dam, the oil moving past the pressure 
take-off hole might act as an injector pump and suck 
oil into the groove rather than pump it out. 

As a result of the experiments, alterations to the 
bearings of the whole class were afterwards effected. 
Since evaluation of the effects of these alterations 
required running of the .nachinery, some of the bearings 
were fitted with special thermocouples, as a precaution 
against overheating ; these thermocouples proved to 
be very sensitive, but, owing to the requirements of 
robustness and simplicity, were not fitted permanently. 
Experience with the bearings as finally fitted has been 
entirely satisfactory from the lubrication standpoint, 
and, though the temperatures indicated on the bearings 
may differ appreciably from the conditions at the 
bearing surface, experience has shown that dangerous 
temperatures are readily indicated and enable imme- 
diate action to be taken. 





* Paper presented to the International Conference of 
Naval Architects and Marine Engineers at a meeting held 
in London on June 27,1951. Abridged. 





The bearings as originally fitted had the following 
diametral clearances: primary pinion bearings (6-in. 
diameter), 0-007 in. ; H.P. turbine bearings (6-in. dia- 
meter), 0-010 in.; all other bearings (up to 17}-in. 
diameter), 0-015 in. All bearings were made with oil 
recesses at the joints, but no “ wash away” of the 
white metal into the oil recess was provided. 

Only tw» bearings gave any trouble due to over- 
heating: these were the H.P. turbine forward bearing 
and the H.P. primary-pinion aft bearing. In both cases, 
a reduction in bearing temperature was obtained by 
ape “wash aways ’”’ at the sides of the bearings. 

n addition, the oil clearance in the two H.P. primary- 
pinion was increased from 0-007 in. to 
0-010 in. In this case, the oil temperature at full 
power was reduced from 197 deg. F. to 190 deg. F. 
as a result of increasing the oil clearance, and to 
183 deg. F. following the ‘‘ wash away ’’ at the bearing 
sides. This temperature of 183 deg. F. was the highest 
bearing temperature recorded during the six-hour full- 
power run, and is considered satisfactory. 

The scoring of the faces of toothed couplings is by 
no means an uncommon experience; so far as is 
known, the problems involved are not yet fully under- 
stood, and the proper design remedy is still awaited. 
The Daring trials were no exception, and the teeth of 
the flexible couplings did show signs of distress. These 
couplings, which are of heat-treated 3} per cent. nickel 
steel, are designed to allow axial sliding, the teeth of 
the male ends of the dumb-bell coupling being enlarged 
in diameter at the centre to give a fine clearance at the 
root of the female coupling, thus keeping the two parts 
concentric. Oil is fed to the coupling by an oil thrower 
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which directs oil axially to the roots of the male teeth ; 
but it is doubtful whether an oil film would be formed 
between the teeth, and it is probable that most of 
the oil passes through the clearance between the tips 
and the roots of the mating teeth. 

When the shafts are out of alignment, the teeth in 
the plane of mis-alignment can easily adjust themselves, 
but the teeth at 90 deg. will be under an unequal 
distribution of load, with concentrations at one end or 
the other of the teeth. Thus, each tooth will experience 
the change of a concentration of stress along its length 
and back again per revolution of the turbine. 

Two different types of pitting were noted on each 
tooth, each definitely confined to one half of the driving 
or driven face. The pitting on the inside half of the 
teeth (remote from the oil supply) was of the nature of 
fret corrosion with brown-black pits about 0-001 in. 
deep. Fret corrosion is indicative of small movements 
under load in the presence of small quantities of oil. 
The pitting on the outside half of each tooth indicated 
a high-pressure welding of the mating surfaces, followed 
by parting of contact between the mating surfaces and 
a transference of metal from the male to the female 
component’s teeth. These regions do not show any 
discoloration, and this seems to indicate the absence of 
oil. The pits are irregular in shape, being, in general, 
as long as they are broad, as might be expected if they 
are formed by the parting of welded surfaces. 

These couplings were examined at frequent intervals 
during the trials ; the areas of both fret corrosion and 
of torn metal extended progressively, but remained 
peculiar to their respective halves of the tooth surfaces. 
Twice during the trials the teeth were dressed with a 
file, and eventually the deterioration of tooth surfaces 
became stabilised. This phenomenon of surface 
deterioration arresting itself is fairly common experience 
with flexible coupling troubles, but it is difficult to 
comprehend. 

In the second series of trials (Daring II), new 
couplings were fitted and, in each case, one end of the 
dumb-bell was treated with molybdenum di-sulphide. 
The treated ends gave markedly improved results. 
For Daring III, a further set of new couplings of the 





same design were fitted and were also treated with 
molybdenum di-sulphide; the results were not so 
good as with Daring II, but appeared to be acceptable 
after some running, though signs of distress clearly 
remain. 

The defects, whether fret corrosion or tearing of 
metal subsequent to welding, are clearly due to axial 
movements of the coupling parts. It was surprising, 
therefore, to find in a front-to-front test of single-helical 
gearing, where the pinions are located axially by thrust 
blocks, that fret corrosion and axial tears had both 
taken place. These couplings were also of 34 per cent. 
nickel steel, heat-treated, and were treated with molyb- 
denum di-sulphide. Material with considerably higher 
ultimate tensile stress has been specified for the flexible 
couplings of some machinery now under construction. 
Trials will also be made with a nitrided steel, and with 
a coupling having barrelled teeth designed to avoid 
end loading ; but it is not felt that either hard material 
or a minor change in tooth profile will prove to be a 
complete cure for the troubles experienced in this type 
of coupling. 

Gas-Turbine Testing.—The Admiralty have a number 
of gas turbines for marine propulsion under develop- 
ment. In the first place, each of these is being tested 
at the maker’s works against a brake, with full instru- 
mentation ; these test facilities are of the same order 
of completeness as those available at Pametrada. 
Subsequently, it is intended that the machinery shall 
be installed in suitable craft, and, though the units 
may not become prototypes for repeat orders for naval 
use, the trials will be analogous to prototype-testing. 
With one exception, these propulsion units represent 
ambitious advances, even in the very new science of 
gas-turbine engineering. A rather more orthodox 
advance is the British Thomson-Houston Company's 
gas turbine produced for the Anglo-Saxon Petroleum 
Company for installation in the Diesel-electric tanker 

uris. 

The Admiralty were responsible for the first gas- 
turbine vessel in the world, when a gas turbine with 
the code name of Gatric was fitted into a motor gun- 
boat and commenced trials in 1947, just 50 years after 
the trials of the Turbinia. Gatric is a marine version 
of an aircraft jet engine developed by the Metropolitan- 
Vickers Electrical Company, with a free power turbine 
fitted in place of the jet pipe; the engine develops 
2,500 shaft horse-power and drives the centre propeller 
of a three-shaft installation through a clutch and 
gearbox. Two 1,350-h.p. Packard petrol engines are 
coupled to the wing shafts for low-speed and astern 
running. This machinery was installed in M.G.B. 2009, 
now renumbered M.G.B. P.5559, after only the mini- 
mum of preliminary shore-testing, since it was merely 
an experiment “to see if it worked.” Two additional 
engines. had been ordered to enable shore tests to be 
carried out concurrently with the trials at sea. The 
success of the latter was in part due to the fact that 
engines were available ashore for development testing. 

The main objectives of installing Gatric in M.G.B. 
P.5559 were to gain experience of installing operating 
and maintaining a gas turbine at sea, and to determine 
the effect of a salt-laden atmosphere on the compressor 
blading. M.G.B. P.5559 was, in effect, a floating test 
bed and considerations of speed, or of the most efficient 
installation for the job, did not enter into the problem. 
It was, in fact, somewhat of an ad hoc arrangement, 
but, as such, produced most valuable results and has 
pointed the way for future development. The out- 
standing success of the preliminary trials did in fact 
hamper progress, as, for the first month or so, a lot of 
time was taken up in giving sea demonstrations to 
numerous Visitors. 

The trials were surprisingly trouble-free, apart from 
seizure of the disconnecting clutch, and much valuable 
operating experience was obtained. The trials also 
provided important data on noise characteristics, and 
the effectiveness of various silencing and heat-insulation 
methods. Very early in the sea trials, a noise survey 
was undertaken in the boat to obtain data which could 
be used as a basis for the design of silencing equipment. 
It was found that the greatest noise level in the engine- 
room (117 dB) originated from the gas-turbine gearbox. 
On deck, just aft of the bridge, the level was also 
117 dB, the major source being traced to the com- 
pressor air-intake ; on the bridge itself, noise from the 
funnel predominated, the total level being 102 dB. 

The most serious component of noise was considered 
to be the high-frequency note emanating from the 
axial compressor and transmitted through the air- 
intake trunking and settling chamber, and experiments 
were carried out to reduce this. Two methods of 
silencing were tried ; firstly, the settling chamber was 
lined with Fibreglass, and “ splitters ” of the same 
material were fitted in the intake; and, secondly, 4 
reflector-absorber unit, designed and manufactured by 
Messrs. Vokes, was fitted in the settling chamber. The 
Fibreglass method gave a reduction in the compressor 
blade note of 39 dB, and the Vokes unit gave one of 
12 dB. Various combinations of these two methods 
have also been tested. Reduction of the intake noise 
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has also made possible a more accurate evaluation of 
the exhaust noise, and it has been found that the 
compressor blade note is present here also. Silencing 
equipment, including a “ torpedo-type ” splitter, has 


been fitted in the funnel, but no results are to hand at| “‘ 


resent. 

Owing to the close proximity of the two petrol- 
driven Packard engines, great care was necessary in 
the design of Gatric’s heat insulation, and it was 
finally decided to enclose the entire engine in a venti- 
lated casing. Gatric itself was lagged with 2-in. 
asbestos mattresses, and a light metal casing was then 
fitted over this lagging, but not in contact with it. 
Air supplied by a small fan was blown between the 
casing and lagging, and exhausted up the funnel. The 
fan was later removed and air drawn through the 
casing by an engine exhaust operated ejector fitted in 
the funnel. 

One of the principal objectives of the trials was to 
investigate the effect of a salt atmosphere on the 
performance of gas-turbine compressors, especially of 
the axial-flow type. The compressor blades were 
manufactured from aluminium alloy R.R.56 and 
anodised by the chromic-acid process. Examination 
after the first 50 hours’ running revealed that the 
blades had been attacked by inter-crystalline corrosion. 
The corrosion occurred locally, the average depth 
being 0-005 in. to 0-010 in. As a result, the material 
was changed to R.R.57, which is more resistant to this 
type of attack. No further corrosion troubles have 
been experienced, though it is considered that corrosion 
would still occur in the absence of water washing. 

After 120 hours’ running, the efficiency of Gatric 
began to fall rapidly. The compression ratio had fallen 
to 94 per cent. and output to 86 per cent. of their 
design values. Examination showed a light snow-flake 
salt deposit on the compressor blades. To overcome 
this fouling problem, Messrs. Metropolitan-Vickers de- 
signed and fitted a water-spray ring in the compressor 
inlet. A ten-gallon injection of distilled water increased 
the compression ratio and output to 98-5 per cent. and 
97 per cent. of design, and a second injection of 10 
gallons restored them to their design values. It was 
found that injection rates lower than 100 gallons per 
hour were not very effective, and continuous injection 
was therefore ruled out. The best results were achieved 
by injecting 10 gallons in five minutes after every 
10 hours’ running time. The use of liquids other than 
water has not been tried. 

All this information will prove to be of great value, 
and most of it, especially the effects of a salt atmo- 
sphere, could only be obtained from sea trials. It 
should be noted, however, that the maximum running 
time that could be achieved, even in good weather, 
was only about 24 hours per week, and it did. in fact, 
require some five months to complete the first 50 hours, 
of which 13} hours were taken up in demonstration 
runs. These figures emphasise the difficulties of obtain- 
ing long runs at sea, and show why it was necessary to 
carry out simultaneous shore trials, 

Two Gatric engines were available for shore tests, 
one installed at Messrs. Metroplitan-Vickers’ works 
(this engine has since been presented to the Science 
Museum) and the other at the Admiralty Engineering 
Laboratory ; both were used for development testing 
and the proving of new components. At the Metro- 
politan-Vickers works an investigation was made into 
the effects of using high-sulphur Diesel fuel ; the sulphur 
content of this was 2-78 per cent. by weight. The 
sprayer shields, which were made of Inconel, were 
badly eaten away, but the rest of the engine remained 
unaffected. This was followed by preliminary tests 
on the combustion of naval boiler fuels. The boiler 
fuel used had a viscosity of 492 seconds Redwood I at 
100 deg. F., a sulphur content of 2-04 per cent. and 
an ash content of 0-02 per cent. The major element 
of the ash was sodium. 

The preliminary trials on heavy fuel combustion 
at the Metropolitan-Vickers works, which included a 
successful 50-hour run, were continued, on the third 
engine at the Admiralty Engineering Laboratory, and 
over 200 hours’ running on two different types of boiler 
fuel have been completed there. After 130 hours’ 
Tunning, the deposits formed on the turbine nozzles 
were not sufficient to cause any noticeable drop in 
wget and consisted mainly of sodium sulphate. 

ing subsequent inspection, it was found that the 
greater part of these deposits could be washed off with 
cold water. A second series of trials on a high-vanadium 
boiler fuel has been carried out, but results are not 
yettohand. The operational difficulties of heating and 
pumping the fuel have also been investigated. All 
this work, involving frequent stripping and cleaning 
of the engine, modification of fuel heaters, etc., would 
have been very difficult to carry out at sea, and progress 
Would have been much slower. 
_ Testing of Gears—No summary of Admiralty trials 
in the marine propulsion field would be complete 
Without reference to the testing of gears. The object 
of the Admiralty development programme is to obtain 








reliability. In general, it covers two main fields, 
namely, machine accuracy and improved materials. 

The requirements for machine accuracy have been 
stepped up. B.S.S. 1498/1948 and the draft B.S.S. for 
bine Gears”’ provide the basis for the machine 
and gear accuracy now required. Instead of undula- 
tions of the order of 2/1,000 in., undulations are now 
required not to exceed 2/10,000 in. 

“‘Improved materials’? covers the production of 
gears of the hardest materials that can be machined 
by hobbing machines. It is expected that materials of 
60 tons to 65 tons per square inch ultimate tensile 
strength can be for large secondary wheels and 
70 tons to 75 tons per square inch for pinions and 
primary wheels. Case-hardened and ground gears are 
also covered. 

Designs have been accepted for gears in which 
advantage has been taken of the expected gains from 
these developments. These can be summarised as 
follows :— 

(i) Hobbed and shaved existing materials: primary 
wheels and pinions, 40 to 45 tons per square inch, 
34 per cent. Ni; loading, primary, 876 lb. per inch of 
face ; loading, secondary, 1,356 lb. per inch of face. 

(ii) Hobbed and shaved hardest material: primary 
wheeis and pinions, 70 to 75 tons per square inch, 
E.N.26; secondary wheels, 60 to 65 tons per square 
inch, E.N.30; loading, primary, 1,270 lb. per inch of 
face ; loading, secondary, 2,955 lb. per inch of face. 

(iii) Hardened and ground (Design 1): primary 
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wheels and pinions, E.N.36 (approximately) case- 
hardened ; secondary wheels, 85 tons per square inch, 
E.N.30 (approximately) air-hardened ; loading, pri- 
mary, 1,808 lb. per inch of face; loading, secondary, 
2,582 lb. per inch of face. 

(iv) Hardened and ground (Design 2): primary 
wheels, pinions and secondary wheels, E.N.36 (approxi- 





mately) case-hardened ; loading, primary, 2,170 lb. per 
inch of face; loading, secondary, 5,110 lb. per inch of 
face. 

The design basis has been fixed by consideration of 
the large amount of data available on tests of gear 
materi In the main, these have been confined to 
small gears. It is essential, therefore, to do some 
full-scale testing to determine the limiting conditions. 
In warships, a relatively small time is spent steaming 
at high powers; this permits higher gear loads to be 
carried than in merchant ships. To run warships for 
an extended period at full power to test the life of 
gearing is impracticable. Moreover, it is — to 
run the gears to destruction when testing ashore. 

Testing ashore can be done either against a brake, 
which is expensive, since motive power equal to the 
full power of the machinery is required for the trials ; 
or two sets of handed gears can be run against each 
other with torque locked into the circuit by some 
loading device, in which case the only oe power 
required is that needed to overcome frictional losses, 
For single-reduction gearing, the two gearcases are 

back-to-back, the main wheel shafts being 
coupled to each other and drives to the pinion shafts 
led out at the after end of the gearcase and connected 
to the torque applier. With double-reduction gearing, 
it is not usually practicable to lead the primary drive 
through the after end of the gearcase. Such gears are 
Gunde coupled front-to-front for two-cylinder lay- 
outs; in this case, no connection is made between the 
main wheel shafts, but torque is applied through one 
pair of pinions and opposed by the other pair. Front- 
to-front testing has the disadvantage that the loads on 
the main wheel are applied in opposite directions by 
the high-pressure and by the low-pressure drives, 
which tends to confuse the issue so far as testing of 





gearing of the minimum weight compatible with 


possible to vary the proportions of torque carried by 
the high-pressure and low-pressure pinions individually. 

The following gears are being tested to destruction 
in order to determine their ultimate load-carrying 
capacity :— 

(i) Standard materials: pinions, 40-45 tons per 
square inch, 3} per cent. Ni; wheel, 34-38 tons per 
square inch forged steel; loading, 798 lb. per inch of 
face. 


(ii) Case-hardened ground primary gears: pinions 
and wheels, E.N. 36 case hardened; load, 3,860 Ib. 
per inch of face. 

(iii) Case-hardened and ground secondary gears: 
pinions and whéels, E.N. 36, case-hardened; load, 
7,620 lb. per inch of face. 

(iv) Induction-hardened gears: secondary gears: 
inion and wheels, E.N. 24, induction-hardened ; 
oad, 7,620 lb. per inch of face. 

The tests on the first set of gears of standard materials 
have been concluded. The results were briefly : design 
load, 798 lb. per inch of face; pitting commenced at 
200 per cent. load after 229 hours running at loads of 

100 per cent. and above ; gear failed by tooth fracture 
at 300 per cent. load after a further 172 hours at loads 
of 200 per cent. and above. A further test with the 
same gear design and materials, but with pinion 
corrected for the calculated bending and torsional 
deflection at 200 per cent. load, has enabled the gears 
to take a load of 325 per cent. without pitting, though 
a few random pits occurred at 340 per cent. load. 
The tests are being continued. It was found during 
these tests that the total torque to run the two gear 
sets at 4,100 r.p.m. on full load was 200 Ib. ft., of which 
170 lb. ft. was attributed to bearing losses and 30 Ib. ft. 
to gear-tooth friction losses. 

Testing of Auxiliary Machinery.—All auxiliary 
machinery for naval service is tested at the maker's 
works before acceptance. The first off any order is 
type-tested and the resultant performance curves 
accepted as typical for the whole order, though, in the 
case of a large order, repeat type-tests are required as 
the order proceeds. The bulk of the order is proof- 
tested only, a few check readings being taken to prove 
that the individual machine conforms to type-test. 
Any considerable innovation in design is developed and 
tested by the manufacturer in the first case, and, 
because naval requirements are so different from com- 
mercial needs, the principal features of design per- 
formance of a new auxiliary are discussed with the 
Admiralty at an early stage. 

An interesting example of development-testing of 
auxili machinery is the small high-speed turbine 
for auxiliary drive at present under test at the works of 
W. H. Allen, Sons and Company, Bedford. It has been 
the practice for a considerable time in naval engineering 
to use non-condensing steam auxiliaries for the greater 
part of the propulsion auxiliaries, the exhaust steam 
being utilised for feed heating. This leads to small, 
light auxiliary machinery, which is one of the prime 
requirements for naval work and is, in general, economi- 
cal, since these machines act as a single-stage tapping 
for bleed feed-heating. It is, however, essential for 
economy that the latent heat in the auxiliary exhaust 
shall be utilised either for feed heating or for distilling. 
As propulsion machinery advances to lower water 
rates, so must the steam auxiliaries improve in effi- 
ciency if excess exhaust steam is to be avoided, and 
this trend is accentuated by the rising power demanded 
of the auxiliaries to meet the needs of higher steam 
pressures and higher draught losses across the boiler 
installation. 

The design of this type of turbine was therefore 
re-examined. It was clear that a turbine containing a 
number of Rateau stages was the most efficient, but its 
weight and space were considerably increased, while the 
three-row Curtis wheel had too low an efficiency. It 
was decided, therefore, to carry out trials on the simple 
two-row Curtis wheel, designed up to the maximum 
speed possible without recourse to very special 
materials. 

A 3 per cent. chrome-molybdenum steel was selected 
for the rotor and it was decided to machine the blades 
integral with the rim ; a pitch-circle diameter of about 
9 in. was chosen as being the smallest convenient size. 
The steel selected had a 0-2 per cent. proof stress of 
32 tons per square inch and ultimate tensile strength 
of 43 tons per square inch at 650 deg. F. and was 
considered to be safe up to 29,000 r.p.m., giving a 
blade speed of 1,150 ft. per second and a velocity ratio 
of 0-30 under the steam conditions of 540 lb. per square 
inch at 825 deg. F., exhausting to 10 lb. per square inch 
gauge. 

Trials were carried out at varying powers and speeds, 
and the overall efficiencies obtained are plotted in 
Fig. 10, herewith. With the four nozzles in use, a 
maximum of 165 h.p. was obtained. Since the nozzle 
are was only 100 deg., the maximum power that could 
be obtained from a turbine of this size would be nearly 
500 brake horse-power on a turbine weight of about 
12 ewt. including gearing, but this would result in the 
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valves becoming excessive, and it is probable that a n i 

limit of about 250 brake horse-power is desirable. The 2,000 a eae 
maximum blading efficiency achieved with this set | ‘ 

was 62 per cent., the limiting factors proving to be| THE 2,000-kW forced-cooled resistor which is shown 
partial admission and the small blade heights associated | in Fig. 1, on this page, has been designed by the British 
with this design. Further trials are being carried out | Thomson-Houston Company, Limited, Rugby, for 
with modified blade-paths and stainless-steel rotors | testing the generators of electric and Diesel-electric 
with which slightly greater blade speeds and efficiencies | locomotives. It can also be used as part of the rheo- 
will be possible. static braking system on such locomotives. 

As machinery design advances, the margins in| The elements of the resistor consist of aluminium- 
design become less. Higher temperatures, higher | chromium stainless-steel strip with a high specific 
speeds of rotation and higher stresses are employed | resistance and a low temperature coefficient. The 
and the effects of these factors become more difficult | strip is supported in a treated asbestos-compound 
to predict. The need -for rigorous testing to ensure | frame (Fig. 2) and is continuous, but is arranged to 
reliability therefore becomes progressively greater.| provide for expansion and contraction. It is formed 
Further, it is only by accurate trial results that the | into a flat V-shape to ensure both maximum cooling 
performance gains from high-efficiency machinery can | from the air flow and rigidity. A number of frames 
be demonstrated reliably, and only thus that the steps | are mounted together, either vertically or horizontally, 
towards even higher efficiency, necessary to give| depending on the space available, and the air passes 
increased endurance to the warship and lower fuel 
costs to the merchant vessel, can be consolidated. | 

As has already been stated, a considerable number of | 
research schemes were included in these trials. Had | 
the programme been restricted to recording perfor- | 
mance, confirming design data, and proving the design | 
for operating conditions, the cost would have been 
considerably less, but even so would have been of 
the order of two to three times the cost of two weeks’ 
sea trials of a comparable ship. These expenses must 
be looked at from two aspects. Confirmation of design 
data is essential if further marked advances in economy 
or performance are to be achieved, and the ship- 
building industry of this country depends for its 
existence upon continual advances in design in order to 
maintain its predominant place. Secondly, reliability 
of performance year in, year out, fully justifies expendi- 
ture during building—owners of all classes of ship, | 
whether mercantile or naval, demand economy of | 
performance and 100 per cent. reliability. Only | 
advanced designs which have been thoroughly tested 
can satisfy both demands. | 

In addition to financial expenditure, all this testing | 
has incurred much effort, both at headquarters and at | 
the various establishments and firms concerned. 
There is, however, no doubt that the improvements in 
performance which have been achieved, and the 
elimination of weak points that has been effected, fully 
justify all the labours and exertions involved. 








Pia IRON AND STEEL PRODUCTION DURING AUGUST.— 
The British Iron and Steel Federation have announced 
that during August the annual] rate of pig-iron produc- 
tion was 9,409,000 tons, compared with 9,205,000 tons 
during August, 1950. The annual rate of steel produc- 
tion in August was 13,855,000 tons, compared with 
14,530,000 tons a year ago. 
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DESTROYERS FOR CANADA.—The Admiralty have 
announced that the two C-class destroyers Crescent and 
Crusader, which have been on loan to the Royal Canadian 
Navy since 1945, are to be presented to Canada. The 
Canadian Government intend to convert them for use 
as anti-submarine frigates, thereby increasing the number | 
of ships suitable for anti-submarine work which can be 
made available shortly to the North Atlantic Treaty | 
Organisation. | 











NORTHAMPTON POLYTECHNIC, LONDON,—Several series | 
of special courses of evening lectures are to be provided 
at the Northampton Polytechnic, St. John-street, Lon- | 
don, E.C.1. In the mathematics department, advanced | 
courses on Bessel functions, computations, non-linear 
problems in electrical engineering, the Laplace trans- | 
formation, relaxation methods, vector analyses, and other | 
subjects, are to be given. Each course will consist of | 
approximately 30 lectures, on one evening a week, and 
will commence, some on Monday, September 24, and ‘ - 
others on subsequent days. Courses, also of approxi- Fic. 2. Inpivipvat Resistor Unit. 
mately 30 lectures, in electronics, high-vacuum techno- 

















logy, applied acoustics, applied X-rays, applied spectro- 
scopy, and photo-elasticity are to be provided in the 
applied physics department of the Polytechnic. Apart 
from that on photo-elasticity, which commences on 
January 8, 1952, all i he courses are to begin on Septem- 
ber 24. Inthe department of applied chemistry, a course 
of 10 lectures on refractories: their manufacture, pro- 
perties and uses are to be given ; they will commence on 
October 2. Enrolments for all the above courses should 
be completed by Friday, September 14. The prospectus 
of the part-time day and evening courses in engineering 
subjects and leading to National-Certificate,. London 
University Degree, and other examinations has also 
recently come to hand. The autumn term commences 
on September 24 and prospective new students should 
enrol in the afternoon, from 2 to 4.30, or evening, from 
6.30 to 9, on September 14. A pamphlet concerning the 
National College of Horology and Instrument Techno- 


logy, which is accommodated at the Northampton Poly- | 
| selector switches measures 8 ft. 6 in. high, 3 ft. wide | 


technic, has also been received. Copies of any of the 
above publications are obtainable from the Principal. 


over each resistor in turn. The cooling air is supplied 
| by a fan, which is installed at the bottom of a welded 
angle-iron enclosure and is driven by a 37-h.p. motor. 
| This motor is connected in parallel with part of the 
| resistor elements, so that the amount of cooling air 
| supplied is approximately proportional to the load, 
| and is evenly distributed by a diffuser. 

Selector switches are fitted so that the resistors can 
| be connected in series or parallel groups to suit particu- 
jlar load requirements. These switches have blades 
| with silver button contacts which engage with silver- 
| plated switch clips so as to give a high-pressure dome 
|contact. They are mounted on insulated bars in 
| front of the resistor frames and are accessible through 

the front door of the enclosure. The connections 
| between the switches and the resistor terminals are 
made with silver-plated copper straps. All the 
terminals and tappings on the resistor elements are 
securely welded. The complete resistor with the 








jand 4 ft. 2 in. deep, and weighs nearly 1} tons. 


Although primarily designed for traction purposes, its 
compactness makes it suitable also for employment on 
engine test beds or in other places where space is at a 
| premium and a large amount of power has to be 
dissipated. 
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TRADE PUBLICATIONS. 


| Automatic Emergency-Lighting Apparatus.—Chloride 
Batteries, Ltd., Clifton Junction, near Manchester, have 
}issued a well-illustrated brochure containing the latest 
{information about their Keepalite emergency-lighting 
| system. 

| Buchholz Protectors for Transformers.—The construc- 
| tion and operation for the Buchholz transformer protec- 
| tors made by them are described in a pamphlet received 
| from the Metropolitan-Vickers Electrical Co., Ltd., Traf- 
ford Park, Manchester, 17. 


Street Lighting Control.—A pamphlet dealing with the 
operation of the Type 45A unit, which has been designed 
by them for the control of street lighting on the Rhyth- 

| matic system, has been received from Automatic Tele- 
phone & Electric Co., Ltd., Strowger Works, Liverpool, 7. 


Three-Phase Distribution Transformers.—The three- 
phase oil-immersed naturally-cooled distribution trans- 
formers manufactured by them in outputs up to 400 kVA 

| at 11 kV are described in a leaflet received from Metro- 
politan-Vickers Electrical Co., Ltd., Trafford Park, 
| Manchester, 17. 


High-Voltage Transformers.—Details of the design and 
construction of a 100-MVA 220/150-kV three-phase 
| transformer group supplied by them to the Directorate 
|of Power Supply of the Netherlands Government are 
given in an illustrated pamphlet received from the 
Metropolitan-Vickers Electrical Co., Ltd., Trafford Park, 
| Manchester, 17. A description of this transformer was 
| published on page 128 of our 171st volume (1951). 
Power for Industry.—A booklet entitled ‘ Power for 
| Industry,” which we have received from Messrs. Richard- 
| sons, Westgarth and Co., Ltd., Hartlepool, describes the 

firm’s activities in manufacturing equipment for pro- 
ducing power on land. It contains illustrations of the 
turbines and condensers they have recently installed oF 
are installing in the stations of the British Electricity 
Authority, and some useful data regarding the outputs 
| and operating conditions. 
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THE ESSO OIL REFINERY, 
FAWLEY. 


THE opening of the new Esso oil refinery at 
Fawley, Hampshire, by the Prime Minister on 
Friday, September 14, marked an important stage 
in the development of the British oil industry, as in 
addition to promoting national self-sufficient in the 
supply of refined products, its inception represents a 
great saving in dollar imports estimated at two 
million dollars a week. At present, the British oil 
industry is going through what is probably the 
most important period of development and expan- 
sion in its history, for, in place of the old idea of 
marketing products obtained from overseas, big 
new refineries are being erected in various parts of 
the country which, when completed, will satisfy 
the home demand almost entirely. This expansion 
programme represents the investment of some 


125,000,000/., and the new refineries under con- 
struction, when finished, will raise the country’s 
total refined petroleum production to approximately 
20,000,000 tons per annum in 1953 compared with 
3,500,000 tons in 1948. 

The Fawley project is, undoubtedly, the most 
ambitious single project in the refinery-expansion 
programme, having cost more than 37,500,000/. 
Already, it is the largest oil refinery in Europe and, 
when in full production, will supply some 6,500,000 
tons of petroleum products a year, including a daily 
output of 1,000,000 gallons of high-quality motor 
spirit. Other products, the quantities of which will 
be adjusted to meet market requirements, will 
include white spirit, tractor fuel, turbo-jet fuel, 
kerosene, high-speed Diesel oil, marine Diesel oil, 
lubricants, bunker fuels, mainly for shipping, and 
liquid-petroleum gases, to mention but a few. The 
major units comprise two pipe-stills, a catalytic- 
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facilities, an Edeleanu plant for the treatment of 
kerosene and gas oil, a copper sweetening plant for 
petrol, and various units for the treatment of the 
lubricating-oil fractions such as a propane de- 
asphalting unit, a phenol extraction plant for the 
removal of aromatics, a propane de-waxing plant 
and the usual clay-treatment plant. These units, 
together with the storage tanks, etc., occupy an 
area of some 450 acres near the village of Fawley, 
on Southampton Water. This was an obvious 
choice of site as the company y had a refinery 
in this locality, and the unique double tides and 
slow-moving current of Southampton Water enable 
fully-laden tankers of the largest size to swing, 
berth and unberth at any time of the day or night. 
In an emergency, therefore, tankers could leave the 
berths at any state of the tide. 

To conserve dollar expenditure, the crude oil will 
come from the Middle-East oilfields. Fortunately, 
considerable developments have taken place in that 











GENERAL View oF Main Rerinery Untirs. 


area during recent years; Kuwait, for example, 
produced practically no oil in 1938, but by 1950 
the output had reached 17,000,000 tons. Saudi 
Arabia may be quoted as another example, as 
only 67,500 tons of crude oil were produced in 1938 
compared with 23,000,000 tons in 1950. The crude 
oil will be brought to Fawley in the Company’s own 
fleet of tankers, which will berth at a new marine 
terminal built to accommodate vessels of 39,000 
tons ; it was designed and constructed by Messrs. 
Christiani and Nielsen, Limited, 54, Victoria-street, 
London, 8.W.1. The jetty is shown under con- 
struction in Fig. 2, on this page, and part of the 
completed jetty, with a tanker alongside, in Fig. 4, 
on Plate XXVI. The jetty is joined to the refinery 
by a reinforced-concrete approach, 2,000 ft. long, 
built across the salt marshes, for which more than 
630 piles 71 ft. long and of 16 in. by 14 in. cross 
section, were used. This approach carries a large 
number of oil and steam pipes arranged in two tiers, 
as well as a 4-ft. diameter salt-water pipeline. 

At the site of the berths, there was 30 ft. of mud 
overlying 10 ft. of gravel and beneath this 300 ft. 
of stiff clay, known as Barton clay. Dredging, 
therefore, proved relatively simple and economical, 
as only the mud had to be removed to obtain the 
depth of water required. In fact, only 400,000 
cub. yds. of mud had to be dredged to give a 
34-ft. depth of water at low tide. For the construc- 
tion of the jetty, five hundred hollow cylindrical 
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Fig. 3. REFINERY FLOW DIAGRAM. 
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concrete piles, having a length of 75 ft., an external 
diameter of 2 ft. 8 in. and a wall thickness of 5} in., 
were used. The weight of each pile is approximately 
20 tons and they were driven into position by means 
of two floating pile drivers specially constructed for 
the purpose, each of which was fitted with a steam 
hammer of 8} tons falling weight. Pile driving was 
rendered somewhat difficult due to a considerable 
swell but fortunately the gravel and clay make 
excellent foundations for the piles which will sup- 
port more than 50 tons. Four T-shaped breasting 
islands have been built for berthing the tankers, 
each of which will rest against two dolphins or 
caissons, These are reinforced-concrete cylindrical 
shells of 40 ft. diameter filled with sand and situated 
at each end of the breasting islands. 

The crude oil is pumped from the tankers to one 
of several tanks situated in the storage area, the 
capacity of which is sufficient to permit the operation 
of the refinery fortwo weeks. Part of the piping and 
associated valves of the units handling the crude 
oil can be seen in the photograph reproduced in Fig. 
5, on Plate XXVI, and some of the storage tanks 
can be seen in Fig. 17, on page 387. As pre- 
viously mentioned, the main refinery units com- 
prise two distillation units, a catalytic-cracking 
plant and an Edeleanu plant. These, together with 
some of the other units, can be seen in Fig. 1, on 
page 385, and in Fig. 8, on Plate X XVII, the latter 
illustration showing a panorama of the complete 
refinery, while an idea as to the many different units 
incorporated in the refinery and the various processes 
involved can be gained from the abridged flow 
diagram reproduced in Fig. 3, above. Of the 
two distilling units, one is a single-stage atmos- 
pheric unit and the other a combined two-stage 
atmospheric and vacuum unit. Photographs of 
the two distilling units are reproduced in Fig. 6, on 
Plate XXVI, and Fig. 9, on Plate XXVII, from 
which it will be seen that they are situated in the 
same area of the refinery, the single tower of the 
single-stage unit being towards the left and the 
two towers of the combined atmospheric and vacuum 
unit towards the right of the illustrations, respec- 
tively. General views of the single-stage unit are 
shown separately in Figs. 10 and 11, on Plate 
XXVII. The fractionating column is 124 ft. high 
and has a diameter of 21 ft. Itis fitted with 35 trays, 
each of which is provided with a number of the usual 
form of bubble caps and, so as to avoid excessive 
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corrosion, the interior surface is lined with stainless 
steel. In accordance with the usual practice, the 
gasoline products are taken from the top of the 
column and the heavier products are extracted pro- 
gressively lower down, reflux to the trays being pro- 
vided by a system of pumps. The interior of the 
pipe-still furnace is shown in the photograph repro- 
duced in Fig. 7, on Plate XX VI; it operates on the 
two-flow system and is provided with two convec- 
tion- and two radiant-heating banks, the heating 
capacity being in the neighbourhood of 250,000,000 
B.Th.U. per hour. The unit is provided with the 
usual range of heat exchangers which, together with 
the pumps, are located in the open. 

The pipe-still for the atmospheric and vacuum 
two-stage plant is a double-furnace unit, the first 
section, which works in conjunction with the atmos- 
pheric column, being similar to that used with the 
single-stage plant. The second section, however, has 
single convection- and radiant-heating banks and 
has a heating capacity of 85,000,000 B.Th.U. per 
hour as compared w'th 156,000,000 B.Th.U. per 
hour for the first section. The atmospheric column 
and vacuum tower ‘are illustrated in Fig. 12, on 
Plate XXVII, the former being to the left and the 
latter to the right of the illustration. The atmo- 
spheric column is 90 ft. high with internal diameters 
of 15 ft. 6 in. and 13 ft., while the vacuum tower is 
130 ft. high, the diameter in this case being 28 ft. 
As in the case of the single-stage unit, both towers 
are lined internally with anti-corrosive materials 
and the two units are provided with an extensive 
system of heat exchangers, which, together with 
the pumps, are situated in the open. 

The most impressive installation in the refinery is, 
undoubtedly, the ee cracking plant. . The 
theory of catalytic cracking was covered extensively 
by Mr. Robert Price Russell when he delivered the 
second Cadman Memorial Lecture before a meeting 
of the Institute of Petroleum in London in June, 
1947, a report of which appeared in ENGINEERING, 
vol. 163, page 507. According to the lecture, it 
was discovered some time previously that by carry- 
ing out cracking in the presence of catalysts consist- 
ing of clays and related solid synthetic materials, the 
cracking process could be operated at lower pressures 
and temperatures with better overall yields and 
improved products. When catalytic cracking was 
first applied on a large scale, it was used in stationary 





beds over which the vapours were passed. This 
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method, however, gave rise to several practical 
difficulties and the development of a continuous 
process seemed desirable. Eventually these prob- 
lems were overcome by introducing a new process 
known as fluid catalytic cracking in which the 
catalyst is so finely divided that it behaves like a 
fluid, and it is this type of cracking plant which 
has been constructed at Fawley. It is illustrated in 
Figs. 13 and 14, on Plate XXVIII, and as will be 
seen from the flow diagram, Fig. 3, is fed with heavy 
gas oil from the fractionating columns of the distilla- 
tion units. In operation, the heated oil vapour 
from the distillation units enters a reaction chamber 
carrying with it the catalytic material as a suspended 
powder. Owing to the decreased velocity of the 
vapours passing through the reactor, which is 70 ft. 
high and 35 ft. in diameter, the suspended powder 
settles out to form a relatively dense bubbling 
bed and cracking takes place as the rising oil vapour 
makes contact with the catalyst. On leaving the 
reactor, the cracked oil vapours pass through a 
series of cyclones for the removal of any entrained 
catalyst and then enter a fractionating column 
where they are separated into the desired fractions. 
The bed of catalyst in the reactor is automatically 








maintained at a constant level and any “spent” 
catalyst, that is, those particles covered by a coating 
of carbon, is delivered by an air stream to the 
regenerator, a vessel 70 ft. high and 55 ft. in diameter. 
Because of the decreased velocity of the air in the 
regenerator, another violently bubbiing bed is 
formed in this vessel and the carbon deposited on 
the catalyst while it is in the reactor is burnt off, 
the catalyst being returned subsequently to the 
reactor. The flue gases leaving the regenerator 
first pass through a series of cyclones to remove the 
entrained catalyst and then to waste-heat boilers, 
the steam generated being used for process work 
in the refinery. 

Petroleum products resulting from distillation or 
cracking require, of course, further treatment 
before they are fit for general use. Several treat- 
ment plants have been installed and these include 
the Edeleanu plant, previously referred to, a debut- 
aniser tower, a copper sweetening unit and a 
hypochlorite plant. In the Edeleanu plant, kero- 
sene from the fractionating columns is treated 
chemically to improve its burning qualities. This 





plant employs a sulphur-dioxide solvent extraction 
process and, in addition to treating kerosene, will be 
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employed for treating gas oil so as to reduce its 
sulphur content. The debutaniser tower, a photo- 
graph of which is reproduced in Fig. 15, on Plate 
XXVIII, is 113 ft. high and weighs 135 tons ; 
it was delivered as a complete unit and was the 
largest single piece of equipment supplied to 
Fawley. It has been designed for a working 
pressure of 250 lb. per square inch and its func- 
tion is to remove butane and other light gases 
from motor spirit so that the product meets the 
required vapour-pressure specifications. The copper 
sweetening unit operates with copper chloride, the 
motor spirit from the fractionating columns being 
diverted to this unit for the removal of corrosive 
compounds and unpleasant vapours, the product 
subsequently being blended with high-octane spirit 
from the catalytic-cracking plant. Turbo-jet fuels 
and kerosene will be further treated in the hypo- 
chlorite plant for the removal of evil-smelling 
sulphur compounds. 

Other plants which should be mentioned are the 
oxidising plant and hydro-desulphurisation plant. 
In the former, air is blown through bitumen to 
produce a rubber-like substance suitable for such 
uses as roofing, while the hydro-desulphurisation 
plant is used to remove the sulphur content of 
tractor fuel. This is accomplished by treating it 
with hydrogen in the presence of a catalyst. 
Eventually, the hydrogen sulphide resulting from 
this process will be fed to the sulphur plant, now 
being installed. It is claimed that, when this plant 
18 in operation, it will convert the hydrogen sulphide 
into 99-5 per cent. chemically-pure rock sulphur at 
arate of 12,000 tons perannum. Heavy lubricating 
oil from the fractionating columns is treated succes- 
sively in four plants, namely, a propane de-asphalting 
unit for the removal of the asphaltic content, a 
phenol-extraction plant for the removal of the 
aromatics, a propane de-waxing plant and the usual 
form of clay-treatment plant. 

Extensive services, of course, have had to be 
Provided. As well as the waste-heat boilers at the 
catalytic-cracking plant, there are four Babcock and 
Wilcox water-tube boilers designed for a working 
Pressure of 150 lb. per square inch and a steam 
temperature of 465 deg. F. They have a rated 





capacity of 95,000 Ib. of steam per hour and are 
arranged for both gas and oil firing. Cooling water 
for process work is being taken from Southampton 
Water, the pump-house for this purpose being 
located on the shore side of the jetty. The pumps will 
deliver 50,000 gallons of salt water a minute, which 
will be conveyed to a storage tank in the refinery 
before being delivered by further pumps to the 
service lines. Before it is returned to the sea, the 
used water passes through a separator which 
effectively removes any entrained oil. Fresh water 
is obtained partly from the Southampton Corpora- 
tion Water Works and partly from wells, several of 
which have been sunk on the site to a depth of 
600 ft. by the International Water Corporation. 
Electrical power is taken entirely from the na- 
tional grid, no generators being installed in the 
refinery area. Originally, the contract for all elec- 
trical equipment was placed in the United States, it 
having been considered at that time that British 
manufacturers could meet neither the constructional 
programme nor the specifications which were based 
on American oil-refining experience. This view was 
opposed by the Metropolitan-Vickers Electrical 
Company, Limited, who eventually succeeded in 
negotiating an agreement whereby they undertook 
to supply all electrical equipment for phase A of the 
project except that which was too far advanced in 
construction. Phase A covered the crude distil- 
lation units, which went on stream on August 1, 1951, 
the catalytic-cracking plant and debutaniser unit, 
and the sulphur-dioxide Edeleanu plant. As a 
result of this agreement, the Company supplied over 
70 per cent. of the electrical equipment for phase A 
and are now supplying that for phase B, which 
covers the polymerisation, tractor-fuel and light- 
oils and sulphur-recovery plant, scheduled to go on 
stream by the end of 1953. The equipment already 
supplied includes a variety of switchgerr, trans- 
formers, motors, etc., installed during site prepara- 
tion, 132-kV and 11-kV switchboards ‘or the 
Southern Electricity Board’s substation in the 
refinery area, five main-unit 11/3-3-kV substations, 
eleven secondary unit 3,300/415-volt substations, 
approximately 140 motors, the majority of which are 
totally-enclosed flameproof units, and a large 





quantity of subsidiary equipment such as lighting 
fixtures, distribution transformers, instruments, etc. 
Each substation has an automatic-transfer scheme 
arranged so that if a fault occurs on one ’bus-bar, 
a duplicate is brought in automatically to prevent 
interruption of the supply. 

Although the main contract for the supply of 
the major units and their erection was placed 
with the Foster Wheeler Corporation, 165, Broad- 
way, New York, U.S.A., the actual work was 
executed by their British affiliated company, Messrs. 
Foster Wheeler, Limited, Ixworth-place, London, 
S.W.3, who placed large sub-contracts in the 
United Kingdom. It proved necessary, however, to 
obtain the major units, such as the catalytic-cracking 
plant, the pipe stills, the Edeleanu plant and some 
of the feed plant from the United States whose 
petroleum-equipment manufacturers alone had the 
special knowledge and capacity for its production. 
No Marshall Aid was involved in financing the pro- 
ject as the parent firm, the Standard Oil Company, 
New Jersey, U.S.A., reinvested considerable funds 
and provided a substantial amount of new capital. 

The new refinery was built on a virgin site and 
work in the field commenced in August, 1949. Its 
completion by early September, four months ahead 
of schedule, represents, therefore, a remarkable 
achievement, particularly when the severity of the 
last two winters is borne in mind. The initial opera- 
tions consisted mainly of land clearance and grading, 
the installation of a central concrete and aggregate 
plant, the laying down of railway tracks and the 
erection of a permanent steel-framed combined 
workshop and warehouse. The excavating work 
required, which proved to be considerable, was 
carried out by Messrs. George Wimpey and Com- 
pany, Limited, Hammersmith-grove, London, W.6. 
The combined workshop and warehouse was erected 
during the early stages so that it could be used for 
accommodating construction materials and reduce 
to a minimum the need for erecting temporary 
huts. It is 800 ft. long and 180 ft. wide and, in 
addition to being equipped with travelling cranes, 
incorporates a modern workshop. Two railway 
lines run directly into the building and part is laid 
out for foremen’s offices. Other permanent build- 
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ings on the site include the administrative offices, 
laboratories and a social club, the last named being 
situated just outside the boundary. Care has been 
taken to preserve the local amenities and although it 
is not feasible to screen the plant from the sea- 
ward direction, a wide belt of trees and flowering 
shrubs has been planted to screen it from the road 
on the landward side. 





LITERATURE. 
Classical Mechanics. 


By Proressor H. C. CORBEN and PROFESSOR P. 

STEHLE. John Wiley and Sons, Incorporated, 

440, Fourth-avenue, New York 16, U.S.A. [Price 

6-50 dols.]; and Chapman and Hall, Limited, 37, 

Essex-street, London, W.C.2. [Price 52s. net.] 
TpEas concerning molecular and atomic phenomena 
have undergone great changes in recent years 
as a consequence of the advances in experimental 
and theoretical physics, awakening in wide circles a 
lively interest in the subject. There are many who 
lack the time or the preliminary knowledge necessary 
for the study of original papers and treatises on the 
dynamical side of the matter. Such students may 
desire an exposition which, while modern in treat- 
ment and outlook and not too comprehensive, would 
enable them to grasp the transition from classical 
mechanics to quantum or relativity mechanics. 
In their book, Dr. Corben and his colleague provide 
such an exposition in a form eminently suitable for 
use as a text-book in more advanced courses of 
study. 

Of the 18 chapters in the book, the first four deal 
with the preliminary topics of the kinematics of 
particles, the laws of motion, conservative systems 
with one degree of freedom, and miscellaneous 
theorems on systems of particles. From this point 
onwards the reader gradually realises that classical 
mechanics has a vast realm of validity, and that the 
development of quantum mechanics has been guided 
to a great extent by the “ correspondence principle,” 
which asserts that quantum mechanics must yield 
the same results as classical mechanics when applied 
to problems where the classical theory is known from 
experience to give the correct description of events. 
The procedure involves reorientation of ideas at 
several points. For example, the treatment of 
Lagrange’s equations of motion, in Chapter 5, is 
arranged so as to remind the reader constantly 
of the distinction between co-variant and contra- 
variant components of vectors and tensors. This 
method of formulating these equations is of utility 
for two reasons: it eliminates the necessity of 
evaluating the Christoffel symbols explicitly, and it 
provides a convenient means of calculating Christoffel 
symbols of the second kind in a simpler manner 
than by the direct method. Again, in the next 
chapter, on applications of Lagrange’s equations, 
the problem of central motion is discussed with 
more than usual emphasis on scattering problems, 
so that the reader here finds discussions on the 
nature of a cross-section, Rutherford’s formula, 
and the transformation connecting centre of mass 
and laboratory co-ordinate systems. Following 
a chapter on linear space-vectors, the authors next 
proceed to the consideration of small oscillations of 
conservative systems, in the exemplification of 
which is included the eigen-vibrations of the molecule 
of which the prototype isammonia. The kinematics 
of rigid bodies is then discussed in detail by means 
of quaternions and orthogonal matrices, thus 
completing the more elementary part of the treat- 
ment. 

The more advanced topics start in Chapter 10, 
with the Hamilton theory of motion, and, though 
little of this and the succeeding chapters is of 
practical use in the solution of specific problems 
in non-relativistic classical mechanics, the under- 
lying transformation theory cannot be dismissed 
by the physicist as useless mathematical juggling. 
In the first place, this theory affords a deep insight 
into equations of motion of a mechanical system 
which can be specified by a Lagrangian function, 
making it possible to write these equations in a very 
attractive form. Secondly, the Hamilton-Jacobi 
partial-differential equation is, in fact, of real use in 
solving complicated dynamical problems. Finally, 
the generalisations of the theory to that of relativity 


and, more particularly, to quantum and to statistical] 
mechanics, are of fundamental importance in these 
branches of theoretical physics. The authors 
accordingly pay due attention to the transformation 
theory in dynamics by devoting six chapters, rather 
less than one-third of the book, to contact trans- 
formations and allied topics. Here the serious 
student will find a mass of useful information on 
several points of interest: Fermat’s principle, 
contact transformations which simplify the equa- 
tions of motion, infinitesimal transformations of 
this type, perturbation theory, the utility of 
Poisson’s brackets in quantum mechanics, and an 
instructive analogy between thermodynamics and 
contact transformation theory in which the mathe- 
matical structure of the theory is exhibited in a 
familiar context. The foregoing, together with 
chapters on the formal aspects of relativity mech- 
anics, including a brief discussion of the Thomas 
precession of a charged particle, and on applications 
of the theory to the motion of ions in the present- 
day high energy accelerators, concludes the work. 
It is, indeed, an excellent book, by reason of the 
order of presentation, character of the illustrative 
examples, and method of exposition generally. 





Heat and Thermodynamics. 

By J. K. ROBERTS, Sc.D., F.R.S., revised by A. R. 

MILLER, Ph.D., F.Inst.P. Blackie and Son, Limited, 

16-18, William IV-street, Charing Cross, London, 

W.C.2, and 17, Stanhope-street, Glasgow. [Price 

35s. net.] 

AtTHouGH thermodynamics was originally confined 
to the subject of heat engines, its laws are now 
recognised as underlying so vast a range of natural 
phenomena that it may be fairly regarded as the 
most fundamental of the sciences. Engineers 
need not be surprised, therefore, to find that the 
aspects of thermodynamics with which they are 
practically concerned are given a very small place 
in a treatise designed, like the present one, as a 
text-book for university students taking an honours 
course in physics. Indeed, such matters as power 
and refrigerating cycles, steam and _ internal- 
combustion engines, turbines, and the theory of 
jets are all disposed of in a single chapter of 32 
pages, which the student is told he may ignore if 
he so desires. The present edition of the book— 
the first edition appeared in 1928—has again been 
brought up to date by including references to work 
published as recently as last year, and its modernity 
is shown by the adoption of the joule or watt-second 
as the unit of heat instead of the calorie, and by 
calling the Centigrade thermometric scale the 
Celsius scale in accordance with international 
agreement. Also, the name “enthalpy” is used 
in the index, though the function to which it refers 
is always called by the more familiar name of 
“total heat ” in the book itself. 

The new material is mainly concerned with low- 
temperature phenomena, particularly the thermo- 
dynamic properties of liquid helium and the super- 
conductivity of metals. Another matter connected 
with very low temperatures is the Nernst heat 
theorem, which, as in some other modern books, 
has now been raised, in a modified form, to the 
dignity of a Third Law of Thermodynamics. The 
theorem, as usually enunciated, asserts that the 
entropy of a pure cystalline substance is zero at the 
absolute zero of temperature. The new Third 
Law, as proclaimed in italics by the authors, 
states that “The contribution to the entropy due 
to each factor with respect to which the system 
is in internal thermodynamical equilibrium vanishes 
as the absolute zero is approached.” This Law 
is said to be equivalent to the statement that the 
absolute zero is unattainable, provided that the 
usual assumption is made, that the specific heats 
tend to zero along with the temperature. As the 
next sentence asserts that this condition means 
that the entropy has a finite value at the absolute 
zero of temperature, a cynical reader might be 
tempted to say that, if a Third Law of Thermo- 
dynamics is really needed, it had better be confined 
for the present to the simple proposition that, at 
the absolute zero of temperature, the entropy 
either does, or does not, become equal to zero. 

The emphasis throughout the book on the labora- 





tory methods employed by various investigators 





may seem excessive to readers who are more inter. 
ested in the data secured than in the means of 
obtaining them. Over ascore of pages, for example, 
are devoted to experiments on the value of the 
mechanical equivalent of heat, while determinations 
of specific heats and their ratios, vapour pressures, 
thermal conductivities, low-temperature effects, 
etc., are also dealt with at greater or less length 
from the experimental point of view. Though 
there may be arguments in favour of this method of 
teaching, it is more difficult to justify the sequences 
of some of the subjects. The quantum theory of 
specific heats for instance, is discussed in consider. 
able detail in Chapter VI, but the reader is recom- 
mended in a footnote to master Chapters XXI and 
XXII first. Again, cooling by adiabatic demag.- 
netisation, in Chapter V, is provided with another 
footnote of the same kind ; which is perhaps just as 
well, because the mathematical argument involves 
the conception of entropy, which is not defined at all 
until the Second Law of Thermodynamics is discussed 
in Chapter XII. Though the volume is not likely 
to be of much direct use to students of engineering, 
its comprehensiveness will appeal to those who 
regard thermodynamics with a wider outlook. 
To derive the greatest value from it, the reader 
should not only be equipped with a good know- 
ledge of mathematics, but should also have access 
to a first-class technical library containing the 
specialised publications on particular subjects recom- 
mended to him in innumerable footnotes. There is 
an algebraical slip on page 504, resulting in an 
error in the expression for the mean energy of the 
vibrators in a plane polarised system; but, for- 
tunately. wherever the expression is made use of, 
it appears to be given in a correct form. Also, in 
the statement of Dulong and Petit’s Law, the 
atomic heat of a gramme-atom is given as 25-94 
joules per degree, though the correct value of 
24-94 is used elsewhere. 





Proceedings of the Fourth Empire Mining and 
Metallurgical Congress, 1949. 
Edited by F. HigHaM, A.R.S.M., M.Sc., M.I.M.M., and 
published (in two parts) at the offices of the Congress, 
436, Salisbury House, Finsbury Circus, London, E.C.2. 
[Price 20s. per part.] 
Tue Empire Council of Mining and Metallurgical 
Institutions was founded in 1924 to convene succes- 
sive Congresses and to foster a high level of technical 
efficiency. The Fourth Congress was held in Great 
Britain from July 9 to 23, 1949, and the printed 
Proceedings are now available. Part I has an intro- 
ductory report by the organising committee, the 
presidential address by Sir Henry T. Tizard, and 
reports of the speeches at the banquet at Guildhall. 
Thereafter, the papers and discussions at the first 
five technical sessions are given in full. The 
subject matter dealt with includes a comprehensive 
account of the mineral resources of the Empire, 
modern methods of mineral exploration, six papers 
on physiological and psychological effects of heat 
and humidity on workers in deep mines and metal- 
lurgical works, and two papers on drilling and 
production practice in oilfields. This volume of 
550 pages is the most up to date and authoritative 
publication available on the subjects dealt with. 
The second part of the Proceedings will probably 
be of more interest to readers of ENGINEERING, 
since the technical sessions recorded therein are 
on coal, present-day trends in mineral dressing, 
and metallurgy and metallurgical industries. Useful 
papers in the last section cover such subjects a8 
developments in copper pyrometallurgy, zinc 
smelting and the electrolytic-zinc industry, lead- 
sintering practice, the nickel industry, the alloying 
and fabrication of magnesium, future trends in the 
British iron and steel industry, research and develop- 
ment in Canadian foundry practice, and the cold 
working of metals. All metallurgists will find some- 
thing of interest in this 600-page report. Evening 
lectures by Sir John D. Cockcroft, K.C.B., on 
“ Metallurgical and Mining Problems in Atomic 
Energy,” and by Dr. W. Hume-Rothery, F.R.S., 
on the “ Theory of Metals and Alloys,” are appended 
to the second part of the Proceedings. The two 
volumes, which are clearly printed and amply illus- 
trated, constitute a worthy record of a succesful and 
useful congress. 
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CRITICAL REYNOLDS 
NUMBERS FOR STEADY AND 
PULSATING FLOW. 

By Proressor L. J. Kastner and Dr. 
S. H. Sura. 

Many investigations have been carried out 


dealing with the passage of a fluid through a pipe | 4,5 


or channel and it has been established that there is 
a limiting value of the Reynolds number, R,, 
below which laminar flow will always be maintained. 
The experiments of Reynolds,* Ruckes,t Stanton 
and Pannell,t and Barnes and Coker,§ have estab- 
lished that, for circular pipes in which the fluid is 
either air or water and is flowing at a constant rate, 
the value of the critical Reynolds number, R,, is 
about 2,000; but for rectangular or square pipes 
there is less information available and R,, is 
quoted at values between 1,600 (Schiller||) and 2,800 
(White and Davies). It is to be noted, however, 
that the phenomena occurring in a pipe or channel 
are influenced by the conditions at entry, and, if 
the fluid is exceptionally free from any disturbance 
before entering the test section, the critical Rey- 
nolds number may be much higher than the above, 
as has been determined by Reynolds himself, and 
by others, in experiments in which great care was 
taken to remove any sources of irregularity of flow 
at entrance. 

Conversely, in special circumstances, including 
cases where the flow at entry is particularly dis- 
turbed, certain investigators (e.g., Sorkau,** Caro- 
thers,}} and Grindley and Gibson{{) have found that 
very low Reynolds numbers are necessary to 
guarantee viscous flow, and values from about 
200 to 400 have been quoted. Such cases, however, 
as well as those in which abnormally high values 
of R,, have been found, are usually considered to 
be quite exceptional. 

When the rate of flow of the fluid is not constant 
but is subject to regular pulsations, the problem 
of investigating the resistance of a narrow passage 
of given form becomes more complicated and does 
not appear to have attracted the notice of experi- 
menters. The investigation to be described was 
undertaken with the object of obtaining additional 
information as to the critical Reynolds number 
for closed narrow passages under steady and pul- 
sating conditions of flow, most of the work being 
concerned with the isothermal motion of a pulsating 
stream of air through a narrow rec channel. 

Transition Lengths.—When a fluid flows through 
a channel under conditions of low Reynolds number, 
laminar flow will, in general, only be achieved at a 
certain distance downstream from the entrance and 
will again be lost at a certain distance upstream of 
the exit cross-section. 

According to Schiller,$§ the distance from the 
entrance required for practically complete transition 
is given by L=0-0575rR,, in which r is the 
radius of the (circular) pipe and R, is the Reynolds 
number. The theory of Boussinesq,|||| experi- 
mentally verified by Nikuradse,{/J is based on the 
assumption that the entrance disturbance may be 
considered to become negligible when the ratio of 
the maximum to the mean velocity is within 1 per 
cent. of the normal value of 2. This gives a length 
about double that accepted by Schiller, leading to 
an expression L = 0-13 r R,. 

For flow in a rectangular channel, or between 
parallel plates, no information as to the magnitude 
of the transition length appears to be available. 
An attempt was made to calculate this magnitude 


* Phil. Trans., vol. 174, pages 935-982 (1883). 
+t Ann. d. Phys. (4), vol. 25, pages 983-1021 (1908). 
+ Phil. Trans. A, vol 214, pages 199-224 (1914). 
§ Proc. Roy. Soc. A, vol. 74, pages 341-356 (1905). 
| Zeitschr. f. Angew. Math. u. Mech., vol. 3, pages 
2-13 (1932), 
I Proc. Roy. Soc. A, vol. 119, pages 92-107 (1928). 
** Phys. Z., vol. 14, page 759 (1913). 
tt Roy. Soc. Proc. A, vol. 87, page 154 (1912). 
+? Roy. Soc. Proc. A, vol. 80, page 114 (1908). 
§§ Forschung, V.D.I., vol. 248 (1922); Z. Angew. Math. 
und Mech., vol. 2, page 96 (1922). 
Ill Comptes Rendus, vol. 113, pages 9-49 (1891). 
V1 Applied Hydromechanics and Aeromechanics, by 
L. Prandtl and O. G. Tietjens, first edition, pages 
25 and 26 (1934), 





by applying Schiller’s theory and by assuming that 
the plates by which the flow is confined are so wide 
that flow in the transition region may be regarded 
as being two-dimensional. If the distance between 
the plates is 2b, the transition length given by the 
calculation is L = 0-02596R,. The calculation 
can only be very approximate, since Schiller’s 
assumptions of a central flow uninfluenced by 
velocity, and of a parabolic fall in velocity toward 
walls, are valid only near the entrance, as shown 
by Nikuradse. For the latter part of the transition 
region, a definite core flow independent of friction 
apparently does not exist. The results of Davies 
and White for the flow of water through rectangular 
pipes of large width-depth ratio can be correlated 
with the calculated expression L = 0-02590 R,, 
and it appears that, for small Reynolds numbers, 
say, R,< 400, the transition lengths as calculated 
are larger than the experimental ones, but are smaller 
for R, > 400. The conditions at entrance in the 
two cases are, however, not truly comparable. 

As far as can be ascertained, no information 
appears to be available regarding the magnitude of 
the transition length at exit, but it is supposed 
that, in most cases, this is not greater than the 
transition length at entrance. If, however, the 
flow is unsteady and subject to pulsations, the 
problem is further complicated and the estimation 
of a true value for the transition length, either at 
entrance or exit, becomes very difficult. In such a 
case, it is clearly advisable to use a very considerable 
factor of safety and to site the pressure tappings 
some way from the entrance or exit of the channel 
as was done in the experiments with parallel-sided 

es which are described below. 

Effect of Side Boundaries.—In many problems 
concerned, with viscous flow through rectangular 
channels of comparatively large width-depth ratio, 
the influence of the side walls on the fluid stream 
may be ignored, but, for a required degree of 
accuracy, there must be a limiting value of the 
width-depth ratio below which the effect of the 
lateral boundaries cannot be neglected. Analysis 
suggests that a convenient way of allowing for the 
influence of the side walls is by comparing the 
flows through channels of infinite and finite width, 
the calculation, resulting in a correction factor which 
can, be applied to the relatively simple equations 
determining the pressure drop across, or the flow 
through, an infinitely wide channel, to make these 
equations appropriate to the case of a rectangular 
pipe of any width-depth ratio. It appears, as shown 
by Equation (12), on page 391, that the influence of 
the boundaries on the mean flow of an oscillating 
motion is the same as if the flow were steady. The 
use of the following equations is therefore per- 
missible in considering the mean flow of a pulsating 
motion. 

The problem of steady flow through a rectangular 
passage appears first to have been solved by 
Boussinesq.* If the width and depth of the 

are 2a and 2b, respectively, if x is the 
dimension in, the direction of motion, and if p and yu 
refer to pressure and viscosity, the equation for the 
discharge, in Boussinesq’s form, is 
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° (1) 
where K’ is any positive integer and K = (2K’+ 1)5. 


By a somewhat lengthy transformation, equation (1) 
may be shown to be exactly equivalent, for all 


values of > to the alternative and more convenient 








form 
n= 
1 140 (An i-— 192 b © eaoh mel 
3 p 1 m5 Gy —1,3,5...”° 2b 
(2) 


in which (A p), is the pressure drop across a length / 
in the direction of motion and the number 7 is 





* Journal de Math. Pures et Appliquées, vol. 13, 
2me série, page 377 (1868). 








alwaysodd. Making 
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the discharge becomes 


4ab* (Ap), b\ 
Qi “+ ee (1 -¥2); 
but the discharge through a corresponding area 2a. 2b 
of an infinitely wide passage is given by the familiar 
expression 
4ab® (Ap), 
eas AS Ry 


(A p), being again the pressure drop across a length 
1; so, for equal discharges through corresponding 
areas of an infinitely wide passage and the rectangu- 
lar passage of finite width, 


Q, = QQ 
or 


rm 
(Ap), = (Ap); (: - 5): 


Calculation shows that ¥ changes very little 
= >3 so, for rectangular passages in which the 
width-depth ratio exceeds this figure, 


0-63 
(Ap), = (Ap); (1 = ) 


very nearly. The significance of this expression 
is demonstrated graphically by Fig. 1, on page 390, 
which enables the pressure drop calculated for an 
infinitely wide passage to be corrected for the 
influence of side boundaries. It will be noticed 


that, for values of -> 20, the influence of the 


side boundaries is always less than 4 per cent. 

In the experiments to be described the method 
outlined above was used to obtain a comparison 
between ideal and measured flows, and the agreement 
was found to be good. 

Experimental Investigation—The first part of 
the experimental investigation was carried out by 
using closed rectangular channels of approximately 
equal width-depth ratio and of depths 0-0215 in., 
0-035 in., and 0-044 in., respectively. The channels 
were formed in the space between two brass plates 
which were each ¥ in. thick and were separated 
at their edges by thin brass shims, the plates 
being carefully checked for parallelism and flat- 
ness. The length of channel over which measure- 
ments of pressure drop were made varied from 
6 in. to 9 in., but this test length was preceded and 
followed by 44-in. lengths of passage, to eliminate 
as far as possible the influence of transition effects 
both at entrance and at exit. The greatest transi- 
tion length, according to the modified Schiller 
formula, would be less than 1} in. for the deepest 
channel tested, assuming R, >> 2,500. It is consi- 
dered, therefore, that there is an adequate factor 
of safety. 

The general layout of apparatus is shown in 
Fig. 2, page 390. Air is drawn through the narrow 
channel by a displacement method, using the hori- 
zontal drum of a Babcock and Wilcox water-tube 
boiler as a reservoir. Water flows from the drum 
at A and is collected at the water outlet B, air 
flowing in through C to take its place. Thus, the 
rate of air flow is controlled by the valve at B. 
Since the amount of air which flows through the 
channel is very small—varying from about 0-1 cub. 
ft. to 1-2 cub. ft. per minute—and since the drum 
is of over 160 cub. ft. capacity and situated about 
17 ft. 6 in. above the level of the control valve, 
the head of water and, consequently, the air velocity, 
remained sensibly constant during the course of a 
test. This method of inducing and measuring the 
air flow through the channel was adopted after an 
extensive series of trials in which, first, a water- 
driven, and, later, an air-driven ejector were 
employed to induce the air flow, air quantities being 
measured by a vane-type gas meter. Under condi- 
tions of pulsating flow, the latter method did not 
prove satisfactory. It will be appreciated that an 
orifice method of measuring flow would be difficult 
to adopt here in view of the small quantities of air 
involved. ; ; 

To provide a pulsating flow, a flow-interrupting 
disc, driven by a small variable-speed direct-current 
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motor, was provided on the intake side of the 
narrow channel. The revolving disc, in which was 
cut a }-in. slot extending over 180 deg. of are, 
acted as a shutter, and the air intake therefore 
remained open for half of each cycle; it is not 
claimed, of course, that a “square” waveform was 
obtained. The disc rin in a bearing formed in the 
face of a vertical plate. and, if this face were lightly 
greased, it was found that the disc would run 
steadily anywhere in the range from 200 to 2,000 
r.p.m. A short copper pipe, } in. in diameter, led 
from the air intake in the face of the vertical plate 
to the channel under test. Since the usual type of 
tachometer was found to interfere with the speed 
regulation of the electric motor, a Stroboflash was 
employed for the measurement of speed. The 
pressure in the pipe on the downstream side of the 
test section was measured by a mercury gauge, this 
pressure being assumed to equal, with sufficient 
accuracy, the pressure in the air space within the 
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boiler drum. The volume of air obtained by 
weighing the displaced water could therefore be 
corrected to atmospheric conditions. 

A water manometer was used to measure the 
pressure drop across the test-section, and, during 
all trials with pulsating flow, felt pads were inserted 
in the manometer connections to minimise errors 
due to pressure fluctuations. 

Experimental Results: Steady Flow.—F¥or each 
|of the passages tested, a careful determination of 
\the critical Reynolds number for steady (uninter- 
rupted) flow was first made before any trials with 
fluctuating flow were attempted. The procedure, 
both with steady and with interrupted flow, was to 
control the quantity of air passing through the 
channel by varying the discharge of water from the 
boiler drum, and the pressure drop across the 
experimental section could thus be governed within 
close limits. Pressure drop was then plotted against 
discharge, an adequate number of readings being 
obtained so that the point at which viscous flow 
broke down could be determined with sufficient 
accuracy. Great care was taken to ensure that 
conditions were quite steady before a reading was 
taken, and the necessity for this made the experi- 
ments somewhat slow to perform. Plotting to a 
large scale was employed in determining the point 
of transition from viscous to trrbulent flow, and 
the transition Reynolds number was calculated 
4 Umean D 

v 


| from the expression R, = ,in which D is 


the hydraulic mean depth 








(p = - ; for the rectangular passage ) 
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The critical Reynolds numbers for steady flow 
in rectangular passages of approximately the same 
width-depth ratio, but with different dimensions of 
cross-section, as found in the present series of tests, 
are given in Table I; it will be seen that they 
fall in the neighbourhood of R, = 2,000, as might 
have been expected. The fact that R,, for the 
passage of smallest depth is somewhat less than 
for the other two passages is possibly due to the 
relatively high pressure drop, approaching 12 in. of 
water, across the 6 in. long channel which was 
employed. With such a comparatively large change 
of pressure, compressibility may be beginning to 
have some influence. 


TABLE I.—Critical Reynolds Numbers for Steady Flow in 
Rectangular Passages. 











Passage Dimensions, in. | Width-Depth Ratio. | Re, (Critical). 
0-0215 by 0-500 23-2 2010 
0-035 by 0-750 21-7 2290 
0-044 by 1-000 22-7 2240 








Fluctuating Flow.—The apparatus used for the 
trials on fluctuating flow did not give any control 
over waveform or amplitude, and merely permitted 
controlled variations in frequency. The results 
obtained must therefore be considered with this 
point in mind. ~~ 

Fig. 3 illustrates the variation in mean critical 
Reynolds number with frequency, obtained experi- 
mentally for three rectangular channels of approx!- 
mately constant width-depth ratio, but of different 
cross-sectional areas. It will be observed that the 
three curves are similar in shape, displaying a fall 
in critical Reynolds number both at low frequencies 
and at high ones, but the maximum critical Rey- 
nolds number is somewhat less than that applying 
to steady flow. Puzzling features are the greater 
prominence of frequency effects displayed for 
spacings of 0-0215 in. and 0-044 in. than for the 
intermediate spacing, and the apparent recovery 
displayed by each of the three curves at the highest 
frequency of interruption. The interrupter dise 
would not maintain good speed regulation below 
200 r.p.m. or above 2,000 r.p.m., and it is evident 
that extended trials outside this range would vield 
interesting results. : : 

A series of experiments was also carried out with 
a channel composed of a number of equilateral 
triangular passages arranged in parallel. ‘This 
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channel was formed by enclosing between two §-in. 
copper-plated steel plates (in the inner surface of 
one of which a shallow rectangular depression was 
cut) a piece of crimped cupro-nickel foil, the crimp- 
ings being saw-toothed and 0-021 in. high. The, 
total effective width of the channel was 14% in., 
its length was 3 in., and the number of rectangular 
passages was 54. 

By cutting two slots in the upper plate and 
building smal] sheet-metal boxes round them, 
these boxes being fitted with nipples for the mano- 
meter connections, the pressure difference was 
measured over a length of 2 in. only, leaving a 
jin. clear length at entrance and exit. It was not 
possible to construct a longer channel, since the 
foil was not available with crimpings more than, 3 in. 
long. The steel plates forming the upper and lower 
boundaries of the channel were 7} in. long; and, 
as the channel was disposed centrally, the air flowed 
along a narrow rectangular section before reaching 
the triangular passages, and left in a similar manner. 
The effective height of each equilateral triangular 
passage was 0-016 in. when the thickness of the 
metal foil was allowed for. 

As before, the critical Reynolds number under 
conditions of steady flow was first measured, and a 
series of determinations of R,, was then made for 
conditions of pulsating flow, the frequency being 
increased in steps up to a maximum of 2,000 cycles 
per minute. The Reynolds number was again 


calculated from the expression R, = 4 Umean D 


v 

D equalling one-sixth of the height of the equi- 
lateral triangular passage. It will be seen from 
Fig. 4, opposite, that the values of R,, found in 
this manner for the triangular passage are only 
about one-third of those found for the rectangular 
passages, the highest value—that applying to steady 
flow—being 750 only. The curve demonstrates to 
a marked degree the reduction of R,, below the 
“steady flow” value at low frequencies, and it 
also shows a falling off at high frequencies as in the 
case of the rectangular passage. It is not claimed 
that the results for the rectangular and triangular 
passages are directly comparable, owing to the 
uncertain validity of the hydraulic mean, depth as 
a basis of calculation. 

Theoretical Concepts—The following analysis 
relates to a viscous motion which may be regarded 
as consisting of a steady flow with a fluctuating 
flow, of mean, value zero, superposed on, it. 

For flow between two parallel plates of infinite 
width, the basic Navier-Stokes equations reduce to 


Ou 1@p Ou 

at * pax ~ ” dyt * 

dp op 

ay rg, 
where u is the velocity in the x-direction, p is the 
difference of the actual pressure from the hydrostatic 
pressure, ¢ is the time, and p and », respectively, 
are the density and kinematic viscosity of the fluid. 
The vertical and horizontal axes in the plane at 
right angles to the direction of motion are denoted 
by y and z. 


(3) 


To solve (3) it is assumed that both 2 and u are 


periodic functions of ¢ and can be expressed by the 
Fourier series 
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Op @ i) 
an” 40 + xX Ancosnwtt+ DY Brasinnwt, (4) 
n=1 n=1 


in which Ao, A,, B, are constants and w = 2 7f, 
f being the frequency, and 
@ 2) 
U=aH (y+ YD on(ycosnwt+ DY Baly)sinnwi 
n=1 n=1 
(5) 


where %o(Y), Xn (y), Bp (y) are functions of y. 
Substituting in (1) and equating coefficients of 
corresponding terms, we obtain 
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Assuming no slip at the boundaries, the solutions 
of (4), (5) and (6) are given by 


Ao 
X& (y) = <5,°"°2 . ° . & 
1 
Op (y) =; [An Sn (yv) + BaCa(y)] . (10) 
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where 
sing (b + y)sinhg (b — y) 
+ sing (b — y) sinhg¢ (6 + y) 
Sn (uv) q® (cos 2qb + cosh 2 qb) 
cos g (6 + y) cosh g (6 — y) + cosa (b — y) 
x cosh g (b + y) — cos2qb — cosh2¢d 
Cy (vy) = 
___—- @ (eos 2gb + cosh 2 qb) 
new 
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and 6 = half the distance between the plates. 

It will be seen that (9) is Poiseuille’s equation for 
steady flow between two parallel boundaries, 
Since Ay and a%(y) are, respectively, the mean 
values of the series (4) and (5) over a cycle, (9) repre- 
sents the mean value of the periodic viscous flow. 

Substituting (9), (10) and (11) in (5), we obtain 
the solution of (3) for the forced motion 
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xcosn wt + [By Sp (y)—An Cy (y)] sinn wt}, (12) 
which indicates that the velocity distribution is 
made up of two parts—a Poiseuille distribution 
of the mean flow, and a pulsating distribution given 
by the infinite series. 

In the experiments described above, the amplitude 
of the pulsations was only of the order of an inch 
or so of water, and the problem of obtaining their 
waveform would have been extremely difficult to 
solve experimentally and was not attempted. In 
cases where the pressure fluctuations may have 
amplitudes of a few inches of mercury, the problem 
of indicating them is not insuperable and it should 
be possible to determine with reasonable accuracy 


the form of a. and thence the approximate form of 


op op 
a> ane at = —Coy 
velocity. This would allow a consideration of the 
Fourier coefficients A,,, B,,, leading to an approximate 
evaluation of the magnitude of the “ fluctuating ” 
term of equation (10) in relation to the “steady 
flow” term. If this relative magnitude is small the 
effect of pulsations on the velocity distribution 
remains unimportant. It is possible, perhaps, that 
deviation from the strict parabolic form may have 
some influence in promoting instability of flow. 

The experiments described above represent a 
part of an investigation, into the characteristics of a 
viscous-flow air meter for piston-type internal- 
combustion engines, carried out in the Department 
of Engineering, University College, Swansea. 
Though these experiments to determine the critical 
R, for conditions of pulsating flow cover only a 
narrow field of review, it is thought that their 
results, though necessarily of very restricted value, 
may be of some interest. 


where c is the propagation 





GERMAN EXHIBITION OF CHEMICAL APPARATUS.— 
Achema X, the international exhibition of chemical 
apparatus, is to be held at Frankfurt-on-Main, Germany, 
from May 18 to 25, 1952. It is being organised by 
Dechema Deutsche Gesellschaft fiir Chemisches Appa- 
ratewesen E.V., Frankfurt. A chemical-engineering 
conference will be held at the same time, as well as 
technical meetings of several scientific societies. 





ELECTRICITY SUPPLY IN NORTHERN IRELAND.—A new 
generating set was set to work at Ballylumford power 
station, Northern Ireland, on September 20, bringing the 
capacity of the station up to 124,500 kW. The Northern 
Ireland Electricity Board last year sold 252 million kWh., 
or 41 per cent. of the total for the country. A new 
generating set is nearly completed at Belfast Harbour 
power station, and it will be followed by a new station 
at Victoria Channel, Belfast. The capacity of London- 
derry power stations is being increased by 6,000 kW, and 
sites outside Belfast are being considered for additional 
plant in the future, including possible hydro-electric 
schemes on the rivers Bann and Mourne, investigations 


FLYING DISPLAY OF 
BRITISH AIRCRAFT. 


(Concluded from page 355.) 


WE conclude below our description of some 
of the exhibits at the 12th annual display of the 
Society of British Aircraft Constructors, which was 
held at the aerodrome of the Royal Aircraft Estab- 
lishment, South Farnborough, Hampshire, from 
September 11 to 15. 

The Canberra bomber aeroplane, which was 
first demonstrated two years ago at the 10th display, 
and described subsequently on page 584 of our 
168th volume (1949), has clearly justified the 
enthusiasm that it aroused on that occasion. It is 
in production in this country, in Australia, and in 
the United States. A Canberra B Mark 2 tactical 
bomber, similar to the machine flown in last year’s 
display, but equipped with additional fuel tanks, 
recently established an international record for the 
east-to-west Atlantic crossing by flying from 
Aldergrove, Northern Ireland, to Gander, New- 
foundland, at an average speed of 480 m.p.h. 
against headwinds ranging from 20 to 80 knots. 
The designers of the Canberra, the English Electric 
Company, Limited, Warton Aerodrome, near 
Preston, Lancashire, demonstrated two versions 
which had not been seen previously at Farnborough 
—the PR Mark 3 _ photographic-reconnaissance 
aeroplane, fiown on September 11 and 12, and a 
new bomber, the B Mark 5, on September 13 to 16. 
Externally, both these aircraft differ only slightly 
from the B Mark 2 tactical bomber described 
briefly on page 217 of our 170th volume (1950) ; 
the fuselage of the P.R. Mark 3, which is illustrated 
in Fig. 13, page 392, is slightly longer and accommo- 
dates cameras and flares. It has a transparent nose 
without the flat bomb-aimer’s window of the 
B. Mark 2. The B. Mark 5 has an opaque nose 
with a larger bomb-aimer’s panel. As mentioned 
on page 343, ante, British-built and Australian-built 
Canberras are powered at present by two Rolls- 
Royce Avons. 

In the United States, however, the Canberra air- 
craft, which are being built under licence by the 
Glenn L. Martin Company, Baltimore, are to be 
powered by Sapphire axial turbojets, also being built 
under licence in the United States, by the Curtiss- 
Wright Corporation, New Jersey. American visitors 
to the display, therefore, must have been particularly 
interested in the demonstration of the Sapphire 
Canberra sponsored by the designers of the Sapphire, 
Messrs. Armstrong Siddeley Motors, Limited, 
Coventry. A brief description of the Sapphire, 
which was demonstrated for the first time in last 
year’s display, installed in a Meteor aeroplane, was 
given on page 238 of our 170th volume (1950). It 
may be recalled that it is a particularly compact 
engine and is stated to have a sea-level static 
thrust of 7,220 lb., a net dry weight of 2,500 Ib., 
and a specific fuel consumption of 0-916 Ib. per lb.- 
thrust per hour. The Sapphire Meteor experi- 
mental aircraft recently established four inter- 
national climbing-speed records (subject to confirma- 
tion by the Fédération Aéronautique Internationale ) 
during a climb to 12,000 m. (39,370 ft.), which it 
accomplished in 3 minutes 7seconds. As announced 
recently in ENGINEERING, the Armstrong Siddeley 
Sapphire engine is to be produced at Hucclecoate, 
Gloucestershire, by Brockworth Engineering, 
Limited, a company formed for the purpose by the 
Hawker Siddeley Group. 

An interesting development demonstrated by de 
Havilland Propellers, Limited, Hatfield, Hertford- 
shire, were the constant-speed negative-thrust pro- 
pellers fitted to a Handley-Page Mamba-Marathon, 
believed to be the first power-on braking propeller- 
turbine installation in the world. In the Armstrong 
Siddeley Mamba propeller-turbine engines, it may 
be recalled, both stages of the turbine drive the 
compressor shaft which is coupled, through reduc- 
tion gearing. to the propeller shaft. Messrs. de 
Havilland have found that braking propellers of the 
type fitted to piston engines, in which the blades are 
held against a fixed negative-pitch stop during the 
landing run, are not suitable for “ solid-shaft” 
propeller turbines such as the Mamba because the 
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of rotational speed to avoid engine stalling or over- 
heating. The firm have therefore modified the 
normal constant speed unit to allow constant-speed 
operation in reverse pitch ; this is accomplished by 
a solenoid-operated valve which reverses the con- 
nections to the propeller coarse-pitch and fine-pitch 
oil lines. 

The negative-thrust propeller is provided with a 
non-retractable coarse-pitch stop in the feathering 
position, a mechanically-retractable flight fine-pitch 
stop, an electrically-actuated super-fine pitch “ stop” 
for providing a fine positive blade setting for starting 
the engines, and a non-retractable negative-pitch 
stop. During the approach at reduced power, the 
rotational speed selected is high and the blade will 
be at or slightly above the fine-pitch stop. As the 
aircraft touches down, a micro-switch is operated 
by the undercarriage legs and a solenoid is energised 
which withdraws the flight fine-pitch stop and allows 
the propeller pitch to decrease until, at the starting 
fine-pitch angle, a cam on the blade root actuates 
a micro-switch energising the coaree-pitch solenoid 
valve which directs oil to the coarse-pitch line to 
increase the blade angle; a hunting condition is 
then set up at the starting pitch. 

When it is required to set the propeller in negative 
pitch, the pilot pulls the single engine-control 
lever back into a reversing quadrant beyond 
the idling position. This interrupts the elec- 
trical supply through the starting-pitch micro-switch 
to the coarse-pitch solenoid and, in effect, “re- 
tracts’ the starting fine-pitch stop. The move- 
ment also energises the reverse-pitch solenoid and 
the coarse-pitch solenoid so that the blades are 
moved into negative pitch. A second cam-operated 
micro-switch on the blade roots is arranged to break 
the circuit to the coarse-pitch solenoid as the blade 
pitch passes beyond a low negative setting ; this 
leaves the propeller free to run at constant speed in 
negative pitch. The engine power can be increased 
as desired for braking during the landing run by 
backward movement of the control lever in the 
reverse quadrant. The sequence of switching opera- 
tions in entering negative pitch and returning to 
positive pitch is simply carried out by a drum switch 
operated by the pilot’s engine-control lever. The 
landing run of the Mamba-Marathon, it is claimed, 
is reduced by about 50 per cent. with the constant- 
speed reverse-thrust propellers in action. 

The Hermes 5 air liner, the largest propeller- 
turbine air liner yet flying, constructed by Messrs. 
Handley Page, Limited, Cricklewood, London, 
N.W.2, has been fitted with Dunlop plate brakes, 
described on page 83 of our 169th volume (1950), 
and Dunlop Maxaret automatic hydraulically- 
operated brake control which prevents the wheels 
from locking and skidding ; during the landing run 
the pilot of the Hermes 5 demonstrated the action 
of the new brakes. The Maxaret unit incorporates 
a small flywheel, driven by the main landing wheel, 
which acts as a governor, and automatically releases 
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the brake pressure if the landing wheel decelerates 
too rapidly. It also prevents the application of 
brake pressure before the landing wheels touch down. 
The braking efficiency is considerably increased by 
the non-skid unit, and tyre wear is greatly reduced. 

Two more developments for the Navy should be 
mentioned. The latest variant of the Firefly, the 
Mark 7, three-seater carrier-borne anti-submarine 
aircraft, which first flew in March of this year, was 
demonstrated, carrying sonobuoys and fuel tanks 
under the wings. A photograph of the Firefly 
Mark 7 is reproduced in Fig. 14. It is built by the 
Fairey Aviation Company, Limited, Hayes, Middle- 
sex, and is powered by a Rolls-Royce Griffon 
engine ; it is in production for the Royal Navy. 
The span of the wing has been increased from 
41 ft. 2 in. to 44 ft. 6 in., and the overall length is 
37 ft. ll in. No performance details have yet been 
released. The other new naval aircraft, a prototype 
single-speed high-speed fighter, is the naval version 
of the P.1052 aeroplane, designed and constructed by 
Messrs. Hawker Aircraft, Limited, Canbury Park- 
road, Kingston-on-Thames, Surrey. The P.1052 
land-based aeroplane was first demonstrated at the 
display two years ago. It has a swept-back wing 
with a span of 31 ft. 6 in., and is powered by a 
Rolls-Royce Nene jet engine with bifurcated air 
intakes and jet exhausts at the wing roots. 

Among the lighter aircraft, three new develop- 
ments were demonstrated by Auster Aircraft, 
Limited, Rearsby Aerodrome, Leicestershire, all 
of them of the familiar high-wing braced monoplane 
configuration. The Auster Model § has been built 
for the Army, and is undergoing trials as an air- 
observation post. The aircraft has a span of 
32 ft., and is powered by a Blackburn Bombardier 
702 piston engine developing 180 h.p. It is interest- 
ing to note that this engine is the first employing 
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direct petrol injection to pass the approval tests 
of the Air Registration Board. The same power 
unit is employed in the Auster ambulance freighter 
aircraft, in which the tailplane is supported by a 
tail boom in order to allow access to the removable 
loading door at the rear of the fuselage. The 
aircraft has a span of 37 ft., an overall length of 
24 ft. 8 in., an all-up weight of 2,600 Ib., and can 
carry a payload of 560 lb. The range is 300 miles 
at a cruising speed of about 105 m.p.h. The third 
Auster machine demonstrated was the two-seat 
Aiglet elementary trainer, which is powered _by 
a 130-h.p. de Havilland Gypsy Major piston engine. 
It has a span of 32 ft. and an overall length of 
23 ft. 3 in. All these aircraft are intended for 
operation from small fields, and are particularly 
noteworthy for their excellent slow-flying charac- 
teristics. 
Among the aircraft which have taken part in 
previous displays may be mentioned the large 
GAL-60 prototype military freighter aircraft built 
by Messrs. Blackburn and General Aircraft, Limited, 
Brough, East Yorkshire. To demonstrate the 
capacity of the hold, the GAL-60 was flown to 
Farnborough carrying a large caravan and a jeep. 
On arriving at Farnborough the hydraulically- 
operated loading ramp and fairing doors were 
lowered and the jeep drove off towing the caravan. 
Fig. 15, opposite, shows a similar operation being 
carried out. The GAL-60 is powered by four 
Bristol Hercules engines, and has a wing span of 
162 ft. with a length of 99 ft. 2 in. Last year the 
main undercarriage units bad single wheels, but they 
have now been replaced by four-wheel bogie units, 
each wheel being provided with disc-type brakes 
which, in conjunction with the reversing prope!lers 
fitted, give a remarkable short landing run. rhe 
capacity of this machine for carrying bulky and 
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Fie. 15. Untoaprine GAL-60 Freicurer ArroraFT; BLACKBURN AND GENERAL AIRORAFT, 
Liwirep. 
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heavy loads and for operating from restricted 
areas with rudimentary maintenance facilities 
should render it of great value in both the military 
and civil fields. It is interesting to note that the 
firm are designing a civil development of the aircraft, 
to be powered by four Bristol Centaurus engines, 
each developing 2,940 h.p. at take-off revolutions 
per minute at sea level, which will increase both 
the cruising speed and the disposable load, A design 
all-up weight of 127,000 Ib. has been quoted for this 
project. The rear fuselage is to be replaced by a 
tubular tail boom, in which it will be possible to 
carry 19 passengers ; clamshell loading doors will 
be fitted. 

The Bristol Freighter aeroplane, designed and 
constructed by the Bristol Aeroplane Company, 
Filton House, Bristol, is well known and has seen 
several years of civil and military operation, carrying 

ranging from beef carcases to helicopters. 
In the latter capacity, a Bristol 170 Freighter 
Mark 31 was on view in the static park, as illustrated 
in Fig. 16, which actually shows a Bristol 171 
Mark 3 helicopter loaded into the Freighter in June 
last, for transport to Khartoum, where the helicopter 
has been undergoing tropical trials. The Bristol 170 
Mark 31 is powered by two Bristol Hercules 734 


engines, each developing 1,980 h.p. at take-off 
revolutions per minute at sea level ; it has an all-up 
weight of 42,000 Ib., a maximum still-air range of 
1,400 miles, and a maximum disposable load of 
15,335 Ib. 

This concludes our description of some of the 
aircraft and engines included in the Society of 
British Aircraft Constructors’ annual display. 
Other notable aircraft which appeared at Farn- 
borough but have not been included in this review 
have been described in earlier volumes of Enet- 
NEERING. Every year the items of interest at Farn- 
borough are more numerous than in the preceding 
display; but although most visitors are interested 
mainly in the flying display and in examining 
the aircraft in the static park, it should be men- 
tioned that there is also an excellent exhibition of 
components and equipment. The majority of 
visitors are only able to spend a single day at the 
show, and in the short time available it is impossible 
for them to make more than a cursory inspection 
of this exhibition. It may therefore be suggested 
that the Society of British Aircraft Constructors 
should consider whether the time has not come to 
consider holding the flying display and the static 





exhibition separately, possibly in alternate years. 


THE PASSENGER AND 
CARGO LINER ‘“ KENYA.”’ 


THE 15,000-ton twin-screw r and cargo 
liner Kenya, which is the latest and largest addition 
to the fleet of the British India Steam Navigation 
Company, Limited, is now on her maiden voyage 
to East Africa, having left London on August 25. 
She was built and engined by Barclay, Curle and 
Company, Limited, at their yard at Whiteinch, 
Glasgow, which she left on July 12, after running 
trials in the Firth of Clyde, making the passage to 
London via the north of Scotland and the Pentland 
Firth. We were afforded the opportunity to come 
round to the Thames in the ship, which carried a 
party of the owners’ guests, and the following 
description has been prepared, therefore, with the 
advantage of a fairly detailed acquaintance with 
the vessel. 

Although the main business of the British India 
Steam Navigation Company, which was founded 
in 1856, has been with India, as the title indicates, 
their fleet has played an important part in develop- 
ing trade with East Africa, since the Suez Canal 
was opened in 1869. The company was founded in 
Calcutta by William (afterwards Sir William) 
Mackinnon and his partner, Robert Mackenzie, and 
by 1862 had established services from India to 
Rangoon, Singapore and the Persian Gulf. In 1873, 
they began to trade with Zanzibar, obtaining the 
favour of the then Sultan to such an extent that 
Mackinnon was offered a concession for 70 years to 
administer his dominions, includmg the mainland 
territory under the control of the Sultan, and to 
collect the customs dues. It was not, however, 
until German traders opened up ‘what became 
German East Africa that the British Government 
could be persuaded to support the proposal, and 
Sir William was enabled, in 1887 to accept the 
concession and to form the British East Africa 
Association. From that time onward the British 
India Company’s services to East Africa developed. 
steadily, until now, including the Kenya, they 
maintain 14 or 15 ships on that route. Another 
vessel, the Uganda, a sister ship to the Kenya, is: 
rapidly approaching completion for the same ser- 
vice, and, like her, will carry both first-class and 
tourist passengers. This represents an innovation 
on this run, where previous ships have carried only 
one class of passengers. It may be remarked that 
the Kenya is the 58th vessel built for or acquired 
by the company since the outbreak of war in 1939. 

The general appearance of the Kenya will be 
seen from the illustration, Fig. 1, on the next page ; 
an air photograph taken as she was steaming up 
the Thames estuary on July 15, on delivery from 
the builders’ yard. Figs. 2 to 5, on Plate XXIX, 
show some of the public rooms provided for the 
first-class passengers ; a profile and deck plans are 
given in Figs. 6 to 15, on Plate XXX; and other 
illustrations of the first-class accommodation, with 
two of the tourist-class public rooms, are reproduced 
in Figs. 16 to 19, on Plate XX XI. Provision is made 
for 174 first-class passengers and 99 in the tourist 
class. The principal dimensions are as follows : 
length, overall, 540 ft. 0 in., and between perpen- 
diculars, 517 ft. 6 in.; breadth moulded, 71 ft. ;. 
depth moulded, to B deck, 38 ft. 6 in. Propulsion 
is by two sets of Parsons turbines, driving the twin 
screws through double-helical gearing and taking 
steam from three Babcock and Wilcox boilers. Full 
particulars of the main and auxiliary machinery will 
follow our description of the ship. The service speed 
is 16 knots. 

As will be seen from the arrangement drawings: 
reproduced on Plate XXX, the passenger accommo- 
dation is on the promenade deck and on A, B and 
C decks. The promenade deck is devoted entirely 
to first-class public rooms, and the dining saloons 
for both classes of passenger are on C deck. The 
whole of B deck is occupied by cabins, as also is 
A deck except for the tourist-class entrance hall, 
lounge and smoking room, at the after end. For 
the first-class passengers there are 16 single-berth 
and 31 two-berth cabins on A deck, and aleo two 
single-berth and two double-berth cabins which aré 
designated “special” and provide rather greater 
space and various other extra amenities ; they are 





situated at the forward end, under the first-class 
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lounge. On B deck there are four of these special 
cabins with single berths and four with two berths, 
and 365 ordinary first-class cabins, 16 with one berth 
each and 19 with two berths. All of the tourist- 
class cabins are situated on B deck ; they comprise 
four with two berths, 21 with three berths, and 
13 with four berths each. 

The first-class public rooms comprise the dining 
saloon, a children’s dining room (which can be 
converted, if desired, into three small private dining 
rooms), the lounge, writing room, card room, 
smoking room, cocktail bar, and veranda ballroom. 
‘The tourist-class public rooms are the dining saloon, 
smoking room, and lounge. There is also a chil- 
dren’s nursery for the first class, and another for the 
. tourist class, suitably equipped. The air-conditioned 
first-class dining saloon, towards the forward end 
of C deck, extends for the full width of the ship and 
has seating for 176 persons at small tables. In the 
centre, the ceiling is raised through B deck, giving 
@ spacious appearance to the room and facilitating 
lighting, which is of the fluorescent type. The 
panelling is in figured silver birch, relieved with 
Nigerian cherry. Aft of the main saloon, on the 
port side, is the children’s dining room, mentioned 
above, which seats 40. 

The first-class lounge, at the forward end of the 
promenade deck, is of unusual form, the main floor 
being roughly elliptical in plan, with the long axis 
athwartship. The forward curve of the ellipse 
conforms to that of the bridge front, and at the 
sides the room projects slightly, in two shallow 
bays, on to the covered forward end of the prom- 
enade, which continves round the front of the 
superstructure, under the bridge. At the forward 
end of the lounge, there is a slightly raised false 
deck, wide enough to accommodate several tables, 
settees, etc., and a grand piano ; thus it can be used 
either as an observation gallery, or as a dais for 
concerts, etc. The lay-out of the lounge can be 
seen from Fig. 11, on Plate XXX; and Fig. 2, on 
Plate XXIX, gives a general view of the room. 
Abaft it, on the port side, is the card room, shown 
in Fig. 4, on Plate XXIX; and on the starboard 
side is a wide corridor connecting the lounge with 
the entrance hall, with the writing room on its 
outboard side. The writing room is illustrated in 
Fig. 5, on Plate XXIX; the folding doors at the 
forward end, which can be seen in Fig. 5, conceal 
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an altar, as this room is intended to be used also for 
church services. 

From the entrance hall, a wide central staircase 
leads to the decks below, and corridors, to port and 
starboard, lead aft to the first-class smoking room, 
which extends across the superstructure between 
the boiler casing and the engine casing, as can be 
seen from the plan in Fig. II, on Plate XXX. On 
the port side, it is in communication, through the 
cocktail bar, with the verandah ballroom. On the 
starboard side, there is an exit into a vestibule from 
which stairs lead to the decks above and below. 
The ballroom has a close-boarded dance floor in 
oak, teak and maple, and is provided with a shallow 
proscenium at the forward end, with a cinema screen, 
and a low platform for the orchestra, as can be 
seen in Fig. 16, on Plate XXXI. . Both sides of the 
ballroom are fitted with sliding and folding glazed 
screens. At the after end of the promenade deck 
is the first-class swimming pool. 

The tourist-class dining saloon is on C deck and 
seats 126 persons. At the after end of it is a 
staircase, rising through B deck to the tourist-class 
smoking room on the port side of A deck and the 
lounge on the starboard side. The tourist-class 
swimming pool is also on A deck. 

Of the first-class cabins, six single-berth rooms 
and six two-berth rooms have private bathrooms, 
and all of the other rooms are fitted with hot and 
cold running fresh water. Mechanical ventilation 
on the Thermotank system and separately control- 
lable heating are provided in all cabins of both 
classes. The upper berths in the tourist-class three- 
berth and four-berth cabins can be removed if not 
required. Twenty-four of the tourist-class cabins 
on B deck, on the port side and adjacent to the 
first-class accommodation, can be converted to 
first-class cabins if necessary. Ironing and drying 
rooms are provided for the use of passengers in 
both classes of the accommodation ; and on B deck 
there is a shop and also a hairdressing saloon. 
Hospitals for male and female patients are situated 
amidships on B deck, on the starboard side. An 
isolation hospital and a separate hospital for the 
crew are provided on the poop, on the level of the 
promenade deck. 

Most of the equipment in the galleys is electric, 
though steam-heating is also available, should it 
be required. The main galley has an electric range 
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containing six ovens, a deep fat-fryer and an electric 
grill. Electric mincing and slicing machines are 
provided in the butcher’s shop, and there is an 
electric potato-peeler with a capacity of 56 lb. of 
potatoes per minute. In the bakery, there is an 
electric oven, dough-mixer and other equipment 
necessary to produce bread in batches of 180 Ib. ; 
and adjoining this department is a freezer and cold 
storage container for ice cream, together with an 
emulsifier for the production of milk and cream. 
The milk-producing plant has an output of 15 gallons 
an hour. The electric dish-washer can deal with 
3,000 pieces per hour. The all-electric laundry will 
handle the whole of the ship’s washing. 

For protection against fire, the cargo holds are 
fitted with a Pyrene combined smoke-detecting 
plant and CO, extinguishing system: the warning 
signals are given both on the bridge and in the 
officers’ quarters, visually and by alarm bells. 
Automatic sprinklers and fire-alarms are fitted 
throughout the passenger accommodation and the 
crew’s quarters—representing, incidentally, an addi- 
tion of some 50 tons to the ship’s displacement, 
including the water in the system ; and there is a 
mechanical foam installation in the boiler room. 

(T'o be continued.) 





SourH LONDON TRAM-CONVERSION SCHEME.—London 
Transport are to introduce stage V of the scheme for 
converting South London tram routes to ’bus routes on 
the night of October 6. The routes from which 99 tram- 
cars will be withdrawn are numbers 56 and 84 between 
Peckham Rye and Victoria Embankment, via West- 
minster and Blackfriars-bridges, respectively ; 58 between 
Blackwall] Tunnel and Victoria, 60 between Dulwich 
Library and the City, 62 between Forest Hill and the 
Victoria Embankment, 66 between Forest Hill and 
Victoria, and 7 between New Cross Gate and the Victoria 
Embankment, They will be replaced by 109 bus 
vehicles on the following new routes: Nos. 184 
between Brockley Station and the Victoria Embankment; 
185 between Blackwall Tunnel and Victoria; 176, 
on weekdays only, between Dulwich (The Plough) and 
Cannon-street station; 176, on weekdays only, between 
Forest Hill and the Victoria Embankment, 364, on 
weekdays only, between Brockley Rise and West Kilburn; 
286, an all-night route, between New Cross Gate and 
Charing Cross underground station; and 180, on weekdeys 
only, between Woolwich and Catford. The total number 
of trams withdrawn during stages I to V is 414; they 
have been replaced by 487 buses. 











‘WOOY ONILINM “GC “DLA ‘NOOY Gav) ‘“F “Oly 


~ 








PLATE XXIX. 


‘ 


> 








ame # 





' 
oD f 
ii 
A 


\ ae 


~Z 
\ == 
\ a 











er. 











“WOOY ONIMONS SSVT)-Isuly ‘¢g ‘Oly “HDNQOOT SSVI)-Isulgq °Z “oly 


NIM IINIDNG JOvd SNIBABNION 5 























(‘g6g 2bng a8 ‘uoydrsosagq 4107) 
“MODSVTD “COLINIT ‘ANVdWOO GNV @THOO ‘Ay IOUVa 


«VANAXM, AHNIT OOYVD AGNV WADNASSWd MANOS-NIML | 





NGINEERING, Sepremper 28, 1951. 


(To face page 394 ) 


i) 












SpgsBee'seaspsaag Pmwwodsuoe.wusa @Qa@teatiastiawaedwd@e@a@ ee eat a oa oom om & 














Ct 
AIAG JINLSVIIGOs ee bn pom i ‘  enmmnnmnmaaiiin Or le — —-evenIne — — FFs 
avin wo7a v 4 Meir | 








ee 














WOO" ONILIGM 
SSVTD 1Suld 






























































° oe © es = nen + " Tw! 

rR | ; : DNisy> | WOOwsNOWS 

zg orl OaNNNL JINVYLNG 06 ox o2 

at eo 5 Hoivn 4 aod ssvio TOT TTT i 
a SSV1D 4sul4 £°ON : WIVOS J _ssv1> uswis _|_ | 3NIDNI 
“ 4suis ; 


—woa 1) 








uve 





woow auv> 























SSV7D LSUld WVLNDOD om ( WW | 
Boa 
ais a5alue 4230 WLIdSOH 
*s+~2 >> ~---~-- TA Nanos Tas ---- ~~~ ote-stivu nado 2NIN200 
9930 JGVNINOU "IT *314 


41vog34i7 














© 
ae 
= oa - woow 
7 3SNOH ¥3AO “> ai9 


4330 NNS, 











O71 | orl | OL 


woud! 
,| WoOw | s.nividv> 
ava 7 7 
































$s3 
SUa3NIDNI Vaal ET) 
Y=  —_ 
































6 . 
{ir W530 NAS 
’ ‘eae i: 
| ae a 5 oe 
Sivog3sn 
WYOILVId SSVIWOD 
“Ol *314 350148 ONLLVDIAYN w2Id 4LVOS §=*9 *317 ISNOH .SYFIINIONI JO dOL 
6 “314 *2 317 
Dives 3W¥Ud 9 ake ——— — Wives WEE 12 ----- thee #2 2 eo open eee $5 == === —~—-——~—-DNIDVdS IWvud .£€-————- -—--—-—------------- ae re ot - 
NIIML3) 








4330 <—-MW3d waLd¥-- —- 
HS3U4 | 





WNVL NIVYG 


~ WW3d 3404 ‘ 10 "ant wvauj74j0> 





_— SWVGYISIOD 








ee 7 ie \V: woody 
J ee eye ees : ¥31108 = 


aL... ae AN aN : __WOO¥ 3NIDNI 








ok 


\/ 





a 














ha gl 





























W230 | 930. NI3ML COND ae nmteey —— === = ; Bs a any 7"; ake 
‘ ‘ aa! === peveenwer s += 
——— ' . . at ' AwaNnv) 
ST Von !! Q oe | ° 2 | | | @00@ 000 000 1 Ha2VN ne) a “ Ss wo3a 2 
wo370 D> 5) i! Pte a ae , oneare rnin amare pen wane = Se eae ne ae Sa 
hers nan poe WWODDY SVD LSYId IWAIdSOH | | WWO22V SSV1D LS19NOL| 5 °ON WWO2DDV ~\no30 9 
O3MNNUL ae 200! ° @ 00 0 @ 00 0 eo € ON 2 2 an) ° 91900 0 09 9 coffe oo o ° eo 3 2 % &@ oo @% 1000 9 99000 90 9 





dag 





eases —T 





ae 









F1sv23¥04 Py 





* 2NIND00 


3WNIONd ONIDOIW 
"9 “B1q 








(eé6g avg vas ‘uoydisoseq 404) 


“MODSVIS ‘C4HLINIT ‘ANVdWOD GNV THO) ‘AVIUVEA 


~VANAHMA, AHNIT ODAVD AGNV AAXONASSVd MAAOS-NIML 








‘XXX FLVId "IC6I “8% YAANALdIG ‘ONINAANIONG 




















.ONTATINIONG, ST SS 












































































































































































AYLNVd--— 





anv 
oem | ac amo amo AaTWS 
SSV7D LSuld 


yi71I0€ 









NOOTVS ONINIG 
S.NIYOTIHD 





OaNNMLL NOOTVS SNINIG 








HILVH T°ON YJAO 113M 
314 > JINVULNI 








< ---—----------- — -SUIDNISSVd SSVTD ASUId — — — —-- — -- --—-----—------ ate = 








l | 


| : | 
The if 





SSVTONIM 











i" 

« 
4inwa vane 
WNV2 Z3NS 





HILVH E 





W330 JILSVIIWOI 





SSV1D LSYI4 OL SSVTD LSIUNOL Hz 
FIGVIONVHIUILNI 


| | 


| AYISYNN 


44 SZ os Sz rs) Sz creee 
PK) 
135310 
Aaaeee. | 2m ASE = nee | illicit Sa tee 
fou SEXO ah -Woou woivuoavas i y ] nt 
Fe . 
) +=. 1 WNVL 
i AMINIHIVW ‘mM D> 
ph Lo ONILVYIDINITY iat 
Sis 1 | <= anes aa ; K° aaa 
ONISY) I — = “ ~-@10H ODUy>: \ ¥3A9 
woou — eae sig | EMO” sy 06-41 z 
< Ln es 2 — TT ITF St tT TI T Try 
YOLVYINID ro suoss HO1vH en HOLVH 
3NIDNI ¢ - $°ON ge 
Cr} EH} ; ° a 
” as aie 
ee ill 
wom eee 
lool FOLS | suzznr9N3| / | mma 
oS _ 
738310 yo30 a SI 314 






AULNVd 
WwInad 





91 LVIS OL, 





' 
NOOTVS 


SSVTD LSIUNOL 








330 NIIML. NIVW 
+ ON 





A¥ONNVT 





ji 


ae ee 






=s 





tad = 


yD30 9D pl “314 








ss3oau CIMNIMEL 


M382 4930 
i! 


Poh ae ee te ee a ee to i ————-——- SYFDNISSVd SSV1D LSIUNOL— — > 


yo30 g "€] “31 


WUYMTN 





*-->4 






Wy N: 0 


lineata, 











3JONNOT 
SSV1D LSIYNOL 





saan, = 


' 






SNISVD S$S3D3u 





INIDNI 


woowsWows 
SSVTD LSIBNOL 





~—-~awemne — 
wovad v *Z1 °F 




















in it 








‘WOOY ONIMOWY SSVT,)-LSINQOT, “6 ‘Ol 


“H9NOO'T SSV1,)-LSIHNOT, “Sl “Oly 








SAI INISNG 








(T'o face page 395.) 


ENGINEERING, SepremBer 28, 1951. 


























‘100d OPNIWWIMG SSVT)-ISulg “LI “Ol “WOOUTIVY HVGNVUTA ‘QT “OLY 





IF EEDIC LE) 








| 4) TahiLir’ 
s . us 





























*(e6¢ 26pq aas ‘uoudtsosaq 404) 
‘MODSVTS “GYULINIT “ANVdWOO GNV THO ‘AV DUVa 


~VANHNM, AANTT OOAVD AUNV AHONYSSVd MAAOS-NIML 


PLATE XXXI. 


















SEPT. 28, I95I. 


ENGINEERING. 





395 








LEVEL GANGWAY AT 





HOLYHEAD HARBOUR. 





Fie. 1. Pxiatrorm anp STEps. 


LEVEL GANGWAY FOR TIDAL 
WHARF. 


AN amenity which is much appreciated by passengers 
on the Irish Mail route between Holyhead and 
Dun Laoghaire (Queenstown) was introduced at 
Holyhead harbour in June this —— by British Railways 
(London Midland Region). The inconvenience of a 
steeply-sloping gangway between ship and shore has 
been eliminated by providing two platforms at the 
Customs building which are adjustable in height over a 
range of 6 ft. 9 in. to suit the state of the tide. Each 
gangway is laid from one of the platforms to the ship, 
and the platform is reached from the building by a 
flight of steps, as shown in Fig. 1, herewith. The 
novelty of the arrangement consists in the method of 
varying the number of steps in the flight to suit the 
setting of the platform. 

The underside of the platform can be seen in Fig. 2 
in its highest position. Its deck actually consists of a 
series of independent steps, so that when the frame of 
the platform is lowered the steps are laid in turn on 
stone pads built into the enclosing walls. Fig. 1 shows 
the platform at about the mid-height position, with the 
six upper steps in use as such and the lower steps 
forming a short level platform giving access to the 
gangway (off to the left of Fig. 1). Each platform has 
a timber deck, 10 ft. by 9 ft. 6 in., which projects 4 ft. 
beyond the face of the Customs building, and 12 inde- 
pendent steps which are constructed of timber 
protected with steel kicking plates and treads. The 
steps are held in position by guides which run in 
vertical channels recessed in the walls. 

The frame of each platform was constructed of two 
12-in. by 6-in. welded steel beams 20 ft. 6 in. long, 
braced together 4 ft. apart and supported at their en 
by four bronze nuts which work on four vertical 
square-thread screws. The screws are carried on 
thrust bearings at their upper ends to ensure that they 
are always in tension due to the weight of the platform. 
Each screw is between two vertical rolled-steel channels 
which serve as guides for maintaining the platform in 
position horizontally (Fig. 2). The screws are rotated 
simultaneously by means of a 5-h.p. electric motor, 
the drive being through a worm reduction unit and 
bevel gears and shafts. The whole of this gear is on a 
foundation below the platform at its lowest position. 
An electro-mechanical brake is fitted to bring the 
— gear to rest and to hold the platform in the 

position. The platform is controlled by : 
buttons on the upper deck of the customs buildi 
(the push-buttons can be seen on the right of Fig. 1) 
and overrun in either direction is prevented by limit 
switches. Before a vessel is due to arrive at Holyhead, 
the two platforms are adjusted to suit the average 
wee the tide during the disembarkation period 
an are retained in this positi i 
weet Moe. position until all passengers 





Fic. 2. Unpsrsmpz or Piatrorm, SHOWING 
Pap-STONEs. 


ATHLONE FELLOWSHIPS. 


TuE first Canadian engineering graduates to receive 
awards under the Athlone Fellowship scheme have 
arrived recently in this country. Each year 38 fellow- 
ships are to be awarded by H.M. Government to enable 
Canadian engineering graduates to take a two-year 
post-graduate training course in the United Kingdom ; 
the cost of transport, fees and maintenance will be 
covered. The fellowships have been named after 
Princess Alice of Athlone, the wife of the Ear! of 
Athlone who was at one time Governor-General of 
Canada. The two years may be spent in works 
training in approved industrial organisations, or post- 
graduate study in a university, college, or research 
establishment, or a combination of works training and 
academic studies ; or they may be devoted to research 
in a university, leading to a higher degree. 

Of the first 38 fellowship holders, 28 are newly- 
qualified graduates and 10 are graduates from industry. 
Eighteen are to spend their two years at a university 
or college, four of them in research and the others on 
post-graduate studies. ‘len have selected a mixed 
course of academic studies and works training, and 
seven are to enter industry for two years. The subjects 
chosen include general mechanical and electrical engi- 
neering, chemical engineering, aeronautics, gas turbines, 
automobile engineering, machine tools and production 
engineering, steel production, metallurgy, electro- 
chemistry, rubber technology, open-cast mining, 
structural analysis, concrete structures, soil mechanics, 
river-flow studies, hydraulic engineering, control 
mechanisms, electronics, and nuclear engineering. The 
academic and technological institutions to which the 
Canadian graduates will go include the Imperial College 
of Science and Technology; the University of Birming- 
ham; Cambri University ; University College, 
London; the University of Aberdeen; the Royal 
Technical College, Glasgow ; and the College of Aero- 
nautics, Cranfield. In industry, the students have 
elected to train with the Production ineeri 
Research Association, the British Electricity Authority 
and, possibly, the National Gas Turbine Establishment 
and the Telecommunications Research Establishment ; 
as well as eleven well-known manufacturers and con- 
sulting engineers. 





STOKE-ON-TRENT ASSOCIATION OF ENGINEERS.—AS 
announced on page 399, the Reginald Mitchell Memorial 
Gold Medal for 1951 of the Stoke-on-Trent Association 
of Engineers has been awarded to Professor Sir Wm. 
Lawrence Bragg, F.R.S., and the presentation has been 
arranged to take place at a public meeting to be held 
in the Victoria Hall, Hanley, Stoke-on-Trent, on Friday, 
October 5, commencing at 7 p.m. Sir Lawrence will 
afterwards deliver the Reginald Mitchell Lecture on 
“ Atomic Patterns in Everyday Life.”” The presentation 
will be made by the President, Mr. G. F. Barnes. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ BENNY Skov.”—Single-screw cargo liner, 
carrying twelve passengers, built and engined by Bur- 
meister & Wain, Copenhagen, for D/S Ove Skou A/S & 
D/S af 1937 A/S, Copenhagen, Denmark. Main dimen- 
sions: 390 ft. between perpendiculars by 55 ft. 6 in. by 
35 ft. 6 in.; deadweight capacity, 6,950 tons on a 
draught of 24 ft. 4in.; gross tonnage, 4,248. B. & W. 
eight-cylinder single-acting oil engine, developing 
7,000 b.h.p. at 125 r.p.m. Speed, 17 knots. Trial trip, 
August 23. 

M.S. “‘ BERNHARD HANSSEN.” —Single-screw oil tanker, 
built and engined by William Gray & Co., Ltd., West 
Hartlepool, for Skibsaktieselskapet Athos (Managers : 
Bernhard Hanssen & Co.), Flekkefjord, Norway. Main 
dimensions: 470 ft. between perpendiculars by 
62 ft. 94 in. by 35 ft. 6 in. to upper deck ; deadweight 
capacity, 12,505 tons on a mean draught of 28 ft. Tw 
Gray-Polarsix-cylinder Diesel engines, together developing 
4,720 b.h.p. at 250 r.p.m., coupled to a single shaft 
through Vulcan hydraulic clutches and reduction 
gearing supplied by David Brown & Sons (Huddersfield), 
Ltd., Huddersfield. Speed on trials, fully loaded, 12} 
knots. Trial trip, August 31. 

M.S. “ BUESTEN.”—Single-screw oil tanker, built by 
Swan, Hunter, and Wigham Richardson, Ltd., Wallsend- 
on-Tyne, for Tonsbergs Rederiaktieselskab (Managers : 
Rafen & Loennechen), Tonsberg, Norway. Main dimen- 
sions: 500 ft. between perpendiculars by 65 ft. 6 in. by 
37 ft. 6 in.; deadweight capacity, 15,620 tons on a 
draught of 29 ft. 2 in.; gross tonnage, 10,268 ; capacity 
of oil-cargo tanks, 712,400 cub. ft. Wallsend-Doxford 
five-cylinder opposed-piston two-stroke Diesel engine, 
developing 5,100 b.h.p. at 105 r.p.m., constructed by the 
Wallsend Slipway and Engineering OCo., Ltd., Wallsend- 
on-Tyne. Service speed, 13 knots. Trial trip, Septem- 
ber 11, 

8.8. “ Toro.”—Single-screw ore-carrying vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 
pool, for Compania Sud-Americana de Vapores, Valpar- 
aiso, Chile. First vessel of an order for two. Main 
dimensions : 415 ft. between perpendiculars by 57 ft. 6 in. 
by 34 ft. to upper deck; deadweight capacity, about 
8,800 tons on a draught of 25ft. Triple-expansion steam 
engines and two forced-draught oil-fired boilers, develop- 
ing 1,835 i.h.p. at 69-5r.p.m. Service speed, 10% knots. 
Launch, September 14, 

M.S. “ LONDON Vicrory.”—Single-screw oil tanker, 
built by the Furness Shipbuilding Co., Ltd., Haverton 
Hill, County Durham, for the London and Overseas 
Freigh ‘ers, Ltd., London, W.1. Third vessel constructed 
for these owners. Main dimensions: 525 ft. between 
perpendiculars by 71 ft. by 39 ft. 3 in.; deadweight 
capacity about 18,200 tons on a summer draught of 
30 ft. Gin. N.E.M.-Doxford six-cylinder opposed -piston 
single-acting two-stroke reversible oil engine, developing 
6,800 b.h.p. at 119 r.p.m, in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Speed, 15 knots. Launch, Septem- 
ber 18. 

M.S. “ BRITISH PIONEER.”’—Single-screw oil tanker, 
built by the Blythswood Shipbuilding Co., Ltd., Scots- 
toun, Glasgow, for the British Tanker Co., Ltd., London, 
E.0.2. Main dimensions: 463 ft. between perpendicu- 
lars by 61 ft. 6 in. by 34 ft.; deadweight capacity, 
about 12,500 tons on a summer draught of 27 ft. 6 in. 
Six-cylinder four-stroke single-acting Burmeister and 
Wain Diesel engine, developing 3,200 b.h.p. at 115 r.p.m., 
constructed by John G. Kincaid & Co., Ltd., Greenock. 
Speed on trials, about 12} knots. Trial trip, Septem- 
ber 18. 

M.S. “‘ Invana.”’—Single-screw trawler, built by Cook, 
Welton and Gemmell, Ltd., Beverley, Yorkshire, for 
J. Marr. & Son, Ltd., Fleetwood. Third vessel of a 
series of four. Main dimensions: 123 ft. 6 in. between 
perpendiculars by 26 ft. 6 in. by 13 ft.; gross tonnage, 
about 330; fishroom capacity, 7,000 cub. ft. Mirrlees 
seven-cylinder Diesel engine, developing 700 b.h.p. at 
228 r.p.m., constructed by Mirrlees, Bickerton and Day, 
Ltd., Stockport, Cheshire, and installed by Charles D. 
Holmes & Co., Ltd., Hull. Launch, September 19. 


S.S. “ GARLINGE.”—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 
pool, for Constants (South Wales), Ltd., London, B.O.2. 
Main dimensions: 320 ft. between perpendiculars by 
46 ft. 4 in. by 24 ft. 34 in. to shelter deck ; deadweight 
capacity, about 4,650 tons on a draught of 20 ft. 5% in. 
Triple-expansion steam engines and two oil-fired forced- 
draught boilers. Speed in service, 10} knots, Launch, 
September 19. 


M.S, “ Cautrex Kenya.”’—Single-screw oil tanker, built 
and engined by William Doxford & Sons, Ltd., Sunder- 
land, for the Overseas Tankship (U.K.), Ltd., London, 
W.1. First vessel of an order for four. Main dimen- 
sions: 490 ft. overall by 61 ft. 9 in. by 36 ft. 3in.; dead- 
weight capacity, about 12,000 tons on a draught of 
28 ft. 24 in. Doxford five-cylinder opposed-piston 
balanced oil engine, developing 5,150 b.h.p. at 108 r.p.m. 
Speed, 133 knots, loaded. Launch, September 19. 
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CONCRETE RESERVOIR TANK 
PRESTRESSED BY ‘“‘ PRELOAD ”’ 
SYSTEM. 


An American method of prestressing cylindrical 
concrete structures has recently been applied to a 
reservoir tank at Crawley New Town. Circumferential 
—- is obtained by continuously wrapping 

igh-tensile steel wire round the reservoir, considerable 
tension being induced in the wire by drawing it through 
a die which is mounted on a travelling cradle or 
“‘ merry-go-round.” Prestressing is shown in progress 
in Fig. 1, herewith, and Figs. 2 and 3 illustrate the 
chief features of the construction. The following details 
of the construction have been supplied by the Cement 
and Concrete Association, 52, Grosvenor-gardens, 
London, 8.W.1. 

The Pease Pottage reservoir, as it is known, is part 
of a scheme for supplying water to the town. It is 
the first to be constructed in this country on the 
Preload system, and was built by Preload (Great 
Britain), Limited, to the instruction of the chier 
engineer to the Crawley Development Corporation 
(Mr. A. J. W, McIntosh, B.Sc., M.I.C.E.). It has a 


Wire Mesh ~ 
Reinforcement 
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'N3° Screed 1:8 Mix 


capicity of 250,000 gallons and is 50 ft. in diameter, 
with a wall height of 21 ft. and a domed roof rising 
6 ft. 3 in. The wall has been prestressed circum- 
ferentially and vertically so that under all conditions 
of loading there is a residual compressive stress in the 
concrete. The wall, floor and roof were concreted in 
pneumatic mortar applied with a cement gun. The 
mortar used was a machine-made mixture of dry sand 
and cement which was carried in suspension in a stream 
of compressed air through a flexible hose to a nozzle 
approximately at the point of deposit. The water of 
hydration was introduced into the suspended material 
and air stream at the nozzle. The cement and sand 
in the mortar were used in the proportion of one part 
of cement to four of sand, based on the dry loose 
volume. The amount of water injected was such that 
the surface of the material when placed had a rich, 
smooth appearance. On vertical surfaces the amount 
of water used was adjusted so that material with a 
maximum thickness of approximately } in. would 
adhere without support. 

As no concentrated loads were involved, the only 
requirements for the tank floor were that it should be 
watertight yet sufficiently flexible to deform slightly 
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Fie. 4. “‘ Merry-Go-Rounp.” 











Fie. 5. WiIrEDRAWING DIE ON 
** MerRyY-GO-RounD.” 


with any settlement that might occur in the sub-base. 
It consists of 2 in. of monolithic pneumatic mortar 
reinforced with standard wire-mesh, laid on a rough 
3-in.base of 1-to-8 mix concrete. There is no expansion 
joint between the floor and wall—the two are rigidly 
tied together by }4-in. dowel bars at 12-in. centres— 
but to minimise differential shrinkage between them 
the floor was kept continuously moist until the wall 
was complete. The wall consists of a 4-in. pneumatic 
mortar core, of approximately 1-to-34 cement-to-sand 
ratio, with a }-in. pneumatic mortar layer added outside 
to give cover to the circumferential prestressing wires. 
Formwork, which was used only to the outer face of 
the wall, extended for the full length and height. 








The mortar was placed from the inside so that the 
outside surface had a smooth finish which facilitated 
the placing of the circumferential wires. 

The wire used for all the prestressing was 0-2-in. 
diameter high-tensile steel, with a minimum ultimate 
tensile strength of 210,000 lb. per square inch and a 
minimum stress at 1 per cent. proof stress of 180,000 lb. 
per square inch. For the vertical prestressing, the 
wires are grouped in units of four and were placed into 
keys preformed in the concrete, the keys extending 
the full wall height at 2-ft. intervals on the outer face. 
When the concrete had reached a sufficient strength 
and the wires had been tensioned, the keys were filled 
with pneumatic mortar which protects the wires and 
bonds them finally to the structure. The hydraulic 
jack used for the vertical stressing was of a pattern 
developed by the Ministry of Works. It consists of 
four jacks automatically compensated so that the 
tension on each wire is the same. After vertical pre- 
stressing, the formwork for the dome was erected and 
the dome cast. It consists of a 2-in. layer of pneumatic 
mortar of the same mix as that used for the wall, but 
reinforced with normal wire mesh. The circumferential 
stressing of the wall was then carried out by the self- 
propelled machine, or “merry-go-round” (Fig. 4), 
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ELEVEN-ROLL LEVELLING MACHINE. 


BRONX ENGINEERING COMPANY, LIMITED, LYE, NEAR STOURBRIDGE. 
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Fic. 2. Grarsox, SHowrne Om GALLERY. 


which wound the wire round the wall in a continuous 
operation, at the same time accurately stressing it 
within specified limits and spacing it correctly in helical 
form. The merry-go-round consists of a cradle, slung 
from a trolley which runs round and round the tank 
on the top edge of the wall. A motor on the cradle 
Picks up @ continuous chain which encircles the tank 
and propels the cradle along. The prestressing wire, 
which is fed from a coil on the cradle, passes through a 
hardened steel die which pays it out at a predetermined 
tension, as shown in Fig. 5. For this tank the diameter 
of the wire was initially 0-200 in., and that of the die 
0-177 in., and the stress in the wire after it had cooled 
wes 140,000 lb. per square inch. 
PO Ape merry-go-round circulated the tank it was 
ised gradually by the supporting trolley so. that the 
wire formed a continuous helix on the surface of the 





concrete. The raising of the cradle was controlled so as 
to give the correct spacing of the wires, which varied 
from 14 per linear foot at the base of the wall to 4 per 
linear foot at the top. Vertical adjustment of the die 
was possible either by raising the cradle relative to 
the trolley or by raising or lowering the die relative to 
the cradle. The second of these two adjustments was 
necessary for placing the wires near the bottom of the 
tank, where the die had to be supported below the 
cradle, and also at the top, where it was above the 
cradle. At the top of the wall, 17 circumferential wires 
were placed close together in a 10-in. deep ring to 
provide an inward thrust at the base of the dome. 
Winding commenced from the bottom. After attach- 
ing the end of the wire firmly to the wall by steel collets 
in a special anchorage, the winding proceeded steadily 
upwards, the dome ring being wound last. The end 


of the wire in the dome ring was fixed to the tank by 
another anchorage unit similar to that at the base. For 
joining a new coil of wire to the ed of a previous coil, 
a special torpedo splice was used by which the ends of 
both wires were gripped in tapered holes by steel collets. 
In case the wire should break during the winding 
process, it was positively attached at set intervals to 
the tank wall by anchorages. In this way, breakage 
of the wire would not involve the rewinding of the 
whole tank, but only a small portion of it. When 
stressing was complete, the dome formwork was stripped 
and the cover coat applied to the outer face of the wall. 
All exposed outward-facing surfaces were left with a 
natural gun finish which was treated with cement paint 
to give the structure a clean uniform appearance. 
No special finish was required on the inside, other than 
minor items of “ making-good.” Pipes to the tank 
were run under the wall and the connections made to a 
—_ + - floor. This is a the most economical 
method of connecting pipes, altho openings can 
readily be left for a i the walls at Proleed tanks. 
The tank was designed to give a maximum compres- 
sive stress in the wall concrete of 1,500 lb. per square 
inch, when the wire was wound on at its initial stress 
of 140,000 lb. per square inch. Owing to shrinkage 
and creep, this initial stress in the steel will decrease 
slightly with time to 100,000 Ib. per square inch, or 
thereabouts, and give an estimated minimum working 
stress in the concrete, when the tank is empty, of 
720 lb. per square inch and, when full, a minimum 
residual compressive stress of 50 lb. per square inch. 





ELEVEN-ROLL PLATE-LEVELLING 
MACHINE, 


In last week’s issue of, ENGINEERING, on 366, 
ante, we recorded that the Bronx Engineering Company, 
Limited, Lye, near Stourbridge, had despatched to 
France an eleven-roll plate-levelling machine which 
was claimed to be the largest yet made in that district. 
Herewith, in Figs. 1 and 2, we reproduce two photo- 
graphs of the machine, and append below some details 
of its construction. 

The machine, which is of the backed-up type, has 
been designed and constructed to the specification of a 
French steelworks, the Acieries Marine d’Homecourt, 
and is of rather unusual adaptability; it will handle a 
range of sheet and plate in thicknesses from 4 in. 
to 4 in., and widths up to 2,500 mm. (8 ft. 2in.). The 
drive is by an electric motor of 100 h.p. through a 
flexible coupling to a totally-enclosed three-tier cast- 
iron gearbox. The gears are alloy-steel forgings and 
all are of the double-helical type. The rbox is 
in two compartments, one containing the high-speed 
reduction gears, which are carried in roller bearings, 
and the other containing the slow-speed shafts, each of 
which drives one of the eleven levelling rolls. The 
48 bearings in the gearbox are oil-lubricated from a 
gallery round the inside top tier, to which oil is fed 
from the high-speed gears ; from the gallery, which can 
be seen in Fig. 2, the oil is piped individually to the roll 


Ther drive from the gearbox to the rolls, which are 
arranged six on top and five below, is by means of 
mill-type universal couplings and coupling spindles. 
The universal couplings have half-moon bearings of 
laminated plastic, individually grease-lubricated. The 
levelling unit consists of two split housings of semi- 
steel, mounted on a welded steel fabricated baseplate. 
The bottom support-roll bridge is an iron casting 
which extends below the level of the baseplate. The 
top support-roll bridge, of similar construction, is 
bolted to the top roll-chock housings. The support-roll 
blocks are adjustable by means of a four-point taper 
wedge to pre-load the top and bottom levelling rolls as 
req a 
For setting or other purposes, the plate can be 
reversed by the machine and levelled in either direction. 
For this reason, both the ingoing and outgoing top level- 





ling rolls are not supported, their necessary stiffness 
being ensured by making them of greater diameter 
than the supported levelling rolls. These unsupported 
top rolls are individually adjustable; and the whole 
bank of top rolls, with the support bridge, can be 
adjusted as a unit by a separate motor, mounted on a 
fabricated steel bracket which is bolted to the right- 
hand frame housing. The worm gearing for adjusting 
the rolls is totally enclosed and runs in oil. A large 
dial indicator, to be seen in Fig. 1, shows the position 
of the top bank of levelling rolls; and individual 
pointers indicate on a graduated scale the position of 
the top ingoing and outgoing rolls in relation to the four 
supported top rolls. Vertical idlers, which also can 
be seen in Fig. 1, are fitted to the ingoing and outgoing 
sides of the machine to prevent extra wide plates from 
fouling the housings. The weight of the machine is 
53 tons ; not 64 tons, as stated in our previous reference. 
Our paragraph also credited it with the ability to 
straighten plates up to } in. thick ; the correct capacity, 





however, is as given above. 
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NOTES FROM THE 
INDUSTRIAL CENTRES 


SCOTLAND. 


EXTENSION OF ALUMINIUM-ROLLING MiLL.—Permis- 
sion was granted at Falkifk Dean of Guild Court on 
September 20 for the erection of extensions and sub- 
sidiary buildings, to include a laboratory, at the rolling 
mills of the British Aluminium Company at Falkirk. 

Mr. T. A. CRowE, M.Sco.—The North British Locomo- 
tive Co., Ltd., Glasgow, have appointed Mr. T. A. 
Crowe, M.Sc. (Durham), a managing director. Mr. Crowe 
was until recently engineering director of John Brown & 
Co,, Ltd., Clydebank. He is a vice-president of the 
Institution of Engineers and Shipbuilders in Scotland, 
and a member of Council of the Institution of Mechanical 
Engineers, and of the Institution of Naval Architects, 

SmIrH’s ENGLISH CLOCKS, LTpD.—Mr. G. R. Strauss, 
Minister of Supply, was presented with the 9,000,000th 
alarm clock manufactured in Scotland by Smith’s English 
Clocks, Ltd., when he officially opened a new factory for 
the firm at Gowkthrapple, near Wishaw, on September 20. 
The watch and clock industry, he claimed, had made 
more rapid technical advances than any branch of engi- 
neering in the country. Gowkthrapple may ultimately 
employ 1,500 persons and produce 4,000,000 alarm clocks 
@ year, 





WARNINGS OF POWER CuTs.—The South-West Scot- 
land Electricity Board are exploring the possibilities of a 
new short-wave transmitter, which, if successful, might 
be used to warn industrial consumers of impending power 
cuts. The transmitter is at the Port Dundas offices, and 
industrial consumers would require to have receivers 
installed. A test of the signal was made on September 21. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


NEw COAL STAITHES AT NORTH SHIELDS.—Subject to 
the approval of the Treasury and the Ministry of Trans- 
port, the Tyne Improvement Commissioners propose 
to construct two coal-shipping staithes at Whitehill 
Point, North Shields. One will be on the site of the 
former No. 2 staithe, destroyed by fire in 1938, and the 
other partly on the site of the present Nos. 1 and 2a 
staithes. Each will have two radial-arm loaders, 
enabling two holds of a vessel to be filled simultaneously. 
Wagon tipplers will be provided to load washed small 
coal into hoppers, from which it will be transferred by 
electrically-driven belt conveyors to the radial loaders. 
The estimated cost of the work is 600,0001. Additional 
wagon sidings are also to be provided. 

THE IRON AND STEEL PosITION.—Although more ore 
is now coming in, Tees-side iron and steel producers are 
compelled to keep plants operating at considerably below 
capacity at a time when more and more specifications 
are being issued for material for priority purposes, with 
the result that there is a growing inconvenient shortage 
of sections urgently needed for ordinary commercial 
requirements. The scarcity of coke is retarding the 
much-desired increase in pig iron output, and a more 
liberal fuel supply is essential to accelerate blast- 
furnace activity. An outstanding hopeful factor in the 
generally unsatisfactory situation is the position in 
regard to iron ore. Heavy deliveries have enabled con- 
sumers to accumulate large reserve supplies and, indeed, 
to restore stocks almost to normal level. Imports of 
foreign ores are being maintained on a substantial scale 
and supplies from home mines continue good. 





LANCASHIRE AND SOUTH 
YORKSHIRE 


FOREMEN IN CONFERENCE,—One of the addresses to be 
given to steelworks and todlroom foremen at the con- 
ferences at Hope, Derbyshire, referred to on page 366, 
ante, is on costs; Mr. F. Pickworth, managing director 
of the English Steel Corporation, is to deal with costing 
in steelworks. He is chairman of the Costs Committee 
of the Iron and Steel Federation, which is sponsoring the 
series of conferences. There will be talks on law as it 
affects industry, the role of trade unions, the manage- 
ment of men, joint consultation, and other topics. 
Opportunity will be given for the foremen to express 
their views on the various subjects and their opinions of 
the value of the conferences. Two conferences are to 
be held in October. 


ELECTRICITY TARIFFs.—The new electricity tariffs 
in the East Midlands, to come into operation next year, 


will affect more than 12,000 industrial concerns. It is 
stated that many of the industrial tariffs throughout the 
area have not been revised since the war and have been 
rendered completely uneconomic by the continuous rise 
in costs since 1945, particularly for supplies given under 
block tariffs which did not incorporate afuelclause. The 
new tariffs will replace numerous tariffs of the 33 separate 
undertakings now vested in the East Midland Electricity 
Board. ss 

PROFESSOR W. E. 8S. TURNER.—On his 70th birthday, on 
September 22, Emeritus Professor W. E. S. Turner, the 
first head of Sheffield University’s Department of Glass 
Technology, founded by him in 1915 and the first of its 
kind in the world, was presented with a volume, dedicated 
to him, tracing the history of the glass industry. Llu- 
minated addresses from Sweden, the United States, 
Spain, India, Belgium and Germany were also handed 
to him, as well as messages of goodwill from India, 
Denmark and France. The company at the presenta- 
tions came from all parts of Britain and from four other 
countries. 

TRANSPORT USERS’ CONSULTATIVE COMMITTEE FOR 
THE YORKSHIRE AREA.—The Minister of Transport, the 
Rt. Hon. Alfred Barnes, has formally appointed the 
Transport Users’ Consultative Committee for the York- 
shire area, under the chairmanship of PROFESSOR A. N. 
SHImMIN. The committee members are Mr. H.S. Woop, 
representing agriculture; Messrs. H. BRADLEY, K. 
CAMPBELL-CULLEN, A. B. SHIPLEY, and W. COLE, repre- 
senting industry and commerce; Mr. W. BARR, repre- 
senting shipping ; Messrs. F. Storr and F. ROBINSON, 
representing labour; OouNciILLoR H. J. CRAVEN, 
ALDERMAN H. A. B. GRay, C.B.E., COUNCILLOR J. 
RAFFERTY and CouNCcILLOR S. I. Dyson, representing 
the local authorities ; and Messrs. E. W. ARKLE and 
W. M. Hrrcucock, representing the British Transport 
Commission. The committee secretary is Mr. J. Hors- 
field, of the Railway Executive, North-Eastern Region. 
Six more members are still to be appointed. 





BULK CONVEYANCE OF CEMENT BY RAIL.—The North 
Eastern Region of British Railways have undertaken 
the conveyance, in bulk containers, of 40,000 tons of 
cement from the Ferriby works of G. & T. Earle, Ltd., 
Hull, to the site of a new reservoir for Wakefield Cor- 
poration, which is being constructed at Baitings, near 
Sowerby Bridge. The cylindrical containers used, which 
hold 5% tons each, were made during the recent war, for 
the Ministry of Supply, for the carriage of magnesium 
oxide. 





THE MIDLANDS. 


Evectriciry LOAD-SHEDDING PLANS.—Plans have 
been made for load-shedding during the coming winter, 
in the area covered by the Midlands Electricity Board. 
As in the winter of 1950-51, voltage reduction or tem- 
porary withdrawal of supplies will be on a district rota 
basis, the principal difference being that the days on 
which power will be cut will be changed. Thus, for 
example, some districts which previously had cuts on a 
Monday will now be affected on Fridays. It is expected 
that a list of districts, with the days on which power 
cuts can be expected during peak-load periods, will be 
available shortly. 

THE NEW CONVEYOR CoMPANyY, LTp.—An agreement 
has been reached whereby Tube Investments, Ltd., of 
Birmingham, will acquire the assets of the New Conveyor 
Co., Ltd., of Smethwick and West Bromwich. The New 
Conveyor Co. will continue to operate as a separate 
concern, and the management and products will remain 
as before the merger. Mr. W. R. Purnell, the present 
vice-chairman of the New Conveyor Co., will become 
chairman, and will continue his duties as managing 
director of that company. 

PLans APPROVED FOR A NEW COLLIERY.—Rugeley 
Urban District Council have approved plans for a new 
colliery near that town. The new pit is planned for an 
eventual output of 1,500,000 tons a year, and ultimately 
will replace the existing Brereton Colliery, which has 
now only a limited remaining life. Large reserves of 
coal have recently been proved in the neighbourhood. 


TRAINING BOILER FIREMEN.—The Ministry of Fuel 
and Power is running a series of instructional courses in 
the Midlands for boiler firemen. Ten training centres 
have been established and courses will be held once a 
week. The regional fuel engineer, Mr. A. H. Pinder, has 
appealed to Midland industrialists to support the 
Ministry’s campaign for fuel economy by sending their 
boiler-room staffs for training in modern methods of 
firing. He estimates that 12,000 tons of coal and coke a 
week could be saved in the Midlands by the application 
of modern methods. Details of the scheme can be 
obtained from the Regional Fuel Engineer, Ministry of 





Fuel and Power, Hagley-road West, Birmingham, 17. 


, 





PROGRESS ON THE RIVER AVON NAViIGATION.—The 
Lower Avon Navigation Trust, a non-profit-making 
concern which was formed to restore the River Avon 
navigation from Tewkesbury to Evesham, hs repaired 
Strensham Lock, about five miles from Tewkesbury, and 
has now entered on the second part ofits work. Nafford 
Lock, about three miles up the river from Strensham, is 
being repaired, and an order has been placed for the 
repair of the Avon Lock at Tewkesbury, which gives 
access to the River Severn. The river is now open as 
far as Pershore, and can be used by pleasure or com- 
mercial craft. 


Prr Props FROM MIDLAND ForREsTS.—During the 

felling season, which begins on October 1, it is expected 
that a million cubic feet of timber suitable for pit props 
will be obtained from forests in the Midlands. The 
timber will come from both Forestry Commission pro- 
perty and private woodlands, the owners of the latter 
being assisted by a grant from the State for timber 
thinning. 
REDUCTION OF STEEL OuTPuT.—Shortage of labour 
has resulted in a reduction of output from two Midland 
steel-rolling mills belonging to Richard Thomas and 
Baldwins, Ltd. The plants affected are the Wilden 
works, near Stourport, and the Stour Vale works, near 
Kidderminster. Steelsheets are produced at these works, 
and at present only eight out of eleven hot mills can be 
operated. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


NEW ORANES AT NEWPORT DooKs.—Six new 10-ton 
grabbing cranes have been installed at Newport docks 
for the rapid handling of iron-ore cargoes. During the 
past five years, an average of over 470,000 tons of iron 
ore a year has been received at Newport. The new 
cranes are convertible for general cargo use. They have 
been supplied and erected by Stothert and Pitt, Ltd., 
Bath. The foundation and reinforced-concrete work was 
carried out by Christiani and Neilsen, Ltd., Westminster. 





NANTGARW COKE-OVEN PLANT.—A development of im- 
portance to South Wales and the country was the start of 
production at the National Coal Board’s new 3,000,0001. 
coke oven and by-product plant at Nantgarw on Thurs- 
day of last week. The ceremony was performed by 
Mr. Philip Noel-Baker, Minister of Fuel and Power, 
who pressed a button to operate the first discharge of 
coke from the ovens. Mr. Noel-Baker described the 
plant as the focal point of the new gas grid that the 
Wales Gas Board are constructing in the eastern part of 
the coalfield, the largest under construction in the 
country. The new plant will produce 1,100 tons of 
coke, 2,700 gallons of motor spirit, and 18,000,000 cub. ft. 
of gas a day, as well as other carbonisation products. It 
was originally intended that the King should open the 
plant, and a message expressing His Majesty’s regret 
at not being able to be present was read by Mr. G. E. 
Aeron-Thomas, chairman of the South Western Division 
of the National Coal Board. A plaque to commemorate 
the opening was unveiled by Lord Hyndley. The 
project was initiated by the Powell Duffryn Co., before 
the nationalisation of the gas industry. 


HomeE-GrRownN Pir Props.—Thinnings from forests in 
Wales for the twelve months to the end of this month 
will be worth 200,0001., according to estimates by the 
Conservators of Forests for South and North Wales. 
This represents about 1,500,000 cub. ft. of timber, most 
of which goes as pit props to the South Wales collieries. 


INDUSTRIAL PROGRESS IN SOUTH WALES.—Sir Percy 
Thomas, chairman of the Welsh Board for Industry, 
praised the co-operation between the Board and Govern- 
ment Departments when he spoke at the inaugural 
meeting of the East Wales District Committee of the 
Board, held at Newport on September 18. A repre- 
sentative of the Ministry of Works told the meeting that 
licences granted in Wales were of an average value of 
600,0001. monthly. The value of those rejected each 
month was about 200,0001. For the Admiralty, it was 
stated that 22 naval ships were in the repair yards of 
South Wales, and the Ministry of Supply representative 
spoke of efforts made to secure more defence work for 
Welsh factories. The Ministry of Labour reported a 
record low unemployment figure of 13,000. 


Loss or M.V. “ Twiir WarTers.”—The Ministry of 
Transport announces that the formal investigation into 
the loss with all hands of the M.V. Twilit Waters, on or 
about April 11, 1951, has been fixed for hearing at the 
Magistrate’s Court, Brixham, Devon, on Tuesdéy, 





October 16, 1951, at 10.30 a.m. 
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NOTICES OF MEETINGS, 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





SOCIETY OF ENGINEERS.—Monday, October 1, 5.30 
p.m., Geological Society’s Apartments, Burlington 
House, Piccadilly, W.1. ‘‘ The Application of Electronic 
Instruments to Industry,” by Mr. S. F. Smith. 


ILLUMINATING ENGINEERING Socrety.—Sheffield 
Centre: Monday, October 1, 6.30 p.m., The University, 
Western Bank, Sheffield, 10. Chairman’s Address, by 
Mr. G. L. Tomlinson. Newcastle Centre: Wednesday, 
October 3, 6.15 p.m., Minor Durrant Hall, Oxford-street, 
Newcastle-upon-Tyne, 1. Chairman’s Address, by Mr. 
W.H. Dodgson. Leicester Centre: Thursday, October 4, 
6.30 p.m., Offices of the East Midlands Electricity Board, 
Charles-street, Leicester. Discussion on “ The Lighting 
of the New House of Commons.” 


INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, October 1, 6.30 p.m., 
Royal Institution, Colquitt-street, Liverpool. Chair- 
nian’s Address, by Mr. E. W. Ashby. North-Western 
Centre: Tuesday, October 2, 6.30 p.m., Engineers’ 
Club, Albert-square, Manchester. Chairman’s Address, 
by Mr. G. R. Polgreen. Southern Centre: Wednesday, 
October 3, 6.30 p.m., British Electricity House, 111, 
High-street, Portsmouth. Chairman’s Address, by Mr. 
A. L. Ashton. District Meeting: Monday, October 8, 
7.30 p.m., The Royal Hotel, Norwich. ‘‘ Some Electrical 
Methods of Measuring Mechanical Quantities,” by Mr. 
F. J. Woodcock. 


INSTITUTION OF WORKS MANAGERS.—Notis and Derby 
Branch: Monday, October 1, 7.30 p.m., The Welbeck 
Hotel, Nottingham. ‘‘ My Own Experience in America,” 
by Mr. J. A. Warner. Wolverhampton Branch: Tuesday, 
October 2, 7 p.m., The Star and Garter Royal Hotel, 
Wolverhampton. “ Industrial Relations Under Present 
Circumstances,” by Mr. J. Leask. Sheffield Branch: 
Tuesday, October 2, 7.30 p.m., The Grand Hotel, Shef- 
field. “‘ Some Aspects of Motion and Time Study,” by 
Mr. D. D. W. Usalis. Tees-Side Branch: Thursday, 
October 4, 7.30 p.m., The Vane Arms Hotel, Stockton. 
“Law in Industry,” by Mr. Norman Scott. London 
Branch: Friday, October 5, 6.45 for 7.30 p.m., St. 
Ermin’s Hotel, Westminster, S.W.1. Annual General 
Meeting. Merseyside Branch: Tuesday, October 9, 
6.30 p.m., Adelphi Hotel, Liverpool. ‘‘ Why National- 
ised Industry Cannot be Efficient,” by Mr. Lewis C. Ord. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch: Monday, October 1, 7.30 p.m., Roya! Victoria 
Station Hotel, Sheffield. Presidential Address on “‘ The 
Training of Foundry Technicians,” by Mr. W. J. Colton. 
North-East Scottish Section: Wednesday, October 3, 
7.30 p.m., The Imperial Hotel, Keptie-street, Arbroath. 
* Cast Iron as an Engineering Material,” by Dr. H. T. 
Angus. Wales and Monmouth Branch: Saturday, 
October 6, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. Film Display. Slough Section: 
Tuesday, October 9, 7.30 p.m., High Duty Alloys, Ltd., 
Slough. ‘‘ The Running and Feeding of Castings,” by 
Mr. H. B. Farmer. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Cenire: Monday, October 1, 7.30 p.m., Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow, C.2. ‘ The Heating and Ventilation 
of Public-Service and Heavy-Goods Vehicles,” by Mr. F. 
Duncombe. Eastern Group : Tuesday, October 2, 7 p.m., 
The University Arms Hotel, Cambridge. Inaugural 
Meeting. Institute: Wednesday, October 3, 6.30 p.m., 
Central Hall, Broadway, Westminster, S.W.1. Sixth 
Annual General Meeting. Western Group: Tuesday, 
October 9, 7.30 p.m., The Grand Hotel, Bristol. Opening 
Meeting of the 1951-52 Session. Kast Midlands Centre: 
Wednesday, October 10, 7.30 p.m., Mechanics Institute, 
—— “The Art of Welding,” by Mr. M. Allen- 
der, 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—-Leeds Branch : Monday, October 1, 7.30 p.m., Lighting 
Service .Bureau, Leeds. ‘‘ Research on Lamps and 
Lighting,” by Mr. R. V. Mills. Sheffield Branch : Monday, 
October 1, 7.30 p.m., The Royal Victoria Station Hotel, 
Sheffield. ‘‘ Television,” by Mr. C. O. Birtles. North- 
East London Branch: Monday, October 1, 8 p.m., The 
Angel Hotel, Ilford. ‘‘ Modern Installations,” by Mr. 
W.F. Parker. West London Branch: Tuesday, October 
“*, 7.30 p.m., The Windsor Castle Hotel, Hammersmith. 
‘‘ Automatic Power Factor Correction,” by Mr. J. Orr. 
South London Branch: Thursday, October 4, 8 p.m., 
Café Royal, North End, Croydon. ‘ Gyroscopes,” by 
Mr. W. J. Spencer. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, October 
*, 5.30 p.m., 85, The Minories, E.C.3. Presidential 
Address, by Dr. 8. F. Dorey, F.R.S. Tuesday, October 9, 
5.30 p.m., 85, The Minories, E.C.3. “ Refractory 
Materials for Marine Boilers,” by Mr. F. H. Clews. 


INCORPORATED PLANT ENGINEERS.—London Branch : 
Tuesday, October 2, 7 p.m., The Electric Light Manufac- 
turers’ Association, 2, Savoy-hill, W.C.2. “ Planned 
Maintenance,” by Mr. J. T. Bromley. Southampton 
Branch: Wednesday, October 3, 7.30 p.m., Polygon 
Hotel, Southampton. “ How the Institution Func- 
tions,” by Mr. L. G. Northeroft. Peterborough Branch : 
Thursday, October 4, 7.30 p.m., Eastern Gas Board’s 
Offices, Church-street, Peterborough. Discussion on 
“The Manufacture of Electric Lighting Fittings.” 
South Wales Branch: Tuesday, October 9, 7.15 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
“* Gears,” by Mr. G. B. Ashton. East Lancashire Branch : 
Tuesday, October 9, 7.15 p.m., Engineers’ Club, Albert- 
Square, Manchester. ‘‘ Manufacture, Development and 
Application of Brake-Lining Material,” by Mr. G. E. 
Taylor. 


INSTITUTION OF PRODUCTION ENGINEERS.—Reading 
Section: Tuesday, October 2, 7:15 p.m., Great Western 
Hotel, Reading. ‘‘ Industrial Incentives,” by Mr. R. N. 
Marland. Nottingham Section: Wednesday, October 3, 
7 p.m., Victoria Station Hotel, Nottingham. “ Fatigue of 
Metals,” by Professor J. A. Pope. South Essex Section : 
Wednesday, October 3, 7.30 p.m., South East Essex 
Technical College, Barking. ‘“‘ The Problems of Manage- 
ment,” by Mr. Lewis C. Ord. Institution: Thursday, 
October 4, 7 p.m., Royal Empire Society, Northumber- 
land-avenue, W.C.2. ‘‘ Increased Productivity by the 
Use of Compressed Air,” by Mr. N. P. Watts. West 
Wales Section: Friday, October 5, 7.30 p.m., Central 
Library, Alexandra-road, Swansea. “ History and 
Development of the Tube Industry,” by Mr. W. Golds- 
worthy. 

INSTITUTE OF PETROLEUM.—Wednesday, October 3, 
5.30 p.m., Manson House, 26, Portland-place, W.1. 
Redwood Lecture on “ The Training of a Technologist,” 
by Professor F. H. Garner. 

LIVERPOOL ENGINEERING SOCIETY.—Wednesday, Octo- 
ber 3, 6 p.m., 9, The Temple, 24, Dale-street, Liverpool. 
Presidential Address, by Mr. E. Walker Elliott. 

INSTITUTION OF SANITARY ENGINEERS.—Wednesday, 
October 3, 6 p.m., Caxton Hall, Westminster, S.W.1. 
“ Concrete Lining of Corroded Water Mains,” by Mr. R. 
Petherbridge. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—East Midlands Branch: Wednesday, October 3, 
6.30 p.m., The Victoria Station Hotel, Nottingham. 
* Refrigeration, with Special Reference to Air Condition- 
ing,” by Mr. F. L. Pettman. South Western Branch: 
Tuesday, October 9, 6.30 p.m., G.E.C. Building, Cathays 
Park, Cardiff. Films: ‘“‘ Reciprocating Pumps” and 
“* Submersible Pumps.” 

RoyaL AERONAUTICAL SocreTy.—Thursday, October 
4, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. Seventh Commonwealth Lecture on “ Air 
Transport in New Zealand and the South Pacific,” by 
Air Vice-Marshal Sir L. M. Isitt. 

INSTITUTION OF MECHANICAL ENGINEERS.—wNorth 
Western Branch: Thursday, October 4, 6.45 p.m., 
Engineers’ Club, Albert-square, Manchester. ‘“ Indus- 
trial Design and Its relation to Machine Design,” by 
Mr. H. G. Conway. Institution: Friday, October 5, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
Special General Meeting (Open to corporate members of 
the Institution only). AUTOMOBILE DIVISION: Tuesday, 
October 9, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. Annual General Meeting and Chairman’s 
Address. 

INSTITUTE OF METALS.—London Local Section : Thurs- 
day, October 4, 7 p.m., 4, Grosvenor-gardens, S.W.1. 
** Pressure Welding,” by Mr. R. F. Tylecote. 

LEEDS METALLURGICAL SocieTy.—Thursday, October 
4, 7 p.m., Chemistry Department, The University, 
Leeds. ‘“‘ Statistical Control in the Steel Industry,” by 
Mr. N. H. Bacon. 

RoyaL Sanrrary InstiruTEe.—Friday, October 5, 
10.30 a.m., Town Hall, Hastings. (i) “‘ Problems of 
Hastings Water Supply, with Particular Reference to 
Darwell Reservoir,” by Mr. S. Little. (ii) “‘ A Prospeot 
of Public Health in a Cinque Port,” by Mr. W. G. 
McDonald. 

INSTITUTE OF FUEL.—South Wales Section: Friday, 
October 5, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. ‘‘ Fuel Efficiency in the Oil Indus- 
try,” by Mr. M. J. Stradling. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 5, 6.30 p.m., Engineers’ Club, Manchester. 
Presidential Address, by Mr. F. Buckingham. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
October 9, 5.30 p.m., Geological Society’s Apartments, 
Burlington House, Piccadilly, W.1. Discussion on “‘ The 
Education of the Chemical Engineer by Part-Time 
Study.” 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, October 9, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. Presidential Address, by Sir 





Andrew McCance, F.R.S. 


PERSONAL. 


Sir Eric RIDEAL, D.Sc. (Lond.), Ph.D. (Bonn), F.R.S., 
F.R.1.C., Professor of Physical Chemistry at King’s 
College, University of London, has been appointed by 
the Lord President of the Council to be a member of the 
Advisory Council for Scientific and Industrial Research, 
with effect from October 1 next. Prorressor H. W. 
MELVILLE, D.Sc. (Edin.), Ph.D. (Cantab.), F.R.S., 
F.R.LC., will retire from the Council as from Septem- 
ber 30, on the completion of his period of service. 

Sm WM. LAWRENCE BraGG, O.B.E., M.C., F.R.S., 
M.A., Cavendish Professor of Experimental Physics, 
Cambridge, has been awarded the Reginald Mitchell 
Memorial Gold Medal for 1951 of the Stoke-on-Trent 
Association of Engineers. The presentation will take 
place on October 5. 


VICE-ADMIRAL W. Y. LA R. BEVERLEY, C.B., C.B.E., 
Admiral Superintendent, H.M. Dockyard, Portsmouth, 
has been appointed Director of Dockyards, in succession 
to ADMIRAL Sir CLAUD B. Barry, K.B.E., O.B., D.S8.0O. 
The appointment will take effect in December. 


Dr. W. I. Pumpurey, M.Se., F.R.S.A., has been 
appointed research manager of Murex Welding Processes, 
Ltd., Waltham Cross, Hertfordshire, in succession to 
Dr. E. C. Rottason, M.Sc. (Birm.), F.I.M., who, as 
stated on page 403 of our issue of April 6, 1951, has been 
appointed to the Henry Bell Wortley professorship of 
metallurgy at the University of Liverpool. Dr. Rollason 
will take up this appointment on October 1. 


Dr. Henry E. Merritt, M.B.E., D.Sc. (Eng.), chief 
research officer to the British Transport Commission, 
has been appointed chief administrative engineer for the 
Coventry factories of the Rootes group of companies, 
Devonshire House, Piccadilly, London, W.1. The Com- 
mission have agreed to release Dr. Merritt from his 
present post, to enable him to accept the new appoint- 
ment, 

Mr. R. H. Gray, O.B.E., M.A., M.I.Mech.E., has been 
appointed deputy chief inspector in the Inspectorate of 
Fighting Vehicles, War Office. 

Mr. J. T. A. Brooks, F.R.I.0.S., assistant chief 
quantity surveyor to the Ministry of Works, has been 
appointed chief quantity surveyor, in succession to-the 
late Mr. C. A. Morrison, C.B.E. 

Sm RicHaRD E. YEABSLEY, O.B.E., F.C.A., F.8.8., 
has been appointed a director of F. Perkins, Ltd,, Queen- 
street, Peterborough. 

Mr. G. DANIEL,.C.B.E., chief ship surveyor of the 
Ministry of Transport, is retiring at his own request on 
November 30, and will be succeeded by Mr. H. E,. 
STEEL, deputy chief ship surveyor to the Ministry. 

Caprain G. P. CLARIDGE; R.N. (retd.), has been 
appointed chief executive of the Council of British 
Manufacturers of Petroleum Equipment, 79, Bucking- 
ham Palace-road, London, 8.W.1. 

Mr. C. R. AINLEY, formerly a designer draughtsman 
with the Brush Electrical Engineering Co., Ltd., has been 
appointed a development engineer for the Foster switch- 
gear division of Crypton Equipment, Ltd., Bridg- 
water, a member of the Lancashire Dynamo group of 
companies. 

Mr. R. STEVENSON, mechanical inspector at the Derby 
carriage and wagon works of the London Midland Region, 
British Railways, has been appointed manager of the 
Bromsgrove wagon works of the same Region in Worees- 
tershire, in succession to Mr. T. R. Howarp, who has 
retired. 

Mr. J. T. MARLER has been appointed manager of the 
operating division of the Marconi International Marine 
Communication Co., Ltd., Chelmsford, Essex, in succes- 
sion to Mr. 8. STANSBRIDGE, who retired recently. 

Mr. L. BRUCE ARCHER has been appointed honorary 
proctor of the Institution of Engineering Draughtemen 
and Designers, Grand Buildings, Trafalgar-square, Lon- 
don, W.C.2, in succession to Mr, R. R. OSBORNE. 

THE NORTHERN ALUMINIUM Co., Lrp., announce that, 
as from October 1 next, the address of their head office 
and London area sales office will be Bush House, Ald- 
wych, London, W.C.2. (Telephone : TEMple Bar 8430 ; 
Telegraphic Address: Noraluco, Estrand, London.) 

The new office buildings of BOULTON AND PavL, LTD., 
at their Riverside Works, Norwich, were opened on 
September 19, by the Lord Mayor of Norwich. 

PowELL DUFFRYN, LTD., 40, Lime-street, London, 
E.C.3, have announced the centralisation of the coal 
exporting, bunkering and chartering activities of their 
two wholly-owned subsidiary companies, CORY BROTHERS 
& Co., LTp., and GuERET, LLEWELLYN AND MERRETT, 
Lrp. As: a result of thie reorganisation, Cory Brothers 
will carry on the activities of both subsidieries. 


M.T.E. Conrrot GEAR, Lrp., Leigh-on-Sea, Hssex, 
have opened a branch office at 47, Warwick-road, 
Coventry (Telephone: Coventry 64561), to deal with 
M.T.E. control equipment in the Midlands area, including 
Gloucestershire and Cheshire. Mr. J. A. FisHPooL is in 





charge of the new office. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMpP.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “‘ ENGINEERING ” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 

places abroad, with the exception 

Ic ckasiatscicharosecatiguicbieegn ee £510 0 
For Canada £5 5 0 

Subscriptions for periods less than. twelve months 
are — on the price of a single copy, namely, 2s. 3d. 
post free. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘“ Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the c: is 308. per inch. 
If use is made of a box number extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
current week’s issue must be received not later 
‘than first post Wednesday. 

“Copy” instructions and: alterations to standing 
tdvertisoments for display announcements must be 
eared at least 10 days previous to the date of pub- 
cation, otherwise it may be impossible to submit 
Proofs for approval. 

The Proprietors will not hold themsélves apatite 
for advertisers’ blocks left in their possession for more 
than two years. . 
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HIGHER TECHNOLOGICAL 
EDUCATION. 


Tue Government’s policy for the development 
of higher technological education was announced 
in a White Paper* which was published last week. 
The text of it runs to about 1,100 words, many of 
which are employed to advance an argument which 
will be familiar to readers of ENGINEERING, while 
others are used to enunciate platitudes. Its contents 
can, therefore, be concisely summarised. Between 
1938-39 and 1949-50, the numbers of full-time 
technological students at British universities in- 
creased from 5,288 to 10,933; and the numbers of 
post-graduate students from 662 to 1,539 in 
the same period. Accommodation for these stu- 
dents is inadequate and will have to be increased if 
undergraduate courses are to be lengthened and 
more post-graduate courses instituted. Additional 
staff of the requisite quality will also have to be 
recruited. Provision under both these headings is, 
it is felt, limited at the. present time for financial 
reasons. Further, the available resources of man- 
power, accommodation and equipment are so 
strained in the current economic circumstances that 
the alternative of establishing a technological uni- 
versity (to cater for at least 3,000 students) would 
not be in the national interest to adopt. It is 
promised, however, that the establishment of such 
a Temple of Technology will be considered on its 
merits when the situation improves. 

Having thus disposed of the role assignable to 

* Higher Technological Education: Statement of Govern- 


ment Policy for the Development of Higher Technological 
Education in Great Britain (Cmd. 8357). H.M. Stationery 








the universities, the White Paper turns next to the 
technical colleges, where, it is estimated, about 
5,000 full-time students are currently working for 
the London University external degree in engi- 
neering. The recommendation* of the National 
Advisory Council on Education for Industry and 
Commerce, that increased financial assistance should 
be given to such of these colleges as are engaged in 
advanced technology, is accepted ; and it is stated 
that proposals for implementing this policy will be 
announced shortly. In addition, the Government 
accept the recommendation that a College of 
Technologists should be established to encourage 
the development of courses at the “ first award ” 
and “‘ post-graduate ” levels, and to make suitable 
awards for that purpose. It is implied, though not 
specifically stated, that, as also recommended by the 
National Advisory Council, this body would not 
be a teaching or examining institution, its sole 
functions being to approve courses, the conditions 
under which they are being conducted, and the 


404 | arrangements for examining the students. Finally, 


the hope is expressed that the Government will have 
the co-operation of all concerned in guiding the 
next stage of development along the lines 
indicated. 

Such co-operation, however, is not likely to be 
promoted by the very general nature of these pro- 
posals; for, while there will be practically unani- 


6 | mous agreement that higher technological education 


in this country should receive adequate assistance, 
there will be many opinions whether the course 
suggested is the best that could be devised, and 
still more regarding the most efficient way. of 
implementing the plan. A further, if temporary, 
difficulty is that, although the White Paper may be 
taken as representing the views of the present 
Government on the subject, it may not necessarily 
be in accordance with the views of the one that is 
to succeed in the near future. It is unlikely, there- 
fore, that any immediate steps will be taken to carry 
out what has been suggested. In itself, however, 
this need not be a disadvantage, since it would 
afford a further chance, the proposals and all that 
they imply. If it is argued that the matter has 
already been sufficiently discussed without much 
result, we can only say that a few crystals are 
now beginning to emerge from a confused solution. 
In the first place, the parts that the universities 
on the one hand, and the technical colleges on the 
other, should play in the development of higher 
technological education must be decided in a more 
definite manner than has emerged thus far—and 
that will not be easy. The White Paper lays down 
the proposition that the function of universities is to 
concern themselves with the more fundamental 
aspects of technology and that the departments 
dealing with these subjects must therefore be closely 
associated with those dealing with pure science. 
Technical colleges, on the other hand, while paying 
adequate attention to the fundamental sciences, 
should cater for students whose outlook is more 
practical and should be more closely connected with 
industry. Technical colleges are also considered to 
be particularly appropriate institutions for students 
who come to full-time courses at university level 
after they have been engaged in part-time study, 
coupled with employment in industry. 

From this perhaps it may be deduced, not unfairly, 
that it is intended that the education given both at 
the universities and the technical colleges should 
be of equally high standards, but that it would 
differ in that at one the treatment will be predomi- 
nantly theoretical and at the other it would have a 
practical bias, University education has, however, 
another important function, that of training a pro- 





* See The Future Development of Higher Technological 
Education: Report of the National Advisory Council on 
Education for Industry and Commerce. H.M. Stationery 
Office. [Price 1s. net.] Also ENGINEERING, vol. 170, 





Office, York House, Kingsway, London, W.C.2. [Price 
3d. net.) 


page 537 (1950). 
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portion of each rising generation in the arts of 
thinking independently and of continuing to learn, 
so that those concerned may contribute something 
to the advancement of human knowledge. To 
ensure that this function is performed, pure theory 
must be alloyed with some element of the ‘‘ humani- 
ties.” This admixture is also necessary from the 
material point of view, since the university graduate 
must subsequently be able to earn a living, of a 
kind that will induce in him a reasonable content- 
ment of mind. 

Independent thought and a capacity for continu- 
ing to learn are, however, no less useful attributes 
for the student at a technical college to acquire. 
It is important, therefore, that in arranging the 
courses at these institutions the outlook of the 
College of Technologists, eventually operating with 
all the prestige of a Royal Charter, should not be 
purely utilitarian ; and should never lose sight of 
the truth that, even under present social condi- 
tions, “‘man does not live by bread alone.” 
This is particularly essential because one of the 
main difficulties of the new organisation will be to 
ensure that students, employers and, above all, the 
professional institutions, do not succumb to the 
temptation of drawing invidious distinctions between 
the two types of qualification. It would, in fact, be 
highly undesirable if a student, because he was the 
holder of a first university degree, were to be auto- 
matically considered a more (or a less) useful mem- 
ber of technical society than one who possessed the 
diploma of the new college. To ensure that this does 
not occur, it will be necessary, not only that the 
courses shall be of equally high standard, but that 
they shall be generally recognised as being such.. It 
must also be recognised that the possession of a 
degree or, alternatively, of a diploma indicates 
rather that the holder has been educated along 
parallel lines on an equal level than at different 
levels, Such recognition will not be obtained auto- 
matically, but, unless it is obtained, the scheme is 
more likely to fail than to succeed. 

In the discussions which have taken place on this 
subject, a good deal of stress has been laid on the 
necessity for closer co-ordination between the 
universities and industry. That such co-ordination 
will be even more necessary between the technical 
colleges of the new dispensation and industry will 
hardly be denied. It will, in fact, be one of the first 
and most important tasks of the new college to 
develop this association. Perhaps one of the best 
ways in which this can be done is by the seconding 
of selected members of the staff of the appropriate 
firms to the technical institutions for teaching 
duties. This would ensure not only that instruction 
was conducted on practical lines, but that a useful 
outlet was provided for those who, while desiring 
to teach, are attracted by the more glittering prizes 
available in industry. In fact, the staffing problem 
is not likely to be the least of the problems of the 
new body. 

The White Paper states that, in formulating their 
policy, the Government have taken into account 
the views of the University Grants Committee, the 
National Advisory Council on Education for Com- 
merce and Industry, the Advisory Council on 
Education in Scotland, and the Advisory Council 
on Scientific Policy, ‘‘ together with the views 
expressed publicly by other bodies and persons.” 
Presumably, the last-named include the professional 
engineering institutions. It appears a little doubt- 
ful, however, whether these societies can be expected 
to regard the proposals with any real enthusiasm. 
Their present membership consists very largely of 
men who have sought election, with all the expense 
that it entails, solely for the sake of “letters after 
their names,” and the institution of a qualification 
ranking at least as highly in the minds of prospective 
employers, but involving no annual outlay for 
subscriptions, may easily result in a serious diminu- 


INCENTIVES. 


Many, probably most, of the reports prepared 
by the productivity teams which have visited the 
United States have attributed the higher output of 
American labour, as compared with British, to 
better works layout and arrangements for handling 
materials and to the fact that workpeople are pre- 
pared to make full use of labour-saving machines. 
The absence of the rigid demarkation insisted 
on by British organised labour is an important 
factor in the high outputs which are attained. 
The American worker has to contend with a highly- 
inflated cost of living, but is prepared to meet that 
cost by his own efforts. He realises that high wages 
can be paid only by prosperous industry and does 
his best to ensure that the firm by which he is 
employed shall attain and maintain prosperity. 
Basically, the position is that he wants high wages 
to sustain his standard of living and recognises the 
conditions necessary for high wages to be paid. 

Piece-work arrangements and other incentive 
systems appear to be comparatively rare in the 
United States ; presumably, the mental attitude of 
labour makes them unnecessary. As the general 
adoption of that attitude seems unlikely in this 
country, at any rate in the immediate future, the 
most promising way to increase output appears to 
be the employment of incentive in some form or 
other. The British workman may not realise to 
what extent prosperity depends on his own proce- 
dure, but he is in no way indifferent to more money. 
An example of this is furnished by the Saturday 
shifts which are being worked in many coal mines. 
These are frequently represented as an expression 
of patriotism on the part of the miners; actually, 
they are fully explained by the special rates paid on 
Saturdays. This indication of a desire for more 
money is natural and commendable, so long as it 
is accompanied by a realisation that more money 
should be earned by more output. Special rates 
for Saturday working are not usual in industry 
generally, but incentive schemes of one kind or 
another are relatively common. They have not 
always been successful and at various times trouble 
has been caused by the introduction of piece rates 
based on what was little more than guessing. 

This matter bears on one of the points made by 
the productivity teams. High output depends not 
only on the mental attitude of the employee, but also 
on shop arrangement and work flow, while incentive 
schemes, to be successful, must be based on a proper 
analysis of shop methods and procedure. Two 
recent and useful* booklets deal with this subject 
of method study and work measurement in some 
detail. Both contain sections dealing with incen- 
tives in which such matters as the relation of bonus 
payments to base rates, and the relative advantages 
and disadvantages of bonus payments to individuals 
or groups, are considered. 

Both these books are concerned with incentives 
to workpeople, but Mr. Speakman in a section 
entitled ‘‘ Psychology of Incentives ” writes ‘‘ We 
can offer increased remuneration in proportion to 
the amount of extra effort—or responsibility— 
involved.” The word “responsibility” in this 
statement presumably has reference to foremen or 
charge hands, but it has a wider application which 
those who have been responsible for the govern- 
ment of this country in recent years are either 
unaware of, or ignore. It is not only workpeople 
who benefit from incentives to improve their per- 
formances. A few weeks ago, the Federation of 
British Industries submitted a memorandum to the 
Royal Commission on the Taxation of Profits and 





* Work Study, by R. M. Currie. British Institute of 
Management, Management House, 8, Hill-street, London, 
W.1. [Price 3s. 6d.) Work Study and Incentives, by 
A. J. Speakman, Emmott & Co., Ltd., 31, King-street 





tion in the number of applicants for admission. 


West, Manchester, and 21, Bedford-street, Strand, 
London, W.C.2. [Price 4s. net.] 


Income, in which it was pointed out that the high 
marginal rates of income tax, including surtax, were 
now such that rewards for the highest posts in 
industry and other activities, which demanded 
unusual ability and carried heavy responsibility, 
were reduced to a level little or no higher than those 
awarded to relative mediocrity. The disincentive 
now applied to the highest ability could not but 
reflect unfavourably on the efficiency and progress 
of British industry. 

This contention by the Federation of British 
Industries had particular reference to the higher 
executives, but its implications have a wider appli- 
cation. The careful organisation of American 
factories and the working out of handling arrange. 
ments and other production-aiding features are 
carried out by a technical staff and not by the work- 
people. The important part played by this class of 
worker in raising the efficiency of industry was put 
in a striking way by the late Michael Roberts in a 
recent book*, wherein he pointed out that, “ between 
1900 and 1940, through the effort and ingenuity of 
a few hundred men, the efficiency of the steam- 
turbine was more than doubled, with the result 
that more than 120 million tons of coal are 
saved every year in the production of electrical 
energy: the few hundred engineers have contri- 
buted more to the world’s well-being than half a 
million miners.” 

There are incentive schemes in existence, in the 
form, for instance, of a bonus based on profits, 
which do benefit technical staffs, but in general those 
who provide the brains of industry are deemed to 
require no incentive to make them do their best. 
To their credit, this is usually correct. No perma- 
nent good, however, can come from the application of 
what are in effect disincentives to those on whom the 
efficiency of industry depends. A worker of this 
class might, for instance, be permitted to build 
himself a house, for which he is prepared to pay, 
rather than expect someone else to do it for him 
and let it to him at a figure well below the economic 
rent. The discouragement of the higher executive 
staff, referred to by the Federation of British 
Industry, reflects also on technical staffs. The 
two classes work closely together in industrial 
planning, and a policy which refuses any reward for 
special effort or the assumption of added responsi- 
bility cannot assist industrial progress. 

This article is entitled “incentives,” but it has 
turned to a discussion of the opposite. The most 
striking industrial disincentive which has recently 
been proposed is the limitation of company divi- 
dends. This is a matter with which members of 
the higher executives are closely concerned. Tech- 
nical staffs may put forward proposals for extensive 
and costly new plant, and examination may suggest 
that they would probably lead to increased output 
and a lowering of costs. There is, however, 
necessarily a certain amount of uncertainty and 
risk in the matter and it may be argued quite 
reasonably that the risk is not worth taking if any 
advantage accruing is not to come to those who have 
provided the money. All those who buy shares 2 
industrial companies face the risk that they may 
get little reward, or may even lose their money, 
and if the risk is not accompanied by the possibility 
of an adequate or attractive return, they may well 
refrain from any further purchases of the kind. 
The only source of capital expenditure is saving® 
and if savings are not adequately remunerated they 
will cease to be made. There is a school of thought, 
or thoughtlessness, which appears to suppose that, 
if an industry is nationalised, it will no longer be 
dependent on the investor. This is not correct j 
the investor is the sole source of capital and it ¥ 
just as important to offer him incentives as it is 
devise attractive bonus schemes for application ™ 


the workshop. 
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* The Estate of Man, page 77. 
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NOTES. 


Tur Crry anD Guitps oF Lonpon INsTITUTE. 


Ir is announced by the City and Guilds Institute 
that H.R.H. the Duke of Edinburgh, K.G., F.R.S., 
has accepted the office of President of the Institute, 
to which he was duly elected at a meeting of the 
members on September 21. By so doing, His Royal 
Highness renews and continues a long connection of 
the Royal Family with the Institute, which began 
in 1881, when the Duke of Albany laid the founda- 
tion stone of the Finsbury Technical College. In 
the same year, the Prince of Wales (afterwards 
King Edward VII) became the first President and, 
in that capacity, laid the foundation stone of the 
City and Guilds Engineering College in Exhibition- 
road, South Kensington. Three years later, he 
also performed the opening ceremony at the College. 
In 1900, the Institute was granted a Royal Charter 
by Queen Victoria. On his accession to the throne 
in 1901, King Edward VII became Visitor and 
Patron of the Institute, in accordance with the 
terms of the Royal Charter, relinquishing the office 
of President, which remained vacant until, as 
stated, the Duke of Edinburgh was elected to the 
Presidency. Since 1926, when the Finsbury College 
was closed, the engineering instruction of the 
Institute has been concentrated in the City and 
Guilds College, which is administered by a Delegacy 
representing the Imperial College, the City and 
Guilds of London Institute, the Goldsmiths’ 
Company and the Clothworkers’ Company. 


RalLway ACCIDENT aT WEEDON. 

The Ministry of Transport inquiry into the passen- 
ger-train derailment which occurred at Weedon, 
Northamptonshire, on September 21, was opened at 
Euston Station yesterday, Thursday. The accident 
occurred at 11.25 a.m. about 400 yards south of the 
Stowehill tunnel, though, according to reports, the 
derailment began 600 yards north of the tunnel, 
which is 500 yards long. Eight persons were killed 
outright and seven have since died. The train was 
the 8.20 a.m. Liverpool to Euston express, consisting 
of 15 coaches hauled by Class-7 4-6-2 locomotive 
No. 46207, which is one of the early Pacific engines 
of the former London Midland and Scottish Railway. 
The engine and ten of the coaches crashed down a 
shallow embankment, and as there were 700 passen- 
gers in the train it is probably very fortunate that 
the train had left the tunnel before the final stage 
of the derailment occurred. As it was, the first 
coach was telescoped and the second was cut in 
two by the third. The driver and fireman had 
remarkable escapes, though the driver was buried 
under coal and ashes, which had to be dug away to 
free him. The fireman ran to the nearest signal box 
to give warning, but it appears that the signalman 
had already put the signals at danger to stop the 
down Royal Scot, which was due a few minutes after 
the accident. Main-line traffic was diverted via 
Northampton while the wreckage was being cleared, 
and the two tracks were opened to traffic at 
5.30 pm. on Saturday, though a restriction of 
15 miles an hour was imposed on up trains. Some 


trains were still being sent through Northampton 
on Sunday. 


Crampron’s TELEGRAPH CABLE TO FRANCE. 


September 25 marked the centenary of an event 
of Some importance in the history of telegraphic 
communication, as it was on that date, in 1851, 
that Thomas Russell Crampton—more widely 
known, perhaps, as a designer of railway loco- 
motives—successfully 'aid the first sheathed tele- 
gtaph cable, between England and France. The 
story was told in our issue of August 21, 1885 
(vol. 40, page 171), in our report of the Inventions 
Exhibition in that year, in which a portion of the 
cable vas shown by Mr. Crampton. He had 
Previously laid a cross-Channel wire, covered with 
guttapercha, but this was not successful; the 
— cable, however, was still working perfectly 
When our report was prepared. The Government 
i bagi oes, the cross-Channel telegraph project 
an © extent of offering naval ships to aid in the 
ha but none of the steam vessels then in the 

&vy could provide stowage for the cable. Even- 


tually, Crampton selected the gunboat Blazer, 
from which the engines had been removed, and had 
her towed to Millwall, where she took the cable on 
board, and thence to Dover, where laying began at 
dawn on September 25—the last day but one of the 
concession granted for the construction of the 
submarine telegraph to France. Unfortunately, 
the weather worsened seriously and in mid-Channel 
the vessel broke away from the tug. To quote our 
report: “The brakes were screwed down in the 
hope that she would ride to the cable as an anchor, 
but they were not sufficiently powerful and the ship 
slowly drifted down Channel, paying out the line 
as she went. . . . Another hawser was passed to 
the tug, and the voyage resumed, this time more 
successfully. Four miles of extra cable had been 
provided to allow for slack, but this was more than 
exhausted by the unlooked-for detour and, when 
within half a mile of the shore, near Cape Grisnez, 
it was found that practically all the cable was paid 
out, and that darkness was coming on, with the 
whole squadron lying off a lee shore.” The Blazer 
was anchored, and next morning, the wind having 
abated, a temporary length of guttapercha-covered 
wire was spliced on and carried ashore; “thus 
telegraphic communication between England and 
the Continent was completed within the specified 
time, and in face of enormous difficulties.” 
P. W. Barlow, engineer of the London, Chatham 
and Dover Railway, who was on board the Blazer, 
sent a telegram to his wife as the last of the cable 
was being paid out: “Two miles off the coast of 
France. Shall not be home to-night.” It was duly 
transmitted to London over the telegraph system 
of the South-Eastern Railway. The form delivered 
to Mrs. Barlow is to be one of the historical items in 
the Festival of Britain exhibition to be held by the 
Junior Institution of Engineers on October 24 to 26, 
at 39, Victoria-street, London, 8.W.1. 


REORGANISATION OF SoutH Wa.LzEs STEEL 
Frems 


The Iron and Steel Corporation of Great Britain 
have decided to reconstitute the boards of Guest, 
Keen and Baldwins Iron and Steel Company, 
Limited, and Guest, Keen and Nettlefolds (South 
Wales), Limited. The latter firm was previously 
a wholly-owned subsidiary of Guest, Keen and 
Nettlefolds, Limited, and prior to nationalisation 
it was “hived off” from the parent company. 
Under the Iron and Steel Act, Guest, Keen and 
Baldwins Iron and Steel Company, Limited, and 
Guest, Keen and Nettlefolds (South Wales), Limited, 
passed into public ownership. The directorates of 
both companies were mainly nominees of Guest, 
Keen and Nettlefolds, Limited. In the reconsti- 
tuted boards, three part-time directors will retire 
from Guest, Keen and Baldwins Iron and Steel 
Company, Limited, and six from Guest, Keen and 
Nettlefolds (South Wales), Limited, but all the full- 
time executive directors remain. The full-time 
executive directors of Guest, Keen and Baldwins 
Iron and Steel Company, Limited, will be: Mr. 
C. R. Wheeler and Mr. T. Jolly (joint managing 
directors), Mr. E. H. Lever, Mr. H. F. Spencer and 
Mr. J. S. Hollings, C.B.E. The full-time executive 
directors of Guest, Keen and Nettlefolds (South 
Wales), Limited, will be Mr. N. R. Brook (general 
manager), Mr. G. A. Phipps (works manager) and 
Mr. E. Brown (commercial manager). The manage- 
ment of the two companies will become closely 
associated with that of Richard Thomas and Bald- 
wins, Limited. These changes, the Corporation 
state, are a logical consequence of the public owner- 
ship of the companies and are a step in the integra- 
tion and economic working of the steel industry in 
South Wales. 


Discussion on MetaL Economics. 
The Institute of Metals have issued a pamphlet 
on the general discussion on metal economics which 
is to be held at the Park Lane Hotel, Piccadilly, 
London, W.1, from 10 a.m. to 5 p.m., on Wednesday, 
October 17. It gives synopses of the following 
papers which are to be nted. Mr. R. Lewis 
Stubbs is to speak on “‘ The World Supply of Non- 
Ferrous Metals, including the Light Metals” ; 
Professor 8. Zuckerman, C.B., F.R.S., on “ Metals 
as Natural Resources”; Dr. T. P. Colclough, 





C.B.E., on “Iron Ore: World Demand and Re- 


sources”; Mr. C. A. Bristow, Mr. A. J. Sidery and 
Dr. H. Sutton on “ The Scope for Conservation of 
Metals, Ferrous and Non-Ferrous”; Mr. C. Dins- 
dale on ‘“ Economy by Standardisation of Alloys 
and of the Method of Reclamation of Scrap Metals ”’ ; 
Mr. F. Hudson on “ The Influence of Specifications 
on Productivity and the Economic Utilisation of 
Ferrous and Non-Ferrous Metals”; Mr. E. H. 
Jones on “‘ Secondary Heavy Metals ” ; and Colonel 
W. C. Devereux, C.B.E., on “‘ Secondary Aluminium 
and Magnesium.” 





OBITUARY. 


MR. FRED CLEMENTS, WH.EX. 


AutHovucsH he had been living in retirement for 
several years, the name of Mr. Fred Clements is 
well remembered among those whose business is 
with the design, construction and operation of 
blast-furnace plant, and the news of his sudden 
death at his home in Eastbourne, on September 19, 
has caused widespread regret, especially in Sheffield 
and district. 

Mr. Clements, who was born in Chesterfield on 
January 4, 1882, was educated in a local elementary 
school and at Dronfield grammar school, which he 
left in 1896 to serve an engineering apprenticeship 
with Markham and Company, Limited, Chesterfield. 
Concurrently, he attended evening classes in Chester- 
field. He remained with Markham and Company 
until 1904, and then took up an appointment 
in the drawing office of the Park Gate Iron and Steel 
Company, Limited, Rotherham, which enabled 
him to continue his engineering studies at the 
University of Sheffield, with the assistance of the 
Whitworth Exhibition which he obtained in 1905. 
Two years later, he became chief draughtsman 
of the Park Gate Company, with whom the rest of 
his working life was spent. He was appointed 
successively to the positions of engineer, consulting 
engineer and general manager of the Park Gate 
works, and eventually was appointed a director 
and then, at the end of June, 1937, chairman and 
managing director, in succession to Mr. Percy 
Fawcett. He continued in those offices until 
December 31, 1945. During his long service with 
the firm, he was for extensive reconstructions of 
the plant, and was consulted also regarding the 
design of equipment for other iron and steel works. 

Throughout his life, Mr. Clements was a keen 
student of the technology of steel production, and 
contributed a number of informative papers to 
various professional societies; but his magnum 
opus was his three-volume treatise on Blast 
Furnace Practice, published in 1929, probably the 
most comprehensive work on the subject that has 
yet appeared. He was a member of the Institution 
of Civil Engineers, the Institution of Mechanical 
Engineers, and the Iron and Steel Institute, and an 
associate member of the Institution of Electrical 
Engineers, and had served on the Council of the 
Institution of Mechanical Engineers when chairman 
of the Yorkshire Branch of that Institution. He 
served also for a number of years on the Council of 
the Iron and Steel Institute, and was the recipient, 
in 1936, of the Institute’s Bessemer Gold Medal. 
He was a freeman of the Company of Cutlers in 
Hallamshire, and was Master Cutler in 1939-40. He 
was also a keen amateur astronomer, and a Fellow 
of the Royal Astronomical Society: this activity 
he continued to pursue in his retirement at East- 
bourne until increasing infirmity compelled him 
to relinquish it, and also to give up his other hobby, 
his well-equipped private workshop. For some 
time before his death, he had been able to walk 
only with the aid of sticks. We understand that 
the slipping of one of his sticks on a stair, 
by which he fell heavily, was the immediate cause 
of his death. 





INDUSTRIAL EMPLOYMENT IN CAITHNESS.—Employ- 
ment prospects in Caithness were described yesterday as 
tairly good, in a report made to Caithness and Sutherland 
Local Employment Committee. Information on the 
availability of labour was given to representatives of a 
firm of manufacturing chemists and to a shoe company, 





who may establish light industries in the area. 
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LETTERS TO THE EDITOR. 


PRECISION MEASUREMENT OF 
ROCKWELL HARDNESS DIAMOND 
PENETRATORS. 


To THe Eprror oF ENGINEERING. 


Sm,—Your correspondent, Mr. P. Grodzinski, 
asks, on page 180, ante, why Mr. Tolmon and 
Mrs. Wood have failed to illustrate a good Rockwell 
indenter tip by an interferogram, to compare with 
that of the steel ball shown. A reason for this is to 
be found in the object of the measurements, namely, 
to demonstrate, if only by inference, how far short 
of the ideal form many of the indenters in current 
use must fall. 

The indenters measured, which were employed in 
the hardness testing investigation previously repor- 
ted, were carefully prepared, and the best of these 
yielded interferograms approaching in regularity 
that illustrated by Mr. Grodzinski. However, the 
illustrations on page 89 were chosen not so much to 
exhibit the best forms as to demonstrate the sensi- 
tivity of one possible method of inspection. 

Mr. Grodzinski is to be congratulated on the 
symmetry of the tip of the Rockwell cone indenter 
he has produced, and it is greatly to be regretted 
that he was unable to give particulars of the radius 
of curvature of the tip and the included angle of the 
cone. These details can, if he so desires, be obtained 
by measurement at the National Physical Laboratory 
in the manner described by the above authors. 

It is interesting to note that Mr. Grodzinski, in 
his second paragraph, refers to “ attempts to produce 
Rockwell cones of better shapes”; a form of 
wording which suggests that he would not disagree 
with the conclusions drawn in the paper by the 
writer and Mr. Phillips. 

Yours faithfully. 
A. J. Fennzr. 
Ministry of Supply, 
Division of Atomic Energy (P), 
Culcheth, near Warrington. 
September 19, 1951. 





WATER TURBINES FOR HYDRO- 
ELECTRIC PROJECTS. 


To THE Eprror or ENGINEERING. 


Sm,—In their paper on the above subject, pre- 
sented to the British Association, as printed in your 
issues of August 10 (on page 184, ante), and August 17 
(page 217), the authors, Mr. R. W. Weekes and 
Mr. A. Feiner, make certain general statements 
regarding valves on which I should like to comment. 

Taking first the butterfly type: its shortcomings 
are, as stated, that it presents a permanent obstruc- 
tion to flow and does not close drop-tight, but in 
justice it should also be said that it is less likely 
to cause water hammer than any of the other types 
mentioned. For equal uniform operating speeds, 
it takes about 70 per cent. longer to make the last 
10 per cent. of the closing stroke than the rotary 
or the spectacle eye types, and about 100 per cent. 
longer for the last 5 per cent. of travel—impor ant 
gains from the water-hammer point of view 

The Larner-Johnson type is condemn: tor its 

costliness, its length between flanges and, with 
certain exceptions, its tendency to slam. There is, 
however, evidence to show that it can compete 
successfully with the rotary type on a price basis, 
and as far as overall length is concerned it can 
be constructed in such a way that the greater part 
of its length becomes, in effect, part of the penstock 
or pipeline. In regard to s ing propensities, 
Johnson’s earliest designs did show tendencies in this 
direction, but that was before the time when Larner 
and Johnson combined and the valve b >came known 
as the Larner-Johnson valve. Any valve to which 
the latter designation could be applied would be 
immune from that failing, and as there have been 
several patented designs to which that immunity 
would apply, it is untrue to say that all Larner- 
Johnson valves, with the exception of one patented 
design, tend to slam. 


conventional sluice valve is said to be responsible, 
a valve of this type, of the same diameter as the 
penstock and working on an average installation 
under a head of 200 ft. and a penstock velocity of 
12 ft. per second, would lower the overall efficiency 
of the plant by something like 0-1 per cent. This 
can hardly be described as a high loss, and it is even 
doubtful whether its capitalised value would cover 
the additional cost of the rotary type valve to which 
the authors give so unqualified a blessing. 
Yours faithfully, 
F. A. Kioumay, Directc: 
J. Blakeborough and Sons, Limited. 
Brighouse, Yorkshire. 
September 19, 1951. 





BOILER AND TURBINE TESTING. 


TojTHE Epiror oF ENGINEERING. 


Sm,—I have rea! the abridged version of my 
paper on “ Boiler and Turbine Testing” in your 
issue of August 31. c:. page 285, ante. There is one 
paragraph which | might bring to your notice, in 
that the abridgment has altered the sense. It is 
on page 286, in the centre column, beginning ‘‘ The 
Naval W.ng of the National Gas Turbine Establish- 
ment possesses equipment .. . and 18,000 r.p.m. 
for testing compressors.” The original reads 
** Arrangements have been made with the Ministry 
of Supply for the Naval Wing to have full access to 
all the facilities of the National Gas Turbine 
Establishment. These include .. .” 

The abridgment implies the possession by the 
Naval Wing of certain equipment which actually 
belongs to the National Gas Turbine Establishment 
and the Ministry of Supply, and to which the Naval 
Wing has access. To avoid any misconception in 
the public mind and possible questions as to duplica- 
tion in ion of important testing facilities, 
I would be glad if you could publish a correction. 

Yours faithfu!'y, 
L. A. B. Perms, 
Admira'ty, Captain (E), Royal Navy. 
Bath. 
September 19, 1951. 





To THE Eprror oF ENGINEERING. 


Sm,—The interesting paper which has been 
appearing in your columns, on “ Boiler and Turbine 
Testing” reminds me of a story current on the 
North Eastern Circuit, to which I belonged when 
in practice at the Bar. It may be new to your 
readers. A case at the Leeds Assizes involved an 
inquiry into the method of testing a boiler. John 
Waugh, an engineer in practice at Bradford, was 
called as a witness. He was cross-examined by a 
youthful barrister who probably knew more about 
law than he did about the laws of physics. Counsel 
inquired of the witness: “It is not the proper way 
to test a boiler to do it by steam under pressure ? ” 
Witness: “No, Mister. It is always done by 
water under pressure.” 

Counsel: ‘‘ Have you never heard of a boiler 
being tested under steam ? ” 
Witness : “I know of one man who did it.” 
Counsel: “Ah! I thought it was sometimes 
done. Is your friend coming here as a witness ?” 
Witness: “I don’t think so, Mister. He was 
last seen going through the roof ! ” 
I might add that John Waugh was a man who 
required careful handling when in the witness box. 
He had a brother, William Waug!:, who was leader 
of the Circuit for many years, being a most capable 
advocate. We juniors took care to be in court if 
ever William had to cross-examine John—knowing 
there would be some fun. On one occasion, William 
propounded a question bearing on a technical 
matter. John paused for a moment, and then 
said: ‘‘ Na, Wully, tha knaws that’s a very silly 
question ! ” 
Both brothers have long since gone to their rest. 
They were beloved by every member of the old 
Circuit. 
Yours faithfully, 

W. VALENTINE BALL, 
18, Holland-street, 
Kensington, W.8. 


ENGINEERING, MARINE AND 
WELDING EXHIBITION AT 


OLYMPIA. 
(Continued from page 364.) 

Ix the concluding article on the Engincering, 
Marie and Welding Exhibition, which was held at 
Olympia from August 30 to September 13, we 
describe several Diesei engines, as well as an im. 
proved safety valve, feed pumps and a refrigerating 
sompressor. 

Messrs. Dewrance and Company, Limited, Great 
Dover-strvet, London, S8.E.1, exhibited representa- 
tive fittings for high-pressure high-temperature 
service and industrial steam installations. A demon- 
stration unit, prepared for exhibition purposes, 
showed the operation of three systems of water. 
level indication, namely a Dewrance-Yarway re- 
mote indicator, a high and low water whistle alarm, 
and a patent bi-colour illuminated water-level indi- 
cator. An electromagnetic relief valve shown was a 
full-lift valve with a capacity considerably in excess 
of the conventional safety valve and large enough to 
make it unnecessary for the spring-loaded valves to 
blow, except in an emergency, thus reducing oper- 
ating wear of the safety valves. The electro- 
magnetic valve head is held on its seat by the full 
boiler pressure, unlike a conventional safety valve, 
which is held only by the pressure differential ; 
thus, it cannot simmer or chatter. It is wide open 
or closed tight by unbalanced pressures and its 
action is governed by positive electrical control. 

One of the most interesting exhibits on Messrs. 
Dewrance’s stand was a sectional model of the 
Dewrance-Consolidated full-lift safety valve, which 
has been developed to meet the exacting require- 
ments of high-pressure service from 600 Ib. to 
2,000 lb. per square inch. Early high-pressure 
safety valves of conventional design, which gave 
excellent service at 600 lb. per square inch, developed 
undesirable characteristics at pressures from 900 lb. 
to 2,000 Ib. per square inch. Among other diff- 
culties, consistently tight closure was difficult to 
obtain, and cracking of the metal was frequently 
observed in discs and seats. Metallurgy provided 
only part of the solution. When a safety valve re- 
seats after a pop, a small amount of leakage occurs 
momentarily between the seat and the disc before 
the valve becomes tight. This leakage (actually an 
expansion of gas across an orifice) creates a refri- 
geration effect which sets up a temperature differ- 
ential between the point of leakage and the re- 
mainder of the circumferential seat contact. These 
differences in temperature create severe thermal 
stresses, resulting in warping of the seat contact 
surfaces, which further aggravate the leakage. At 
the lower pressure ranges this is not serious, but 
tests carried out at 1,200 Ib. per square inch showed 
temperature differences of 300 deg. F. and higher 
around the seat contact circumference, due to the 
cooling effect of leakage at localised points. In 
addition, the portion of the disc inside the seat 
contact surface is exposed to full operating tempera- 
tures, whereas the guiding portion of the disc 
remains comparatively cool and frequently causes 
cracks to develop in the outer guiding surfaces of 
the disc. Thus, it became apparent that the solu- 
tion lay in a design which would accomplish the 
following three objects : a type of seat which would 
permit the rapid equalisation of temperature differ- 
entials around the seating surfaces ; a separation 
of the seating portion of the disc from the large 
metal mass of the guiding portion of the disc ; and 
a positive closing action which would result in 4 
clean, sharp cut-off without wiredrawing or dragging 
of the seat surfaces on closing. The new design © 
valve, which is in service in a number of egg 
for pressures up to 2,700 lb. per square inch, incor: 
porates these p eo and provides a new standard 
of tightness never before obtained in high-pressure 
safety valves. 

The valve itself is a separate and replaceable 
unit, and can therefore be made of the most suitable 
material for the valve face. It is recessed under- 
neath sc that a thin lip forms the actual seating 
part. Steam under pressure behind the seating 
surfaces permits rapid heat flow through the contact 
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mentioned earlier. Thermal stresses are reduced 
to a minimum and cracking is eliminated by the 
method of mounting the valve itself in its shell. 
Rapid and positive closing of the safety valve is 
ensured by designing the valve so that, as it closes, 
some of the steam flowing above the valve is momen- 
tarily trapped: this boosts the pressure tending to 
close the valve, which thereupon closes sharply. 

The outstanding exhibit on the stand of Messrs. 
Harland and Wolff, Limited, Belfast, was undoubt- 
edly the gas-engine. driven compressor illustrated 
in Fig. 104, on page 400. This represents a range 
of gas engine and motor-driven compressors having 
outputs of from 150 h.p. to 2,750 h.p. which are 
manufactured by Harland and Wolff, Limited, under 
licence from the Cooper-Bessemer Corporation, 
Uhio, U.S.A. The unit illustrated is a four-cylinder 
400-brake horse-power spark-ignition gas engine 
arranged to drive a two-stage compressor. A 
notable feature of the design is the mounting of the 
gas-egine and compressor cylinders on a common 
crankcase so that a single crankshaft can be em- 
ployed for transmitting the power from the gas 
engine to the pistons of the compressor. The 
cylinders of the gas engine are arranged in two 
banks of two in V formation with two connecting 
rods joined to a common crankpin bearing. Each 
crankpin bearing, however, also forms the big-end 
for the connecting rod of a compressor piston, so 
that two cylinders of the gas engine drive the low- 

sure piston of the compressor and the other two 
cylinders the high-pressure piston of the com- 
pressor. These operate in cylinders arranged in 
the horizontal plane and bolted to the side of the 
engine crankcase. The engine works on the two- 
stroke cycle, induction and exhaust taking place 
through ports in the cylinder wall in the normal 
manner. Scavenge air is supplied by two single- 
acting pumps, one for each crank-throw, the 
scavenge-pump pistons being formed integrally 
with the crossheads for the compressor, the cylinder 
walls serving as crosshead guides. The fuel is 
not mixed with the ingoing air but is injected 
into the cylinders at a pressure of approximately 
32 lb. per square inch gauge through poppet valves 
arranged centrally in the cylinder heads and oper- 
ated through push rods and rocking levers from 
cams on the crankshaft, the timing being such that 
injection occurs immediately scavenging is com- 
pleted. 

Other exhibits on the stand of Messrs. Harland 
and Wolff, Limited, included a six-cylinder dual-fuel 
engine suitable for coupling to generators, pumping 
sets, etc., and a rail-traction engine. The latter 
unit, which is illustrated in Fig. 105, on page 400, 
has six cylinders with a bore and stroke of 150 mm. 
and 220 mm., respectively, and develops 330 h.p. 
on the one-hour rating. It is of the vertical-trunk 
type and operates on the two-stroke cycle, scavenge 
air being delivered to the cylinders by a rotary 
blower through in the cylinder walls and 
exhaust effected through four valves in each cylinder 
cover. It is claimed that this arrangement gives a 
brake mean effective pressure comparable with that 
of a four-stroke cycle engine. This engine is one 
of a series developed specifically for rail-traction 
service and is, therefore, of sturdy construction so 
as to reduce maintenance to a minimum. The 
bedplate and frame are fabricated-steel structures, 
the latter incorporating the crankcase, scavenge 
Spaces and the cylinder-cooling jacket. The crank- 
shaft is machined from a solid forging in 3 per cent. 
nickel-chromium steel and is supported by white- 
metal-lined steel-backed bearings. Cast-iron cylin- 
der liners are installed and these are machined all 
over and incorporate the ports for admittance of 
the Scavenge air. Cast-iron or aluminium-alloy 
pistons can be fitted; they are joined to the 
crankshaft through forged-steel connecting rods 
provided with steel-backed whitemetal-lined big 

and phosphor-bronze little ends. A common 
camshaft is used for operating the exhaust valves 
and fuel pumps and this is driven from the crank- 
shaft through spur gearing with ground teeth. 
Individual fuel pumps are provided, one for each 
cylinder, and they are supplied with fuel under 
Pressure from a booster pump. Forced lubrication 
8, of course, employed throughout, a gear-type 
pump delivering the oil through a full-flow filter to 
the main bearings and then by drillings ‘in the 
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crankshaft and connecting rods to the big and little 
ends. For its output the engine is particularly 
compact, the overall length only being 6 ft. 11} in. 
while the height and width are 5 ft. 10§ in. and 
3 ft. 23 in., respectively. 

The exhibits on the stand of Messrs. Sentinel 
(Shrewsbury), Limited, Shrewsbury, included the 
Sentinel-Ganz VIJaT Diesel engine, illustrated in 
Fig. 106, on page 400. It was shown fitted with a 
heavy-duty power take-off and clutch assembly, 
but is equally suitable for use in railcars or for such 
duties as the driving of generators, alternators, etc. 
It has a bore and stroke of 170 mm. and 24 mm. 
respectively, and develops 240 brake horse-power 
at 1,250 r.p.m. on the 12-hour rating with a fuel 
consumption of 0-402 lb. per brake horse-power per 
hour. The unit is of robust construction and in 
view of the comparatively slow speed, should have 
a long life. The crankcase is an iron casting which 
is designed to carry the crankshaft in underslung 
main bearings. The crankshaft with integral 
driving flange is machined from a high-tensile steel 
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forging, the main journals and crankpins being 
hollow, but closed by suitable plugs. There are 
seven main bearings, the top halves of which are 
lined with whitemetal and the lower halves with a 
copper-lead alloy. Copper-lead bearings are also 
used in the big-ends of the connecting rods, which 
are machined from drop forgings. The pistons are 
of aluminium Y-alloy and each is provided with 
three compression and two oil-scraper rings. Fully- 
floating gudgeon pins are employed and the lubrica- 
tion system is arranged so that the piston crowns 
are cooled by jets of oil escaping from the tops of 
the connecting rods. 

Pearlitic cast iron is used for the cylinder blocks, 
which are cast in pairs and designed so that they 
may be removed separately from the crankcase. 
The camshaft is driven through spur gearing from 
the flywheel end of the crankshaft and the inlet cams 
have triple profiles which provide for decompression, 
starting and normal running, respectively, the 
appropriate cams being brought into the correct 
positions by moving the shaft axially. This is 
accomplished by means of a hand lever, the camshaft 
being retained in the running position by a strong 
spring. Like the cylinder blocks, the cylinder heads 
are cast in pairs and each is fitted with an ante- 


exhaust valves, the last-named being operated 
through push rods and rocking levers in the usual 
manner. A governor of the centrifugal type is 
fitted and this operates directly on the fuel-pump 
controlrod. The outstanding features of the engine 
are’ probably the design of the combustion chambers 
and the Sentinel-Ganzfuel pump. Each combustion 
chamber consists of an ante-chamber which, 
as previously mentioned, is located in the cylinder 
head and this communicates through several orifices 
with a depression formed in the piston crown so 
that, on injection, the fuel passes through the 
ante-chamber and through one of the orifices to 
impinge against a boss on the piston crown. The 
impact of the fuel on this boss disperses it efficiently 
throughout the combustion chamber and the partial 
combustion of the particles of fuel in the ante- 
chamber causes a rise of pressure which also assists 
in the uniform distribution of the fuel in the com- 
bustion chamber. 

In the injection pump, the plunger is only 
operated by the engine during its suction stroke, the 
delivery stroke being accomplished by astrong spring 
held under constant tension regardless of engine 
speed, and which is released at the correct instant 
by the cam of the fuel pump. As a consequence, 
the injection pressure, duration of injection, fuel 
velocity, etc., depend entirely on the tension of the 
injection springs and not on the speed of the engine ; 
combustion, therefore, is equally efficient at both 
low and high speeds. Furthermore, as the pressure 
developed during the injection period is limited by 
the dimensions of the springs, no overloading of the 
fuel pump can occur and excessive stresses cannot 
be imposed even in the unlikely case of a blocked 
tube. 

All bearings are fed with oil delivered under 
pressure by a submerged gear-type pump. Primary 
and secondary filters are incorporated in the lubri- 
cation system and, on leaving the secondary filter, 
the oil passes through a cooler before reaching the 
main bearings, etc. Cooling water is circulated by 
a centrifugal pump having a cast-iron body and 
a bronze impeller driven from the timing gears, the 
water passing through the oil cooler and exhaust 
manifold before reaching the cylinder blocks and 
heads. Starting is accomplished by means of two 
electric motors, the pinions of which engage a toothed 
ring on the flywheel in accordance with normal 
automobile practice ; alternatively, the engine can 
be arranged for compressed-air starting. 

Recently, Gleniffer Engines, Limited, Anniesland, 
Glasgow, W.3, added a new 120-h.p. unit to their 
range of marine Diesel engines. It was only to be 
expected, therefore, that the new unit would form 
the major exhibit on their stand. Actually, a 
“handed ” pair of engines was being shown, each 
of which was arranged to drive an outboard-turning 
propeller through a 2-to-1 reducing gearbox. The 
new engine, a photograph of which is reproduced in 
Fig. 107, on page 400, is a six-cylinder unit having a 
bore and stroke of 6 in. and 7 in., respectively, and 
developing 120 brake horse-power at 900 r.p.m., 
with a fuel consumption of 0-42 Ib. per brake horse- 
power per hour. In general, the design follows the 
firm’s established practice, being of sturdy but 
compact construction. An iron casting forms the 
bedplate, which is designed to accommodate the 
main bearings. An iron casting is used also for the 
combined cylinder block and crankcase, which is 
bolted to the bedplate so that the complete unit can 
be raised should access be required to the main 
bearings, etc. For routine inspection and mainten- 
ance, however, substantial doors are provided in the 
sides of the crankcase portion of the casting. The 
cylinder block is fitted with wet-type liners of cast 
iron, and these are sealed at the lower end by rubber 
rings in the usual manner. Aluminium Y-alloy 
pistons are used, which are joined to the crankshaft 
by H-section connecting rods drilled centrally to 
convey oil to the little-end bearings. Separate 
cylinder heads are fitted, each being equipped with 
the exhaust and inlet valves, and the fuel injector. 
The valves are disposed horizontally with a spherical 
combustion chamber arranged between the valve 
heads, to which the fuel is delivered by a centrally- 
placed injector. Each inlet valve is located in a 
detachable cage, which, when dismantled, enables 
the exhaust valve to be removed and, although the 








chamber, an injector and the overhead inlet and 


valves are arranged on opposite sides of the head, 
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only a single camshaft is used. This is located 
high up along one side of the engine and the motion 
is transferred directly to the exhaust valve by a 
rocking lever and to the inlet valve by a similar 
rocker designed to operate a tension rod which, in 
turn, is connected to the valve tappet. C.A.V. 
fuel-injection pumps are used, but they are operated 
by Gleniffer-designed cams and rocker gear arranged 
so that each pump can be put out of action at will ; 
this permits one cylinder to be used for charging the 
air bottle used in connection with the air starting 
motor normally fitted to the engine. Forced lubri- 
cation is employed throughout, a plunger pump 
drawing the oil from the sump and delivering it to a 
separate tank, while a further plunger pump draws 
the oil from the tank and delivers it to the crank- 
shaft main bearings, etc, 

Messrs. Babcock and Wilcox, Limited, Farring- 
don-street, London, E.C.4, showed several models 
of their boilers and associated plant, as well as two 
exhibits of their subsidiary firm, the Clarkson 
Thimble Tube Boiler Company, Limited, 15, Fetter- 
lane, London, E.C.4. The latter consisted of an 
exhaust-gas heater and a model of an exhaust-gas 
and simultaneous oil-fired vertical boiler. The 
exhaust-gas heater, type HEGAR/11, had a heating 
surface of 11 sq. ft. and was sectioned so that the 
internal construction could be examined. This 
unit was designed for use with a number of small 
lighting sets of 20 to 25 kW, and has also been used 
at technical colleges for experimental use as an 
exhaust-gas calorimeter. It is capable of recover- 
ing heat up to 30,000 B.Th.U. per hour. The model 
shown was of a Clarkson boiler designed to utilise 
the exhaust gases of a ship’s Diesel engine so as to 
supply steam for the “ hotel” requirements of the 
vessel. Using exhaust gas alone, the boiler will 
supply about 1,200 lb. of steam per hour at 100 Ib. 
per square inch. The same quantity of steam can 
be obtained by burning oil alone, but if the two 
methods of heating are used a total output of up to 
2,500 Ib. of steam per hour can be achieved. 

The Babcock and Wilcox exhibits were mainly 
models of their land and marine boilers and associ- 
ated plant, including,a cyclone steam separator. 
In this separator, the steam and water mixture 
from the generator tubes enters steam cyclones 
tangentially ; from there the steam passes out of 
the top, where corrugated scrubber plates effect 
the final removal of moisture from the steam. 
Meanwhile, the water moves downward in a helical 
path and leaves through vanes that are shaped so 
as to use the kinetic energy in overcoming the head 
of water outside the separator. The water level in 
the drum does not affect the proper functioning of 
the cyclone and it is therefore possible to carry a 
higher water level, thus giving more storage capacity. 

Another model on this stand was of a Babcock 
two-drum integral-furnace marine boiler with a 
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large furnace at the side having stud water walls. 
The amount of heat absorbed in each section is 
controlled by partly covering the tubes with chrome 
ore, therby ensuring that the flame is not over- 
cooled at any load. Inferior grades of oil can be 
burned efficiently even at low ratings. 

Fig. 108, on page 405, shows a model of a Babcock 
Cyclone furnace which was displayed at the exhi- 
bition. The Cyclone furnace comprises a completely 
water-cooled cylindrical chamber in which crushed 
coal, maintained in a swirling vortex by primary and 
secondary air streams, is burned efficiently and at 
high rates of combustion with very low excess air 
and high ash recovery. The ash is tapped off in a 
molten state into a water-filled slag tank. This 
novel method of firing has been fully tested and 
proved under practical service conditions, and 
Messrs. Babcock and Wilcox are now constructing 
a large Radiant boiler designed for firing by means 
of Cyclone furnaces. 

Messrs, Gilbert J. McCaul and Company, Limited, 
16, St. James’s-street, London, 8.W.1, showed a 
number of Diesel engines made by Jenbacher Werke, 
Jenbach, Austria, for whom they are agents. The 
engines included the JW 15, shown in Fig. 109, on 
page 405, the characteristics and performance of 
which were the subject of an article by Professor 
8. J. Davies, which appeared in ENGINEERING, 
vol. 168, pages 465 and 493 (1949). This engine 
is used for many purposes, including the driving of 
machinery, dynamos, pumps, etc.; as a fixed or 
portable unit for agricultural machines ; in building 
and constructional work for driving concrete mixers 
etc. ; and in small locomotives, tractors and other 
vehicles. There is one four-stroke cylinder, 115-mm. 
bore and 145-mm. stroke, which is evaporative- 
cooled, and the output of the engine is from 8 h.p. 
to 15 h.p. for speeds from 800 r.p.m. to 1,500 r.p.m. 
The total weight is approximately 814 lb. The fuel 
consumption is from 0-42 lb. to 0-44 lb. per brake 
horse-power per hour, and the lubricating-oil con- 
sumption is about 0-01 lb. per brake horse-power 
per hour. 

Messrs. Fodens Limited, Elworth Works, Sand- 
bach, Cheshire, were represented at the exhibition 
for the first time and were showing a 75,120-h.p. 
marine-propulsion oil engine and a 35/60-kW 
generating unit powered by the same engine. 
The Foden marine-propulsion unit is illustrated in 
Fig. 110, herewith. There are six cylinders with 
a bore and stroke of 85 mm. and 120 mm., respec- 
tively, and for the intermittent rating it develops 
120 brake horse-power at 2,000 r.p.m. For con- 
tinuous duty the rating is 102 brake horse-power 
at 1,800 r.p.m. and for heavy duty, 75 brake horse- 
power at 1,500 r.pm. The design is based on the 
heavy-duty road-transport engine developed by 
this company during the last few years and described 
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charged uniflow-scavenged two-stroke cycle com- 
pression-ignition engine with the design based on 
the Kadenacy principle. A low-pressure Root’s-type 
blower delivers the scavenging air to a common 
air chest from which it flows into the cylinders 
through a series of ports formed in the liners and 
designed so that they impart a high degree of swirl 
to the air. Exhaust valves are located in the 
cylinder Head, there being two valves to each cylin- 
der, and they are operated by push rods and rocking 
levers in the usual way. Although of comparatively 
light weight, the engine is of robust construction, 
considerable use being made of light alloys; the 
combined crankcase and cylinder block, for example, 
is cast from an aluminium alloy. A unit type of 
fuel pump is used ; this is fitted with a hydraulic 
governor and delivers the fuel to single-hole injectors 
located in the cylinder heads. Engine cooling is 
accomplished by a fresh-water closed system, in 
conjunction with a Serck heat exchanger, the fresh 
water being circulated by a centrifugal pump and 
the seawater by a Megator triple-shoe self-priming 
pump. The Serck heat exchanger is a dual unit, 
being used for cooling the lubricating oil as well 
as the fresh water. The reverse gear is a standard 
unit as manufactured by the Self-Changing Gear 
Company, Coventry, and incorporates this firm’s 
system of hydraulic operation. Equipment supplied 
with the engine includes 24-volt electrical starting 
gear, and provision is made for installing a bilge 
pump should this be required. 

The generating set is illustrated in Fig. 111, 
herewith. It is fitted with the same type of engine 
as that just described, which can be arranged for 
cooling either by means of a heat exchanger or 
a radiator, the cooling of the lubricating oil forming 
an integral part of each system. Assuming & 
generator efficiency of 90 per cent., units developing 
up to 60 kW direct current at 1,800 r.p.m. and 
50 kW alternating current at 1,500 r.p.m. can be 
supplied. Both generators and alternators are of 
the single-bearing type, flange-mounted to the 
engine flywheel casing, and resilient mountings for 
the bearing feet can be provided if required. The 
unit is governed hydraulically in conformity with 
B.S.S. 649 and an automatic shut-down device can 
be supplied as an extra fitting. This is incorporated 
in the control panel and set so that any variation 
outside predetermined limits of engine speed, ol 
pressure and coolant temperature causes the engine 
to be stopped. The causes of stoppage am 
indicated by warning lights. 

Messrs. G. and 5. Weir, Limited, Cathcart, 
Glasgow, 8.4, exhibited a pair of modern direct- 
acting feed pumps; a turbine-driven feed pump, 
the compactness of which was in direct contrast 
to an old pair of feed pumps, shown alongside on 
the stand, which were removed from the Aquitanls 
after she had steamed about 3,000,000 miles ; alse 
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AT OLYMPIA. 























Fie. 112. Pam or Borer Freep Pumps; 


G. anp J. Wem, Liuwrep. 


a motor-driven air compressor and an ammonia 
compressor for refrigeration service. The direct- 
acting feed pumps, shown in Fig. 112, herewith, 
were of the firm’s standard design. Each pump 
has a single steam cylinder and a double-acting 
water end. The valve gear is positive, i.e., the 
steam valve can never be in such a position that 
the pump will not start immediately steam is 
turned on. The only position in which the steam 
valve can rest is at full travel, for either an up or a 
down stroke of the piston. The steam cylinder is 
of cast iron, lagged and covered with planished 
sheet steel. The pump is also of cast iron, but with 
a gunmetal liner. The construction of the rod 
depends on the size of the pump: for the smaller 
sizes it is in one piece of rolled naval brass; for 
the 5-in. by 12-in. pump it is in one piece of stain- 
less steel; and for larger sizes it is in two pieces, 
ie., a piston rod of mild steel and a pump rod of 
stainless steel, joined by a forged steel crosshead. 
The materials of the valves, valve seats and steam 
pistons also depend on the size of the pump; in all 
cases, however, the water piston is of gunmetal and 
is fitted with ebonite packing rings. These Weir 
pumps are suitable for pump-discharge pressures 
up to 300 lb. per square inch and boiler pressures 
up to 250 Ib. per square inch. They will normally 
operate with and against pressures down to 40 Ib. 
per square inch, though they can be supplied for a 
minimum pressure of 25 Ib. per square inch. 

The refrigerating compressor, illustrated in Fig. 
113, herewith, was a standard 6-in. by 6-in. twin- 
cylinder unit fitted with 50 per cent. capacity reduc- 
tion valves. Under standard conditions, i.e., 
5 deg. F. evaporation temperature and 86 deg. F. 
condensing temperature, and running at its maxi- 
mum speed of 400 r.p.m., the machine will handle 
216,000 B.Th.U. per hour at 28 brake horse-power ; 
and under normal conditions, condensing at 90 deg. 
F. and evaporating at 0 deg. F., its output is 180,000 
B.Th.U. per hour and it will deal comfortably with 
50,000 cub. ft. The compressor is particularly 
suitable for small cargo spaces and for the pro- 
Vision rooms on large ships such as the Himalaya 
class. The compressor can also be supplied for 
Operating on Freon 12; with a maximum speed of 
600 r.p.m. and under standard conditions (5 deg. F. 
evaporation and 86 deg. F. condensing), its output 
is then 144,000 B.Th.U. per hour at 24h.p. Alter- 
natively, if the machine is evaporating at 0 deg. F. 
and condensing at 90 deg. F. its output is 127,000 
BTh.U. per hour. 


Fie. 113. Twos Ammonra Compressor; G. anp J. Wxm, LimirEp. 


FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





9TH INTERNATIONAL ROAD CONGPRESS.—Monday, Sep- 
tember 24, to Monday, October 8, at Lisbon. Sponsored 
by the Permanent International Association of Road 
Congresses, 24, Rue de 1l’Université, Paris. Apply to 
the joint honorary secretary, British organising com- 
mittee, International Road Congress, Berkeley Square 
House, London, 8.W.1. (Telephone: MAYfair 9494.) 

BIRMINGHAM MIDLANDS IDEAL HOME EXHIBITION.— 
Wednesday, September 26, to Saturday, October 20, at 
Bingley Hall, Birmingham. Organisers : Herbert Daniel 


Exhibitions, Ltd., 15, Dover-street, London, W.1. 
(Telephone : MAY fair 5846.) 
INTERNATIONAL NAUTICAL EXHIBITION (MARITIME 


AND INLAND WATERWAYS INDUSTRIES).—Saturday, 
September 29, to Sunday, October 14, at Paris. Organ- 
ised by the Chambre Syndicale des Industries Nautiques, 
8, Rue Jean-Goujon, Paris, 8e. 

PacKING EXHIBITION.—Thursday, October 4, to 
Sunday, October 14, at Paris. Details obtainable from 
the secretary, Salon de l’Emballage, 40, Rue du Colisée, 
Paris, 8e. 

INTERNATIONAL Moror-CaR, CYCLE, AND SPORTS 
EXHIBITION.—Thursday, October 4, to Sunday, October 
14, at Paris. Details obtainable from the secretary, 
Chambre Syndicale des Constructeurs d’Automobiles, 
Grand Palais, 111 ,Avenue Alexandre, Paris, 8e. 


ASLIB ANNUAL CONFERENCE.—Friday, October 5, to 
Monday, October 8, at Ashorne Hill, near Leamington 
Spa. Apply to the secretary, Aslib, 4, Palace-gate, 
London, W.8. (Telephone: WEStern 6321.) See also 
our issue of March 23, page 350. 

CONFERENCE ON FUEL AND POWER SHORTAGE.—Tues- 
day and Wednesday, October 9 and 10, at the Dorchester 
Hotel, Park-lane, London, W.1. Organised by the Com- 
bustion Engineering Association, 6, Duke-street, St. 
James’s, London, S.W.1. (Telephone: WHItehall 
5536.) See also page 329, ante. 

33RD NATIONAL METAL CONGRESS AND EXPOSITION.— 
Thursday, October 11, to Saturday, October 20, at 
Detroit, Michigan, U.S.A. Apply to Mr. W. H. Eisen- 
man, secretary, American Society for Metals, 7301, 
Euclid-avenue, Cleveland 3, Ohio, U.S.A. See also our 
issue of January 19, page 79. 

WORLD METALLURGICAL CONGRESS.—Monday, Octo- 
ber 15, to Friday, October 19, at Detroit, Michigan, 
U.S.A., under the auspices of the American Society for 
Metals. Apply to Mr. W. H. Eisenman, secretary, 





American Society for Metals, 7301, Buclid-avenue, 





Cleveland, 3, Ohio, U.S.A. See also our issue of January 
19, page 79. 

FourTH LONDON REGIONAL DISPLAY.—Tuesday and 
Wednesday, October 16 and 17, at the Royal Horticul- 
tural Society’s new hall, Greycoat-street, London, 
8.W.1. Organised by the Engineering Industries Asso- 
ciation, 9, Seymour-street, London, W.1. (Telephone : 
WELbeck 2241.) 

SussEx INDUSTRIES EXHIBITION AND TRADE Fair.— 
Wednesday, October 17, to Saturday, October 27, at: 
the Corn Exchange, Brighton. Organisers: Federation 
of Sussex Industries, 3, Marlborough-place, Brighton. 
(Telephone : Brighton 26189.) 

ECONOMICS OF METALS.—Wednesday and Thursday, 
October 17 and 18, at the Park Lane Hotel, Piccadilly, 
London, W.1. See page 403. 

INTERNATIONAL MOTOR EXHIBITION.—Wednesday, 
October 17, to Saturday, October 27, at Earl’s Court, 
London, 8.W.5. Organised by the Society of Motor 
Manufacturers and Traders, Ltd., 148, Piccadilly, Lon- 
don, W.1. (Telephone : GROsvenor 4040.) 


INTERNATIONAL CYCLE AND MoTor-CycLE SHOw.— 
Sunday, October 28, to Sunday, November 4, at Frank- 
furt. Organised by the Internationale Fahrradu. 
Motorrad Ausstellung, Frankfurt-am-Main. 

26TH INTERNATIONAL CYCLE AND MOTOR-OCYCLE SHOW. 
—Saturday, November 10, to Saturday, November 17, 
at Earl’s Court, London, 8.W.5. Organisers: British 
Cycle and Motor-Cycle Manufacturers’ and Traders’ 
Union, Ltd., The Towers, Warwick-road, Coventry. 
(Telephone : Coventry 62511.) 

BUILDING EXHIBITION.—Wednesday, November 14, 
to Wednesday, November 28, at Olympia, London, W.14, 
Organised by the Building Trades Exhibition, Ltd., 4, 
Vernon-place, London, W.C.1. (Tel.: HOLborn 8146.) 

INTERNATIONAL SYMPOSIUM ON ABRASION.—Wednes- 
day and Thursday, November 14 and 15, at Rubber- 
Stichting, Oostsingel, Delft, Holland. Apply to the 
secretary of the symposium, Rubber-Stichting, Postbox 
66, Delft. See also page 243, ante. 

INTERNATIONAL CYCLE AND MoTor-CYCLE EXHIBI- 
TION.—Saturday, December 1, to Monday, December 10, 
at Milan. Organised by the National Association of 
Cycle, Motor Cycle and Accessories Manufacturers, Via 
Macchi 32, Milan, Italy. 

SMITHFIELD SHOW AND AGRICULTURAL. MACHINERY 
EXHIBITION.—Monday, December 3, to Friday, Decem- 
ber 7, at Earl’s Court, London, 8.W.5. Organised by 
the Smithfield Show Joint committee, 148, Piccadilly, 
London, W.1. (Telephone : GROsvenor 4040.) 


SYMPOSIUM ON OORROSION OF BURIED METAIs.— 
Wednesday, December 12, at 4, Grosvenor-gardens, 
Westminster, London, 8.W.1. Organised by the Iron 
and Steel Institute. Apply to the secretary of the 
Institute at the address given above. (Telephone : 
SLOane 0061.) See also page 190, ante. 
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NEw BUILDING MATERIALS AND TECHNIQUES EXHI- 
BITION.—Friday and Saturday, January 18 and 19, 1952, 
at the Royal York Hotel, Toronto. Agents: Tides, 
Ltd., 1, Hanover-square, London, W.1. (Telephone: 
MAYfair 1101.) 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Sunday, February 17, to Sunday, February 24, 
1952, at Brussels. Apply to the secretary, Société de 
Mecanique et d’Industries Agricoles, S.A., 29 Rue de Spa, 
Brussels, Belgium. 

GERMAN INDUSTRIES FAIRS, HANOVER.—Light Indus- 
tries: Wednesday, February 27, to Sunday, March 2, 
1952, at Hanover. Heavy Industries : Sunday, April 27, 
to Tuesday, May 6, 1952, at Hanover. Agents: 
Schenkers, Ltd., 27, Chancery-lane, London, W.C.2. 
(Telephone : HOLborn. 5595.) 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Tuesday, March 4, to Sunday, March 9, 1952, 
at the Parc des Expositions. Organised by the Union 
des Exposants des Machines et d’Outillages Agricoles, 
38 Rue de Chateaudun, Paris 9e. 

VIENNA SPRING Farr.—Sunday, March 9, to Sunday, 

March 16, 1952. Agents: British Austrian Chamber of 
Commerce, 29, Dorset-square, London, N.W.1. (Tele- 
phone: PADdington 7646.) 
“MANCHESTER BUILDING TRADES EXHIBITION.—Tues- 
day, March 25, to Saturday, April 5, 1952, at the City 
Hall, Deansgate, Manchester. Apply to Provincial 
Exhibitions, Ltd., City Hall, Deansgate, Manchester. 
(Telephone: Deansgate 6363), or to the London agent 
at 167, Oakhill-road, Putney, London, 8.W.15. (Tele- 
phone: VANdyke 5635.) 

First SUPERVISING ELECTRICAL ENGINEERS NATIONAL 
EXHIBITION.—Friday and Saturday, March 28 and 29, 
1952, at the Royal Horticultural Society’s new hall, 
Greycoat-street, Westminster, London, S.W.1. For 
further information, apply to the conference secretary, 
Mr. P. A. Thorogood, 35, Gibbs-green, Edgware, 
Middlesex. See also page 266. 

EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
Test GEAR FOR THE RADIO, TELEVISION, ELECTRONIC 
AND 'TELECOMMUNICATION INDUSTRIES.—Monday to 
Wednesday, April 7 to 9, 1952, at Grosvenor House, 
Park-lane, London, W.1. Organised by the Radio and 
Electronic Component Manufacturers’ Federation, 22, 


Surrey-street, Strand, London, W.C.2. (Telephone: 
TEMple Bar 6740.) 
Swiss Inpustriks Fam.—Saturday, April 19, to 


Tuesday, April 29, 1952, at Basle. Apply to the Division 
Economique, Swiss Legation, 18, Montague-place, 
London, W.1. (Telephone: PADdington 0701.) 

RoyaL SanrTraRyY INSTITUTE HEALTH CONGRESS.— 
Tuesday, April 22, to Friday, April 25, 1952, at Margate. 
Apply to the secretary, the Royal Sanitary Institute, 
90, Buckingham Palace-road, Westminster, London, 
8.W.1. (Telephone : SLOane 5134.) 

TELEVISION OONVENTION.—Monday, April 28, to 
Saturday, May 3, 1952, at Savoy-place, Victoria-embank- 
ment, London, W.C.2. Organised by the Radio Section 
of the Institution of Electrical Engineers. Apply to the 
secretary of the Institution at the address given above. 
(Telephone: TEMple Bar 7676.) See also pages 265 
and 371, ante. 

BRITISH INDUSTRIES FarR.—Monday, May 5, to 
Friday, May 16, 1952, at Earl’s Court, London, 8.W.5, 
and Olympia, London, W.14; and Castle Bromwich, 
Birmingham. Particulars from the director, British 
Industries Fair, Board of Trade, Lacon House, Theo- 
bald’s-road, London, W.C.1. (Telephone: CHAncery 
4411); or the general manager, British Industries Fair, 
95, New-street, Birmingham, 2. 

INTERNATIONAL EXHIBITION OF ELECTRICAL APPLI- 

ANCES.—Tuesday, May 13, to Tuesday, May 27, 1952, 
at Bologna. Apply to the Ente Autonomo Fiera di 
Bologna, via Farina 6, Bologna, 
ELECTRICAL ASSOCIATION FOR WOMEN, 27TH ANNUAL 
CONFERENCE.—Monday, May 19, to Saturday, May 24, 
1952, at Scarborough. Apply to the director, the 
Electrical Association for Women, 35, Grosvenor-place, 
London, S8.W.1. (Telephone: SLOane 0401.) 

CANADIAN INTERNATIONAL TRADE Farr.—Monday, 
June 2, to Friday, June 13, 1952, at Toronto. Apply to 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
8.W.1. (Telephone : WHItehall 8701.) 

MECHANICAL HANDLING EXHIBITION.—Wednesday, 
June 4, to Saturday, June 14, 1952, at Olympia, London, 
W.14. Apply to the Exhibition organisers, Iliffe and 
Sons, Ltd., Dorset House, Stamford-street, London, 
S.E.1. (Telephone : WATerloo 3333.) 

ROYAL AGRICULTURAL SHOW.—Tuesday, July 1, to 
Friday, July 4, 1952, at Newton Abbot. Organised 
by the Royal Agricultural Society of England, 16, 
Bedford-square, London, W.C.1. (Telephone : MUSeum 
5905.) 

EXHIBITION ‘OF CHEMICAL APPARATUS, FRANKFURT.— 
See page 391. 


LABOUR NOTES. 


Ciamms for substantial increases in wages, which, 
if granted in full, would add many millions of pounds 
to the nation’s total wage bill, continue to be presented. 
Negotiations - a number of yo cote _ been 
in uring the last few days. e joint 
deueee of the three major railway unions for an all- 
round increase of 10 per cent. for railway operating 
staffs were further discussed at the adjourned meeti 
of the Railway Staff National Council on September 21. 
The meeting of the Council commenced on the previous 
Tuesday and was adjourned until September 21, to 
enable the unions concerned‘ to reconsider their 
attitude. Little advance towards a settlement of the 
claims nip vee to have been made at the adjourned 
meeting, however, and it was eventually agreed that 
the claims should be referred to the Railway Staff 
National Tribunal for arbitration. 





It may be recalled that the unions’ claims were 
rejected by the Railway Executive and that the 
Executive later presented a counter offer, which 
would have provided increases varying from 4s. 6d. to 
15s. weekly for the operating staff, and of up to 50I. 
a year for employees in the salaried grades. The 
National Union of. Railwaymen estimated that these 
increases would amount to an average for all members 
of the three unions of less than 5 per cent., and consi- 
dered that such a small increase was quite insufficient. 
The other two unions concerned, the Associated Society 
of Locomotive Engineers and Firemen and the Trans- 
port Salaried Staffs’ Association, were equally firm in 
their refusal of the Executive’s offer. The reference of 
the claims to the Railway Staff National Tribunal 
for arbitration usually marks the final stage in negotia- 
tions on railway wage claims, but Mr. J. B. Figgins, 
the general secretary of the N.U.R., at the close of the 
adjourned meeting of the Railway Staff National 
Council, expressed the opinion that the Tribunal’s 
findings would not be binding on the unions, which 
would be free to accept or reject them. The hearings 
before the Tribunal will commence at an early date 
and will take place in public. 





Negotiations on the wage claim of some 250,000 
employees in the shipbuilding and ship-repairing 
industries for an overall increase of 20s. a week were 
commenced in London on Tuesday last at a meeting 
between officials of the Confederation of Shipbuilding 
and Engineering Unions and representatives of the 
Shipbuilding Employers’ Federation. The meeting is 
understood to have been largely occupied in hearing 
the case for the men, which the Confederation presented. 
Among other requests, the Confederation asked that 
merit craft rates and district differentials should be 
maintained. The Federation undertook to give careful 
consideration to the Confederation’s case and a further 
meeting of representatives of the two sides will be held 
in the near future to receive the Federation’s reply. 
The Federation, in the meanwhile, will consult its 
constituent associations. 


The claim of the shipbuilding and ship-repairing 
employees is one of three demands, which together 
cover all workpeople, men and women, employed in 
the engineering, shipbuilding, and ship-repairing 
industries. Collectively, the claims are applicable to 
some 2,500,000 persons and it is estimated that they 
would add about 125/. million a year to the nation’s 
wage bill, if granted in full. The other two claims, 
the one on behalf of men employees in the engineering 
industry, and the other on behalf of women, will be 
discussed at meetings between representatives of the 
Engineering and Allied Employers’ National Federation 
and the Confederation of Shipbuilding and Engineering 
Unions, at an early date. The claim on behalf of the 
men employees in engineering is expected to be 
presented to the employers on October 10. 





Other claims, in addition to the demand for a wage 
increase, were considered at the meeting on Tuesday 
last between the Confederation and the Shipbuilding 
Employers’ Federation. The employers gave their 
reply to a request that a five-day week should be 
worked all through the year, which had been put for- 
ward by the Confederation at an earlier joint meeting, 
and felt that this claim must be rejected. At present, 
a five-day week is worked in the shipbuilding and ship- 


repairing industry between March and October, but, | P® 


during the winter months, a five-and-a-half day week 
is the rule. The Confederation officials were informed, 
however, that the employers would reconsider the 
recent claim for an additional week’s annual holiday 
with pay, which it had been the original intention of 
the Federation to reject. 


Wage claims, complementary to those presented on 
behalf of railway operating staffs and employees in 





the engineering industry, have been put forward for a 


“ substantial ” increase in the wage rates paid to men 

in the railway workshops. It is estimated that 
the number of railway shopmen involved in this claim 
is about 130,000. Preliminary consideration was given 
to these demands at a meeting of the two sides of the 
Railway Shopmen’s National Council in London on 
Tuesday last. The Council comprises members of the 
Railway Executive and of the two unions, the National 
Union of Railwaymen and the Confederation of Ship. 


ig | building and Engineering Unions, to which the shop. 


men belong. It was announced subsequently that 
negotiations on the claim would be continued at a 
further meeting of the Council to be held shortly. 





Scientific assistants in the engineering industry are 
to be granted minimum rates of pay, in accordance 
with the terms of an award by the Industrial Disputes 
Tribunal, which was announced on Tuesday last. The 
new rates will range from 6/. to 7/. 15s. a week, accord- 
ing to the age of the person concerned and the district 
in which he is employed. This is the first time that 
minimum rates have been made applicable to adult 
scientific assistants in engineering, and some 8,000 
persons will benefit from the award. 





A special conference of unions interested in the 
welfare of clerical employees has been organised by the 
National Federation of Professional Workers, and js 
due to take place in London on October 12. The main 
objects of the conference, as expressed by ‘the Federa- 
tion, are to consider the possibility of pooling the 
Union’s resources respecting the collection of informa- 
tion relating to salaries and conditions of service of 
clerical workers, correlating standards of remuneration, 
and establishing machinery for consultation among 
themselves. The conference is intended to be explora- 
tory only, but there appears to be some expectation 
that it may be the first step towards the setting up of 
permanent joint machinery, for the consideration of 
problems concerning clerical employees generally. 





References to the demands made by the Govern- 
ment’s rearmament programme on the services of the 
working population of Great Britain were made by 
Mr. Alfred Robens, the Minister of Labour, in a speech 
at Whitley: Bay, Northumberland, on Tuesday last. 
He expressed the opinion that, if the aims of the 
Government respecting rearmament were to be fulfilled, 
it would be necessary to transfer about half-a-million 
persons, during the course of the next three years, 
from their present tasks to work in connection with 
production for the defence programme. That was the 
problem that had to be solved. He had rejected the 
compulsory direction of labour, as a possible means of 
overcoming the difficulties associated with transferring 
workpeople from industry to industry and from district 
to district, because such direction was generally dis- 
liked. Mr. Robens said that he considered that the 
introduction of between five and ten thousand Italian 
workers and the greater use of part-time women 
employees would contribute towards a solution. Indus- 
trialists should explore the possibility of employing 
more women for -time duties in their works, but 
care should be taken not to invite mothers with young 
children. 

The decline in colliery man-power continues to give 
cause for some concern. Although the decrease in the 
number of men employed at the coal face was not so 
prominent during the week before last, as it has been 
in some of the preceding weeks, statistics issued by 
the Ministry of Fuel and Power show that the total 
number of miners in Great Britain declined from 
696,700 on September 8, to 696,100 on September 15, 
a loss of six hundred men in one week. Face workers, 
however, declined in number by one hundred only, 
from 286,300 on September 8, to 286,200 on Septem- 
ber 15. The average weekly attendance of miners at 
the pits during the 37 weeks ended September 15, 1951, 
was 699,900, of whom 287,700 were employed at the 
coal face. The average weekly attendance during the 
corresponding period last year was 700,800, of whom 
289,600 were employed at the coal face. 





The average number of shifts worked per colliery 
wage earner improved from 4-65 for the period ended 
September 16, 1950, to 4-73 for the period ended 
September 15, 1951. Absenteeism increased during 
the same corresponding periods, from a total of 12-11 
r cent. (voluntary absenteeism 5-10 per cent.) for 
1950, to a total of 12-31 per cent. (voluntary absen- 
teeism 5-60 per cent.) for 1951. Output per manshift 
rose from 3-09 tons at the coal face (1-18 tons overall) 
in 1950, to 3-16 tons at the coal face (1-21 tons overall) 
in 1951. The amount of saleable coal produced during 
the first 38 weeks of 1951 totalled 160,159,000 tons, of 
which 151,975,000 tons were deep-mined and 8,184,000 
tons opencast. .The comparative for the corre- 
sponding period in 1950 were 156,331,000 tons produced 
in all, of which 146,988,000 tons were deep-mined and 





9,343,000 tons were opencast. 
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A THEORY OF IMPERFECTION FOR 
THE VIBRATIONS OF ELASTIC 
BODIES OF REVOLUTION.* 


By 8. A. Tosras, Ph.D. 


WHENEVER the attempt is made to formulate a 
mathematical theory to describe a natural pheno- 
menon, certain initial assumptions have to be made. 
These can be divided into two categories which are 
derived by the process of classification and the process 
of abstraction. Phenomena have to be classified 
according to their common attributes and their essen- 
tial qualities must be abstracted, even at the loss of 
their uniqueness or individuality, if a mathematical 
treatment is to be made possible. It has been pointed 
out that ‘“‘ mathematics can never tell us what is, only 
what would be if . . .” 

In the theory of vibration the process of classification 
normally involves the assumption of ‘‘ small” vibra- 
tions, which obviously neglects the fact that at. reson- 


Fig. 1. Circular Plates x 











5-0 ~~ 


Co-ordinate 
System 





Rings Rgds and 
Strings 





(3574) 


ance, such a condition is not even approximated. The 
process of abstraction results in the assumption of a 
certain perfection of the system under investigation. 
Since, in bodies which occur in normal practice, the 
density, the elastic properties, etc., vary little, it is 
assumed that they are constant throughout the body. 
A further important and not sufficiently recognised 
assumption is made, namely, that dimensions can be 
kept with mathematical accuracy. Whereas for experi- 
mental purposes in the laboratory this can be approxi- 
mated even if not achieved, in the normal engineering 
practice almost always a compromise has to be made 
between the desire for dimensional accuracy and the 
accompanying increase in productive costs. 

The process depicted above is not only characteristic 
of the scientific method but of the working of the human 
mind on any problem in general. A better approxi- 
mation in the description of phenomena encounters 
two difficulties. The first difficulty is technical and 
manifests itself in an increase in the number of variables 
affecting phenomena. Mathematically speaking, it 
results in the difficulty of setting up the equations 
petting phenomena and in finding a solution for 

m. 

The second difficulty is fundamental and no improve- 
ment of the mathematical apparatus can overcome it. 
It is due to the fact that some variables are not only 
uncontrollable, but the way in which they vary is 
tknown and varies from one specific case to another. 
For instance, it is known that. the density or the 

lc properties are not uniform in any body. How- 
ever, little practical advantage can be achieved by 
solving the problem of a vibrating rod with varying 

ty or varying elasticity, by introducing these 
characteristics as new variables, since some assumption 
regarding the function according to which they vary 
. to be made. The number of these functions is 





* Paper read before Section G of the British Associa- 


tion at Edinb: 
argh on Tuesday, August 14, 1951. 
Abridged. 4 sa 





inevitably limited, whereas in reality an infinite variety, 
itself never repeating, is encountered. 

At this stage a distinction has to be made. Laws of 
nature have two aspects, a quantitative and a quali- 
tative. When the aforesaid difficulty is encountered 
it must be realised that there is a limit to the quanti- 
tative approximation obtainable and that beyond a 
certain stage qualitative prediction is all the investi- 
gator can hope for. Thus, if the necessity arises to 
consider the effect of the variation of density or 
elasticity, etc., upon the vibrations of a rod, the 
investigator must realise the impossibility of calcu- 
lating the natural frequencies and the modes with a 
great degree of accuracy and should primarily concern 
himself with the question whether or not the neglecting 
of these variables will alter the phenomenon quali- 
tatively. 

In general, for statical problems, a high degree of 
approximation is unnecessary. Consider, for instance, 
a cylindrical rod being strained by two forces acting 
at each end. It is realised that, contrary to the mathe- 


Fig. 2. 


a large variety of seemingly entirely different systems, 
the simplest of which is the string, the most complicated 
the bell. Any combinations of these elemental types, 
which conform witb the criteria of cylindrical symmetry, 
are included in the theory (to be published later). The 
mathematical part of the present theory is based upon 
the fact that the amplitude expressions of flexural and 
some other types of vibration of each member of the 
class are fundamentally of the same form. This 
relationship is due to the common criterion of cylin- 
drical symmetry, as a consequence of which the 
members can be regarded as being generated from 
each other by a gradual change of curvature and 
dimensions. 

Before we describe the phenomena due to imper- 
fections, we must define the concepts of “‘ mathematical 
perfection ” and ‘‘ dynamical perfection.” A body is 
mathematically perfect if its dimensions and physical 
characteristics conform with the mathematical assump- 
tions made in its theoretical treatment. In the theory 
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matical assumptions, the strain-stress distribution over 
apy cross-section is not uniform, that the rod is not 
dimensionally perfect, that the surface will not be free 
from irregularities; or, in short, that the rod is 
*“‘imperfect.” All these imperfections make little 
difference to the reliability of the calculations. How- 
ever, if we come to dynamical problems we might 
encounter new phenomena which are due to the 
imperfections and then the initial assumptions ought 
to be re-examined. Thus, in our example, if we are 
concerned with varying forces the problem of fatigue 
arises and then dimensional or surface imperfections 
will make a considerable difference between calculated 
and practical results. In cases like these, even a 
qualitative solution only might be of great help, 
especially if, with a suitable statistical analysis of 
experimental results, the probability whether a certain 
phenomenon is likely to occur can be predicted. 
Various observations and preliminary experiments 
have shown that the effect of imperfections upon the 
vibrations of bodies of revolution cannot be neglected. 
Owing to the possibility of applying the Lagrange 
equation, the influence of the imperfections could be 
traced through the kinetic energy, the potential energy 
and the dissipation function. "Although the fundamen- 
tal difficulty of the uncertainty of certain variables 
was not eliminated, this procedure permitted at least 
the making of general qualitative statements as to the 
behaviour of the system if imperfections are present. 





Fig. 1 shows the more important members of the 
class of the bodies of revolution. The class comprises 
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characteristics are uniform throughout. In the case of 
dynamical perfection, the dimensions and/or physica! 
characteristics need not conform with the mathematica 
assumptions made, but their deviation is such that they 
do not alter qualitatively the ensuing phenomenon. 
Practically speaking, a body of revolution is dynami- 
cally perfect as long as the symmetry of revolution is 
maintained, that is, as long as the ‘“ imperfections ” 
are a function of x and/or r but are independent of the 
angle 6 (Fig. 1). 

Fig. 2 shows the lowest mode of vibration of rods 
clamped at one end. According to the conventional 
theory, these vibrations will be confined to a single 
plane until, owing to friction, they subside. However, 
if we investigate ‘‘ real’ rods or strings, even if they 
have been manufactured with the greatest possible care 
regarding their uniformity and accuracy, we shall 
observe, that in general, the vibrations are not confined 
to one plane only. The end of the rod “ will commence 
as a line, almost immediately open up into an ellipse, 
the lesser axis of which will om 6 extend as the 
larger axis diminishes, until it becomes a circle ; what 
was before the lesser will then become the larger axis ; 
and thus the motion will alternate until, from their 
decreasing magnitudes, they cease to be visible.” 
(Wheatstone, 1827). (See Fig. 3.) 

The phenomenon becomes even niore interesting if 
we consider forced vibrations. Fig. 4 shows the 
experimental apparatus. The rod, clamped in a 
chuck, is set into forced vibration with the aid of a 
small electromagnet which is fixed to the turntable of a 
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angle which the small axis forms with the vertical 
varies, If we define the plane in which the amplitudes 
are a minimum, that is, the plane which the small axis 
of the éllipse forms with the axis of symmetry, as a 
‘radial nodal plane,” we can say that by varying the 
exciting frequency the radial nodal plane will oscillate. 

The amplitudes measured in the direction of the 
exciting force plotted as a function of the exciting 
frequency give a resonance curve which, in general, 
will have two resonance peaks (Fig. 6, curve A). After 
moving the magnet into a neighbouring angular position 
we repeat the experiment ; we observe that there are 
two directions for the exciting force in which the ensuing 
vibrations confine themselves to the plane of excitation. 
Resonance curves belonging to these directions have 
one resonance peak only (Fig. 6, curves B and C); 
however, the resonance frequencies are not the same. 
These two directions form two planes with the axis 
of symmetry called the “‘ preferential planes.”” Vibra- 
tions which have been started in either of these planes 
confine themselves to them ; vibrations started in any 
other plane will behave in the way described above. 

Fundamentally the same phenomena are observed 
with all bodies of revolution. Fig. 7 represents a 
cross-section of the apparatus used to investigate the 
vibrations of cylindrical shells. The vibrations were 
measured with the aid of an electronic vibration pick-up 
and were displayed on the screen of a cathode-ray 
oscilloscope. Fig. 8, opposite, shows the top view of a 
vibrating cylinder as it may be expected to vibrate 
according to the conventional theories. There is an 
even number of points at rest on the circumference of 
the tube, called the nodal points. Any point of the 
cylinder can be a nodal point depending only upon the 
way in which the vibrations were started. 

Experiments were carried out with “ real” tubes on 
similar lines as in the case of rods, that is, the vibra- 
tion pick-up was set opposite the exciting magnet and, 
while varying the exciting frequency, the movement 
of the nodes was observed and the amplitudes measured. 
It was observed that there are, in general, no points 
upon the circumference which have zero radial ampli- 
tudes, only points which have an amplitude minimum 
compared with others. In every other respect they 
are like nodes, for their number is even and as long 
as the imperfections are small they are equally distri- 
buted round the circumference. The planes passing 
through these “ relative nodes ” are called the “ radial 
nodal planes.” As we alter the exciting frequency 
the radial nodal planes will not remain stationary but 
he oscillate, similarly to the way we observed with 

8. 

The measured resonance curves have in general two 
resonance peaks (Fig. 9, curve A). Here, too, there are 
directions which determine the preferential planes, 
in which the exciting force will produce a resonance 
curve which has one resonance peak only (Fig. 9, 
curves Band A). If we turn the exciting magnet into 
one of the preferential planes the resulting nodal 
configuration 1s called the ‘“ preferential configuration ” 
corresponding to the preferential plane under investi- 
gation (Fig. 10). In most cases, depending on the 
kind and size of the imperfections present, the nodes 
of the two preferential configurations are symmetrically 
situated to each other. If the exciting force acts 
outside the preferential planes both configurations are 
excited at the same time and the amplitudes we 
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measure are due to a superimposition of both prerer- 
ential configurations with regard to their phase angles 
relative to the exciting force (Fig. 9). 

As long as the imperfections are small, any part of the 
ciroumference of the cylinder may become a relative 
node. If, however, the imperfections are large, the 
preferential frequencies are very far from each other 
and the two preferential configurations cannot be 
excited any more with the same frequency and conse- 
quently the nodes become practically fixed. Fig. 11 
shows a resonance curve of a cylinder produced with the 
greatest possible care regarding dimensional accuracy, 
and Fig. 12 one for a cylinder which has deliberately 
been made imperfect. In the first case it was possible 
to produce relative modes at any part of the cylinder ; 
in the second case, the nodes were fixed. The radial 
amplitudes for the two preferential configurations of a 
cylinder which contained large imperfections is shown 
in Fig. 13. As can be seen, owing to the considerable 
size of the imperfections the symmetry of the amplitude 
distribution is disturbed. 

Experiments made with circular discs, conducted on 
similar lines as those described for rods and tubes, 
gave exactly the same results. Based upon these 
experiments, the subsequent theoretical investigation 
proved that the effect of imperfections upon the flexural 
vibrations of bodies of revolution can be stated in the 
following general terms: (a) The appearance of 





imperfections eliminates the indeterminancy of the 
angular position of the radial nodal planes, that is, 
the angular position of the radial nodes will, in general, 
be definitely determined by the imperfections of the 





It might appear that the problem of imperfections is 
only of theoretical interest and has no importance for 
the engineer. However, considering the wide applica- 
tion of bodies of revolution in engineering practice 
as stationary and rotating machine components, it is 
obvious that there is a great field in which it is worth- 
while to re-examine the results that were obtained 
with the assumption that bodies can be produced with 
mathematical perfection. This is already in progress 
for the problem of rotating discs, which have a wide 
application in the field of turbine rotors and gearing. 
The investigations have shown a possible way to 
eliminate certain types of vibration of these components 
which, in practice, prove to be undesirable. 

The work is being done at the Engineering Depart- 
ment of the University of Edinburgh under the 
supervision of Professor R. N. Arnold. 





DESIGN OF DISTRICT-HEATING 
SCHEMES.* 


THE object of these notes is to provide a basis for 
the preparation of preliminary reports on projected 
schemes. Many of the data which follow are of a 
tentative nature, and may require modification im the 
light of further experience, or to suit local circum- 
stances. The figures given will serve for the preparation 
of preliminary schemes, but detailed estimates of heat 
requirements should be prepared when more accurate 
particulars of the various buildings and their heat 
demands are known. Reports on district-heating 
proposals should be accompanied by the consulting 
engineer’s observations on the advisability in the 
particular circumstances of such a proposal. He will, 
no doubt, give his views on, inter alia, the extent of the 
reduction of smoke, bearing in mind that steps may 
have to be taken to avoid grit emission from the boiler- 
house; the efficiency of burning fuel in a central 
boiler-house, making due allowance for heat losses 
from mains, compared with other forms of heating by 
the latest solid-fuel appliances ; the qualities of solid 
fuel that can be used with district heating compared 
with other appliances ; the comparison of fuel delivery, 
and of ash and garbage disposal problems ; the value 
of space and additional construction compared with 
loss of the housing space occupied by the boiler-house 
and auxiliary plant ; the value to the tenants of ample 
heat all over the house and of ample hot water, but 
at an inflexible weekly charge; and the comparison 
of fire risks with local and district heating, respectively. 
The availability of unrestricted supplies of hot water 
at a fixed charge can give rise to greatly increased 
consumption. ‘ 

When district heating service is provided, gas, 
electricity or solid fuel will still be necessary for cooking. 
District heating will increase the number of services to 
be carried below the ground. In many cases, district 
heating will increase the dependence of the community 





* Abstract (abridged) from Notes on the Preparation of 
Schemes for the District Heafing of Housing Estates, pre 
pared by the District Heating Sub-Committee of the 
Interdepartmental Committee on Domestic Heating. 
Published by the Ministry of Fuel and Power, Fuel 
Efficiency Branch, Queen Anne’s Chambers, Dean 
Farrar-street, London, 8.W.1. 
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on central stations, but, with adequate design and 
maintenance, the risk of breakdown of a district- 
heating service will be small. The efficiency of boilers 
for district-heating schemes will, in general, be higher 
than those of small boilers serving central heating in 
individual public buildings, blocks of flats, etc. When 
mains losses are taken into account, the efficiency of 
heat utilisation is approximately the same with both 
systems, but district-heating boilers will burn lower 
grades of fuel than are suitable for small individual 
plants. The main disadvantage of district heating is 
the extra initial capital outlay necessary before a new 
estate is fully developed and connected to the system. 
There may be several years in which the loan charges 
cannot be met by the average economic charges. Losses 
during the development period can be partly avoided 
by the use of group heating, i.e., by providing temporary 
or permanent smaller separate boiler-houses dealing 
with groups of buildings as they are erected. Experience 
abroad, however, indicates that permanent group 
heating by separate boilers is much less efficient and 
more expensive in operation than heating from a single 
boiler-house. When temporary boilers are used in the 
Initial stages of a scheme, part of the cost may be 
recoverable when they are no longer required. 

The minimum basis of design for a district-heating 
service should be the maintenance of a temperature of 
65 deg. F. in the living room and 60 deg. F. in the 
dining space and kitchen (or hall). Some auxiliary 
Provision must be made for heating, for use if h.at is 
required at times when the district heating system is 
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not in operation. The Housing Manual, 1949,* contains 
the recommendation, on page 171, that “Gas and 
electricity should be used for intermittent and auxiliary 
service.” When considering district-heating schemes, 
it is necessary to estimate the maximum demand for 
heat which will occur at any time, and the total amount 
of heat which will be required during the year. Assump- 
tions must be made as to the design temperature, the 
total connected load, the diversity factor and the load 
factor. The requirements of various classes of build- 
ings can be conveniently grouped as for domestic 
(houses and flats), commercial, communal, and indus- 
trial buildings, respectively. Ordinary central-heating 
systems for individual buildings are usually designed 
on the basis of an external temperature of 30 deg. or 
32 deg. F., and a margin of capacity is provided in the 
boiler to deal with colder conditions. Records at 
Greenwich for 100 years show that there were 49 periods, 
totalling 205 days, during which the temperature was 
continuously below 32 deg. F., but only 16 days on 
which the temperature did not exceed 25 deg. F. 
The design temperature (20 deg. F. to 30 deg. F.) 
appropriate to the locality should be observed when a 
district-heating scheme is being designed. [Data for 
the estimation of loads are given in the Notes, together 
with examples.—Eb., E.] 

The area supplied by the system should be zoned, 
and the buildings in the zones grouped together so that 
long lengths ‘of mains to serve isolated buildings are 
not necessary. In planning, the aim should be to ensure 
that the consumers’ load factor for each length of main 
is as high as possible. The present tendency to build 
houses in large groups is to be encouraged from the 
point of view of district-heating economics. Planning 
which requires fairly frequent right-angled bends or 
offsets in the mains is advantageous, as these bends, 
etc., enable expansion to be taken up without the 
necessity for special devices. 

The ideal ition for the boiler is at the “ centre 
of gravity” of the heat load, but it is often impracticable 
for esthetic and other reasons. The boiler house 
should be designed so as to be as inconspicuous as 





* Issued by the Ministry of Health: now obtainable 
from the Ministry of Local Government and Planning. 





possible, with due regard to facilities for fuel delivery 
and ash removal, and to the direction of the prevailing 
wind. The avoidance of complaints about smoke 
and grit is important, and the height of the chimney, 
particularly in residential areas, should not be less than 
24 times the height of the tallest neighbouring building. 
In most cases grit arresters are essential, particularly 
in larger plants where mechanical firing is employed. 
If site conditions permit, all fuel and ash should be 
handled mechanically, advantage being taken of 
gravity feeding wherever possible. Boiler-house labour 
costs tend to be a high proportion of the total operating 
costs and a high degree of mechanisation is usuall 

economic; the number of men required is Bo: to | 
lower grade fuels can be used with success, and greater 
efficiency is obtained than is possible with hand firing. 

The boiler capacity provided must not be less than 
the maximum demand which can be foreseen, bearing 
in mind that in many cases extensions to the system 
will be required as time proceeds. In all cases it is 
desirable that two or more boilers should be provided ; 
not only does this course eliminate the possibility of 
failure of service due to a boiler fault, but it enables 
the plant to be operated efficiently, and in accordance 
with changing seasonal demands. Boilers can be 
provided capable of dealing with the combined space- 
heating and domestic hot-water load in winter, but a 
separate boiler for hot-water service in summer will 
operate at higher efficiency than a large boiler running 
under reduced load. The variable nature cf the load, 
both for space heating and for domestic hot water, 
does not favour the operation of boilers at consistently 
high efficiency, and the following average figures are 
suggested as applying to district heating schemes with 
solid-fuel boilers: stoker-fired, 70 per cent., and hand- 
fired, 60 per cent. When boilers large enough for the 
combined space-heating and hot-water load are used 
for hot-water service cnly during the summer months, 
the above figures should be reduced, for summer 
working, to 65 per cent. and 55 per cent., respec- 
tively. 

The use of steam for distribution has many advan- 
tages; variations of head due to an undulating or a 
steeply-sloping site do not affect the system, and no 
circulating pumps are required, though on some sites 
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it may be necessary to use pumps to return the con- 
densate. Metering, either of steam or of condensate, is 
relatively simple ; the steam is at a sufficient tempera- 
ture at all times to provide domestic hot water; and 
if industrial demands for steam are met from the 
district plant this will assist the economics of the 
scheme. The disadvantages of steam are that the 
return of the condensate may cause corrosion, and 
steam traps require frequent attention; the high 
temperature of steam mains may increase the heat 
losses; and make-up water will generally require 
chemical or other treatment. In most cases, and 
particularly for domestic heating, hot-water heating is 
preferred, and with steam service this necessitates the 
provision of heat exchangers. The temperature of 
steam cannot be regulated easily unless a vacuum 
system is employed, requiring vacuum pumps, and 
constituting a potential source of trouble through the 
in-leakage of air. In this country, hot water is 
generally considered to be the better medium for 
heating p' . The principles are well understood, 
and hot water allows flexible operation, with the 
temperatures of the heating surfaces adjusted in 
accordance with the requirements. It may be used in 
low-pressure systems (up to 200 deg. F.), medium- 
pressure (200 to 250 deg. F.) or high-pressure (250 to 
400 deg. F.) systems. Circulating pumps are necessary, 
but temperatures can easily be controlled at the boiler- 
house and sub-stations to suit the weather conditions. 
The metering of small individual space-heating loads 
may present some difficulty. In some cases, it may be 
economic to generate steam or high-pressure hot water 
at the boiler-house and to convert, through heat 
exchangers, to low-pressure hot water at sub-stations. 
Medium-pressure hot water can be used directly for 
heating, but in these cases it is desirable to use con- 
vectors instead of normal radiators in houses. 

Boiler-house practice and the heating of buildings 
are both well established, and the vitally important 
factor in district heating is distribution. The success 
of a district-heating scheme will depend largely upon 
the selection of the most suitable system of distribution 
and its efficient installation. In deciding systems of 
distribution, an important factor is the necessity for 
supplying domestic hot water throughout the year, 
whereas space heating is normally required during the 
winter months only. (When some space heating is 
required at all times, e.g., in clinics, this can be arranged 
by connecting the heating appliances to the domestic 
hot-water system.) Distribution to consumers can be 
by the two-pipe, four-pipe, or three-pipe system. 

The two-pipe system is shown in Fig. 1. In this 
system, a single pair of mains serves both space heating 
and domestic hot water. Domestic hot water must be 
supplied indirectly, with storage calorifiers in each 
building or block of buildings ; preferably, calorifiers of 
30 to 40 gallons capacity Aan be installed in indi- 
vidual dwellings. e temperature of the circulating 
water must be high enough at all times to provide 
domestic hot water at a temperature of about 140 deg. F. 
at the consumers’ taps; this restricts the range of 
temperature regulation possible, and may result in 
overheating of radiators, etc., in mild weather unless 
local automatic controls are provided in consumers’ 
premises. Conversely, in very cold weather, when the 
flow temperature, in a low-pressure hot-water system, 
may be 180 deg. F. or more, the domestic hot water 
may be overheated unless a thermostatically-controlled 
valve is fitted on each calorifier. 

Ducts for a two-pipe system are small, as only one 
pair of pipes has to be accommodated. The ratio of 
heat loss in transmission to effective heat load is low in 
winter, as loss occurs from the surface of one pair of 
mains only; the necessity of maintaining a high flow 
temperature, however, tends to increase the loss. The 
heat-loss ratio is comparatively high in summer, when 
the mains are large in relation to the load carried. On 
the other hand, pumping costs are reduced in summer, 
and it is desirable to install separate pumps for winter 
and for summer service, so that each seasonal load 
can be supplied by a pump working at high efficiency. 
It is advantageous to install pumps in the flow main, 
so that pressure is maintained throughout the system. 

The four-pipe system is shown in Fig. 2. Separate 
pairs of mains serve space-heating and domestic hot 
water, and each pair may be operated independently 
at the temperature »equired. Hot water can be 
heated in bulk, in storage calorifiers at the central 
station or sub-stations, or in individual buildings. 
Hot water is usually supplied directly from the secon- 
er mains, and the district-heating authority is thus 
in the position of supplying both water and heat. This 
may involve some difficulties of an administrative 
nature, and there is some ibility of cross connections 
being inadvertently aie Nebonen heating and hot- 
water mains. If hot water becomes contaminated in 
transmission, serious results may ensue, as some con- 
sumers may use water from the hot taps for culinary 
purposes. Water undertakings may raise objections to 
the use of mixing devices connected to both the hot and 
cold water pipes. As an alternative to direct supply, 
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individual calorifiers can be installed in dwellings, but 
their provision would add appreciably to the capital 
cost of the system, even — , unlike the two-pipe 
system, thermostatic controls on the individual 
calorifiers would not be required, as the temperature in 
the hot-water flow main would be suitably regulated. 
The flow temperature, however, would require to be 
higher than with direct supply. The four-pipe system 
requires large ducts. The heat-loss ratio is high in 
winter, owing to the large surface of the four pipes, but 
is low in summer, as the hot-water service mains are 
correctly sized for their duty. Two separate pumps 
are required for winter service, and pumping costs in 
general will be higher than with the two-pipe system. 
The three-pipe system is shown in Fig. 3. Separate 
flow mains are used for space heating and for domestic 
hot water, and the system has the same flexibility as 
the four-pipe system, as the temperature for each 
service can be regulated in accordance with require- 
ments. The return main is common to both services. 
As with the two-pipe system, domestic hot water must 
be supplied indirectly, but local thermostatic controls 
are unnecessary. The cost of ducts, mains and insula- 
tion with the three-pipe system is intermediate between 
those of the two-pipe and four-pipe systems. The large 
common return main will increase the heat-loss ratio 
in summer, but, in general, for the same service, the 
annual heat losses from a three-pipe system are not 
much greater than those from a two-pipe system, and 
are less than those for a four-pipe system. Separate 
pumps should be provided for winter and for summer 
service, and should be installed in the return main. 
There is no universal criterion as to the best system 





of distribution to adopt. A number of combinations 
-8 possible and each scheme must be investigated on 
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its merits, taking into account the capital costs of the 
mains, of calorifiers and of storage vessels. Before 
the most satisfactory system can be selected, estimates 
must be made of the cost of operation, including the 
costs of heat losses and of pumping. It is of great 
importance that a thorough investigation be made of 
the technicalities and economics of the alternative 
systems so that s sound decision can be reached. In 
many cases, the balance of advantage will be found to 
lie with the three-pipe system. Whatever system of 
distribution is adopted, it is important that means of 
regulating and balancing the flow of water to the houses 
shall be provided, and that the process shall not entail 
entering individual houses. In some cases, difficulties 
have arisen in regulation as new sections of the estate 
were connected to the system. . 
District-heating mains are usually of mild steel, 
Class C. Pipes of 3-in. diameter and upwards should 
be welded, as flanged joints necessitate large ducts. 
Smaller pipes can be screwed, but welding is preferable 
in all cases. Most of the completed work will be out 
of sight and all welding must therefore be of the hig 
order. Wherever possible, mains should be route 
through the basements of buildings; inspection an 
maintenance are thereby facilitated and the heat lost 
from the mains will be used to ge ae 
the buildings the mains may be taken through p 
grounds or beneath pavements or roads. If the slabs 
covering the trenches are incorporated in ne or 
paths, this will tend to keep them dry and free = 
snow andice. Mains networks should as far as possible 
be “ ri ” so that, should faults develop, they can 
be isolated for repair with the minimum disturbance er 
other sections of the service. In cases where the = “ 
is corrosive it may be necessary to run the secon ry 
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hot-water service in copper throughout. Where mild- 
steel and copper pipes are run in the same duct, pre- 
cautions to avoid electrolytic corrosion must be taken ; 
pipes of different metals should not be carried in direct 
contact with the same metal brackets or hangers. 

The ducts required for a district-heating s 
may comprise tunnels not less than 6 ft. 6 in. high, in 
which “‘ upright ” access is provided, or small tunnels 
not less than 3 ft. 6 in. high in which “ crawl-way ” 
access is provided ; buried ducts ; and shallow trenches 
with cover slabs level with the ground or the floors of 
buildings (British Standard Sub-Code 304.105, entitled 
“Design and Construction of Pipe Ducts”). It is 
particularly important to ensure that the ducts are 
thoroughly watertight. To guard against the accumu- 
lation of water, by leakage or otherwise, t care 
must be taken to form the duct with a fall to gullies 
connected to the drainage system. In water-logged or 
wet soil a complete underdrain is necessary. 

The most satisfactory method of providing for 
expansion in district-heating mains is to run the 
mains with offsets or changes in direction, preferably at 
intervals of not more than 100 ft. In the planning of 
housing estates, blocks of houses are usually arranged 
in broken alignment ; this is favourable to the layout 
of district-heating mains. Offsets of reasonable size 
should be provided at convenient positions. If con- 
sidered necessary, expansion loops of straight-U or 
long-radius type can be employed; the former are 
the cheaper, both as regards the pipe work and the duct 
construction. Loops of any kind increase the resistance 
of the flow of water, and, therefore, the costs of pump- 
ing. If it is not possible to take up expansion by 
means of offsets or loops, provision must be made by 
means of expansion joints of sliding or bellows type ; 
these joints must be readily accessible for inspection 
andmaintenance. All mains must be securely anchored 
in accordance with usual pipework practice. Between 
points of anchorage, pipes must be free to expand or 
contract. Roller bracket supports are generally used, 
but in tunnels, hangers, which allow the pipes to swing 
freely, are preferable. It is necessary to ensure that 
branch pipes are not subject to undue strain by the 
expansion of the main, and wherever possible branches 
should be taken off near a point of anchorage. 

The heat losses from insulated pipes in ducts will 
vary with the type of soil and in most cases with the 
season. The disposition and number of pipes in a 
duct will also affect the heat loss. An approximate 
estimate of the heat loss can be made by allowing an 
emission of 0-25 B.Th.U. per hour per square foot of 
the exterior surface of the pipe, per 1 deg. F. difference 
between the temperature of the water or steam in the 
pipe and the temperature of the ground; the latter 
can be assumed to be 50 deg. F. throughout the year. 
Until factual data can be obtained, it is suggested that 
heat losses from pipes, calculated on the above basis 
and shown in the following Table, should be used. 


Heat Loss from Insulated Pipes in Ducts, in Therms 
per 100 ft. of pipe per 1,000 hours. 











Temperature of Water or Steam. 
Nominal 
Bore, in. 
150 deg. F. | 200 deg. F. | 250 deg. F. | 300 deg. F. 
1 8-7 13-0 17:3 21-6 
2 15-6 23-3 31-1 38-9 
3 22-9 34-4 45-8 57-3 
q 29-4 44-1 58-8 73-4 
5 36-0 54-0 72-0 90-0 
6 42-5 63-8 85-0 106-3 
8 55-5 83-3 111-0 138-8 
10 68-8 103-1 137-5 171-9 
12 81°8 122-6 163-5 204-4 

















As previously indicated, domestic hot water is an 
important factor in district heating. With bulk 
storage and direct supply, there is little or no limitation 
of the amount of hct water which can be drawn off by 
individual consumers. For this and for other reasons, 
the supply of hot water to domestic consumers should 
be indirect, a separate calorifier being installed in each 
dwelling, with a heating-up period of three hours. 
Bulk storage, if used, may be installed at the central 
station or substations, or in various blocks of buildings. 
The secondary mains will have considerable capacity, 
Which should be taken into account when estimating 
the size of the storage calorifier required. The total 
amount stored should not be less than 10 gallons 
dwelling ; in local bulk storage for small blocks of 10 or 
12 dwellings this should be increased to 15 gallons. The 
heating coils in the bulk-storage calorifier should be so 
sized that the number of gallons per hour raised through 
100 deg. F. is about 15 per dwelling for small schemes of 
the order of 100 houses, reducing to about half this 

in large schemes. 

A number of instruments are required for the efficient 
Operation of a district-heating system, and should be 
Provided as an in ] of the installation. Some 
struments are essential for efficient boiler operation, 
and other equipment is necessary to control the amount 
of heat generated in accordance with hour-to-hour 


requirements, and to ensure that heat is distributed 
efficiently. Various meters should be provided to 
enable adequate records of operation to be kept. 

For each boiler, a recording flue thermograph, with 
daily or weekly charts, should be as the 
minimum provision. In addition, a CO, recorder or 
indicator enables an estimate to be made of the heat 
loss in the flue gases, and, by inference, the efficiency 
ofthe boiler. IfCO, recorders are installed, they should 
preferably be of the same pattern as the thermographs, 
as the charts can then be superimposed for examination 
by the supervising engineer. Draught indicators are 
desirable, and, if fitted to a range of boilers, enable 
each boiler to operate under the same conditions and 
take its fair share of the load. Coal meters enable 
fuel consumption to be recorded automatically. 

In addition to the boiler equipment, the {ollowing 
are required. (a) An outside temperature recorder, 
preferably of a continuous recording type, but alter- 
natively maximum and minimum thermometers may 
be provided. The instruments should be located in a 
position where they will not be affected by direct 
sunshine or by heat from buildings, and should prefer- 
ably be housed in a Stevenson or similar screen. It is 
a great advantage if the outside temperature at all 
times is clearly indicated in the boiler-house ; a large- 
scale dial thermometer with remote bulb is very 
suitable for this purpose. (b) Thermometers showing 
the temperature in each flow and return main at the 
central station and substations. These should prefer- 
ably be of the recording type, with weekly charts. 
Thermometers of ordinary indicating type at the con- 
sumers’ ends of mains are of value in ensuring that 
water reaches consumers’ premises at the correct 
temperature, and in enabling an estimate to be made 
of transmission losses; the latter would also reveal 
any failure of mains insulation. 

(c) Water meters should be provided in mains at the 
central station and substations as follows: (i) For 
heating mains, a meter in each flow main. (ji) For hot- 
water supply mains with direct supply (four-pipe 
system), a meter on each primary and secondary flow 
main; in this case the cold-water feed meter will 
indicate the hot-water consumption. (iii) For hot- 
water supply mains with indirect supply (three-pipe or 
four-pipe system) a meter in each flow main. These 
meters should preferably record the cumulative flow 
in gallons. Alternatively, rate-of-flow indicators of 
Venturi-throat type may be used, or an approximate 
estimate can be made from the working head of each 
circulating pump and the characteristic curves supplied 
by the pump makers. (iv) A water meter should record 
the cold-water make-up to each pair of mains (to the 
return main in a three-pipe system). (v) Where domes- 
tic hot water is heated in bulk at the central station, 
substations, or consumers’ premises, a water meter 
should record the cold-water make-up to each storage 
calorifier. 

(e) Electricity meters should record the consumption 
for lighting and power at the central station and each 
substation. For steam schemes, steam-flow meters 
would replace some of the water meters enumerated 
above. Cold-feed recorders should also be fitted, in 
accordance with standard steam-boiler practice. Steam- 
pressure recorders, with daily or weekly charts, are 
desirable on the maim steam header, with pressure 
gauges on each flow main. Condensate, if returned, 
should be metered. 

Suitable types of automatic control will effect sub- 
stantial fuel savings, and are very desirable to ensure 
that the temperature of water for space heating is 
regulated in accordance with the climatic conditions, 
and that the temperature of domestic hot-water supply 
is not excessive. For space heating, an outside element 
can regulate the temperature of the circulating water 
by means of a mixing valve, which diverts part of the 
return water into the flow main. Alternatively, ele- 
ments can be arranged to control the operation of the 
mechanical stoker and the draught equipment. A 
combination of methods gives the most satisfactory 
results. For domestic hot water, the control should 
ensure that water leaves the consumers’ taps at about 
140 deg. F. This can be effected, with bulk storage, 
by a thermostat in each calorifier, controlling a valve 
or mixing valve in the primary flow. With individual 
hot-water calorifiers in dwellings, the temperature in 
the flow main must be controlled. All thermostats 
should have adjustable ranges. 

Meters should be provided to record steam, space- 
heat or domestic hot-water, supplied in bulk to any 
industrial or other large buildi For individual 
dwellings, space-heat meters are at present impractic- 
able, but in cases where domestic hot water is supplied 
direct from the district-heating authority’s mains, 
several types of hot-water meters are available, and 
their installation will tend to reduce hot-water con- 
sumption. If it is decided to install such meters, 
connections must be a ed so that they can be 
removed and replaced without difficulty, and suitable 
testing and calibration equipment must be provided 





at the central station. 





NOTES ON NEW. BOOKS. 
The Northampton Sand Ironstone. 


By 8S. E. HOLLINGWORTH, Ph.D., M.A., B.Sc., M.I.M.M. 
Department of Scientific and Industrial Research, 
Memoirs of the Geological Survey of Great Britain. 
H.M. Stationery Office, York House, Kingsway, Lon- 
don, W.C.2. [Price 17s. 6d. net.] 


Wir the gradual exhaustion of the hematite deposits 
in the carboniferous limestone and the diminished 
may of the clay band and blackband iron ores 
rom the coal measures, a position has now been reached 
where the mesozoic ironstones provide virtually the 
whole of this country’s reserves of home ore. The 
1939-45 war led to greatly increased production in the 
Northampton sand field, and 55 opencast pits and three 
underground mines were working during that period. 
In 1942,'the field produced the record output of over 
10} million tons, and over the six war years it was 
responsible for considerably more than half the total 
British production of iron ore. The ore field extends 
through Northamptonshire, Rutland, East Leicester- 
shire and Lincolnshire, and is being worked in all these 
counties. Its persistence over extensive areas as a 
relatively thick flat-lying bed, at no great depth below 
the surface, has favoured its exploitation at low cost 
in large opencast excavations. Though richer in iron 
than other British bedded ironstones, the Northampton 
sand is low-grade in comparison with many imported 
ores. In general, the iron content in the workable 
stone ranges from 28 to 35 per cent., silica from 6 to 
18 per cent., and lime from 2 to 10 per cent. The 
phosphoric nature of the ore, at an average of 0-7 per 
cent. phosphorus, renders it suitable only for the basic 
steel-making processes. At the present rate of pro- 
duction of some 7 million tons per annum, the field has 
reserves for about 175 years, and 50 per cent. of the 
total tonnage is available for opencast working by 
present-day methods. This 21l-page memoir deals 
concisely with the stratigraphy, structure and reserves 
of the field, and also discusses its history and describes 
the methods of prospecting, sampling and working in 
common use. 





Steam Turbine Theory and Practice. 


By PROFESSOR WILLIAM J. KEARTON, D.Eng. Sixth 
edition. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 35s, net.] 


THE sixth edition of this well-known text-book 
resembles the previous edition of 1949 so closely that a 
new preface of only three lines serves to call attention 
to the difference. This amounts to little more than 
the inclusion of a description of the Westinghouse 
system of governing steam turbines by the variation 
of fluid pressure produced by a centrifugal pump on the 
turbine shaft, which replaces the usual mechanical 
type of governor. A similar principle, it may be 
remembered, was employed by Sir Charles Parsons for 
the speed regulation of his very earliest steam turbines, 
though he used a fan to create a vacuum for operating 
the throttle valve. As the changes are so slight, no 
detailed review of the book is necessary ; it is sufficient 
to say that it provides about as good a course of 
instruction on the design of land turbines as any 
student could wish for. He will be brought to realise 
that the mechanical problems of turbine design are 
fully as important as the thermodynamic considera- 
tions, and that much more than a knowledge of the 
behaviour of steam is required to produce a machine 
that can be relied on not to give trouble in operation. 
As a well-written and lucid combination of theoretical 
and practical information on turbine design, the book is 
one that can be recommended without reserve. 





Some Wallis and Steevens Traction Engines and Steam 
Wagons. 
By R. C. WALLIS and J. P. MuLLeTr. Obtainable 
from J. P. Mullett. ““‘Westcroft,”” Northchurch Common, 
near Berkhamsted, Hertfordshire. [Price 4s8.; by 
post, 4s. 3d.) 


THE principal contents of this brochure comprises 
24 illustrations of traction engines and four steam 
wagons, made by the firm of Wallis and Steevens at 
their North Hants Ironworks, Basingstoke, between 
1877 (the date of their first traction engine) and 1920, 
when they discontinued the construction of steam 
wagons. The letterpress consists of no more than an 
introduction, and a short description under each 
illustration. As it is stated that Messrs. Wallis and 
Steevens, Limited, “‘ no longer have available any data 
concerning the subjects described,” we might point out 
that the woodcuts of the 1877 engine and of its 1879 
successor are reproductions from ENGINEERING of 
August 24, 1877 (vol. 24, page 142) and February 13, 
1880 (vol. 29, page 135), respectively. These references 
are not given in the brochure, nor are the sources of 
any of the illustrations. 
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PNEUMATIC COMPARATOR OF 
HIGH SENSITIVITY.* 


By M. Graneek, B.Eng., A.M.I.E.E., and J. C. 
Evans, B.Sc., Ph.D. 


TuE last decade or so has seen a marked increase in 
the use of pneumatic gauging in precision engineering, 
in workshops as well as in inspection and standards 
rooms. This technique has special advantages for 
some applications, as, for example, the measurement 
of fine bores, and has the particular merit that high 
sensitivity may be obtained with relatively simple 
apparatus. Increase of sensitivity, however, has in 
general been attained only at an undue expense in 
speed of response, the resulting sluggishness being often 
a drawback even when measuring a constant dimension, 
and becoming a serious disadvantage when measuring 
one which is changing fairly rapidly. The authors 
have described elsewheret apparatus developed for 
measuring and recording a rapidly changing quantity, 
such as the area of cross-section of a textile yarn 
during production. By further development of the 
principles used in that work, a comparator having very 
high sensitivity and good speed of response has been 
devised in a compact and robust form, and this instru- 
ment is described here. 

It will be useful to consider first the principle of the 
particular form of pneumatic gauging employed and 
the factors which determine the working characteristics 
of an instrument based upon it. The principle is 
shown schematically in Fig. 1. Air from a constant- 
pressure source is supplied first to an orifice O, and 
thence to an orifice O, through which it escapes to the 
atmosphere. P represents the pressure upstream of 
the first orifice and p that between the two orifices, 
both pressures being referred to atmospheric pressure 
asdatum. For a given value of P, the magnitude of p 
depends on the relative sizes of O, and O,. If C and 
M are the effective escapement areas of O, and O,, 
M 
Cc 

iven by a characteristic curve of the form shown in 
Fig. 2. This particular curve was obtained experi- 
mentally using an orifice O, of fixed diameter equal 
to 0-033 in. and a constant value of P equal to 15 lb. 
per square inch. It is of interest to note that it agrees 

P » 

7p 
approximation which may be derived from theoretical 
considerations. 


respectively, the relationship between = and is 


2 
quite closely with the equation (3) 


For values of 5 between 0-4 and 0-9 the characteris- 


tic curve in Fig. 2 differs little from the straight line 
represented by the equation 


p M 
— =1-°10 — 0:50—, ° ‘ 
P G (1) 


so that within these limits, and for constant values of 
P and C, p may be regarded as a linear function of M. 
If the effective area of escapement of O, is arranged to 
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depend on a dimensional quantity A in such a manner 
that alteration of A produces a proportional alteration 
of M, then changes in A may be determined by measur- 
ing the corresponding changes in p. 
The rate of change of p with M is given by the 
equation 
©. won. 2 
—= 0-50 c° . - (2) 
and hence, for a given value of P, is greatest when C 


is least. The largest value of = within the linear 


range is that corresponding to : equal to 0-4, and, by 


equation (1), is equal to 1-40. For maximum sensi- 
tivity, therefore, C should be chosen so as to satisfy the 
relationship 
Mmax. 
v° ia 
where Mmax is the maximum value of the effective 
escapement area of O,. The overall sensitivity of an 
instrument based on this principle will, of course, 
depend also on the sensitiveness of the device used 
for measuring p. This device should preferably be 
linear in terms of p and, in view of the requirement 


= 0:7 Mmax. . . & 


O-4< . < 0-9, it should be fitted with means for 


suppressing the zero so that the zero of the scale 
corresponds to a pressure p equal to 0:4 P. Within 
this range, the indications of the instrument will then 
be linear in terms of A. It is, of course, necessary that 
P should be kept constant in order to maintain con- 





* Communication from the National Physical Labora- 
tory. 
+t J. C. Evans, M. Graneek and H. G. Loe, “ Con- 
tinuous Pneumatic Gauging of Material in Thread or 
Wire Form,” Trans. Soc. Instrum. Tech., vol. 2, No. 2, 
page 34 (1950). Also British Prov. Pat. No. 28719/49, 
cog, 1471/50. 





istency of calibration. 

The speed of response of the instrument will depend 
on several factors, the chief of which are the value of P, 
the area C of the first orifice, and the volume V between 
the two orifices; the response improves when P or C 
is increased or V diminished. It has been seen that 
for high sensitivity C should be kept small, so that, 
in the determination of the optimum size of 0,, high 
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sensitivity and quick response are conflicting demands, 
With C determined by the sensitivity requirement, 
improved response must be sought by reducing V toa 
minimum and making P as large as is conveniently 
practicable. 

The instrument, shown in Fig. 3, consists of a 
hollow double piston which is an air-tight sliding fit 
inside a cylinder of } in. bore, the radial clearance being 
only about 0-0001 in. Compressed air, maintained at 
constant pressure by a precision pressure regulator, 
is supplied to the centre of the cylinder, whence it flows 
downwards through the hollow piston to the control 
orifice. This orifice is simply a small hole drilled in 
a thin metal disc held in place on the bottom of the 
piston by means of a screw cap, an arrangement which 
enables the orifice to be changed easily when it is 
desired to alter the sensitivity oftheinstrument. After 
flowing through the control orifice, the air passes to 
the lower part of the cylinder, from which a connection 
is taken by means of a short length of small-bore 
flexible tubing to the measuring head. When the 
measurement to be made is the displacement of a 
surface, a simple jet, Fig. 4, may be used as the measur- 
ing head, the gap between jet and surface determining 
the effective escapement area for the air. The volume 
which determines the time constant of the instrument 
is that of the space in the cylinder below the piston 
plus the capacity of the flexible tube and measuring 
head. The total effective volume is, therefore, small 
and the speed of response correspondingly high. 

The piston is loaded by means of a compression spring 
8S, Fig. 3. The initial compression of this spring is set 
by the “‘ zero adjuster” screw so that with a supply 
pressure of 15 lb. per square inch, say, the piston just 
moves away from its lowest position when the pressure 
beneath the piston is 6 lb. per square inch, i.e., 0-4 P. 
Any further increase in the pressure p will produce 
proportional upward movement of the piston. The 
effective escapement area at the measuring head is 
dependent on the air gap, and experiment has shown 
that the movement of the piston is directly proportional 
to the displacement of the surface from the measuring 
jet within the limits set by the condition that p lies 
between 6 lb. per square inch (0-4 P) and 13} |b. per 
square inch (0-9 P). By suitable choice of control 
orifice and compression spring in the cylinder, the 
ratio of movement of piston to displacement at the 
measuring jet may readily be made equal to 1,000: 1. 

The movement of the piston is indicated on a 2-in. 
diameter dial gauge of ordinary pattern, the pointer 
of which makes one revolution for a spindle movement 
of 0-1 in. The magnification provided by the dial 
gauge is, therefore, about 60:1, so that a total mag- 
nification of the order of 60.000: 1 for the complete 
unit may be achieved. With this sensitivity, using 4 
dial gauge having a scale of 100 divisions, each corres- 
ponding to a spindle movement of 0-001 in., one scale 
division would represent a relative displacement 
between measuring jet and surface of one millionth of 
an inch. 

To overcome the effect of static friction between 
piston and cylinder, an extension rod of mild steel 
fitted to the top of the piston is arranged to project 
into a solenoid supplied with half-wave rectified 
alternating current. This produces a “dither” of 
the moving parts of small amplitude (about 0-001 in.) 
at mains frequency and completely eliminates the 
possibility of the piston sticking at any point in the 
cylinder. Half-wave rectification is used because the 
heating effect of the current in the coil, for a given 
maximum pull on the plunger, is thereby reduced by 
about 50 per cent. so that a smaller dither coil can be 
used than would otherwise be required. As it is necessary 
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to prevent transmission of excessive vibration to the 
dial-gaunge mechanism a simple damping device con- 
sisting of a weight W, Fig. 3, is fixed to the dial-gauge 
spindle and a small compression spring T is fitted 
between this spindle and the top of the plunger. 

_The comparator has been calibrated in terms of 
light-waves by means of a displacement interferometer. 
For this purpose the instrument was fitted with a 
simple jet, Fig. 4, and was used to measure the dis- 
placement of the movable glass plate of the interfero- 
meter. The diameter of the jet was 0-040 in., that of 
the control orifice 0-010 in. and the pressure P was 
10 1b. per square inch. 

The results of the calibration are shown in Fig. 5, in 
which the readings of the dial gauge are plotted against 
the displacement of the surface in relation to the jet, 
a measured by the interferometer. It will be seen 
that the calibration is linear over the range 0-00015 in. 
and that one division of the dial gauge represents 
1 x 10- in. approximately. The standard deviation 
of the results from the best straight line is 0-8 division. 

An approximate calculation of the force which is 
exerted in normal conditions of use by the jet of air 
impinging on the surface under measurement indicated 
4 value of the order of } oz. weight. As the premises 
of this calculation were open to doubt, an experimental 
measurement of the force was made. It may be of 
interest to describe the method adopted since it employs 
4 technique which might prove useful in other, and at 

sight, somewhat unrelated applications. Fig. 6 
shows the apparatus. The jet J, to be tested is rigidly 
fixed at the appropriate distance beneath an aluminium 
dise A supported with its surface horizontal by three 

ht springs. It is connected to the compressed-air 
Supply through a precision regulator so that the 
Pressure at the jet, as indicated on the gauge, can be 
accurately set to the required value. The upward 
foree exerted by the jet of air on A is determined by 
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direct weighing, the aluminium disc B, which is 
suspended from A by three wires, serving as a scale 
pan, while the dash-pot C provides sufficient damping 
to make the system aperiodic. 

The comparator, in association with a jet J, fixed just 
above disc A, provides a criterion for judging when the 
correct weights have been added to the scale pan, the 
procedure being as follows. Commencing with no air 
supply to J,, the position of J, in relation to A is chosen 
so as to give some convenient reading on the dial gauge 
of the comparator. The air supply to J, is then 
adjusted until the required pressure is attained and 
weights are added to B until the dial gauge reading is 
restored to its original value. Readings can be taken 
quickly and easily, so that a set of observations covering 
different pressures and different distances of J, from A 
can readily be obtained. As an example of the results 
obtained from these tests it may be quoted that the 
force on a surface due to a jet of air at a pressure of 
10 lb. per square inch from an orifice of diameter 
0-040 in. at a distance of 0-001 in. from the surface is 
0-2 oz. weight. 

Mention has been made of the use of a simple jet, 
Fig. 4, as a suitable measuring head for the direct 
measurement of the displacement of a surface. Fig. 9 
shows a sectional view of an alternative measurin 
head suitable for gauging the cross-sectional area o 
thread or wire. It is of box-like form with a shaped 
orifice in each of two opposite faces and is connected 
to the comparator by the tube entering the upper face. 
With properly dimensioned orifices, “‘ cross-cornering” 
of the wire in the head has no appreciable effect on the 
comparator reading. A third form of measuring head, 
for gauging thickness, is illustrated in Fig.9. Two jets 
are connected in parallel so that the effective area of 
escapement M at the measuring head depends on the 
sum of the two escapement gaps formed between the 
jets and the material being measured. With this 
arrangement the reading of the comparator will, within 
certain limits, be independent of the location of the 
material between the jets since the sum of the two air 

aps between jets and material will remain constant 
for a given thickness of material. 

The theoretical analysis briefly outlined above 
depends on the assumption that the coefficient of con- 
traction for the air escaping at the measuring head 
remains reasonably constant. This will be the case 


unless the material is moved too close to one of the jets, 
when the coefficient of contraction for the air escaping 
from this jet may be reduced appreciably, making the 
effective total escapement for the air at the measuring 
head less than before ; the pneumatic gauge will then 
indicate an apparent increase in the thickness of 
the material. To obviate this, a guard ring is fixed 
around each jet, as shown in Fig. 7, with the surface 
of the ring protruding slightly beyond that of the jet. 
If the material should touch the guard ring, air can 
still escape from the jet through holes drilled in the 
side of the measuring head as indicated in the diagram. 
The guard rings also provide mechanical protection for 
the jets. 

As an example of the use of the comparator for fine 
measurement, mention may be made of a determination 
of the movement of the flapper of an industrial 
pneumatic amplifier of the type described in the 
authors’ paper, already referred to. This determination 
was made in order to establish the mode of action of the 
flapper mechanism. The comparator was used in 
association with the simple jet measuring head, which 
was fixed rigidly to the amplifier case so that the nose 
of the jet was at a mean distance of 0-0008 in. from the 
flapper. By varying the input to the amplifier in 
steps, a series of corresponding values of comparator 
reading and amplifier output was obtained. The 
results are given in Fig. 8, which shows a plot of the 
distance of the flapper from the amplifier nozzle against 
amplifier output pressure. The total range of move- 
ment of the flapper corresponding to a change in output 
from the minimum value of 2 lb. per square inch to the 
maximum of 14 lb. per square inch is 0-0002 in. 

The comparator which has been described has the 
advantages of a simple and robust design, so that it 
may be used in the workshop as well as in the inspection 
room. At its maximum sensitivity, it may be used to 
measure displacements of the order of a few millionths 
of an inch; by changing the size of the control orifice, 
which can be done quickly and simply, the sensitivity 
can be reduced so as to provide for direct measurements 
of up to a few thousandths of aninch. As an approxi- 
mate working rule, when it is required to measure 
displacements of a surface in the range 2 in., the 
minimum gap between the measuring head and the 


; Zz. 
surface will be z in. 


As the measuring head does not make actual contact 
with the surface under measurement, the comparator 
is particularly useful in certain applications. Thus 
it has been found that, with the calliper arrangement of 
jets as measuring head, accurate determinations can 
be made of variations in thickness of rubberised fabric 
during actual production and despite the stickiness 
of the surfaces. When necessary, the measuring 
head can be made very small in overall dimensions 
and since its connection to the comparator is by a thin 
flexible tube it can be inserted into confined spaces 
which would be inaccessible to the more common type 
of comparator with rigidly attached measuring head. 
The speed of response is quite high, so that even at maxi- 
mum sensitivity readings may be taken almost imme- 
diately. There are no sources of hysteresis so that the 
comparator is completely free from this type of error. 
It is clear from what has been said that the instrument 
is a comparator and is unable to provide absolute mea- 
sures. Calibration may be carried out in the usual 
manner, using slip gauges, but at the highest sensitivity 
it becomes necessary to use special slip gauges (for 
example, differing in steps of 0-00002 in.) which have 
been accurately standardised. Since the reading of the 
comparator is dependent on the value of the working 
pressure P, the pressure of the air supplied to the 
precision regulator should be kept reasonably constant. 
To realise the precision quoted it was necessary to limit 
the range of variation of the supply pressure to 5 Ib. 
per square inch. 





BicycLE Factory 1n Inp1a.—A new bicycle factory 
of T.I. Cycles of India, Ltd., who are associated with 
Tube Investments, Ltd., London, was opened at Am- 
battur, near Madras, on September 26. 

TECHNICAL EDUCATION IN MIDDLESEX.—The Middle- 
sex County Council Education Committee have issued 
an 80-page booklet entitled “ Further Education in 
Middlesex,” for the 1951-52 session, which is a guide to 
courses held at the technical colleges throughout the 
county, and to related matters. 





LOCOMOTIVES FOR CEYLON.—Messrs. W. G. Bagnall, 
Limited, Castle Engine Works, Stafford, have recently 
completed the last of six 4-8-0 steam locomotives for the 
Ceylon Government Railways. Several improvements 
have been embodied in.the design, which is otherwise 
similar to that of three engines of the A3D supplied in 
1939. The new locomotives are for use on the Batticaloa- 
Trincomalee section of the 5 ft. 6 in. line and are required 
to haul the heavy traffic due to the Gal-Oya irrigation 
scheme, 
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TURNTABLE FOR COLLIERY TUBS. 


For changing the direction of travel of empty or full 
coal tubs in pits where space is limited, a turntable 
(provisional aa No. 25675/49), invented by Mr. 
C. V. Peake, has been developed in the West Midlands 
division of the National Coal Board; it is described 
in Information Bulletin No. MP(51)13, issued by the 
production department of the Board. Figs. 1 and 2, 
herewith, show the arrangement of the turntable as 
originally designed, for handling standard mine cars 
of 1}-ton capacity. A circular table is mounted on a 
vertical driving shaft, the lower end of which is sup- 

rted in a ball thrust bearing and a plain journal 
ome ly The table is supported around its periphery 
by equally-spaced rollers carried on brackets attached 
to the foundation. To form guide rings for the tubs, 
the turntable carries an inner annular flange, and is 
surrounded by a fixed flange except at the stations 
where the tubs enter and leave the table. The turn- 
table is normally arranged to rotate at such a speed 
that only one tub is on the platform at any time ; 
the tubs run on to the platform tangentially and are 
restrained by the guide rings as the turntable rotates, 
until they encounter a stationary deflector plate which 
directs the front wheels of the tub on to the receiving 
runway, down which they are guided by suitable check 
rails, 

Thg driving motor and reduction gearbox are mounted 
on a girder framework above the turntable ; with this 
arrangement, the motor and gearbox are in a 
position relatively free from dust, and only a small 
amount of excavation is required at floor level. It has 
the disadvantage, however, that considerable head 
room is required to accommodate the drive. Alterna- 
tive arrangements, which leave the floor clear, have 
been designed with the motor and gearbox below the 
floor level ; in one, the reduction gearbox output shaft 
is coupled directly to the turntable shaft, which necessi- 
tates appreciable excavation. In another, the excava- 
tion is reduced by installing the motor and gearbox on a 
higher level to one side of the turntable shaft, which is 
driven by an additional spur-wheel drive from the 
reduction gearbox. Neither of these layouts is suitable 
for wet conditions. 

A turntable similar to the one illustrated is installed 
at Cannock Wood colliery, on the “‘ empties” side of 
the pit bottom. It handles 1,500 tubs per shift, each 
of 12-cwt. capacity, turning them through an angle of 
154deg. The turntable rotates at a speed of 7-2 r.p.m., 
and each tub is turned in about 5 seconds. It is driven 
by a 650-volt 10-h.p. motor, rotating at 1,440 r.p.m., 
with a horizontal V-belt drive, through reduction gear- 
ing giving a speed ratio of 200 to 1. The motor and 
reduction gears are carried on an overhead platform 
6 ft. 6 in. high, which also carries the top bearing of the 
turntable shaft. The installation of the machine at 
Cannock Wood has enabled two men to be released for 
other work. 

The design of the turntable is easily adapted for use 
with heavier tubs, by increasing the number of sup- 
porting rollers and by stiffening the turntable circum- 
ferentially and radially. 
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HIGH-VOLTAGE AIR-BLAST 
CIRCUIT BREAKERS. 

By E. L. L’Estrance, M.Eng., A.M.I.E.E. 
TuE development of air-blast circuit breakers for 
high-voltage service, although of quite recent origin 
in this country, has already reached the stage where 
this equipment is well established as a competitor of 
the more familiar bulk-oil and low-oil-content types. 
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adverse effects on system stability. An additional 
feature is the dielectric safety of air-blast circuit 
breakers. This applies particularly when all the 
insulation components exposed to air, whether they 
are intermittently stressed in the interrupters or 
permanently stressed to earth, are entirely ceramic 
in construction. The risk of moisture absorption is 
then eliminated, an important point in connection 
with high-voltage outdoor circuit breakers. 

The infrequent need for maintenance of the 
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Fic. 2. Supportine CoLUMNS AND AIR-RECEIVER FRAMEWORK. 


Circuit control by air-blast circuit breakers presents 
several features of note, which are brought into 
greater relief in proportion to increase in service 
voltage. From a short-circuit aspect, the use of 
compressed air as a forced-blast deionising medium, 
in conjunction with a multi-break design in which 
the are length per phase is subdivided into a number 
of short arcs in series, provides a positive and reliable 
means of interruption. It affords the high-speed 
performance demanded for large interconnected 
networks, where delay in fault clearance may have 


interrupting parts is also worthy of reference. 
Because of the rapid cooling of the arc and its 
transference away from metallic contacting faces, 
one set of nozzle contacts will deal with many full- 
rating short circuits without renewal. When main- 
tenance is eventually required, it can be carried out 
with speed and simplicity due, in large measure, to 
the absence of insulating oil. The ease of renewal is 
greatest with designs in which the individual inter- 





rupters for each phase are separately mounted 
because, in addition to accessibility, such an arrange- 





ment results in low structural height above ground 
level. A er advantage of air-blast circuit 
breakers is their adaptability to either single-phase 
or three-phase high-speed reclosure. This require- 
ment is now becoming increasingly prominent. 

In a recent paper before the Institution of 
Electrical Engineers,* the principles considered 
desirable for high-voltage air-blast circuit breakers 
were Outlined; and a design in which they were 
employed, rated at 3,500 MVA for 132-kV service, 
was described. The range has now been extended 
and carried into production for 165 kV and 220 kV, 
and equipments for these voltages have been 
installed on the Portuguese and Finnish networks. 
Similar equipments for 220 kV are in production 
for other networks. These circuit breakers incor- 
porate a number of features intended to ensure 
high speed and reliable operation under the most 
adverse system operating conditions. 

As regards structural arrangement, four inter- 
rupting units are employed per phase, each 
interrupter containing a fixed and moving nozzle 
contact assembly of the double-flow type, the blast 
air being discharged axially through both nozzles. 
In the closed position the nozzles, which are silver- 
alloy faced to minimise contact surface deterioration, 
are held in contact by spring action. During an 
opening operation, the build-up of air pressure in 
the interrupter housing actuates a piston which 
retracts the moving nozzle against the spring to 
give a “ break ”’ of the order of § in. The inter- 
rupters are mounted on post-insulator support 
columns carried on the air-receiver framework, two 
interrupters and two support columns at each end, 
as seen in Figs. 1 and 2. A porcelain-enclosed non- 
linear ceramic resistor is connected in parallel with 
and placed horizontally above each interrupter. The 
dual air receivers in each phase are of drawn steel 
shell construction. Receivers formed in this manner 
are subject to considerable relaxation in insurance 
control, and also provide an additional safeguard for 
equipments operating at extremely low ambient 
temperatures. 

The blast tubes, through which air is supplied 
from the receivers and valve gear to the inter- 
rupters, are located one between each pair of support 
columns. They are made from porcelain for the 
dielectric reason given above and are relieved of all 
structural stresses, except hoop stress due to air 
pressure, by resilient spring mounting. Vibration, 
shock, windage, and earth tremor loads, and also 
tensile loading due to air pressure, are sustained 
separately by the post-insulator supports. 

The sequence switch, or isolator, which opens in 
sequence with the interrupting breaks and is in 
series with them, consists of a moving arm of tubular 
Duralumin which engages with spring-loaded fixed 
contacts on the interrupter assemblies. A single- 
unit porcelain, midway between the pairs of inter- 
rupters, carries the Duralumin arm and is rotated 
about its vertical axis by an air motor. This 
arrangement of horizontal double break gives an 
isolator of robust construction, capable of operating 
under icing conditions of extreme severity. 

Since the two interrupters in each pair are supplied 
in parallel from one blast tube and since the two blast 
tubes give a parallel air-supply path from the 
controlling blast valves, identical pneumatic condi- 
tions, as regards rate and direction of air flow, 
pressure, and timing, are afforded for all the four 
breaks. Moreover, the air supply to any one 
break is unaffected by heat energy released from 
the arcs in the associated breaks. This identical 
aerodynamical condition is backed up by balanced 
voltage distribution between the breaks, this distri- 
bution being provided by the resistors shunted 
across them. These resistors pass sufficient current 
during both the restriking transient and the 50-cycle 
recovery voltage periods to swamp any distorting 
capacitive or leakage resistance currents. This 
ensures an even distribution of duty between the 
four interrupters. In consequence of the parallel- 
connected air supplies and the uniform voltage 
distribution, all the interrupters have the same 
breaking capacity, and they each -have the same 





* See paper by C. H. Flurscheim and E. L, L’Estrange, 
** Factors Influencing the Design of High-Voltage Air- 
Blast Circuit Breakers,” Jl. J.Z.E., vol. 96, Part II, 
page 557 (1949). 
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breaking duty imposed upon them. The breaking 
capacity of the complete circuit breaker is therefore 
known to be directly proportional to the number of 
interrupters in series. 

Another important function in the prevention of 
high over-voltage, which might otherwise result 
when circuit breakers are called upon to switch 
small inductive currents, is performed by the shunt 
resistors. During such operation, with relatively 
little ionisation of the arc gap across the interrupting 
nozzle contacts, the blast air can restore the electric 
strength of the gap at a very rapid rate. This may 
result in current “chopping,” or suppression of 
the current to zero in advance of the normal sinu- 
soidal zero. The inductive energy available during 
this chopping process in a circuit of high reactance 
(as, for example, when switching an open-circuited 
transformer) is then converted into heat energy in 
the resistors instead of into electrostatic energy in 
the system capacitance. Both calculation* and test 
demonstrate that, with the value of resistance em- 
ployed, a safe over-voltage limit can be maintained 
even under unfavourable circuit connection condi- 
tions. It may be noted that the occurrence of 
current chopping is not confined to forced-blast 
circuit breakers, but is also experienced with oil 
circuit breakers of the self-blast type. 

The resistors also serve a useful purpose in 
connection with over voltage during the switching of 
transmission-line charging currents. In this duty, 
when interruption is effected at a current zero, the 
line is left charged at peak 50-cycle voltage, but, 
because the voltage at the supply end of the circuit 
breaker continues to alternate at generated fre- 
quency, it follows that, during the half-cycle subse- 
quent to interruption, the voltage across each pole 
of the circuit breaker progressively increases to 
twice phase-voltage peak. This presupposes that 
shunt resistors are not employed and that no 
discharge of the line by leakage or corona occurs 
in this time. Accordingly, the arc gap of the 
circuit breaker has to withstand this severe voltage 
condition without breakdown. If it fails and if a 
restrike occurs when the discharge current flowing 
through the gap is interrupted, the line may be left 
charged at a voltage up to three times phase- 
voltage peak. Further restrikes could result, on 
interruption of the discharge current, in the line 
being left charged at successively higher voltages. 

While forced-blast interruption in conjunction 
with short-stroke multi-break contacts is a combina- 
tion well suited to building up sufficient gap strength 
in half a cycle to withstand twice phase voltage, 
the overall effectiveness of such a combination is 
nevertheless enhanced when shunt resistors are 
used. Immediately the charging current is inter- 
rupted, the line can discharge through the resistors, 
and, as the voltage across the circuit breaker during 
the subsequent half-cycle is in consequence reduced, 
the possibility of a restrike occurring is similarly 
reduced. Also, since the line over-voltage resulting 
from the interruption of a restrike is dependent 
in value on the voltage across the circuit breaker 
at the instant of restrike, the resistors have the 
additional effect of reducing the magnitude of 
over-voltage if a restrike does occur. 

Whether small inductive currents or capacitive 
currents are being switched, the efficiency of shunt- 
resistors is dependent on the amount of current 
which can be passed through them under abnormal 
voltage conditions. The non-linear resistors used 
with the designs described are therefore particularly 
suitable for these applications, since by virtue of 
the resistor characteristic the current varies as 
approximately the fourth power of the voltage. 
The resistance is, however, high enough in value to 
avoid difficulties in resistor-current interruption 
when the sequence switch opens. 

To ensure reliability of operation air-blast circuit 
breakers require a high standard of mechanical 
performance. The valve gear employed is, therefore, 
of metal-to-metal type, obviating the “ stiction ” 
and creepage deterioration that can occur with 
rubber-faced valve seats. All moving parts subject 
to rapid acceleration and deceleration are made 
from high-tensile rustless steel, and are designed 





* See paper 103, by C. H. Flurscheim, K. J. Saulez and 
R. W. Sillars, Conference Internationale des Grands 


to avoid local concentration of stresses. Each valve 
is tested for mechanical operation before being 
fitted on the circuit breaker. At the same time, 
air leakage is measured with the valve in various 
angular positions on its seating ; by virtue of such 
individual attention, the overall pressure drop on 
completed breakers averages less than 14 lb. per 
square inch per hour. To facilitate routine main- 
tenance in service, the valves are designed as 
removable units, any of which can be subjected to 
electrical, mechanical, or air-leakage tests on a 
test panel which can be supplied for the purpose. 

A summary is given in Table I of some of the 
short-circuit tests for a rating of 3,500 MVA 
(symmetrical breaking current 9-19 kA) to which 
the 220-kV circuit breaker has been subjected. The 
tests were made single-phase, and, in conformity 
with B.S. 116, were carried out on the basis of 
demonstrating that the complete pole would inter- 
rupt with a recovery voltage of 1-5 times the phase 
voltage—in this case 190 kV. 


TABLE I.—SuHortT-Circuit TEST RESULTS ON 
CIRCUIT 





As all four interrupters have the same breaking 
capacity and, when operating as a complete pole, 
share the interrupting duty equally between them, 
the tests shown on two interrupters in series at the 
recovery voltage obtained are equivalent to tests on 
the whole circuit breaker with the same breaking 
current and twice the recovery voltage. Similarly, 
the tests on one interrupter are equivalent to tests 
with four times the voltage on the whole circuit- 
breaker. It will be seen that the longest total 
break time throughout the series of tests was 
0-069 second (3-45 cycles). 

The breaking capacity of air-blast designs is 
known to be affected by the rate of rise of restriking 
voltage, and it is necessary in consequence to test 
with a restriking rate higher than can be expected 
on actual systems. If this is done, the factor of 
safety when operating in service will always be 
greater than on a test plant, and this increased 
and known factor is an advantage associated with 
air-blast type. The 165-kV and 220-kV circuit 


ONE-POLE OF 220-KV FOUR-BREAK AIR-BLAST 
BREAKER. 





Rated Symmetrical Breaking Current: 9-19 kA (Equivalent to 3,500 MVA Three-Phase.) 






























































Reseaux Electriques, June, 1950. 
































































































































































































































| Equivalent Line 
Breaking Recovery Voltage 
Operating Current, Per Total for Complete 
Duty Applied Making kA (RM.S.). Cent Arc Break Recovery Three-Phase 
Test and Voltage Current, Direct- | Duration, Time Voltage, Breaker. 
No. Time kV kA Current Secs. Secs , kV. ae _—, 
Interval | (R.M.S.), (Peak). Compo- x 107-3, an (R.M.S.). 
(Min.). nent. x 10™"~ kV Per cent. 
Sym. Asym. (R.M.S.). jag 
Tests on Four Interrupters in Series. 
1 B 205 0-944 | 0-944 1-4 1-2 5-5 + 190 219 100 
2 B 205 0-928 | 0-928 0 1-5 5-8 |} 186 214 97 
a: oe. 205 0-928] 0-928 | O | Led 5-4 186 214 97 
4 B 220 1-36 | 1:36 | 69 | 24 6-7 203 234 106 
5 B 220 1-37 | 1-37 | 1-7 13 1 5-6 203 234 106 
6 B 220 1:36 | 1-87 10-3 1-3 5-6 206 237 108 
i MB 214 2-44 1-19 | 1-19 5-9 2-0 6-3 174 | 200 | o1 
. MB 217 2-24 1-21 | 1-21 3-8 2-5 6-8 178 205 93 
Tests on Two Interrupters in Series. 
9 B 122 0-724) 0-724 3-1 1-4 5-7 | «(116 267 121 
10 te 0-749 | 0-749 | 0 1-4 5-7 | 118 272 | #124 
11 st a 0-736 | 0-736 ao | 20 | os | me | 272 124 
2 . 123 2-62 | 2-62 13 | 26 6-9 6 | 264 120 
13 B | 133 |  °®| 2-62 | 2-62 1:8 1-9 62 | 17 | 269 122 
iM B 130 “| 2-62 | 2-62 18 1:8 6-3 | “117 269. | «122 
15 B 11 5-56 | 5-56 1:7 1-6 6-1 | 104 239 109 
16 B “3 “| 6-ba | 8-88 6-9 1-1 5:5 104 239. | 109 | 
17 B ~~. Sh eee oT ee 6-9 2-2 6-7 | 90-3 ~ 998 | 104 
18 MB | 113 11:8 4-81 | 4-81 69 | 1-4 6-0 | 89-2 205 =| (93 
1 | MB “113 11-8 | 4-92 | 4-92 3-8 1-4 6-0 89-2 205 r 93 
! 
Tests on One Interrupter. 
20 B 62:7 _ 0-582 | 0-582 3-6 1:3 5:7 60-6) 279) 127 
21 B 62-7 | 0-582 | 0-582 3-6 1-2 5-5 60-6 | 279 a 
22 B 62-7 | 0-570 | 0-576 5-5 1-2 5-6 59-6 | 274 | 125 
33 - ¥ __ 65 7 j oF EL? 2-43 10-8 1-6 6-2 | 60-6 279 ® BT 
24 B 65-7 peeze.” f | 2-41 2-41 4-6 1-8 6-2 60-6 279 127 
25 B 65-7 | | 2-47 | 2-47 1-5 1-7 6-2 61-5 283 | 129 
26 B =< 4 ee a 4-30 4-39 1-4 1-7 62 | 57-7 | 265 | 1 20 
27 B Rae a 4:39 | 4-39 1-4 1-6 6-2 57°7 265 | 120 
28 B 63-7 4:25 | 4-32 10-4 1-1 5°5 53-8 248 113 
ues ae er ee 6m | 671 1-6 1-7 6-3 | 52:8 43.—=«|:« 
30 =< on oon | 6-71 | 6-71 1-6 1-4 5-9 | 54-8 252. | 115 
31 ;Teer | 6-83 | 6-83 0 1-4 50 | 598 | 28 | 113 
~ 32 vine Ms 4 56-9 <i | 0-24 oe | ae | 28 | 68 | 51-3) | 36 «| «OK had 
33 B 56-1 | 9-10 | 9-10 2-9 1-4 6-0 50-5 232 =| 105 
34 B 56-9 [ 8-95 | 9-17 15-9 1:3 5-6 | 49-7 | 220 | ot 
35 B 58-1 | 10-7 | 12-9 46-3 1-1 6-1 ee ee 
36 ip ated [20-7 | 12-9 46-3 2-3 6-8 mae 243 | 10 
37 B 58-1 10-4 | 11-1 26-2 1-2 6-0 53-6 247 n2 
38 MB 56-4 20-8 9-14 | 9-1 5-3 1-4 6-1 44-8 | 206 a 7 
39 MB 57°8 26-3 9-31 | 9-31 1-8 1-3 6-0 46-2 21g | 96 
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breakers described were tested with restriking 
rates far above those prevailing on systems of the 
general class in which they will be installed, and 
for this reason large factors of safety exist in service. 

The 165-kV and the 220-kV circuit breakers can 
both be arranged for high-speed reclosure with a 
time interval between interruption and re-energising 
the circuit (dead time) of the order of 10 cycles as 
a minimum. This dead time can be increased if 
desired. The minimum corresponds to the time 
needed for an air flashover path to become suffi- 
ciently deionised to withstand restoration of the 
system voltage.* 

For reclosing duty, the circuit breakers open 
in the norma] way, as on an independent opening 
operation, i.e., the nozzle contacts and sequence 
switch open in turn. The sequence switch reverses, 
however, before becoming fully open and recloses 
to re-make the circuit. In this way there is no 
complication of additional operating mechanism, 
and air consumption is not increased. Furthermore, 
since the sequence switch opens far enough to inter- 
rupt the resistance grading current, prolonged 
electrical loading of the resistors, which might 
otherwise occur on a persistent fault, is avoided. 
Fig. 3 is an oscillogram of the 165-kV circuit breaker 
operating on single-phase reclosure during test. 
The circuit was re-made after a dead period of 
10:5 cycles, but as the fault was permanently 
earthed the circuit breaker interrupted a second 
time immediately after reclosure. 

The ‘“ impulse-withstand ”’ test level of the 220-kV 
design is 1,050 kV, but modern practice is tending 
towards somewhat lower levels when circuit 
breakers are associated with a solidly-earthed 
neutral; 1,050 kV is, in fact, sufficiently high for 
275-kV service on such systems. With the trend 
towards a lower impulse level, it becomes even more 
important to ensure that circuit-breaker operation 
does not produce high over-voltage. This require- 
ment, as previously stated, is met by providing the 
interrupters with resistor shunts. 

_ The breaking capacity of air-blast circuit breakers 
is largely dependent on the pressure and rate of 
flow of air supplied to the interrupting nozzle con- 
tacts. By using larger valve gear and air receivers, 
the 220-kV circuit breaker can be rated at 5,000 
MVA. Similar designs are available for 7,500 MVA 
at 275/300 kV. 

_ The information given in this article is based on 
Investigevions carried out at the Trafford Park 
works of the Metropolitan-Vickers Electrical Com- 
pany, Limited, and the illustrations refer to 
equipment manufactured by them. 





_* See Paper 135, by A. C. Boisseau, B. W. Wyman and 
W. F. Skeats, “ Insulator Flashover Deionisation Times 
48 a Factor in Applying High-Speed Reclosing Circuit 
Breakers,” Conference Internationale des Grand: 
Res2aux Electriques, 1950. 
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Annual Report of the Director of the Department of 
Terrestrial Magnetism for the Year 1949-1950. 
Carnegie Institution of- Washington. The Director, 
The Department of Terrestrial Magnetism, 5241, 
Broad Branch-road, Northwest, Washington 15, D.C., 
U.S.A. [Gratis.] 

TxouaGH the period covered by the present report 
is not marked by any spectacular new discoveries, 
steady progress is recorded in the wide range of 
investigations sponsored by the Department of 
Terrestrial Magnetism of the Carnegie Institution 
of Washington, under the direction of Merle A. Tuve. 
In experimental geophysics further work on the 
magnetic susceptibility of ancient sedimentary 
rocks has revealed extensive fluctuations that may 
be due to extreme folding processes, but do not 
appear to be ascribable to a reversal of the earth’s 
magnetic field or to a drifting of the continents. 
Stray magnetic fields from power or lighting circuits 
have been shown to cause changes in the direction 
of magnetisation of rock samples stored for several 
months in the laboratory, and, to obtain consistent 
measurements on such magnetically weak speci- 
mens, it has been found essential to compensate the 
earth’s field. In collaboration with the staff of 
the Seismological Laboratory of the California 
Institute of Technology, a discrepancy between the 
velocity of earth waves from surface explosions 
and those from near earthquakes was cleared up by 
assuming a structure of the earth’s crust comprising 
a surface layer 6 to 11 km. in depth, in which the 
wave velocity increases from 5-7 to 6-2 km. per 
second ; underlying this is material in which the 
mean wave velocity is 6-8 km. persecond. Further 
work by a different method is being undertaken to 
ascertain the degree of complication of the internal 
topographic relief of the earth’s crust. 

A promising contribution to upper-atmosphere 
research is being provided by the simultaneous 
operation of three high-speed ionospheric recorders 
at stations located at the vertices of a triangle with 
sides of approximately 100 miles. It is hoped to 
be able to measure the apparent velocity and size 
of sporadic E-clouds, to measure lateral as well as 
vertical distribution of E-region and F-region 
ionisation, and to register sunrise effects in the 
F-region. Observations made from aeroplanes fly- 
ing at great heights directly above thunderheads 
indicate that thunderstorms provide the mechanism 
giving rise to the negative electrical charge of the 
earth with respect to the surrounding atmosphere. 
The large ionisation chamber, with its 4-in. lead 
shield, has been operating continuously, and a very 
large increase in cosmic-ray intensity was noted 
during the solar flare of November 19, 1949. 








Theoretical and statistical work has been carried 
out on the performance of this large ionisation 


chamber and on the solar-flare effects on cosmic 
rays. A rocket experiment, embodying a magneto- 
meter unit to indicate the height of electric current 
layers in the atmosphere responsible for the solar 
daily magnetic variation, showed that these currents 
probably flow near the 100-km. level. 

In the Department’s laboratory, investigations of 
proton-proton and neutron-deuteron scattering have 
been continued. The main effort in biophysics was 
devoted to studies of the relations of inorganic ions 
to cellular activity and to work on the biological 
effects of radiation. To facilitate investigations 
into the role of trace elements, a number of tech- 
niques have been evolved, permitting studies to 
be made at levels of less than one-tenth part per 
thousand million of the ion or element under 
examination. The biophysics group has also been 
responsible for the operation of the 60-in. cyclotron 
and for the preparation of purified tracer substances 
which have been made available to other research 
groups. Progress was made in the reduction and 
publication of geomagnetic data, and the editing 
of the Journal of Geophysical Research was continued. 
Details are also included of projects nearing comple- 
tion or under consideration, which promise to main- 
tain the level of interest of these annual reports. 


Les Nombres et les Espaces. 

By PROFESSOR GUSTAVE VERRIEST. Collection 

Armand Colin No. 269, Librairie Armand Colin, 103 

Boulevard Saint-Michel, Paris (5e). [Price 200 francs. ] 
Most of the mathematics required for practical 
application by the student of engineering dates 
back a century or more, and with what has been 
happening in mathematics since then he is usually 
quite unfamiliar. Professor Verriest in this little 
book aims to remedy this state of affairs by providing 
an introduction to topics in modern mathematics 
selected to indicate the lines along which the subject 
is continuing todevelop. Little in the way of mathe- 
matical equipment is assumed on the part of the 
reader, though the subtlety of many of the arguments 
and the paradoxical nature of some of the conclusions 
demand his close attention. Within the space 
available, technical details have had to be omitted, 
and but few mathematical formule are given. 
Attention is concentrated mainly on the basic 
postulates, and the simplest examples are chosen 
to illustrate deductions from them. 

The opening chapter deals with the generalisation 
of arithmetic by tracing the extension of the idea 
of number and the concept of ensembles or classes. 
The properties of natural, rational and irrational, 
algebraic, transcendental, transfinite, cardinal and 
ordinal numbers are explained, and the guiding 
principle of one-to-one correspondence is employed 
to define denumerably and non-denumerably 
infinite classes. Attention is directed to the signifi- 
cance of this work in supplying a self-consistent 
foundation for the continuum of real numbers in 
analysis, while a discussion of certain consequences 


lof the theory of classes aptly demonstrates how 


little intuition is to be trusted in excursions into 
the infinite. The major advances made in geometry 
during the Nineteenth Century are outlined in the 
second chapter. Concentration on the non-metric 
aspects of geometry began with Poncelet, who laid 
the foundations of projective geometry during his 
captivity in Russia in 1813-14. Examples of the 
unifying power of the principles of continuity and 
duality are provided, as well as of the usefulness of 
the anharmonic ratio. Part of the interest attaching 
to projective geometry resides in the fact that its 
results are applicable not only to Euclidean but also 
to non-Euclidean geometries. How Lobatchewsky 
created the first of these non-Euclidean geometries 
by challenging the parallel axiom of Euclid is 
described, together with the subsequent development 
of other selt-consistent geometries by Riemann and 
others, the significance of which in modern astro- 
nomical theory is pointed out. 

Chapter III is devoted to the theory of groups, 
which now dominates so much of mathematics, and 
deals incidentally with the celebrated problems of 
the quadrature of the circle, the duplication of the 
cube and the trisection of an angle ; it ends with a 
sketch of the tragic life of Evariste Galois. The 
following chapter is on modern algebra which, 





as the author points out, differs more radically 
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from classical algebra than does classical algebra 
from arithmetic. Modern algebra is highly abstract, 
employing symbols without attaching any meaning 
to them, but merely prescribing certain rules 
according to which they must be manipulated and 
which serve to determine their mathematical 
properties. Nevertheless, it is shown that even 
such purely mental concepts are not devoid of 
application to natural phenomena. 

The concluding chapter traces the history of the 
main stages in the development of geometry from 
the Greeks, through the analytical geometry of 
Descartes, the infinitesimal geometry of Gauss, the 
projective geometry of Poncelet, and the various, 
non-Euclidean geometries previously discussed, 
the Erlangen programme of Klein and the formalism 
of Hilbert, to the recent algebra of geometry. 
Professor Verriest’s enthusiasm for his subject is 
very apparent, and his skill as a teacher is every- 
where evident. Moreover, those who are stimulated 
by him to penetrate more deeply into modern 
mathematics will be additionally grateful to him 
for having left them with no false notions to correct. 





ANNUAL DINNER OF THE BRITISH ELECTRICAL AND 
ALLIED MANUFACTURERS’ ASSOCIATION.—The next 
annual dinner of the British Electrical and Allied Manu- 
facturers’ Association will take place at Grosvenor 
House, Park-lane, London, W.1, on Thursday, Janu- 
ary 24, 1952, and not on Thursday, November 15, 1951, 
as previously announced. 

HIGH-TENSILE STEEL FOR CANAL Boats.—Three 50-ton 
motor canal boats of the Liverpool type, which are being 
built by the Fairmile Construction Company, Limited, 
Cobham, Surrey, for the North Western Division of the 
Docks and Inland Waterways Executive, are being con- 
structed of high-tensile steel with welded joints, thereby 
increasing the cargo capacity of each by 4 or 5 tons. 
The steel is to British Standard Specification 968; it 
has a yield point of 22 tons per square inch, and a tensile 
strength, in plate form, of 37 to 43 tons per square inch., 
and in section form of 35 to 41 tons per square inch. 
Scantlings that are lighter and shell plates 4 in. thinner 
than in normal riveted mild-steel designs are being used. 
This reduction in weight will offset the increased cost of 
the high-tensile steel per unit weight, so that the total 
cost will be unaffected. Weldingin place of riveting will 
save between a half and one ton in weight. At the 
request of the British Iron and Steel Federation, one of 
the three vessels is to be plated in Cor-Ten—a low-alloy 
high-tensile structural steel containing 0-25 to 0-5 per 
cent, copper and more resistant to atmospheric corrosion 
than mild steel. 














REINFORCED-CONCRETE 
PILES UNDER TENSION. 
By J. A. WAKEFIELD, A.M.I.E.E. 

A CONSIDERABLE saving can be made on the cost of 
piled transmission-tower foundations if account is 
taken of the fact that certain types of pile are 
extremely difficult to extract from the ground. This 
article describes a simple test which was devised by 
Pressure Piling (Parent), Limited, for W. T: Henley’s 
Telegraph Works Company, Limited, who were the 
main contractors for the transmission towers con- 
cerned, to obtain a definite value for this resistance 
to extraction. The towers were for the British 
Electricity Authority (Southern Division), with 
whom the author is associated. The normal 
foundation for a steel transmission tower consists 
of four concrete pyramids, one for each leg, the 
compression pyramids being just below ground 
level and the uplift some 10 ft. or 12 ft. below. 
The depth and size of the uplift footings is 
governed by the uplift forces, which, in turn, 
depend on the particular function the tower is 
carrying out, 

To excavate to such depths under wet site con- 
ditions, it would be possible to construct a cofferdam, 
but it is considered more economical to construct a 
mass concrete block nearer to the surface, to com- 
pensate for the loss in weight of earth above the 
more usual pyramid. To prevent this block founda- 
tion from settling, it then becomes necessary to 
support it on piles. Because of the inaccessibility 
of most of these positions, the cast-in-situ ‘‘ bored ” 
type has been used. 

As can be seen from the accompanying illustra- 
tions, Figs. 1 and 2, herewith, the plant required for 
this type of pile is fairly light and mobile, and can 
be moved into any required position by four or five 
men. The versatility of the rig enables piling to be 
carried out in practically any condition, such as on 
embankment slopes, uneven ground, or, as was the 
case on a recent line, on very marshy waterlogged 
ground. It was realised that the type of pile used 
would resist, to some extent, a force exerted in an 
upward direction, as it would in a downward 
direction. As a result, it was calculated that the 
mass-concrete blocks could be reduced in size by an 
amount corresponding to the resistance to extraction 
of the piles. 

All that remained was to devise a simple and 
economic method of testing the piles in tension. It 











had to be an economic method, or the cost would 
have cancelled the saving in the size of concrete 
block. It may be of some interest, therefore, to 
describe both the method of forming the pile and the 
method of testing it, together with some of the 
results obtained. 

The boring was carried out by means of small 
boring tools, similar to well-boring equipment. The 
sides of the bore were lined by a steel tube, in small 
sections approximately 5 ft. long, each tube having a 
male and female thread cut into it; thus, any 
continuous length of steel lining could be used*by 
screwing the sections together. Power for moving 
the tubes and operating the boring tools was 
provided by the small compact winch, driven by 
compressed air, which was fixed to the back leg of 
the boring rig. The boring continued until a safe 
load-bearing strata had been reached, and an 
accurate record of the various strata encountered 
was also obtained. 

The strata found on a recent contract consisted 
of fill, peat, ballast and clay. Where the ballast was 
considered thick enough (trial borings having been 
made before the contract was commenced), the piles 
were driven only into the ballast bed, but in other 
cases, where the ballast was not of sufficient thick- 
ness to distribute the load, the piles were taken 
down into the clay below. After completion of the 
boring, the in-situ concrete was placed inside the 
steel tubes. For piles finishing in ballast, the 
method of concreting the piles was as follows. 

The required steel reinforcement was lowered into 
position and then an air-lock was screwed on to the 
top of the tubes. A flexible pipe was lowered through 
the air-lock down to the toe of the pile, and, by 
applying air pressure, the ground water present in 
the tubes was forced out through the pipe, thus 
giving a completely dry hole. Cement grout was 
then poured into the tubes through the air-lock, 
followed by a rich mixture of concrete ; this ensured 
that, at all times, the air pressure inside the tubes 
remained constant, keeping the borehole completely 
dry. When there was a sufficient head of concrete 
in the tubes to withstand the ground-water pressure, 
the pipe was withdrawn, the air-lock removed, and 
the tubes slowly lifted from the ground. After 
removing a tube, more concrete was poured into the 
boring, a pressing cap fitted to the top of the tubes, 
the concrete compressed by the air, and the tubes 
again’ gently withdrawn. This process continued 
until the pile had been concreted to its correct level. 
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REINFORCED-CONCRETE PILES UNDER TENSION. 


Fig. 3. ARRANGEMENT FOR TENSION TEST 
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For piles finishing in clay, as no ground-water was 
present, there was no need to use the air-lock. 
Before lowering the steel reinforcement, however, a 
batch of very dry concrete was introduced into the 
tubes and rammed into the clay at the toe of the 
pile by means of a heavy drop-weight. The rein- 
forcement was lowered into position and the pile 
concreted as before. 

By these means, either by use of cement grout 
which, under air pressure, was forced between the 
particles of sand and gravel, thereby ‘“‘ cementing” 
a large area, or by using dry concrete, rammed with 
the heavy weight, an enlarged base was formed at 
the bottom ofevery pile. Furthermore, the concrete 
was forced into any voids or cracks that might exist 
in the various strata. This method forms a very 
rough cast pile, having a high skin-friction value. 

Figs. 3 to 6, herewith, show the method used to 
exert a force in an upward direction, and the method 
of measuring movement of the pile. Arrangements 
were made for the reinforcement in the pile to be 
brought round to form a loop. One end of a 
rolled-steel joist was passed through this loop and 
supported on grillage and packing at one end, and 
on a 50-ton hydraulic jack at the other. The 
jack rested on two beams at right angles to the joist. 
The ends of these beams rested on a timber grillage 
remote from the piles, so as to ensure that the pile 
was not affected by any external influence. 

To measure the movement, two deflectometer 
gauges were fixed to a board across the top of the 
pile, which was supported at each end by stakes 
Temote from any ground movement which might 
take place during the test. The deflectometers 
were so placed that their plungers were in contact 
With prepared surfaces grouted to the pile top. The 
load was then applied by means of the jack. Fig. 7 
shows the various strata and the levels at which 
they were found while boring for a 13}-in. pile. 

Four tests were applied. In the first of these, a 
maximum load of 16 tons on the jack was applied 
in 2-ton increments over a period of 10 minutes. 
This load was maintained for 24 hours and then 
released. In the second test, a load of 16 tons on 
the jack was again applied and maintained for 
21 hours, readings being taken at intervals during 





this time. Finally, the load was released. In the 
third test, the 16-ton load was again applied in 
2-ton increments, the readings observed, and the 
load released. Lastly, the 16-ton load was applied 
without interruption and the final reading observed. 
The table, herewith, shows the movement of the 


Tension Test on 13}-in. Dia. Pressure Pile. 




















l 
Dele ead Load on Load on Uplift, 0-001 in. 
- Jack | Pile ere 
Time. | 
| a | oe, Right. 
Feb. 2, 1951. | | 
12.20 - “ae 0 0 0} 
s 7 #2 10 10 
4 4-22 20 20 
| 6 6-33 29 28 
8 8-44 35 34 
10 10°55 46 44 }Test 1 
12 12-66 56 53 
14 14-77 71 68 
12.30 16 16-9 88 85 
12.35 16 16-9 98 93 
3.00 16 16-9 146 138 ) 
3-05 oan 4 0 64 60 
} 4 | 4-22 | 7 75 
| $ > oe 87 83 
8 8-44 99 94 
10 10-55 | 110 105 
| 12 12-66 | 125 119 
14 14-77 138 132 }Test 2 
3°10 ‘w 16 16-90 154 148 
Feb. 3,1951. | 
8.00 oi 16 | 16-90 160 154 
10.30 .| 16 | 16-90 165 161 
12.00 | 16 =6| = =—«16-90 170 | 166 
a @ | o | 7 | 71 
2 oe | Bios 
4 | 422 | 7 80 
6 | 6-33 | 90 92 
8 8:44 | 104 105 }Test 3 
10 | 10-55 | 120 122 
12 12-66 136 138 
14 | 14:77 151 153 
| 16 86| 16-9 169 172 J 
12.30 - si” wal o | 7 1) 
16 =6| «616-9 =| «170 171 }Test 4 
| e447 0 | 7 71) 
| | 








pile under varying loads. The tests were made at 
Site No. 14, on Eling saltings, near Southampton. 

Test 1 showed a movement of 0-138 in. after 
24 hours, and a residual movement of 0-06 in. after 
the load was released. In Test 2, there was a 
movement of 0-166 in. after 21 hours, and a residual 
movement of 0-071 in. after the load was released. 
In Test 3, a movement of 0-172 in. at 16 tons was 
recorded, with a residual movement of 0-071 in. 
after the load was released; and, in Test 4, a 
movement of 0-171 in. at 16 tons, and a residual 


movement of 0-071 in. after the load was released. | gro 


From Tests 1 and 2, it will be observed that move- 
ment continued for a period after the maximum load 
was applied, but that the rate of movement de- 








Fic. 6. ARRANGEMENT OF GEAR ABOVE PILE. 


Fig. 7. SOIL STRATA TEST PILE POSITION 
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creased, so as to be almost negligible after the first 
12 hours. From Tests 2, 3 and 4, it will be seen 
that the residual movement remained constant at 
0-071 in. From Tests 3 and 4, the maximum 
movement was 0-172 in. and 0-171 in., respectively, 
from which it would appear that the movement was 
becoming constant and did not exceed 0-101 in. 

Since the tower designers recommend that move- 
ment on footings should be restricted to 4 in., as, 
otherwise, unequal stresses would be set up in the 
tower members, the results obtained on this test 
were considered satisfactory, and an uplift value of 
15 tons was allowed on this pile. 

It may be argued that the values obtained for 
uplift on one site would not correspond to the next ; 
but, where the same strata were encountered, it was 
considered unnecessary to test each pile. Therefore, 
wherever a change in formation was observed, a 
test was carried out. It is interesting to note that 
the results of three tests, carried out where different 
formations were encountered, were very similar, and 
that, in each case, 15 tons was a safe figure to use. 

On a recently-constructed 132-kV line near 
Southampton, 12 towers were situated on marshy 
und and a total of 78 piles were beneath uplift 
footings. The total weight of concrete saved was 
1,170 tons, representing a saving of 25 per cent. on 
the total cost of 12 piled foundations. 
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THE INSTITUTE OF 
METALS. 


THE opening meeting of the fifth national congress 
of the Associazione Italiana di Metallurgia and of 
the 43rd annual autumn meeting of the Institute 
of Metals was held at the Palazzo Ducale (Doge’s 
Palace), Venice, Italy, on the morning of Sunday, 
September 16. The chair was occupied by the 
Mayor of Venice, Professor Angelo Spanio, who, in 
the course of his speech, stated that collaboration 
in cultural and other walks of life promoted inter- 
national well-being. Other speeches of welcome 
were delivered by Professor Antonio Segni, Minister 
of Public Education, who spoke on behalf of the 
Italian Government, Mr. G. Battista Dall’ Armi, 
President of the Association of Industrialists of 
Venice, and by Cavaliere Aldo Dacco’, President of 
the Associazione Italiana di Metallurgia, who were 
the Institute’s hosts during the autumn meeting 
in Italy. Professor Albert Portevin voiced the 
greetings of the French members who were present 
at the meeting. Professor A. J. Murphy, the 
President, in returning thanks to all individuals and 
firms who had worked to make the meeting a 
success, stated that the Institute were meeting in 
Italy ‘for the first time and the members were 
looking forward to seeing some of the metallurgical 
works and scientific establishments in Italy. After 
the conclusion of the speeches of welcome, the 
members waiked to the Town Hall, the Ca’ Farsetti, 
where a reception was held by the Mayor and 
Municipality of Venice. In the afternoon, a 
steamer trip was made round the Lagoon, the visitors 
landing on the Island of Torcello for a short tour. 
In the evening, a sound film entitled ‘‘ Aluminium, 
the Metal of the Century” was shown. This had 
been made by the Duomo Film organisation with 
the scientific and technical collaboration of the 
Istituto Sperimentale dei Metalli Leggeri. 


CHANGES ON COUNCIL. 


A business meeting preceded the first technical 
session held at the Ca’ Foscari, Venice, on the 
morning of Monday, September 17. Professor 
A. J. Murphy, the President, occupied the chair. 
The secretary announced that the following members 
would retire from the Council at the annual general 
meeting in March, 1952, as required by the Articles 
of Association. They were, as President, Professor 
Murphy; as past-president, Colonel Sir Paul 
Gueterbock, K.C.B., D.S.O., M.C., M.A.; as vice- 
presidents, Major C. J. P. Ball, D.S.0., M.C., and 
Dr. C. J. Smithells, M.C.; as honorary treasurer, 
Mr. W. A. C. Newman, 0.B.E.; and as ordinary 
members of Council, Mr. D. F. Campbell, Mr. 
T. M. Herbert, Mr. H. W. G. Hignett and Mr. 
A. R. Powell. In addition, Mr. Alfred Baer and 
Mr. N. I. Bond-Williams, who had been appointed 
by the Council, during 1951, to fill casual vacancies, 
also retired and presented themselves for re-election. 
In accordance with the Articles, Professor Murphy 
would fill the vacancy on the Council as past- 
president, and the Council had nominated the 
following members to fill the other vacancies, 
namely, as President, Dr. C. J. Smithells ; as vice- 
presidents, Mr. G. L. Bailey and Dr. S. F. Dorey, 
C.B.E., F.R.S.; as honorary treasurer, Mr. FE. H. 
Jones ; and as members of Council, Dr. N. P. Inglis, 
Dr. Ivor Jenkins, Dr. A. G. Ramsay, Dr. H. Sutton, 
Major P. Litherland Teed and Mr. W. J. Thomas. 
The Council had also elected Professor F. C. 
Thompson to serve as senior vice-president for 
the year 1952-53, and Professor Thompson would 
be the Council’s nominee for the Presidency in 
1953-54. The secretary finally reminded members 
of the all-day general discussion on ‘‘ Metal 
Economics,” to be held at the Park Lane Hotel, 
London, on Wednesday, October 17, when a number 
of short, invited papers would be presented. In the 
evening, an informal conversazione would be held 
at 4, Grosvenor-gardens, and on the morrow, visits 
would be paid to three works in the London area. 


Corrosion-REsisTING CoprpER-NICKEL-IRON 
ALLoys. 


The first paper considered was a communication 
from the British Non-Ferrous Metals Research 
Association, by Mr. G. L. Bailey, on “‘ Copper-Nickel- 


Iron Alloys Resistant to Sea-Water Corrosion.” 
The author, in presenting it, stated that his paper 
described the development of copper alloys, con- 
taining from 5 to 10 per cent. of nickel and from 
1 to 2 per cent. of iron, as materials easily worked 
by the coppersmith and resistant to moving sea 
water. Work carried out some years before the 
war had revealed the beneficial effect of small 
additions of iron and manganese on the resistance 
of 70 : 30 copper-nickel alloy to sea-water corrosion. 
As a result of this the corrosion resistance of copper- 
nickel alloys, low in nickel and with various iron 
contents, had been explored. The experimental 
work had comprised mainly tests of resistance to 
impingement attack in moving sea water containing 
air bubbles, and had included the observation of 
corrosion at shielded areas under conditions of 
rapid water movement. These tests had been 
supplemented by an examination of the resistance 
to attack under deposits in stagnant conditions. 
This exploratory work had shown that the addition 
of iron in amounts of the order of 1 to 2 per cent. 
greatly improved the resistance to corrosion of 
alloys of low-nickel content and pointed to the 
excellent performance of the alloys containing from 
5 to 10 per cent. of nickel. The resistance to corro- 
sion had been found to be affected by the heat 
treatment given. In view of the importance of 
providing alloys for use in pipes carrying sea-water 
in H.M. ships—alloys which would be more resistant 
to corrosion than was copper, normally used for the 
purpose—an examination had also been made of the 
mechanical and working properties of these 
alloys. This examination had shown the materials 
to be readily workable, both hot and _ cold, 
provided certain precautions were taken in heat 
treatment. 

Dr. I. G. Slater, who opened the discussion, stated 
that in turning to the engineering aspects of the 
problem of corrosion in sea-water pipes, a dominant 
feature was that many of the troubles were caused 
by undue water turbulence. In addition, designs 
were such that there was much shaping and bending 
to form the piping. As the author had indicated, 
engineers had, in the 70:30 cupro-nickel having 
suitable iron and manganese contents and in alumi- 
nium brass, two materials notably resistant to 
impingement attack and other forms of marine 
corrosion. The ability to form and bend tubing 
in these alloys obviously presented problems, but 
the craft of coppersmithing was ever being extended, 
thanks to newer welding techniques and the further 
availability of machines for manipulating tubing 
and sheet. A further stimulus to turn away from 
the older materials used in ships’ piping was the 
need to economise in non-ferrous metals generally. 
The allowance for corrosion deterioration and the 
low strength properties of copper had meant that 
the designer had had to employ substantial thick- 
nesses for his piping. Possibly these scantlings 
might well be halved by using the better corrosion- 
resistant materials, which incidentally had much 
better strength properties than copper. The next 
speaker, Mr. J. O. Hitchcock, said that there was a 
great deal to be said for the method of manufacture 
adopted for the production of the tubes. Material 
produced by the extrusion process might give 
better results than tubing manufactured by other 
hot-working processes. 

The next contribution to the discussion was from 
Professor C. S. Smith, who read a communication 
from Mr. J. R. Freeman, Junr., and Mr. A. W. 
Tracy, of the American Brass Company. These 
metallurgists wrote that much of their work agreed 
fully with data given in the paper. All their work 
had led to the development of an alloy, for condenser- 
tube service, having a nominal composition of 90 per 
cent. copper, 10 per cent. nickel, and 0-75 per cent. 
iron. Simulated service tests carried out in an 
experimental condenser at Kure Beach, North 
Carolina, with clean sea water flowing at 11-7 ft. 
per second, had shown cupro-nickel of this composi- 
tion to be superior to Admiralty gunmetal, alu- 
minium brass and 5 per cent. aluminium aluminium- 
bronze, and almost equivalent to a 70 per cent. 
copper, 30 per cent. nickel alloy containing 0-4 per 
cent. of iron. A large installation of the 10 per cent. 
alloy had now been in service for over four years 
and the tubes were showing excellent service. The 





cooling water was partially diluted with fresh water 





and carried a moderate amount of pollution from 
domestic sewage and some industrial wastes. 

Dr. Maurice Cook asked whether Mr. Bailey 
could tell the meeting to what extent the new 
material would supplement the materials now in 
use for condenser tubes. Moreover, the author had 
not said why it was that specimens of the alloy 
which were cold-worked and intermediately annealed 
at about 700 deg. C. did not crack if they were 
heated to 600 deg. C. and severely hot-worked at 
that temperature. Neither had he said why it was 
that if the material were heat-treated at, and 
quickly cooled from, a high temperature, say, 
900 deg. C., before work at 900 deg. C., it cracked 
during hot-working at 600 deg. C. Mr. Bailey had 
not given much information on welding, although it 
was implied that this was easy. He (Dr. Cook), 
however, had not found this to be as easily carried 
out as was suggested in the paper. The author had 
said that flame welding was carried out with an 
efficiency, as shown by the tensile test on a butt 
weld, of 82 per cent. He wondered how this eff- 
ciency had been measured and whether this figure 
meant that the tensile strength of the weld metal 
was 82 per cent. of that of the basic metal. 

Mr. Bailey, in the course of his reply, said that the 
question of heat treatment had given a great deal 
of trouble. Tubes of commercial manufacture 
which were cold-worked and intermediately an- 
nealed at about 700 deg. C., during fabrication, did 
not crack if they were heated to 600 deg. C. and 
severely hot-worked at that temperature. Like 
rod and tube materials made from laboratory casts, 
however, these cracked during hot-working at 
600 deg. C., if the material were heat-treated at, 
and quickly-cooled from, a high temperature, such 
as 900 deg. C., before working at 600 deg. C. The 
heat treatment broke up the structure and ensured 
that the iron was dissolved. 


SOLIDIFICATION OF SAND CASTINGS. 


The second paper considered, entitled “The 
Influence of Alloy Constitution on the Mode of 
Solidification of Sand Castings,’ was also a 
communication from the British Non-Ferrous 
Metals Research Association. It was by Mr. 
R. W. Ruddle and Mr. A. L. Mincher and was pre- 
sented to the meeting, on behalf of the authors, 
by Dr. G. L. J. Bailey. The authors stated that an 
experimental study had been made of the mechanism 
of solidification of castings in a number of metals 
and alloys differing widely in respect of constitution, 
freezing temperature, freezing range, and thermal 
properties. The solidification of cylinder and 
slab castings in each material had been investigated 
by making temperature measurements in the 
castings. The pure metals examined, namely, 
aluminium, copper, magnesium and zinc, all solidi- 
fied by “skin formation,” the casting consisting, 
at any instant during the solidification period, of 
a shell of completely-solid metal enclosing a core 
of completely-liquid metal, and approximate 
equations for the rate of skin thickening had been 
deduced. The solid-solution alloys, namely, Al 
10 per cent Mg; Al-5 per cent. Zn, Cu-10 per 
cent. Sn ; Cu-20 per cent. Zn, and Mg-10 per cent. 
Al, solidified in the “pasty” manner. This 
consisted of a mixture of liquid and solid with solidi- 
fication proceeding concurrently throughout the 
entire mass, freezing at the centre of the casting 
lagging slightly behind that at the surface. Two 
of the eutectiferous alloys studied, namely, Cu-10 per 
cent. Al, and Zn-5 per cent. Al, solidified by skin 
formation, but the mechanism of solidification 
of the others, Al-30 per cent. Cu ; Al-11 per cent. Si; 
and Al-13 per cent. Si, was obscure, apparently 
approaching the pasty type. The observed solidifi- 
cation times of the castings had been compared 
with those calculated from thermal data for the 
metal and mould, and, in most cases, reasonable 
agreement had been found. 

The discussion was opened by Dr. R. J. Parker, 
who stated that in the present paper the authors 
had continued the subject already given some 
treatment in earlier contributions. In an earlier 
paper the authors had had to admit that © the 
mode of solidification of near-eutectic alloys 
somewhat obscure” and they had disappoint 
their readers in the present paper by the conclusion 
that “the mode of solidification of eutectic 
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remained obscure.” The difficulty they had had to 
contend with was the apparent progress of solidifi- 
cation without the presence of a thermal gradient. 
He (Dr. Parker) felt that the solidification of 
eutectics, which appeared to be always capable of a 
form of “ modification” by variation of cooling 
rate, could be expected to vary in behaviour 
between that of a pure metal and that of an alloy 
having a freezing range, depending upon composition 
and also upon cooling rate. The suggestion of the 
movement of metal, either solid or liquid, had also 
been mentioned in the description of the work on 
the solid-solution alloys. The formation of inter- 
dendritic fissures in magnesium and in aluminium 
alloys was suggested by the authors as being a 
result of metal movement but, without an illus- 
tration, it was difficult to visualise what was 
happening. In any case, it seemed that there were 
alternative explanations ; one of these was that the 
cracks were due to hot tears or bridging, with 
consequent lack of feeding, and another was that 
they were due to cold cracking. 

Dr. A. J. Shaler stated that, in work of this kind, 
meticulous care must be given to thermometry, and, 
moreover, the procedure adopted must be described 
in great detail. The next speaker, Dr. I. G. Slater, 
asked the authors whether they could throw any 
light on the possibility of the occurrence of inverse 
segregation in their alloys and whether they knew 
what were the effects of dissolved gases in their melts 
on the results obtained. In the course of a brief 
preliminary reply, Dr. Bailey said that he did not 
think that any information could be given by the 
authors on inverse segregation effects. 


OXIDATION OF COPPER. 


The last two papers considered on the morning 
of Monday, September 17, were by Mr. R. F. 
Tylecote, and, once again, were communications 
from the British Non-Ferrous Metals Research 
Association. Both papers were on the oxidation 
of copper and the adherence of oxide scales. The 
first dealt with “‘The Adherence of Oxide Scales 
on Copper,” and, in this, the author stated that 
the scales formed on pure or arsenical tough-pitch 
copper and on phosphorus-deoxidised copper were 
known to behave very differently during fabrication, 
the phosphorus-bearing coppers shedding their 
scales more readily than the phosphorus-free coppers 
during hot-working. These differences in scaling 
behaviour were explained in terms of the mechanical 
properties of the scales at elevated temperatures. 
The oxide scales on copper, consisting largely of 
cuprous oxide, were remarkably ductile at elevated 
temperatures. The scales on coppers containing 
phosphorus, on the other hand, had very limited 
ductility, never exceeding about 5 per cent. elonga- 
tion over the whole temperature range, and they 
were therefore unable to accommodate the plastic 
strains imposed on them by hot-working opera- 
tions. Moreover, the hot shortness of these scales 
was due to intergranular films of a molten phase, 
probably a cuprous phosphate. 

In an appendix to this paper, Mr. R. Eborall 
gave the results of an estimate he had made of the 
temperatures reached by the oxide scales when a 
slab, preheated to 900 deg. C., was passed through 
the rolls during a hot-rolling operation. He showed 
that the scale rapidly cooled to a temperature at 
which the ductility of the scale on phosphorus-free 
copper was fairly strongly dependent on the tem- 
perature, and added that it might be inferred that 
moderate reductions in initial slab temperature 
would markedly favour the exfoliation of the scale. 

Mr. Tylecote’s second paper dealt with the 
“ Oxidation of Copper at 350 deg.—900 deg. C. in 
Air.” He stated that, as part of his study of the 
adherence of oxide scales on copper and on phos- 
phorus-deoxidised copper, the oxidation rates of 
these materials had been measured in the tempera- 
ture range 350 deg. to 900 deg. C., by a continuous- 
weighing method. At 615 deg. C., and higher, the 
coppers oxidised according to the parabolic law, 
and the rate constants were similar for the two 
types of copper. At lower temperatures, the initial 
Stages of oxidation departed significantly from the 
parabolic mode and the oxidation probably followed 
a logarithmic law, the rates again being similar for 
the two types of copper. As the scale thickened, 
however, the oxidation conformed more nearly to 


the parabolic law. The final conclusion was that 
at temperatures from 600 deg. to 900 deg. C., all 
the coppers investigated had approximately the 
same oxidation rate at any given temperature. 
In other words, the amounts of phosphorus and 
oxygen present in deoxidised and tough-pitch 
coppers had little or no effect on the oxidation rate. 
Below 600 deg. C., however, the presence of phos- 
phorus reduced the oxidation rate. 

The discussion was opened by Dr. F. D. Richard- 
son, who stated that the author had shown the 
clear-cut difference between the scales on pure 
copper and on copper containing phosphorus and 
arsenic. Mr. Tylecote, however, had said little 
on the question of how these results fitted in with 
the general picture of the manner in which metals 
were oxidised and scales formed upon them. It 
was generally accepted that scale on the surface of 
a metal thickened by the movement of metallic 
atoms forward through to the surface of the scale. 
Experiments had shown that when the surface of 
a material had been disorganised by a scratch a 
tree-like growth of material was built up above the 
surface of the metal. The reason for such growths 
and the mechanism at work were not understood. 

Sir Arthur Smout asked the author if he had made 
studies, similar to those described in his paper, on 
copper alloys containing 0-3 to 0-5 per cent. of 
arsenic. A subsequent speaker, Dr. L. B. Pfeil, 
F.R.S., made a special plea for the further study of 
the tree-like or, as they were sometimes termed, 
steeple-like excrescences on the outside of a wire 
or other test-piece. These occurred from time to 
time during investigations on scaling and they were 
worthy of detailed investigation. When such scal- 
ing phenomena occurred he appealed to those con- 
cerned to send details of them for inclusion in the 
Journal of the Institution, even if the matter only 
consisted of one or two paragraphs. The President, 
Professor A. J. Murphy, who spoke next, said that 
it certainly seemed that some of these reactions 
between a vapour phase and a solid one might be 
given a little more publicity. 

Dr. Maurice Cook said that Dr. Richardson had 
stated that it was generally accepted that, in scale 
thickening, a migration of copper atoms occurred 
to the outside of the scale surface. This statement 
was no doubt generally correct but he (Dr. Cook) 
had had cases in which pockets filled with oxide 
had formed on the surface of a copper test-piece. 
The next speaker, Dr. J. C. Chaston, gave brief 
details of an experiment in which a platinum plate 
had been embedded in a quantity of silica and 
heated. The only change which had taken place 
had been that some of the rhodium from a platinum- 
rhodium thermocouple inserted in the base of the 
reaction vessel had “ walked ”’ into the platinum. 
Dr. C. J. Smithells, who spoke next, said that a point 
to note from the information given by the author 


oxide films examined. If it were possible to mea- 
sure the physical properties of these scales it would 
be possible to learn a great deal on how to get rid 
of them where necessary. 

In a brief reply, Mr. Tylecote said that he could 
not give any help regarding the tree-like surface 
structures. He had not had any cases of “ steeples ” 
or excrescences on his test-pieces. These had all 
had smooth surfaces. In answer to Sir Arthur 
Smout, he had done no work on copper-arsenic 
alloys other than that on arsenical tough-pitch 
copper mentioned in the paper. The pick-up of 
rhodium by the platinum was interesting and he felt 
that a type of electrolytic cell had been set upin which 
the silicon oxide behaved as some form of solution. 

At this stage of the proceedings the President 
adjourned the meeting. In the afternoon the works 
visited included those of the Alti Forni e Acciaierie 
d'Italia, Stabilimento di Marghera ; the Industrie 
Nazionale Alluminio ; the Societa Alluminio Veneto 
par Azioni ; the Societa Industriale “ San Marco ” ; 
the Societé Italiana del Plombio e dello Zinco ; 
and the Societa Vetrocoke. In the evening the 
22nd Autumn Lecture on “ Electro-Chemistry and 
the Science of Metals ” was delivered in English by 
Professor Roberto Piontelli, following which a 
lecture, in French, on “ Organisation des Recherches 
Métallurgiques en Grande Britagne ’ was delivered 


was the extraordinary ductility of some of the} ,4. 


THE SUPERIMPOSITION OF 
PLANE WAVES OF FINITE 
AMPLITUDE. 

By F. J. Wattace, Ph.D., B.Sc. 


Tue problem of the superimposition of plane 
waves of finite amplitude is met with trequently in 
the analysis of various pulsating gas-flow phenomena, 
such as flow through reciprocating air compressors 
and internal-combustion engines. Increasing im- 
portance is being attached to the utilisation of wave 
effects in these types of machines and a considerable 
amount of work has been published on various 
aspects of this matter. However, the analysis of 
the problem of superimposition of wave trains 
travelling in opposite directions, such as occurs in 
the exhaust and inlet ducts of reciprocating machi- 
nery, presents considerable difficulties and a solution 
on purely analytical lines has not, so far, been 
established. Two methods which are widely used at 
present are that described by Bannister and Muck- 
low,* and the method of characteristics. The former 
method is based in part on a treatment in terms of 
the Lagrangian equations of motion established by 
Earnshawt which, however, applies only to single 
waves. Apart from this important limitation, the 
method has the advantage of giving analytical 
solutions for the propagation of individual wave 
points. The method of characteristics, as discussed 
by Sauer,t de Haller§, and Kestin and Glass,|| is 
perfectly general, and permits the analysis of the 
propagation of single waves, superimposition and 
reflection, but involves the use of somewhat labori- 
ous and necessarily inaccurate graphical construc- 
tions. It is the object of the present analysis to 
show the close connection which exists between the 
two methods and, thereby, to extend the analytical 
treatment of Bannister and Mucklow to the problem 
of superimposition. The equations for the particle 
and propagation velocities of single waves as given 
by Bannister and Mucklow are a special case of the 
solution of the general potential equation for one 
dimensional transient flow. This equation forms 
the basis of the method of characteristics. It is 
of the quasi-linear hyperbolic type and has the 
peculiar mathematical property that solutions can 
only be found for limited regions. The lines separat- 
ing such regions, across which the solutions are 
discontinuous, are termed characteristics. 

Having established the fact that the equations of 
Bannister and Mucklow fo) the particle and propaga- 
tion velocities of a wave point of absolute pressure 
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particle velocity, 
prop gation velocity, 
acoustic velocity in undisturbed air, 

P absolute pressure of wave pint, 

Po absolute pressure of undisturbed air, 
are a solution of the general potential equation, a 
purely algebraic step-by-step method for the solution 
of the problem of superimposition of waves is out- 
lined. This method has the advantage over the 
graphical treatment, that any desired degree of 
accuracy may be attained. 

The fundamental equations for one-dimensional 

unsteady flow are the equation of continuity and the 
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* “Wave Action Following Sudden Release of Com- 
pressed Gas from a Cylinder.” Proc. I. Mech.E., vol. 159 
(1948). 

+ Phil. Trans. Roy. Soc., vol. 150, page 133 (1860). 

t “The Method of Characteristics Applied to One- 
Dimensional Unsteady Gas Flow.” Ingenieur Archiv, 
vol, 13, No, 2 (1942). 

§ ‘“‘ Uber eine graphische Methode in der Gasdynamik,.” 
Tech. Rundschau, Sulzer, No. 1 (1945). 

|| “* Application of the Method of Characteristics to the 





by Dr. C. J. Smithells. 





(To be continued. ) 


Transient Flow of Gases.” Proc. I. MechE vol. 161 
* (1949) 
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p = density, 
t = time, 


x = distance from datum point. 
A velocity potential ¢ may be introduced, such that 
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Moreover, for isentropic flow, 
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8 = entropy, 


a acoustic velocity at absolute pressure P, 
so that equations (3) and (4) may be rewritten : 
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Equation (8) may be integrated with respect to z 
and{becomes : 
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The lower limit under the integration sign, p, 
the density of undisturbed air, is introduced as an 
arbitrary datum. 
Since, for isentropic flow, 
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where the ratio of the specific heats, y, for air is 
taken as 1-4. 
Hence, equation (9) becomes : 
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If a and are evaluated respectively from 


equations (8) and (9) and substituted in equation 
(7), the general potential equation results : 
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The solutions of this equation are discontinuous 
across characteristics, the equations of which must 
themselves satisfy equation (11). 

Although equation (11) is of the quasi-linear type, 
with x and ¢ as the independent variables and ¢ as 
the dependent variable, the coefficients of pas 

tO 
ad 
Ox? 
possible to linearise the equation completely by 
the use of the Legendre transformation. 


and themselves being derivatives of ¢, it is 


Thus, if 
86, ad 
ited tty -@ 
0 Ras Ps Ss Fo Rs 
Ox? Of? Ordt dq? du®* Buda’ 
and equation (11) becomes 
oy 5 OW aM 
aa [a? — u?] + 2u dude ~ dui 0. (12) 
_ ad _ 8 
where u = Ar and g = at 


The solutions of this completely linear equation 
(12), ie., the characteristics in the u-g plane, may 
be treated according to the principle of super- 
position, i.e., different solutions for a particular 
time and place may be added algebraically. Thus, 
(13) 

This equation may be compared with the similar 
oe of Bannister and Mucklow, equation (10), 

The solutions of the original quasi-linear equa- 
tion (11), i.e., the characteristics in the x-t plane, 
do not obey the principle of superposition. Since 
the characteristics in the x-t and u-q planes repre- 
sent the same physical process, it is clear that to 
each x-t characteristic there is a corresponding u-q 


uU=U,-- Uy + eee 





characteristic. It can now be shown that equations 
(1) and (2) are two such characteristics. 


Since isentropic flow only, is considered, 


+-a(f) 


so that equations (1) and (2) become, respectively, 


u = (5a — 5a) = 3r’ (14) 
from equation (5), and 
c = (6a — 5ay) = a’ (15) 
From equation (10), 
get a¢\? ao 
i =e 1 (2) + § a, 
so that 
ap da (04¢\ ( &d 
ee is (52) (sa) mG 


a2 
On substituting for pd equation (11) becomes 
ab 8 =. a BGT /Ad\? | i 
ar cot Ht * Get ) a] the Aaa 
and since, from equation (10), 
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and since, by equation (14),a = } wu + a) 

q = — 3u® — ua,. ‘ - (20) 
which is the equation of a parabola. Sauer (loc. cit.) 
uses u-g, or parabolic, characteristics ; most other 
workers use u-a, or straight-line, characteristics. 

Equation (15) and hence equation (2) for the 


propagation velocity f which may be regarded as 


the characteristic in the z-t plane, follow from the 
fact that the propagation velocity is the sum of the 
local acoustic and particle velocities: 


~ u+a 
c=— = 
at 
=6a-—5d,, by equation (14) 


Having proved that equations (1) and (2) are 
characteristic solutions in the u-a plane and in the 
z-t plane, respectively, the following method may 
be used for the analysis of the superimposition of 
two waves, A and B, moving in opposite directions. 
Referring to Fig. 1, on this page, let the wave A be 
given by 0, 1, 2, 3, 4, etc., and B by 0’, 1’, 2’, 3’, ete. 
Prefixes refer to the point of which the movement is 
being examined, and suffixes to the point upon which 
the former wave is superimposed at any given instant. 

Equation (14) for wave A before superimposition 
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on wave B, i.e., u = 5a — 5a, is represented by 
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equation (17) may be rewritten 


a¢ _ ga 8b a4 _  @a 
eee Se See ee 
Or ox éx ex? ot 
2 cr 2 
Pe - —-#) =@ 
Ox? |\Ox 
or 
a4 2 a a 
5 o¢ Fg gts Pn. = 0. (19) 
Or Oz zt 


But, from equation (14), a = a) + 48; hence, 


da Od 
dx Ox?’ 
and 
Ge 5 
ot | Ox et 
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When these values of = and a are substituted in 
equation (19), the equation is satisfied identically, 
so that equation (14) and, hence, equation (1) may 
be regarded as a solution of the potential equation 
(11). 

This solution constitutes a characteristic in the 
u-a plane and not in the w-qg plane previously 
referred to in connection with the linearised potential 
equation (12). The connection between these two 
characteristics is, however, a very simple one, and 
may be obtained from equation (10). It is 


+. 


_ § 2 
es § a? - gu? + § as, 





the bottom line on the right-hand side of the state 
diagram, Fig. 2, while the corresponding equation 
for wave B before superimposition, ie. w= 
— 5a + 5a, is represented by the corresponding 
line on the opposite side of the a-axis, the two 
lines intersecting at the point u=0, a=4. 
Taking any point such as 1, 2, 3, etc., on wave A, 
it is clear that its particle and acoustic velocities can 
change only as the result of superimposition on 
wave B; that is, if wave A continues to travel undis- 
turbed, each wave point retains its particle and 
acoustic velocities indefinitely. If a wave point 
on wave A is superimposed on a point n’ on wave B, 
then, by equation (14), the particle velocity before 
superimposition is 
nu = 5 (n@ — ap), : 

and the particle velocity after superimposition on ” 
is, by equation (13), 
nlnr = 5(n@ — Ay) — 5 (nea — dg) = 5 (na — gra). (22) 

The acoustic velocity after superimposition obeys 
the relationship* 


(ie) (St (Rt -» 


(24) 


(21) 


or 
n@n? = n@ + nO — A- 
Subtracting equation (21) from equation (22), 
and substituting from equation (24), gives 
nine — nt = 5(n@ — ne — n& + Gy) = 5 (n@ — nm’) 


or ; 
Aw- -5A,0. (25) 


Hence, changes in the acoustic and particle 





* Bannister and Mucklow, loc. cit. 
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But, from equation (14), wu = 5a — 5a,; hence 
H = ju? + ua, + $22, . 3. (39) 

Comparing this with equation (20), namely, 

qa = — ju* — ua, 
we obtain, 

a= —H — §a,. - - (31) 
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Gass Tuspe LEAvING MANDREL IN THE DANNER PROCESS. 


velocities of any point on the rightward moving| propagation in the interval t = 0 to t = of, may be 


wave A, take place in the state diagram along a 
line defined by equation (25), which may again be 
regarded as a characteristic. Similarly, changes in 
the acoustic and particle velocities of any point 
on wave B take place along characteristics of oppo- 
site, that is positive, slope. These characteristics 
are shown in the state diagram, Fig. 2, the values 
of wu and a after superimposition being represented 
by the points of intersection of the appropriate 
characteristics. In the figure every point of 
intersection, with the exception of the peripheral 
points, applies to four possible cases. 

The velocity of propagation of any wave point, n, 
after superimposition on a wave point, n’, is given 
by 


dr 
4 wip we + n%m 
n 
= 5 (na — net) + n@ + net — Ay 
= (6,2 —4yn/4 — ad), . ° e - (26) 


from equations (22) and (24), and the propagation 
velocity of the wave point n’ in the opposite direc- 
tion at the same instant is 


dr 
Aa). = Gare - 4 nt — a). 
n n 


The above position equations represent a particu- 
lar pair of characteristics in the z-t or position 
diagram, and are associated with the characteristics 
3 =-—5 and = =-+5, respectively, (see 
equation 25) in the u-a or state plane. With the 
aid of the above equations the problem of super- 
imposition may now be analysed algebraically as 
follows. 

The heads of waves A and B, in Fig. 1, meet at 
distance 4x from the origin at the instant ¢ = 0. 
Point 0 is then propagated to the right with velocity 
4), and, upon superimposition on point 1’, its velocity 
of propagation, according to equation (26), changes 

6x 


to (=) = 5a, — 4 ,,80 that the mean velocity of 
J 1’ 


(26a) 





taken as 3a,—2,a. For the wavepoint 1’, on 
wave B, the velocity of propagation remains un- 
changed in the same interval. Hence, if ,x be 
the distance of 1’ from the origin at t= 0, and 
oty’ be the instant of superimposition of 0 on I’, 


{(3 ay — 2 a) + (6 ya — 5 dy)} ofyy = (vx — 9), (27) 
the distance from the origin at this instant being 
denoted by 92}. 


Similarly, for superimposition of 0 on 2’, if a 
be the distance of 2’ from the origin at t = 0, and 
of2, be the instant of superimposition of 0 on 2’, 

(5 dy — 2 44 — 2 grt) (gtar — otys) + (6 914 — 5 Ay) otyr 

= (9 — oF"), (28) 
the distance from the origin at the instant of super- 
imposition being 9%. The movement of point 0 
across points 3’, 4’, 5’ and 6’ is evaluated in a similar 
manner. 

A similar procedure is adopted for analysing 
the propagation of wave point 1 across the entire 
wave B, and, thereafter, of points 2, 3, 4, 5 and 6, 
until the network in the position diagram has been 
completed. Equations (27) and (28) may be 
generalised to apply to any point n on the wave A 
superimposed on a point n’ on wave B: 

[6 n@ — 2 qt — 2 nyt — A) [nine — ntnr—1] 
+ [6 na — 2 na — 29-14 — 4] [ntne — n—itn’] 
= n—12n’ — NXpr-}, (29) 
Any desired degree of accuracy may be attained 
by making the steps sufficiently small. 

The significance of g in the linearised potential 
equation (12) may be seen from the following. 

The total heat, H, of a gas at absolute temperature 
T and moving with velocity « may be defined as 
H =C,T + 4u*, per unit mass, where C, is the 
specific heat at constant pressure. 


Since x C, = R, the gas constant, 
1-4 
H=5{RT + du? 
= fa? + gu’, 





Hence, a close connection exists between the 
state diagram, in u-q co-ordinates* and the total- 
heat/entropy diagram, a fact which makes the use 
of the parabolic state diagram of Sauer particularly 
appropriate in the calculation of processes involving 
large changes of entropy. 





MEASURING THE 
VARIATION IN DIAMETER 
OF MACHINE-DRAWN GLASS 

TUBING. 


By D. Anrrrcn, B.Sc.(Eng.), A.M.I.E.E., 
and D. G. Osporne, B.Sc.(Eng. Met.) 


Most of the glass-tubing produced in this country 
is manufactured by the Danner process of tube- 
drawing. In this process molten glass flows from 
an oil-fired furnace along a refractory trough, from 
which it then falls as a ribbon on to a rotating 
refractory sleeve. This*sleeve is supported on a 
Nichrome mandrel and is inclined at approximately 
18 deg. to the horizontal. The glass forms an 
outer sleeve, gradually flowing towards the nose 
of the mandrel, where it falls in the form of a 
catenary and is then drawn off horizontally over 
rollers by the drawing machine situated some 
100 ft. to 150 ft. away. The bore of the tubing is 
maintained by blowing compressed air down the 
centre of the mandrel. A gas-fired muffle surrounds 
the mandrel and serves to keep the temperature of 
the refractory sleeve as uniform as possible. The 
process is a continuous one, operating over many 
weeks. Fig. 1, herewith, which is reproduced from 
a photograph taken in the Osram-G.E.C. Glass 
Works, shows the glass leaving the mandrel, and 
Fig. 4, on page 426, is a diagram of the process. 

For the glass tubing used in surgical and physical 
instruments, chemical apparatus, fluorescent lamps 
and certain other applications, itis necessary to draw 
the tubing to close dimensional tolerances. As a 
first step towards ensuring that the required accuracy 
in tube-drawing was achieved, a programme of 
experimental work was commenced at the Osram- 
G.E.C. Glass Works, to determine the extent of any 
variations in the diameters of the tubing drawn there. 
Measurements on the diameter were made by hand 
with a micrometer. It was decided, however, that 
an accurate assessment of the variations in the 
tubing diameter could be obtained by making three 
measurements every ten minutes; the results 
obtained were then considered to be representative 
of the variations experienced in manufacture. 
This and other preliminary investigations indicated 
the existence of a tendency for the diameter varia- 
tions to be cyclic in character. 

To obtain more detailed information over extended 
periods, and to avoid the necessity for continuous 
attendance at the tube machine, an instrument 
was developed by the authors at the Research 
Laboratories of the General Electric Company, 
Limited, at Wembley, Middlesex, that would record 
continuously the diameter of the tubing as it was 
drawn. 

The instrument had to comply with the following 
requirements, namely, to measure the changes in 
any diameter in the range 15 mm. to 40 mm., to 
measure changes of 0-1 mm. over a range of 
+2 mm., to record such changes continuously and 
allow for sudden increases in diameter outside the 
normal working range, to follow the tubing during 
its passage over the rollers, and to accommodate 
breaks, which occur occasionally during the process 
of manufacture. 

The external appearance of the apparatus deve- 
loped is shown in Fig. 2, on page 426, and the com- 
plete installation in Fig. 3. Fig. 5, on page 426, 





* Sauer, loc. cit. 








426 


ENGINEERING. 5, 1951. 








MEASURING VARIATIONS IN 


DIAMETER OF GLASS TUBING. 




















Fia. 2. 


is a diagram giving the principle of operation. It 
can be seen that the glass tubing is made to pass 
between two anodised aluminium rollers, each roller 
being mounted on a movable plate. Two detector 
coils are attached to one plate and an armature 
to the other, the armature being arranged so as to 
move between the coils when the two rollers move 
relatively to each other. The movable plates are 
spring-loaded together, so that the rollers are always 
in intimate contact with the glass tubing. Any 
variation in the tubing diameter gives rise to a 
relative movement between the roller plates, and 
hence between the armature and the detector coils. 
Provision is made for altering the relative position 
of the armature with respect to the plate on which 
it is mounted by means of an adjusting knob, so 
that different sizes of tubing can be handled. The 
nominal diameter of the tubing to be measured is 
indicated on a scale plate, and a pointer may be 
moved to any desired position on the scale by 
rotating the knob. Each position of the pointer 
then gives the nominal diameter of the tubing in 
terms of the mean distance between the rollers. 

The diameter of the tubing between the rollers 
may suddenly increase sufficiently to cause the 
armature to come in contact with the inner detector 
coil, If this occurs, any further movement of the 
armature in this direction causes springs on the guide 
rods holding the armature to be compressed, so that 
possible damage to the tubing is avoided. If the 
tubing should move sideways while passing between 
the rollers, the whole arrangement, including the 
rollers and the movable plates on which they are 
mounted, will move in the same direction as the 
tubing. This ensures that no spurious indications 
of variations in diameter are obtained. Any 
vertical movement of the tubing is also accommo- 
dated, in this case by the height of the rollers 
themselves. Finally, should a break occur in the 
tubing, the rollers may be moved sideways and held 
away from the glass by catches passed over pins 
in the main frame. 

The detector coils are two laminated cores of 
similar shape, round which the magnetising windings 
are wound. These detector coils form two arms 
of the bridge network shown in Fig. 6, opposite, 
two unequal resistances forming the other two arms. 
The bridge is fed from the output of a constant- 
voltage transformer, the primary of which is 
connected to the mains supply. The circuit 
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INSTRUMENT AND RECORDING APPARATUS IN USE. 
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Fig. 4. 
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out-of-balance signal is full-wave rectified and the| The bridge is so arranged that it is unbalanced 
direct-current signal is fed into a magnetic amplifier. | when tubing of the nominal width is passing between 
The amplifier signal then operates a recording | the rollers, and the recording instrument then indi- 
instrument. cates centre zero on the scale. Any relative move. 
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Chart 6 In. per Min. 


(4461) 


ment of the armature with respect to the detector 
coils, caused by changes in the tubing diameter, 
will then cause the out-of-balance voltage to vary. 
The output of the amplifier thus increases or de- 
creases as the tubing diameter increases or decreases 
with respect to its nominal value. 

The instrument was calibrated by means of a 
stepped brass shaft, accurately machined in steps of 
0-2 mm. A calibration graph was obtained by 
plotting the various known diameters of the shaft 
against the corresponding recorder readings given 
when each diameter was placed between the 
Tollers. 

The recording instrument is capable of being 
operated at many different chart speeds, and care 
is taken to choose the optimum chart speed for each 
particular experiment. For example, a high chart 
speed is necessary if the proportion of outsize tubing 
to total length of tubing drawn is to be calculated 
from the record on the chart. It is clear that the 
chart speed also affects the duration of the test 
that can be carried out. A more general picture 
of the variations in tubing diameter can be obtained 





Speed 


Ft. per Min. 





with a slower chart speed, but small variations 
cannot easily be distinguished by this means. 

Fig. 7, herewith, shows the type of results obtained 
with a chart speed of 12 in. per hour. Tubing with 
a diameter of 38 mm. was required. For experi- 
mental purposes, the diameter tolerance shown on 
the chart is + 14 mm., though tubing of this size 
is gauged with limits of + 1 mm. during normal 
manufacture. The diameter of the tubing is 
usually within the tolerance limits, but variation 
within these limits is large. It can be seen that 
the small variations are not easily distinguishable 
and that measurements of total outsizes would be 
inaccurate. Figs. 8 and 9, herewith, show the 
types of result obtained with a chart speed of 6 in. 
per minute. In this case, all diameter variations 
are clearly distinguishable. Fig. 8 was obtained 
during a period in which all the tubing was within 
the tolerance limits, and, in Fig. 9, large quantities 
of the tubing are seen to be oversize. 

As has been stated, the results obtained from the 
preliminary experimental work had suggested that 
the diameter variations which occur might be cyclic, 


This expectation was fully confirmd by the pictorial 
records obtained with the continuous recording 
instrument. The number of peaks in the chart 
obtained during any one period of time appears 
to be constant. For the particular furnace and 
tube-drawing mechanism used, the number of peaks 
is nine to ten for every 6 in. of chart. 

It is known that a number of factors may affect 
the size of the tubing drawn by the Danner process, 
the most important variables being the temperature 
of the glass on the mandrel ; the viscosity of the glass, 
which is dependent both on its composition and the 
temperature ; the speed of the drawing machine ; 
the air pressure down the mandrel; speed of 
rotation of the mandrel ; and the size of the mandrel. 
It is not yet clear which of the variables listed 
above is mainly responsible for the cyclic nature 
of the irregularities in the tubing diameter. Atten- 
tion must necessarily be directed towards any 
factors that are themselves periodic in character. 
It is likely, therefore, that the mechanical factors, 
such as the speed of rotation of the mandrel and 
possibly the air pressure down the centre of the 
mandrel, are those that require further investigation. 
The primary function of the instrument, therefore, 
and the one for which it is at present being used, is 
purely for experimental purposes, to correlate the 
variations in tubing diameter with variations in 
other relevant factors in the process. There is no 
doubt that the results obtained by using the con- 
tinuous recorder, when interpreted, will help to 
establish the exact nature of any irregularity in the 
furnace or tube-drawing mechanism used. As a 
further project, certain changes in the design of 
the instrument could make it suitable for use as a 
permanent installation in the production process. 
The continuous recorder would then be used to 
indicate general trends in the variation or otherwise 
in tubing diameter, and so assist the operators 
engaged in the production of the glass tubing. 
A refinement that could be introduced is the placing 
of a number of instruments at various angular 
positions along the length of the tubing. The 
measurements made with one pair of rollers serve 
to indicate variations in the horizontal diameter 
of the tubing only; by adding further pairs of 
rollers, any variations in the ovality that might 
occur could also be recorded continuously. 





LECTURES ON CHEMISTRY OF 
WATER TREATMENT. 


In October, 1950, a one-year post-graduate course in 
public-health engineering was instituted in the Depart- 
ment of Civil Engineering, University of Durham, 
King’s College, Newcastle-upon-Tyne, 1. The course 
was designed for graduates in civilengineering who wish 
to enter the branches of the profession concerned with 
water supply and treatment, sewage treatment, district 
heating, and other subjects The course leads to the 
College certificate in public-health engineering. In 
connection with the course for 1951, a series of 20 
weekly lectures on the “ Chemistry of Water Treat - 
ment,” by Dr. A. T. Palin, have been arranged and are 
open to anyone interested. The subjects to be dealt 
with by Dr. Palin will include the chemical and physical 
examination of water, pollution and self-purification of 
surface waters, the control of algae, coagulants and 
coagulation, filtration, modern chlorination processes, 
chlorine-dioxide treatment, dechlorination, ozonation, 
the control of tastes and odours, corrosion control and 
plumbosolvency, water softening, demineralisation, the 
removal of iron and manganese, iodisation and fluori- 
dation, boiler feed-water treatment, and the treatment 
of swimming-pool water. The 20 lectures will be 
delivered on Monday mornings from 10 to 11 a.m., in 
the civil-engineering lecture theatre of King’s College, 
Newcastle. They will commence on November 5 and 
will continue until December 10, and will recommence 
on January 14, 1952, and go on until March 17. The 
final term will extend from April 28 until May 19. The 
fee for the course is ll. ls. 





ENGINEER BUYERS AND REPRESENTATIVES ASSOCIA- 
TION.—The membership of the Engineer Buyers and 
Representatives Association, 47, Victoria-street, London, 
8.W.1, is now about 470. In a note on page 267, ante, 
we referred to the first edition of the Association’s guide 
and list of members, and stated that the membership was 
about 300, but we are informed by the Association that 
this figure is now misleading; the numbers have 
increased considerably since the publication went to 





press some months ago. 
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THE ‘“*DEOXO” METHOD OF GAS 
PURIFICATION. 


A SIMPLE and convenient method of removing the 
relatively small quantities of oxygen or hydrogen 
which are usually present as contaminants in com- 
mercial gases has been developed in the United States 
by Baker and Company, Inc., of Newark, N.J., and 
we understand is extensively employed in that country. 
The equipment has been made available in Great 
Britain recently by Baker Platinum, Limited, 52, 
High Holborn, London, W.C.1. 

Many chemical and metallurgical processes require 
gases which are practically free from oxygen, as small 
quantities of this gas present may cause difficulties. 
Several methods of removing the unwanted oxygen 
are available, but the Deoxo process, as it is called, 
is claimed by the makers to have several important 
advantages over other methods of gas purification, 
and to give a product containing less than one part 
in a million of impurity. The process depends upon 
the combination of oxygen and hydrogen in the pre- 
sence of a catalyst, the catalyst being one of the 
platinum group of metals deposited on a suitable 
support. 

Five standard sizes of equipment are avail- 
able with capacities ranging from 5 to 5,000 cub. ft. 
per hour, the maximum working pressure being 50 lb. 
per square inch in each case ; but larger sizes can be 
supplied if required. Fig. 1 shows the arrangement 
of the smallest size, which is made up in cartridge 
form and is connected to a hydrogen cylinder through 
a reducing valve. The oxygen and hydrogen, of 
course, combine in the ratio of 1:2 by volume, to 
form water vapour and, if necessary, this can be 
removed by any convenient form of dehydrator. As 
the reaction is exothermic heat is generated and the 
temperature rise, it is stated, amounts to about 
10 deg. C. for each 0-1 per cent. of oxygen removed. 
This reaction commences at room temperature, and 
therefore no auxiliary heating is required; water 
cooling is not necessary. 

It will be obvious that oxygen can be removed com- 
pletely only if there is sufficient hydrogen present for 
the reaction, so that if oxygen is to be removed from 
nitrogen, argon or other inert gases it is necessary to 
add hydrogen in the correct proportion. Fig. 2 is a 
diagram showing the general arrangement of a larger 
plant which is typical of all models having capacities 
greater than 200 cub. ft. per hour. It will be noticed 
that a stand-by unit is provided in parallel with the 
working unit if continuous operation is essential and 
that hydrogen can be added to the gas entering the 
plant if necessary. The drier shown is only fitted if 
the water vapour resulting from the combination of 
the oxygen and hydrogen must be removed. It is 
necessary to purge al! models of the purifier with 
an inert gas before introducing hydrogen. In the case 
of the 5-cub: ft. per hour model, illustrated in Fig. 1, 
this is not necessary, provided the purifier is connected 
directly to the hydrogen cylinder. 

We understand that work is now proceeding on the 
development of units to provide for the catalytic com- 
bination of oxygen and hydrogen in the presence of 
carbon monoxide, of oxygen and carbon monoxide 
to form carbon dioxide in gases that do not contain 
hydrogen, of carbon monoxide plus hydrogen to form 
carbon dioxide and water, provided sufficient oxygen 
is introduced to complete the reaction, and of carbon 
monoxide and hy to form methane and water 
vapour. Baker Platinum, Limited, expect to be in 
a position to report on these new developments in the 
near future. 
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RESEARCH IN 
TELECOMMUNICATION. 


THE first ‘‘ open day ” for three years was held at the 
Dollis Hill Research Station of the Post Office on 
Thursday, September 27, to give visitors an oppor- 
tunity of seeing what is being done to improve the 
efficiency of the country’s telecommunication services. 
The exhibits and demonstrations were selected to 
provide a general idea of the work now in progress, 
and included illustrations that were concerned with 
local telephone-cable distribution schemes, subscribers’ 
telephones and the measurement of transmission. 
Electro-acoustics, hearing aids, telephone exchanges, 
switching and signalling, amplifiers and equalisers for 
long-distance land and sea cables, and telegraphic and 
radio transmission and reception were other matters 
which were demonstrated, while the application of 
piezo-electric crystals to frequency control and selec- 
tion, the properties of thermionic valves and electronic 
circuitry were also illustrated. 

Although outside the field of telecommunications 
mention may first be made of an automatic facing 
table, the object of which is to prepare mail for intro- 
duction to the stamp-cancelling machines. This 
preparation, which is at present effected manually, 
consists in arranging the letters so that their stamps all 
face one way in the same corner of the stack. The 
small letters are first separated from the large ones 
and the packets, and are then carried along conveyor 
belts resting on their longer edges. The back and front 
of the lower edge of each letter is next searched by a 
light beam and those with stamps near the edge 
actuate a photo-electric cell, so that they are inverted 
and can be re-examined, while letters with stamps in 
the right-hand top corner—the normal position—are 

on. Letters from both searches are finally 
automatically collected, cancelled and stacked ready 
for transport to the sorters. A second machine, which 
is in a less advanced stage, is designed to sort letters 
according to the colour of the stamps. 

An important development which was on view is 
the deep-water submerged repeater designed for use 
on the 700-mile submarine coastal telephone cable 
between Newfoundland and Nova Scotia. This cable, 
which it is expected will be laid next year and will 
provide one high-quality telephone circuit and several 
teleprinter circuits, will follow the ocean bed at a 
depth of about 14 miles and will contain five repeaters. 
Each of these repeaters will be housed in a steel 
cylinder about 5 ft. long and rather less than 1 ft. in 
diameter. These cylinders will contain all the appa- 
ratus necessary for operating the repeaters, direct- 
current power for the purpose being transmitted at 
2,000 volts from the terminals over the communication 
circuit. The thermionic valves incorporated in the 
repeater are expected to have a life of at least ten 


In the » quartz was practically the only material 
that could be used for the production of the piezo 
electric crystals employed in certain kinds of tele- 
phone circuits. A method has now, however, been 
devised whereby such crystals can be grown by slowly 
cooling saturated solutions. For this p , seed 
© » which have been grown previously or cut 
from larger ones are mounted on arms radiating from 
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a spindle and are warmed up to a given temperature. 
A solution, containing as much dissolved salt as it 
can hold at that temperature, is then poured round 
them and is stirred by rotating the spindle. The 
direction of rotation is periodically reversed so that 
the growing faces of the crystals are in contact with 
fresh portions of solution. The temperature of the 
solution is accurately controlled and is automatically 
reduced by about 0-2 deg. a day. Crystals ranging 
from $ lb. to 1 lb. can be obtained in this way in from 
8 to 10 weeks. 

To provide the thin slices of quartz required for 
piezo-electric purposes the quartz crystal was usually 
cut with saws loaded with diamond or carborundum 
powder. Although this method can also be employed 
on synthetic crystals, it has certain disadvantages. An 
alternative method, which was demonstrated, is to use 
a wet “string” of some suitable material, such as 
stranded steel wire. This string, which is stretched 
round three vertical rollers and driven by a motor, is 
moved continuously over the crystal along the line of 
the required cut and is washed in a stream of water at 
some point in its circuit. Under the right conditions, 
some of the water adheres to the wire by surface 
tension, so that when it reaches the crystal a minute 
amount of the latter is dissolved and carried away in 
solution. As the action consists entirely of dissolving, 
the pressure between the string and the crystal can be 
negligible and a very neat cut results. 

To control precisely the frequencies of radio trans- 
mitters and long-distance coaxial cable systems as 
well as transmission of photographs by wire and of 
radar, stable quartz crystal-controlled oscillators and 
synchronous clocks, which can be compared with 
observatory time, are employed. Such clocks are 
accurate to about one millisecond a day and to make 
their readings generally available a daily service of 
standard frequency transmission is transmitted from 
Rugby radio station. These transmissions are accurate 
to one part in fifty million and are checked by the 
frequency standard at Dollis Hill with results which 
were demonstrated. 





HELICOPTER PROJECTS.—We have received from 
Westland Aircraft, Limited, Yeovil, an illustrated 
brochure which, in addition to giving particulars of the 
S-55 10 and 12-seat single-engine helicopter now under 
construction, gives a brief outline of three new projects 
for which design studies have been made. These are the 
W.80, a 20-seat passenger helicopter with a single 75-ft. 
diameter three-blade rotor to be powered by two Alvis 
14-cylinder engines mounted in outboard nacelles, 
having a cruising speed of 135 m.p.h.; the W.81, 4 
30-seat passenger helicopter with a single 75-ft. diameter 
four-blade rotor to be powered by an Armstrong Siddeley 
Double Mamba gas turbine, each developing 2,640 s.h.p. 
plus 810-lb. jet thrust for take-off, with an estimated 
cruising speed of well over 180 m.p.h.; and the W.85, 
a large military troop transport or freighter helicopter, 
capable of carrying 100 fully-equipped troops, with 4 
single 104-ft. diameter three-blade reaction-driven rotor, 
to be powered by six Armstrong Siddeley Adder jet 
engines, each developing 1,100 1b. static thrust at sea- 
level, installed in the rotor tips. 
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MECHANICAL VIBRATOR FOR 
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MECHANICAL VIBRATOR FOR 
SIEVING. 


A SIEVING machine for soil size-distribution analyses, 
but with other possible applications, has been designed 
by the Western Region for use on all regions of British 
Railways. With seven sieves packed in a tier in the 
machine, the time required for stable conditions to be 
reached with a 200-gm. sample of sand, i.e., for sieving 
to be sufficiently complete, is from 5 to 15 minutes, 
depending on the shape of the particles. Sieving by 
hand would take a trained operator about 45 minutes. 

Fig. 1 shows the machine, without sieves, and 
Figs. 2 and 3 show the construction. It will accom- 
modate eight 8-in. or six 12-in. diameter sieves, together 
with a cover and bottom collecting pan. The sieves 
are held in a rectangular inner frame of steel tube, 
which is suspended by four 2-in. diameter helical 
springs, 6 in. long, from an outer frame. The tension 
in the springs is adjustable. A variable-speed 37-volt 
160-watt electric motor of the type used for concrete 
vibrators is attached underneath the inner frame. An 
eccentric weight is mounted at each end of the motor 
shaft, with the weights relatively out of phase by 
90 deg. The compound vibration induced by the 
weights shakes the particles of the sample round the 
sieves in a circular motion ; it is found that the whole 
area of each sieve is used, thus minimising the wear on 
the sieves. The motion may be analysed thus: 
considering a horizontal axis through the nest of 
sieves and parallel to the motor shaft, the ends of the 
axis follow circular paths 90 deg. out of phase with each 
other, and the centre of the axis describes a circle of 


1 
v2 x the amplitude, 45 deg. out of phase with the 


ends. The sieves move vertically and horizontally, 
both motions being simple harmonic, with a maximum 
amplitude of 2 mm., and, due to the effect of the relative 
phase difference between the weights, rocking motions 
take place in the horizontal and vertical planes. The 
machine is simple and cheap to construct and it has 
proved to be entirely satisfactory in the year that it 
has been used. 

To test its performance, a 200-gm. sample of 
Penderyn sand was sieved for various times and the 
Weights retained on each sieve were noted, the sample 
being thoroughly remixed before each sieving to ensure 
uniformity of conditions. The results have been 
plotted in Fig. 4, herewith, which shows that stable 
conditions are reached within seven or eight minutes. 
Even after five minutes, the results differ by an aver- 
age of only 0-14 per cent. from those obtained after 
<0 minutes. As results are normally required only to 
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SIEVING. 


Fig. 4. 
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the nearest whole number, a sieving time of from 5 to 
15 minutes, depending on the shape of the particles, is 
sufficient. Where the curves ina graph show an upward 
trend this indicates that particles are being received 
from the sieve above faster than they are being passed 
to the sieve below. The final grading of the test 
sample was as follows :— 











B.S. Sieve No. | Percentage Retained.| Percentage Passed. 
’ | 28-2 72 
14 23-4 48 
25 19-6 29 
52 14-0 15 
100 8-8 6 
150 4-2 2 
200 1-0 1 
0-8 0 








SociETY FOR EXPERIMENTAL STRESS ANALYSIS.—We 
have received from the Society for Experimental Stress 
Analysis, Central-square Station, Cambridge 39, Massa- 
chusetts, U.S.A., the tentative programme of their 
annual meeting and exhibition, which is to be held at 
Bellevue-Stratford Hotel, Philadelphia, Pennsylvania, 
from November 28 to 30. The following technical papers 
will be presented : ‘‘ Graphic Representation of State of 
Biaxial Plastic and Elastic Stresses,’”’ by Mr. R. SCHIL- 
LING ; “‘ A Study of Residual Stresses in Flat Beams by 
Electropolishing Methods,” by Messrs. D. O. LEESER 
and D. J. DemorEst; “ Device for Applying Uniform 
Loading to Boundaries of Complicated Shape,” by 
Messrs. A. J. DURELLI, R. L. LAKE, and C, H. Tsao ; 
* Application of Xenon Flashtube to Scattered Light 
Polariscope,” by Mr. P. L. BALISE ; “‘ Elastic and Creep 
Properties of Stresscoat,’’ by Mr. WILLIAM F’. STOKEY ; 
“Measurement of Force-Time Relation in Racing 
Shells,’”’ by Messrs. E. D. Barrp and W. W. SOROKA ; 
** Stress Concentration for Structural Angles in Torsion 
by Conducting Sheet Analogy,’”’ by Messrs. N. 8. WANER 
and W. W. Soroka; ‘“ Hydrodynamic Pressures on 
Dams due to Earthquake Effects,” by Mr. CARL N. 
ZANGAR; ‘‘ Automatic Control and Programming for a 
200,000-Pound Fatigue Machine,’ by Messrs. H. C. 
RoBeERTs and V. J. McDonaLtp; “A Mechanism for 
Controlling a 50,000-Pound Fatigue Testing Machine,” 
by Messrs. G. K. SINNAMON and W. J. HALL; “A 
Variable Amplitude Fatigue Machine,” by Mr. A. E. 
McPHERSON; ‘“‘ The Effect of Superposition of Stress 
Raisers on Members Subjected to Static and Repeated 
Loads,” by Mr. A. Q. Mowsray, Jun.; ‘‘ Instrumenta- 
tion and Fundamental Experiments in Plasticity,” by 
Messrs. D. C. DRUCKER and F. E. Stockton ; “‘ Effects 
of Work-Hardening in Experimental Stress Analysis of 
Magnesium Alloy Parts at High Stress Levels,” by 
Mr. E. H. Scuvuetre; “ Performance Evaluation of a 
Magnesium Alloy Truck Wheel,’”’ by Mr. M. H. Pouzin ; 
** An Investigation of Thermal Stresses in Heat Exchan- 
gers at 2,500 deg. F.,” by Mr. SmpNEY MILLER; 
‘Impulsive Loads on Beams,” by Mr. WM. H. Hopp- 
MANN II; “ Further Results on the Tuned Test Mass 
Method of Vibration Testing,” by Mr. SAMUEL J. LORING; 
“* Measurement of Gas Turbine Stressesin the Laboratory, 
on the Test Bed, and in Flight,’”’ by Mr. D. A. DREW; 
** Dynamic Calibration of Wire Resistance Strain Gages 
by Elastic Impact Wave,” by Mr. Kurt Fink; and 
‘*Measurement and Acceleration in Human Motion,” 
by Mr. E. O. FELKEL. 
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CONTRACTS. 


C. A. Parsons & Co., Ltp., Heaton Works, Newcastle- 
upon-Tyne, 6, among other contracts, have received 
orders for 100,000-kW turbo-alternator sets for Ferry- 
bridge power station ; repeat orders for three 60,000-kW 
sets for Stella, Leeds and Littlebrook power stations 
and five 30,000-kW sets, one for Kast Yelland, two for 
Connah’s Quay and two for Belfast power stations. 
Orders have also been received for a 30,000-kW set for 
Medicine Hat and a 25,000-kW set for Saskatoon, 
Canada; three 50,000-kW sets for Lake Macquarie, 
Australia; two 60,000-kW sets for Taaibos, South 
Africa; and a 30,000-kW set for Bulawayo, Southern 
Rhodesia. 

THE BRITISH INSULATED CALLENDER’S CONSTRUCTION 
Co., LTp., have obtained a contract from the British 
Electricity Authority for the supply and erection of the 
62-mile-long section of the 275-kV overhead line, from 
Newcastle to Thirsk. This forms part of the douhle 
circuit line which will run from Clyde’s Mill to West 
Melton. The towers for the line have been designed by 
Biaw Knox, LTp. 

LEYLAND Morors Ltp., Leyland, Lancashire, have 
received orders valued at 7,000,0001., from the Ministry 
of Supply. They cover heavy-duty lorries of various 
types, many with six-wheel drive, specially designed for 
the arduous transportation needs of the armed Forces. 
These orders, coupled with contracts concluded with 
civilian operators at home and overseas, bring the total 
value of orders secured by the company during a recent 
calendar month to over 13,000,000. 





PRECISION TIMING TRIALS OF “ COMET” AIR LINER.— 
The Ministry of Civil Aviation have announced that a 
Comet jet-propelled air liner has demonstrated that high- 
speed jet aircraft can be accurately controlled by the 
standard traffic control methods in use at London airport. 
The Comet was brought down from cruising height and 
was “‘ held ” for two hours, at varying heights, over the 
Epsom radio range, prior to approach and landing at 
London airport ; the aircraft kept to within one minute 
of its schedule. 

NEW ELECTRODE FOR STEAM-PIPE WELDING.—The 
Quasi-Are Company, Limited, Bilston, Staffordshire, 
have introduced a molybdenum-bearing electrode, for 
use in welding high-pressure steam pipes, consisting of 
steel] containing 0-5 per cent. molybdenum or 1 per cent, 
chromium and 0-5 percent. molybdenum, The covering 
of this new electrode contains sufficient alloy to ensure 
that the molybdenum content of the weld metal is 
from 0-4 to 0-6 per cent. It is of the fully-extruded 
type and complies with the relevant British and American 
standard specifications. 

CONVERSION oF 8.8. “‘ Gornic.”-—Work has begun in 
the shipyard of Cammell Laird & Co., Ltd., Birkenhead, 
on the conversion of the Shaw Savill liner Gothic in 
preparation for the projected tour of Their Majesties the 
King and Queen, and Princess Margaret, to Australia 
and New Zealand in 1952. The conversion is being 
carried out under the direction of the Admiralty, in 
conjunction with the Shaw Savill Line, and is expected 
to be completed in December. The Royal apartments 
will be air-conditioned, and will be equipped mainly with 
furniture from the Royal yacht Victoria and Albert. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ScoTTisH CoaL Stocks.—The total coal stocks of all 
consumers at September 15 last were slightly below 
last year’s level, namely, 1,244,000 tons against 1,260,000 
tons in 1950. Industrial consumers were better off with 
445,000 tons, compared with 405,000 tons, but concern 
has arisen on account of the shortage of large coal. A 
measure of priority to gasworks brought the total in 
reserve, at the above date, to 183,000 tons (195,000 tons 
last year), but domestic tonnages suffered, merchants’ 
depot stocks amounting to 146,000 tons only, in contrast 
with 219,000 tons last year. 

ORGANISATION FOR EXPORT OF COAL TO FRANCE.—The 
disttict organisation for Scotland in connection with the 
agreement reached between the Association Technique de 
l’Importation Charbonniére (A.T.I.C.) and the British 
Coal Exporters Federation, for the export of coal to 
France, will be known as the Scottish A.T.I.C. Committee, 
with offices at 12, Waterloo-street, Glasgow. Mr. J. 
Burns has been appointed co-ordinator of the committee. 





LOAD-SHEDDING ARRANGEMENTS.—The South-West 
Scotland Electricity Board have announced arrange- 
ments for winter load-shedding. These follow broadly 
on the lines adopted last year. Each of the sub-areas 
has been divided into five zones, which have been put ona 
rota covering the period from Monday to Friday and 
showing the day on which the supply is liable to be cut 
in a particular zone, 

ALUMINIUM FISH CONTAINERS.—Modified aluminium 
fish containers, which are claimed to be better and more 
hygienic than the old-style wooden boxes, and were 
first introduced to the Glasgow Fish Market by Presoturn, 
Ltd., two years ago, were demonstrated there again 
this week. They are more expensive than the wooden 
boxes, but can be more easily cleaned. One difficulty 
is the problem of arranging for their prompt return to 
the owners instead of circulating among other trawler 
owners and salesmen, 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE LATE StmR RoBERT THOMPSON.—The death, on 
October 2, is announced of Sir Robert Norman Thomp- 
son, chairman of the shipbuilding firm of Joseph L. 
Thompson & Sons, Ltd., Sunderland, and a director of 
Sir James Laing & Sons, Ltd., and John Crown & Sons, 
Ltd. Sir Robert, who was 73 years of age, had been a 
prominent figure in North-East Coast shipbuilding circles 
for many years. He was a member of the Institution of 
Naval Architects and the North-East Coast Institution of 
Engineers and Shipbuilders, and was a liveryman of the 
Worshipful Company of Shipwrights. He received his 
knighthood in 1946. 





ELECTRICITY LOAD-SPREADING.—Industrial firms in 
Northumberland and Durham ‘have made a ready 
response to the electricity load-spreading schemes pro- 
posed by the North-East Regional Board for Industry. 
It has been announced that, up till the present, 80 per 
cent. of the 2,500 firms concerned have promised to 
introduce load-spreading measures in their works and 
factories. A joint announcement, recently issued by the 
Wear Shipbuilders’ Association and the Wear Confedera- 
tion of Shipbuilding and Engineering Unions, states that 
sufficient night work will be introduced into the Sunder- 
land shipyards to enable them to attain the load- 
spreading target proposed by the Board. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


SHORTAGE OF YOUNG REckRUITS.—It has been empha- 
sised, at the conference o' steelworks foremen at Hope, 
Derbyshire, that there is a “desperate” shortage of 
young recruits in the Sheffield steel industry, particularly 
in rolling mills and forges, and that, to attract the right 
type, definite promises of promotion should be given. 
Mr. W. D. Hargreaves, secretary of the British Iron 
and Steel Federation area training committee, who 
sponsored the conference, said that the labour position 
was probably not due to any one particular reason. The 
imminence of National Service seemed to incline young 
men to seek lighter work until their call-up. He urged 
the need to concentrate on the recruiting of grammar- 
school boys. 

Low STEEL Stocks.—Mr. T. G. Jameson, chairman 
and managing director of Hardypick, Ltd., Sheffield, 


has stated that the firm’s stock of steel, which consists of 
hundreds of different sizes, sections and qualities, was, 
at the close of the financial year, only half that held at 
the beginning. The firm have had to refuse thousands 
of pounds worth of orders for export because they had 
not the slightest prospect of executing them in a reason- 
able period, owing to lack of steel. Many expedients 
had been adopted to eke out supplies, but this had caused 
serious increases in the cost of manufacture. 





GASWORKS EXTENSION.—It is understood that exten- 
sions now being carried out at Carr House gasworks, 
Rotherham, will be ready for operation by 1954. By 
that time, the plant will be able to deal with 600 tons of 
gas coal a day. Provision has been made for a 50 per 
cent. extension at a later date. 





SMOKE ABATEMENT.—Sheffield’s chief smoke inspector, 
Mr. J. Law, speaking at the National Smoke Abatement 
conference at Blackpool, thought it surprising, in 1951, 
to find persons who continued to advocate the hand- 
firing of boilers. The most effective method of securing 
smokeless operation was to reduce the human element 
to a minimum. This could only be achieved by mech- 
anical devices, and, of improvements in the past 25 years 
he knew of no apparatus that had helped so efficiently 
to reduce pollution as the underfeed type of stoker- 





SUBMARINE ENGINE FOR WORKS POWER STATION.— 
At the packing-machinery works of Rose Bros., at Gains- 
borough, the problem of power cuts is being solved by 
the installation of a 1,250-h.p. submarine engine to drive 
a generator to provide an emergency supply of electricity. 
The generators are expected to make the factory entirely 
independent of the national grid during peak periods. 





HISTORICAL EXHIBITION OF ELECTRIC STORAGE BAT- 
TERIES.—In connection with the Dalton Lecture of the 
Royal Institute of Chemistry, which Lord McGowan, 
K.B.E., delivered in Manchester on September 27, on 
the subject of “One Hundred Years of Chemistry,” a 
chemical exhibition was arranged by eight manufac- 
turing firms, of whom Chloride Batteries, Ltd., contri- 
buted a sequence of exhibits tracing the development 
of the lead storage battery from Volta’s pile, and the 
cells of Daniell, Leclanché and Plante, to the latest 
types. A parallel series of exhibits showed the evolution 
of the modern pasted plate from that of Camille Faure, 
introduced in 1881. 

CASUALTIES IN THE WEEDON ACCIDENT.—We regret 
to record that, among the fatal casualties in the derail- 
ment of the Liverpool-London express on September 21, 
to which reference was made on page 403, ante, were two 
of the Kirkby research staff of Messrs. British Insulated 
Callender’s Cables, Ltd. Mr. Cyril Cuttle Howis, M.Sc., 
who joined the company in 1945, had been manager 
of their chemical research laboratory for the past three 
years. He was 40 years of age, and was a member of the 
Chemical Society and the Society of Dyers and Colourists, 
and a Fellow of the Royal Institute of Chemistry. Mr. 
Frank Walker, who was 28 years old, had been employed 
since 1946 as a metallurgist in the same laboratory. He 
was a member of the Institute of Metals and of the Iron 
and Steel Institute, and was a licentiate of the Institution 
of Metallurgists. 


THE MIDLANDS. 


THE FUEL SITuaTION.—Many opportunities have been 
taken by the electricity-supply authorities to point out 
that power generation will be unequal to the demand in 
the coming winter. It is clear, too, that coal supplies 
will present a difficult problem, particularly as the peak 
of the rearmament production has not yet been reached. 
Dr. J. Bronowski, director of the National Coal Board’s 
Central Research Establishment at Stoke Orchard, 
near Cheltenham, has spoken of the very great possi- 
bilities in briquette production and has pointed out that 
something like 20 million tons of coal dust could be 
turned into usable fuel a year. That, however, is a 
long-term project, and, to meet the difficulties of the 
immediate future, many Midland firms have installed 
oil-firing equipment. The petroleum companies have 
stated that sufficient oil fuel will be available, though 
much of it is of a lighter grade and more expensive 
than the heavy fuel oil normally used in furnaces. 





OvuTPUT OF CARS AND TrRacTORS.—The Standard 
Motor Co., Ltd., Coventry, have announced that, in the 
year ended August 31, their output of cars and tractors 
again showed an increase. Compared with the pre- 
vious year, 11,108 more cars and 31,680 more tractors 
were turned out from the Coventry works. Production 
is now at the rate of more than 500 vehicles a day, but 
Sir John Black, the deputy chairman and managing 
director, says, in a letter to the company’s staffs, that in 
view of the rearmament programme it is impossible to 





forecast future production. 


STANDARDISATION OF FIRE HYDRANTS.—To meet the 
requirements of the Home Office in the matter of the 
standardisation of fire hydrants throughout the country, 
the City of Birmingham fire and ambulance service is 
converting its street hydrants to the round-thread outlet 
covered by British Standard Specification No. 336. The 
conversion will be undertaken in the three weeks com- 
mencing October 10. The chief officer of the Fire 
Service, Mr. H. W. Coleman, Corporation-street, 
Birmingham, 4, is prepared to give advice and assistance 
to owners of private fire-fighting equipment who will be 
affected by the change. 





INDUSTRIAL VISITS SCHEMES.—The Wednesbury, 
Darlaston and District Manufacturers’ Association, 
which was responsible for inaugurating the series of 
three-day industrial visits by school teachers to local 
factories, has stated that the scheme has proved an 
unqualified success. Requests have been received from 
allthe parties concerned for the scheme to be continued 
and extended next year, and Mr. H. P. Court, secretary 
of the Association, states that it is hoped to expand the 
scheme considerably. 





LOW-TEMPERATURE RESEARCH PLANT.—A Midland 
firm, Carter Refrigeration and Air Conditioning, Ltd., 
of Bordesley Green, Birmingham, 9, have produced a 
pilot refrigeration plant for research into the behaviour 
of aircraft fuel-injection systems at very low tempera- 
tures. The plant can operate down to — 100 deg. F. 
At alater date, a plant will be produced to accommodate 
a complete engine. Another experimental plant, built 
by the same firm, is for air-conditioning in a large 
Birmingham chocolate factory. 





MINE DETECTORS USED BY ARCHAZOLOGISTS.—A new 
use for army mine detectors has been tried on the Malvern 
Hills, in Worcestershire. Malvern district is known to 
have been the site of camps dating back to the early 
Iron Age, and the mine detectors have been used to 
sweep areas where metal objects might be expected to 
be buried. Many articles have been located. 





PLANNING A FOREIGN CapiTaL.—A Midland firm of 
architects, Harris & Gard, of Edgbaston, Birmingham, 16, 
have been commissioned by the Abyssinian Government 
to prepare plans for a new capital] to replace Addis 
Ababa. The proposed new city, which is intended to 
house a population of 100,000, will be at Bahrdar, about 
250 miles north of the present capital. The site is 
swampy in parts, and some considerable engineering 
problems will have to be overcome. The designs will 
be prepared at the firm’s Birmingham office. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


NEW INDUSTRIES IN SOUTH WALES.—Opening a new 
factory of Super Oil Seals & Gaskets, Ltd., at Cardiff, 
Mr. J. Twomey, general manager of Spillers, Ltd., claimed 
that “we are moving into an entirely different South 
Wales, thanks to a greater diversity of industry.” Much 
had been achieved, he said, but prosperity was not a 
staticthing and much remained to be done. He criticised 
South Wales road communications and added that the 
present position, with the main means of communication 
secured by the Severn Tunnel only, could be tolerated 
no longer. The company have acquired the present new 
large modern factory for developments in connection 
with the manufacture of synthetic rubber products. 
The new factory, which has a floor area of 60,000 sq. ft., 
willemploy between 400 and 500 when in full production. 





SoutH WALES IMPORT AND Export TRADE.—The 
trade of the South Wales ports has again shown an 
upward trend. In the four weeks ended September 9, 
according to official returns, the seven ports, between 
them, dealt with 1,666,485 tons of merchandise, 311,583 
tons more than in the corresponding period of last year. 
Imports were 250,000 tons above the level for the corres- 
ponding four weeks of 1950, there being a big rise in 
arrivals of oil and spirit and iron ore, while timber, 
grain, flour, general cargo, chemicals, and building and 
road-making materials all showed increases. Exports 
rose by more than 60,000 tons to 883,217 tons. Larger 
shipments of oil and some improvement in the coal- 
export trade were responsible. From January 1, to 
date, the ports dealt with 13,623,442 tons of merchandise 
against 12,931,233 tons in the same period of 1950. 


Prr Props FROM FINLAND.—A coal pit-prop barter 
scheme has been concluded between Finland and Great 
Britain, it has been reported on the Cardiff coal market. 
Under this, Britain will supply about 42,000 tons of coal, 
mostly Welsh central-heating qualities, in return for pit 
props for the Welsh mines. Arrangements were being 
made in the past week for deliveries to begin immedi- 
ately. It has been reported that the stocks of mining 





timber available locally are rather low. 
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NOTICES OF MEETINGS. 





It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, October 8, 6 p.m., Grand Hotel, 
Birmingham. Chairman’s Address by Mr. W. H. Brent, 
Annual General Meeting, and Conversazione. Western 
Centre: Monday, October 8, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. Chairman’s 
Address, by Mr. J. W. Elliott. North-Eastern Centre: 
Monday, October 8, 6.15 p.m., Neville Hall, Westgate- 
road, Neweastle-upon-Tyne. Chairman’s Address, by 
Mr. E. C. Rippon. North Midland Centre: Tuesday, 
October 9, 6.30 p.m., Hotel Metropole, Leeds. Chair- 
man’s Address, by Dr. E. C. Walton. East Midland 
Centre: Tuesday, October 9, 6.30 p.m., Loughborough 
College, Loughborough, Leicestershire. Chairman’s 
Address, by Mr. A. W. Hirst. Northern Ireland Centre: 
Tuesday, October 9, 6.45 p.m., Presbyterian Hostel, 
Belfast. Chairman’s Address, by Mr. S. McCracken. 
Scottish Centre: Tuesday, October 9, 7 p.m., Insti- 
tution of Engineers and Shipbuilders, Glasgow. Chair- 
man’s Address, by Mr. Percy Butler. Southern Centre: 
Wednesday, October 10, 6.30 p.m., R.A.E. College, 
South Farnborough, Hampshire. Discussion on “ Elec- 
trical Measurements by Thermal Effects.” District 
Meeting: Wednesday, October 10, 7 p.m., Electricity 
Showrooms, Southern Electricity Board, 37, George- 
street, Oxford. ‘“‘ Radar Principles and Measurement,” 
by Professor A. Lee. Institution: Thursday, October 11, 
5.30 p.m., Savoy-place, London, W.C.2. Presidential 
Address, by Sir John Hacking. 


INSTITUTE OF FUEL.—North-Eastern Section : Monday, 
October 8, 6.30 p.m., King’s College, Newcastle-upon- 
Tyne. Joint Meeting with the Coke Oven Manufac- 
turers’ Association on ‘“ Pore-Size Analysis of Metal- 
lurgical Coke,” by Dr. J. Gilchrist and Dr. A. Taylor. 
Yorkshire Section: Wednesday, October 10, 6.30 p.m., 
The University, Leeds. Chairman’s Address, by Pro- 
fessor A. L. Roberts. North-Western Section : Thursday, 
October 11, 2.30 p.m., Radiant House, Bold-street, 
Liverpool. ‘‘ Boilers,” by Mr. H. E. Partridge. 


INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, October 8, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. Lecture by Mr. G. Flather. 
Yorkshire Section: Monday, October 8, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Some Aspects of Materials Hand- 
ling in Industry in the U.S.A.,” by Mr. E. G. Taylor. 
Liverpool Section: Wednesday, October 10, 7.15 p.m., 
North Western Gas Board, Radiant House, Bold-street, 
Liverpool, 1. ‘‘ Work Assignment and Incentive Pay- 
ment on Semi-Automatic Machines,” by Mr. T. F. 
O’Connor. Eastern Counties Section: Friday, October 
12, 7.30 p.m., Suckling House, St. Andrews Plain, 
Norwich. Inaugural Meeting. ‘‘ Valid Incentives,” by 
Mr. E. C. Gordon England. 


INSTITUTION OF THE RUBBER INDUSTRY.—Midland 
Section. Monday, October 8, 6.45 p.m., James Watt 
Institute, Great Charles-street, Birmingham. “Some 
Factors Influencing the Road Wear of Tyres,” by Dr. 
R. D. Stiehler. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Central London Branch: Monday, October 8, 7 p.m., 
St. Ermin’s Hotel, Caxton-street, London, S.W.1. 
“Television,” by Mr. G. W. Godfrey. North-West 
London Branch: Monday, October 8, 7.45 p.m., Prince 
of Wales Hotel, Kingsbury-road, London, N.W.9. 
“ Oil Switchgear Failutes and Their Causes,” by Mr. N. 
Elliott. South-West London Branch : Tuesday, Octo- 
ber 9, 8.15 p.m., St. George’s Hall, St. George’s-road, 
WwW imbledon. “High Frequency Heating,’ by Captain 
J -W harton. Bradford Branch : Wednesday, October 10, 
7.30 p.m., Midland Hotel (Room 14), Bradford. 
Open debate, “ Any Problems.” York Branch: Wed- 
nesday, October 10, 7.30 p.m., Feasgate Restaurant, 
Feasgate, York. “Electric Water Heating,” by Mr. 
Philip Honey. Bristol Branch: Friday, October 12, 
‘.30 D.m., Grand Hotel, Bristol. “ Energy from the 


Atom,” by Mr. A. F. Possnett. Nottingham Branch : 
Friday, October 12, 7.30 p.m., Demonstration Theatre, 
Electricity Showrooms, Smithy-row, Nottingham. 


” Relays and Remote Control,” by Dr.-Ing. W. L. Stern. 


. INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
— 9, 5.30 p.m., Burlington House, London, W.1. 

scussion on “‘ The Education of the Chemical Engineer 
by Part-Time Study.” 


" INSTITUTE OF MARINE ENGINEERS.—Tuesday, October 
“, 9.30 D.m., 85-88, The Minories, London, E.C.3, 

Refractory Materials for Marine Boilers,” by Mr. 
F. H. Clews, 


INSTITUTION OF MECHANICAL ENGINEERS.—Auto- 
en Deion : Tuesday, October 9, 5.30 p.m., Storey’s 
ate, St. James’s Park, London, 8.W.1. Annual General 





Meeting, followed by Chairman’s Address, by Mr. C. B. 
Dicksee. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, October 9, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. Presidential Address by Sir Andrew 
McCance. 

INSTITUTE OF MeETAISsS.—South Wales Local Section : 
Tuesday, October 9, 6.30 p.m., University College 
Metallurgy Department, Singleton Park, Swansea. 
* Metallurgical Problems of Atomic Energy,” by Dr. 
H. M. Finniston. Manchester Metallurgical Society: 
Wednesday, October 10, 6.30 p.m., Engineers’ Club, 
Albert-square, Manchester. Presidential] Address by 
Mr. A. B. Ashton. Liverpool Metallurgical Society: 
Friday, October 12, 7 p.m., Lecture Theatre, Electricity 
Service Centre, Whitechapel, Liverpool. ‘‘ The Problem 
of the High-Temperature Oxidation of Metals,” by 
Professor A. Preece. 


ROYAL AERONAUTICAL SocrETY.—Tuesday, October 9, 
7 p.m., 4, Hamilton-place, London, W.1. ‘“‘ Power 
Operated Controls,” by Mr. C. F. Joy. Graduates’ and 
Students’ Section: Thursday, October 11, 7.30 p.m., 
4, Hamilton-place, London, W.1. “ Airships,” Lord 
Ventry. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Slough Section : 
Tuesday. October 9, 7.30 p.m., Lecture Theatre, High 
Duty Alloys, Limited, Slough. “The Running and 
Feeding of Castings,”’ by Mr. H. B. Farmer. West 
Riding of Yorkshire Branch: Saturday, October 13, 
6.30 p.m., Technical College, Bradford. ‘ Brains 
Trust.” 


Royan Sanrrary Instirute.—London Sessional 
Meeting: Wednesday, October 10, 2.30 p.m., 90, Buck- 
ingham Palace-road, London, S.W.1. “Some Pre- 
liminary Experiments in the Filling of Waterlogged Pits 
with Refuse,” by Mr. A. S. Knolles. 


RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
October 10, 3 p.m., Whitehall, London, 8.W.1. ‘‘ H.M.S. 
Theseus in the Korean War, and some Special Problems 
of Naval Aviation in that Theatre,” by Captain A. 8. 
Bolt. 


INSTITUTE OF PETROLEUM.—Wednesday, October 10, 
5.30 p.m., Manson House, 28, Portland-place, London, 
W.1. Symposium on “ Acid Sludge, its Utilisation and 
Prevention.” 


NEWCOMEN SocreTy.—Wednesday, October 10, 5.30 
p.m., Scionce Museum, Exhibition-road, South Kensing- 
ton, 8.W.7. ‘“‘ Chapman’s Locomotives, 1812-1815,” by 
Mr. E. A. Forward. 


LIVERPOOL ENGINEERING SOCIETY.—Wednesday, Octo- 
ber 10, 6 p.m., 9, The Temple, 24, Dare-street, Liverpool. 
“The Technical Education of the Part-Time Engineering 
Student,” by Dr. R. H. Grundy. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
October 11, 5.55 p.m., 11, Upper Belgrave-street, London, 
S.W.1. Presidential Address, by Mr. Walter C. Andrews. 

INSTITUTION OF CIVIL ENGINEERS.—Birmingham 
Branch: Thursday, October 11, at 6.30 p.m., James 
Watt Memorial Institute, Great Charles-street, Birming- 
ham. Chairman’s Address, by Mr. M. R. Vincent Daviss. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ RHopEsia CASTLE.”"—Twin-screw passenger and 
cargo liner, with accommodation for 530 passengers in 
one class, built and engined by Harland and Wolff, Ltd., 
Belfast, for the Union-Castle Line, London, E.C.3. 
First of a series of three similar vessels. Main dimen- 
sions: 540 ft. between perpendiculars by 74 ft. by 
35 ft. 6 in.; gross tonnage, about 17,300. Parsons 
triple-expansion condensing double-reduction geared 
turbines and three Babcock and Wilcox oil-fired water- 
tube boilers. Trial trip, September. 


M.S. “ PENHIR.”—Single-screw cargo vessel, with 
accommodation for six passengers, built and engined by 
Ateliers et Chantiers de Bretagne, Prairie-au-Duc, 
Nantes, for the Compagnie Nantaise des Chargeurs de 
l’Ouest, Nantes, France. Main dimensions: 249 ft. 4in. 
between perpendiculars by 39 ft. 3 in. by 24 ft. 4 in. ; 
deadweight capacity, 1,650 tons on a draught of 
14 ft. 10 in.; gross tonnage, 1,672. M.A.N. eight- 
cylinder single-acting four-stroke Diesel engine, develop- 
ing 1,800 h.p. Speed in service, 13 knots. Launch, 
September 22. 


S.S. “ BrRUuNswick WuHaRF.’’—Single-screw collier, 
built by S. P. Austin & Son, Ltd., Sunderland, for the 
British Electricity Authority, London, W.1. First 


vessel of an order for three. Main dimensions: 257 ft., 


by 39 ft. 6 in. by 18 ft. 6 in.; deadweight capacity, 
about 2,700 tons on a draught of 17 ft. 1 in. Direct- 
acting triple-expansion steam engine of reheat design, 
developing 800 i.h.p. at 78 r.p.m., constructed and 
installed by George Clark (1938), Ltd., Sunderland, and 
one forced-draught coal-burning boiler. Speed on trial, 
11 knots. Trial trip, September 26. 


PERSONAL. 


Sm JAMES CHADWICK, M.Sc., Ph.D., F.R.S., has been 
awarded the Franklin Medal, the highest honour in the 
gift of the Franklin Institute of Philadelphia, for his 
contributions to the science of radioactivity. 


ATR COMMODORE F.. R. BANKS, C.B., O.B.E., has been 
elected President of the Junior Institution of Engineers, 
39, Victoria-street, London, S.W.1. He will be inducted 
on December 14 by the retiring President, ENGINEER 
REAR-ADMIRAL D. J. HOARE, C.B., M.I.Mech.B. 


Mr. N. P. NEWMAN has been elected chairman of the 
British Valve Manufacturers’ Association, 32, Victoria- 
street, London, S.W.1, in succession to Mr. E. BRUCE 
BALL. 

Mr. K. PRESTON, chairman and managing director of 
J. Stone & Co. (Holdings), Ltd., has resigned from the 
board of the Superheater Co., Ltd., and Mr. W. J. 
Ruston, director of J. Stone & Co. (Holdings), Ltd., and 
chairman of Ruston & Hornsby, Ltd., has been appointed 
in his place. Mr. L. OC. Sourscorr and Mr. E. LAWTON 
have been appointed special directors of the Superheater 
Company. 

Mr. R. G. A. Drwmick, B.Sc., M.I.E.E., A.M.I.Mech.E., 
A.M.I.N.A., has been made manager, industrial motor 
sales department, the British Thomson-Houston OCo., 
Ltd., Rugby, vice Mr. O. A. HALL, M.C., B.Sc., A.M.I.E.E., 
who recently accepted an appointment with B.E.A.M.A. 
Mr. H. R. CANNING, is to take over the position of mana- 
ger of the marine department, previously held by Mr. 
Dimmick. Mr. A. G. W. CANNON, A.M.I.P.E., has been 
appointed manager of the Birmingham works of the 
Company. 

Mr. C. T. ScarF has been appointed chief engineer, 
industrial control department, Metropolitan-Vickers 
Electrical Co., Ltd., Trafford Park, Manchester, 17, as 
from September 1. He succeeds Mr. G. L. NEWMAN, 
who is transferred to the staff of the chief electrical 
engineer, for special duties. Mr. G. D. HARRADINE, 
Assoc. I.E.E., has been appointed assistant sales manager 
in the industrial control department. 


The Minister of Supply has now announced the names 
of the radio-industry representatives on the Radio 
Rearmament Advisory Committee. They are Mr. A. G. 
CLaRK, of the Plessey Co., Ltd., Mr. L. T. Hinton, of 
Standard Telephones & Cables, Ltd., Mr. M. M. 
McQUEEN, of the General Electric Co., Ltd., Mr. F. 8. 
MOcKFORD, of Marconi’s Wireless Telegraph Co., Ltd., 
Mr. E. J. Power, of Murphy Radio, Ltd., Mr. J. W. 
Rinceway, of Edison Swan Electric Co., Ltd., Mr, E. E. 
RosEN, of Ultra Electric Ltd., and Mr. C. O. STANLEY, 
of Pye Ltd. . 

Mr. J. E. ARMSTRONG, chief engineer, Canadian Pacific 
Railway, retired on October 1, after 39 years of service. 
His successor is Mr. R. A. EMERSON, of Montreal. 


Mr. G. N. WARD, M.A., at present a senior lecturer in 
mathematics in the University of Manchester, has been 
appointed to the newly-created chair of mathematics in 
the Department of Aerodynamics, College of A»ronautics, 
Cranfield, Bletchley, Buckinghamshire. He is expected 
to take up his duties in December, 1951. 


Mr. R. S. ATKINSON, A.M.I.Mech.E., A.M.LE.E., 
a generation engineer (operation) in the South Eastern 
Division of the British Electricity Authority, has been 
appointed Group I generation engineer (operation) in the 
London Division. 


Mr. F. H. Exior, assistant for outdoor machinery to 
the executive officer (electrical engineering new works 
and development), Railway Executive headquarters, 
retired on September 19 at the age of 65. 

Mr. M. W. Bartow has resigned his position of sales 
manager to British Electro Metallurgical Co., Ltd., 
Sheffield, to join Foundry Services, Ltd., Long Acre, 
Nechells, Birmingham, 7, as manager of their newly- 
established ferro-alloy division. 

Mr. L. B. STONE, Riversley, Cashes Green-road, Cains- 
cross, Stroud, has been appointed honorary branch secre- 
tary of the Institution of Engineering Draughtsmen and 
Designers, for the Gloucester area. 

Mr. H. C. WEINGARTNER has been elected vice-presi- 
dent and general manager, equipment division, Nationa] 
Research Corporation, Cambridge, Massachusetts, U.S.A, 

SuNvic ConTROIs LTD., have acquired a new factory, 
on the industrial estate at Harlow New Town. The 
works and offices, at 132-135, Long Acre, London, W.C.2, 
have removed to Harlow, but the sales department is 
still at the Long Acre address. The registered office 
remains at 10, Essex-street, Strand, W.C.2. 

To facilitate the development of overseas trade, 
BraprEs & NASH TYZACK INDUSTRIES, LTD., have formed 
a separate company, BRADES & NasH TYZACK INDUS- 
TRIES OVERSEAS, LTD. The directors are L1T.-COLONEL 
R. A. WiaeGrn, Messrs. C. F. N., W. C. L., and PETER 
BovuLtTon, Messrs. G. Howarp and W. TREVOR HEATON 
and Mr. G. L. RowBERRY. Mr. Peter Boulton is manag- 
ing director and Mr. G. L. Rowberry, Brades Steel 





Works, Oldbury, near Birmingham, director in charge. 
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Fie. 1. 


CEMENT-MORTAR LINING OF 
WATER MAINS. 


A MACHINE for applying a cement-mortar lining to 
steel or cast-iron water mains has recently been brought 
to this country from the United States and demon- 
strated to a number of interested engineers. The 
demonstration was arranged by Messrs. John Mowlem 
and Company, Limited, 91, Ebury Bridge-road, London, 
8.W.1, at a Metropolitan Water Board site at Stoke 
Newington, London, where the Board are constructing 
the first section of a 75-in. tunnel main, 224 miles long. 
This main, together with a 60-in. surface pipeline, will 
eventually connect the River Thames at Hampton to 
Chingford reservoirs, and the Board wished to examine 
the Centriline method, as it is called, before deciding 
on the types of pipelines to be used. Fig. 1 shows the 
machine at one end of a 48-in. cast-iron pipe, which 
was placed at ground level for demonstration purposes, 
and Fig. 2 shows it in the 75-in. steel water main 
which has been laid in a tunnel below ground. 

The machine is electrically driven. It runs on three 
rubber-t wheels and is propelled backwards 
through the pipe while the cement-mortar, fed from a 
hopper by a worm, is thrown centrifugally from a 
rotating head (Fig. 1) on to the inside of the pipe. The 
head runs at about 1,000 r.p.m. Two or more arms, 
with trowels attached to their ends, are rotated slowly 
so as to smooth the surface of the mortar after it has 
been applied. The arms are adjustable to suit the 
diameter of the pipe, and by varying the speed at which 
the machine travels the thickness of the lining can be 
controlled. During the demonstration run through 
the 48-in. pipe, the thickness of lining was } in. and 
the speed of travel was over 6 in. per minute, though the 
normal speed for lining varies between 1 ft. and 3 ft. 
per minute, depending on the thickness of the lining 
and the diameter of the pipe. The mortar is mixed in 
a Centriline mixer, using carefully prepared sand and 
cement, and is conveyed through the pipe in small 
trucks to the lining machine ; the trucks are designed 
so that the returning “empties” can be lifted and 
run over the advancing full trucks. The lining machine 
can be steered round bends and kept in line in a straight 
pipe. It can be used in pipes as small as 24 in. in 
diameter, and has been used in a 123-in. pipe. 


The Centriline Corporation, 140, Cedar-street, New ‘ 


York, 6, U.S.A., who are responsible for the process, 
have completed about 1,500,000 linear ft. of pipe- 
lining since the process was introduced in 1935. The 
lining can be applied to cast-iron or steel pipes, including 
smooth-bore welded steel pipes, lock-bar and riveted 
steel pipes, and riveted and wrought-iron pipes. The 














Fie. 2. 


| work can be carried out on new pipes under or above 
ground, or old pipes can be reconditioned. In the 
latter case, the thickness of lining can be adjusted to 
suit the varying conditions throughout the length of 
the pipe, and the Corporation claim that the flow 
capacity of some pipes has been increased by more 
than 100 per cent. due to the improvement in the 
surface of the pipes. The coefficient C (in the Williams- 
Hazen formula) for a 30-in. cast-iron pipe in Atlanta, 
Ga., which was 53 years old at the time of relining, 
was increased from 60 to 142—a gain of 136 per cent. 
The Centriline process prevents corrosion or tuber- 
culation, it stops leaks in steel pipes and in joints, in 
cast-iron pipes, and prevents leakage due to corrosion 











= 





Macurne Reapy For Linina 48-1n. Cast-[RoN WATER PIPE. 





Linnea 75-1n. WaTER MAIN. 


from the exterior. Old pipes are cleaned, generally by 
a hydraulic machine, prior to lining. No compressed 
air is used in mixing or applying the cement-mortar. 





Broapcast NoTIcE OF Power CutTs.—The Bril ish 
Broadcasting Corporation have agreed, at the request of 
the Ministry of Fuel and Powerand the British Electricity 
Authority, to broadcast information about the areas 
which will be affected by electricity cuts a few minutes 
before these take place. From a date to be annou! ced 
later, the warnings may be given on a wavelength of 
1,500 metres at any time between 7.30 a.m. and 12.3 p.m., 
and 3 p.m. and 6 p.m. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMrie Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING ” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :—~ 

For the United Kingdom and all 

places abroad, with the exception 

of Canada 10 0 
For Canada £5 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff are paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME or RECEIPT ror ADVERTISEMENTS, 


oe advertisements intended for insertion in 
€ current week’s issue must be received not later 
than first post Eednesday. 


“a Copy” instructions and alterations to standing 
acvertisements for display announcements must be 
we ed _— 10 days previous to the date of pub- 
cation, otherwise it may be i ibl i 
$rouls tor emmaceeh y impossible to submit 


The Proprietors will not hold themselves responsible 


for advertisers’ blocks left i ir possessi 
eft in 
ince teceme their possession for more 
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DYNAMIC BRAKING OF 
LOCOMOTIVES. 


To show something familiar in a new light, to 
reveal unsuspected qualities, to find interest in things 
that were not thought to be worth looking at—these 
acts of the imagination are characteristic of poets and 
artists rather than engineers and scientists; yet 
the best scientists are poets in their science and the 
best engineers are artists in their engineering. They 
do not accept things as they are, or simply carry 
on where their predecessors left off; they bring 
fresh minds to old problems, and in proportion as 
they challenge accepted beliefs so, with luck, they 
lay the foundations of greater advances. Indeed, 
technological progress may be said to depend on the 
frequency of arrival of newcomers who take past 
learning in their stride and then reach forward 
while their imaginations are still lively. Past 
learning to-day, however, is so vast that it is only 
by the exercise of exceptional intellectual powers 
that the newcomer, who cannot hope to absorb it all, 
can pick out the faulty foundations and proceed to 
build a new structure. 

In engineering, the prospect is not so forbidding 
as in pure science ; a number of advances made on 
narrow fronts can be as profitable as a major sweep 
on a broad front, and the opportunities for improve- 
ments in detail are certainly multiplying, as the 
columns of technical journals show. Some old 
problems remain, though they have been raised 
often before. The brakes of steam locomotives, 
regarded in the light of present-day engineering, 
possess that prime virtue of design, simplicity ; 





but they are crude to a degree which would excite 


more adverse criticism, were they not so familiar. 
The brake-block attached by a single pin to the 
hanger, suspended idly when out of action, and 
pressed against the tyre when the brake is applied, 
is a crude device which has to be renewed frequently, 
wears out the tyre sooner than is necessary, is the 
cause of expensive inspection work, and is respon- 
sible for much of the dust and dirt of railway- 
traffic operation. With steam locomotives, there 
is at present no better method of braking that can 
usefully be adopted for the traffic and tracks of 
British Railways, but with electric, Diesel and gas- 
turbine locomotives, improved methods are widely 
used. In a paper on “ Dynamic Braking of Steam, 
Diesel and Gas-Turbine Locomotives ” which he 
presented to the Institution of Locomotive Engi- 
neers on September 19, Mr. J. L. Koffman reviewed 
the problem. He suggested that the increases in 
train weights and speeds during the past 50 years 
have multiplied by 20 the momentum which has to 
be absorbed in braking. According to some statis- 
tics of pre-war German industry, the cost of the 
energy used to overcome friction amounted to about 
eight times that of lubricating oils, and railways were 


7 |responsible for much of this waste. 


The successful operation of dense railway traffic, 
especially in suburban areas, depends as much 
on efficient braking as on rapid acceleration. Only 
where electric traction is employed, however, has 
any significant advance been made in using a less 
destructive and wasteful method of braking, but, 
as Mr. Koffman’s paper showed, there are improved 
methods for steam and Diesel locomotives, and gas- 
turbine locomotives should be adaptable to dynamic 
braking. The power to be absorbed with modern 
fast and heavy trains is considerable, and the 
temperatures reached on conventional brake- 
blocks are high. Mr. Koffman calculates that the 
braking power of brake-blocks is limited to about 
1,400 horse-power per axle, and the martensitic 
structure which is observed on tyre treads is 
regarded as evidence that a temperature of 
1,500 deg. F. is reached. As this structure is 
generally not more than y, in. deep, it is clear that 
the temperature gradient radially through the tyre 
is very steep. The maximum coefficient of adhesion 
between the wheel and the rail is taken to be 0-15, 
though with dynamic braking this figure might be 
increased to 0-17, according to Mr. Koffman. 
Above 100 miles an hour, the coefficient drops. In 
a paper on ‘The Measurement of the Temperature 
of Sliding Surfaces, with Particular Reference to 
Railway Brake Blocks,” presented to the Institution 
of Mechanical Engineers on November 7, 1947, the 
authors, Dr. R. C. Parker and Dr. P. R. Marshall, 
concluded that the block and tyre undergo thermal 
expansion over localised areas of contact, with the 
result that contact is confined to one or more thin 
strips along the length of the block. The tyre is 
distorted in a complex manner, bulges forming 
between the spokes of the wheel. 

The braking of trains by placing the valve gear 
of the locomotive in reverse was practised from the 
early days of railways, but it is not surprising that 
the overheating of packings, the forcing of gases 
into the boiler and of steam and gases into the 
injector, and the introduction of ash and cinders 
into the cylinders and steam chests “could 
render the locomotive due for overhaul after three 
to four minutes of continuous application.” A 
counter-pressure brake suitable for descending long 
grades must incorporate means for preventing the 
aspiration of combustion gases, providing sufficient 
cooling during compression, preventing gases from 
entering the boiler, and for controlling the pressure 
of the compressed gases. Several methods were 
tried in the middle of the Nineteenth Century, and 
in 1865 M. le Chatelier initiated experiments with a 
counter-pressure brake, using steam as the working 
fluid and introducing water to reduce the operating 





temperature. Although the “drill” that had to be 
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followed to apply or release the brake was rather 
complicated, this system was fitted to several 
thousand locomotives on the Continent. It was 
used particularly on mountain lines in Central 
Europe and in Russia. In this country, it was tried 
on the London and North Western Railway and 
the Midland Railway about 1870, but, according 
to the late E. L. Ahrons, ‘the failure . . . of an 
apparatus which has been successfully used for 
many years in France may be partly ascribed to 
want of care on the part of the drivers.” British 
drivers and firemen, it seems, have always exercised 
a restraining and conservative influence on experi- 
mentally-minded chief mechanical engineers. 

The Riggenbach brake, originally introduced on 
the Vitznau-Rigi rack railway in 1869, uses air as 
the working fluid. The regulator is closed, the 
blast pipe is shut for exhaust purposes, but opened 
by a valve to the atmosphere, and the reversing 
screw is placed in full back-gear. Thus, air is drawn 
into the cylinders, compressed, and then exhausted 
through a restricting valve controlled by the driver. 
A silencer is fitted at the end of the exhaust pipe, 
and boiler water is injected into the cylinders for 
cooling purposes. The application of a simple 
Riggenbach brake is tedious and cumbersome. The 
procedure is: release the wheel brake, open the 
exhaust-air valve, shut the blast-pipe, shut the 
by-pass, reverse the valve gear, apply water injec- 
tion to limit the cylinder temperature to 550 deg. F., 
and then control the braking effort by means of 
the exhaust valve. Releasing the brake requires a 
similar sequence, in reverse. This method is com- 
plicated enough on engines that have to descend 
long gradients continuously, but it is obviously 
impracticable for ordinary traffic conditions. The 
automatic control proposed by Mr. K. Ewald and 
described by Mr. Koffman is ingenious, but is at a 
disadvantage in its large number of moving parts. 
Trains running down gradients of 1 in 16 at speeds 
not exceeding 15 miles an hour can be controlled 
by the Riggenbach brake with slight assistance 
from the ordinary brake, but a heavy train cannot 
be stopped by dynamic braking alone. The chief 
limitation to the power of the Riggenbach brake is 
the high temperature generated. 

Diesel locomotives with electric transmissions 
are readily adapted to dynamic braking by using 
the traction motors as generators and dissipating 
the energy in rheostats. Mr. Koffman, however, 
describes at some length the use of the Diesel engine 
as a compressor absorbing energy and thereby 
braking the train. Braking power is also provided 
by the normal tractive resistance of the train, by 
transmission losses and by the power required to 
drive auxiliaries. Some dynamic-braking tests 
carried out with a six-wheel motor lorry by the 
Ministry of Supply and described by Mr. Koffman 
encouraged the view that the exhaust brake is a 
desirable fitting for heavy road vehicles, particularly 
those intended for use on long down grades overseas, 
where the “fading” of ordinary brakes presents 
difficulties. 

In the gas-turbine locomotive Mr. Koffman sees 
great possibilities for dynamic braking and he 
stresses the importance of considering this feature 
of design in the preliminary stages rather than as 
an afterthought wher the general design of the gas 
turbine has been settied. Referring to the possible 
use of radial inward-flow, or centripetal, turbines 
for railcars of about 300 h.p. to 500 h.p., he points 
out that, for braking purposes, the turbine could 
act as a centrifugal compressor. 

Dynamic braking is justified and often necessary 
on any type of locomotive that is to be used on long 
continuous down grades, but under ordinary condi- 
tions the complication of design and the increased 
capital and running costs are likely to be too much. 
Certainly with steam locomotives it will need to 
be a very simple dynamic brake for it to be 
acceptable to British Railways. 





HOT-DIP GALVANISING. 


Mucn has been written and said about the 
mental attitude of American workpeople and their 
willingness to accept, and make full use of, all 
appliances which assist and increase output. This 
matter might almost be described as the text of 
most of the reports prepared by the productivity 
teams which have visited the United States. Usually 
this phenomenum appears to be accepted as a leading 
factor in American industry without any attempt 
to explain it. If its cause were understood, it might 
help in attempting to create conditions leading to 
the adoption of a similar point of view by British 
labour. It is accordingly of interest that the report* 
of the hot-dip galvanising team does suggest an 
explanation of the American attitude. It is pointed 
out that it is not so many years since pioneers were 
pushing forward into the unknown ; the possibilities 
of expansion seemed to be unlimited, and the idea 
of a constantly expanding market which was created 
still endures. Until recent years, there was a 
copious flow of immigrants who brought with them 
little more than their willingness to work; they 
helped to enforce and sustain the doctrine that 
success in life depends on personal effort. 

This explanation, although interesting, it is to be 
feared, carries no lesson which can be applied in 
this country. There is, however, another factor in 
American industry which is incidentally touched on 
in the report, which does something towards ex- 
plaining the startling difference between the levels 
of United Kingdom and United States outputs. 
The former country has a population density of 
more than 500 per square mile; the latter has one 
of about 45. ~ The large area of the United States 
is also rich in minerals of great variety and this 
natural wealth, coupled with the great areas avail- 
able, for utilisation and exploitation, have resulted 
in practices which may fairly be described as 
industrial extravagance. Concentration on pro- 
duction and neglect of conservation, or far-sighted 
husbandry, may well give figures of output which 
could not be attained in a small country less 
naturally endowed and in which raw materials, 
home-produced or imported, must be used with 
care. One of the striking examples of American 
industrial recklessness was furnished by the destruc- 
tion of the United States softwood forests. That 
country uses half the lumber supply of the world, 
but four-fifths of its newsprint is of Canadian origin ; 
yet there is no evidence of any attempt to restrict, 
say, Sunday newspapers, to a reasonable size. 

There are one or two matters mentioned in the 
hot-galvanising report which illustrate this output- 
at-all-costs attitude of mind. For pickling before 
galvanising, most firms in the United States use 
hot sulphuric acid. The pickle is used until the 
iron content reaches 5 per cent. to 6 per cent. ; it is 
then “‘ dumped in the sewer.” It is stated that in a 
few cases on small rivers or near the Great Lakes, 
“some attempt” is made to neutralise the acid, 
but in general it is run to waste. The formulation 
of regulations concerning the pollution of rivers is 
a matter which is in the hands of the individual 
States, so that the conditions with which a works will 
have to comply will depend on its situation. The 
general question of works effluents is now being 
given some attention in the United States and it 
may be that, in the future, galvanising firms will 
have to pay more attention to the treatment wastes. 
If this were done, it would presumably result in a 
somewhat smaller output of galvanised articles per 
employee. From the point of view of good hus- 
bandry, the present procedure, as the report points 
out, results in a waste of acid. Zinc is another raw 





* Hot Dip Galvanizing of General Work. Report of a 
visit to the U.S.A. in 1950 of a Specialist Team representing 
the Hot Dip Galvanising Industry. Anglo-American 
Council on Productivity. U.K. Section, 21, Tothill- 
street, London, S.W.1. [Price 3s. 6d., post free.] 


material of which the present world shortage may 
affect some examples of American practice. Only 
large galvanisers at present have plant for recovering 
zinc from residues. In this connection, however, at 
least one firm has a zinc-economy incentive scheme 
in operation ; details are given in the report. 

The general conclusions drawn from the tour of 
the productivity team is that, chemically and 
metallurgically, American hot-dip galvanising pro- 
cedure does not greatly differ from British, the 
main distinction being a preference for hot sulphuric 
acid pickling in place of the cold hydrochloric acid 
commonly used in this country. The main reason 
suggested for this difference is the greater cost of 
heating the sulphuric acid in Great Britain. A 
further difference between the practice of the two 
countries is that in America extensive use is made 
of timber for the construction of pickling vats. 
The cost of timber in this country is sufficient 
explanation for this difference in practice. The 
composition of metal in galvanising baths was much 
the same as in Great Britain, but for repetition 
work the galvanising temperature was frequently 
higher. One reason for this appeared to be that 
the baths were relatively small in terms of the 
work passed through them. This involved a rate 
of passage higher than is usual in British practice 
and the bath had to be held at a higher temperature 
to induce a faster absorption of heat. 

One matter which is stressed has formed an item 
in almost every productivity report which has been 
published. This is the lavish provision of handling 
devices of many kinds, such as travelling gantries, 
monorail hoists and conveyors. Much attention is 
also given to special lifting and holding hooks or 
frames designed for the particular class of work 
being handled. Some of them appear to be such 
obvious conveniences that it might be assumed 
that they, or something very like them, would be 
designed. and used in any works. As, however, 
the compilers of the report have thought it desirable 
to deal with some matters of this kind in detail, it 
must be assumed that such appliances are not so 
common in this country as they might be. 

It is a little surprising to read in the report that 
“* There are no arrangements for co-operative metal- 
lurgical research for the American galvanising 
industry comparable with those provided by mem- 
bership of the research associations in Great Britain.” 
Some particular problems such as the corrosion of 
galvanised coatings by water and the continuous 
galvanising of steel strip were being investigated 
under the auspices of the American Iron and Steel 
Institute, but the American Hot Dip Galvanizers’ 
Association has no facilities for conducting research. 
The American Zinc Institute, which acts as a meet- 
ing ground for exchange of technical information, 
has no technical staff. In distinction from this 
state of affairs in the research field, however, the 
team was impressed by the high standard of tech- 
nical knowledge possessed by many of the foremen. 
Most companies went to considerable pains in 
training their supervisors and assistance was 
furnished by the technical services programme of 
the American Hot Dip Galvanizers’ Associations. 
It is proposed in the “‘ recommendations ” contained 
in the report that this particular factor in American 
practice should be copied in this country, and that 
the Hot Dip Galvanizers’ Association should con- 
sider arranging special classes for the instruction 
of supervisors. It is also recommended that 
“‘interchangeability of labour in galvanising should 
be made possible by courses of instruction within 
firms.” This appears a reasonable suggestion and 
the procedure if it were adopted would be of much 
value, but actually it raises the whole question of 
trade demarcation which is such a handicap 
British industry. If the hot-dip galvanising team 
has done anything towards breaking down present 
trade-union rigidity in this matter, it will have 





served many branches of industry as well as its ow2. 
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SummMER ScHoot on SyNTHETIC-RESIN 
ADHESIVES. 


A suMMER school for the reading and discussion 
of papers on synthetic-resin adhesives and their 
applications has been held this year by Messrs. 
Aero Research Limited, of Duxford, near Cambridge, 
from September 23 to 29. Two courses of lectures 
were given in the mornings, in the University 
Department of Engineering, Trumpington-street, 
Cambridge, the courses being of special] interest, 
respectively, to the woodworking industries and the 
engineering, electrical-manufacturing and allied 
industries. The lectures were followed, in the 
afternoons, by demonstrations and practical work 
in the Duxford establishment. The school which, 
we believe, is the first of its kind to have been held, 
was attended by 170 members, about one-third of 
the total number coming from overseas. To mark 
its successful conclusion, a dinner was given at the 
Dorothy Café, Cambridge, on the evening of Friday, 
September 28, at which Dr. N. A. de Bryne, mana- 
ging director of Aero Research Limited, presided. 
Dr. de Bryne proposed the toast of “The Guests ” 
and in doing so, paid special tributes to St. Cather- 
ine’s College for the accommodation provided and 
to the Department of Engineering for the use of the 
lecture rooms and engineering laboratory. The 
response was made by Professor J. F. Baker, O.B.E., 
Head of the Department of Engineering of Cam- 
bridge University, who expressed pleasure that 
people who did something in the world had some 
regard for those who just taught. It had been 
said, however, that his Department did mass- 
production work to the extent of some 200 engi- 
neering graduates in a year; but these were turned 
out only as a semi-finished product. They must 
then go into other hands to be finished. He was 
convinced that post-graduate education was an 
essential part of the education of the engineer. 
Starting with an undergraduate school concen- 
trating on the fundamentals of physical and engi- 
neering science in a course of three years’ duration, 
the products of this school would go out into the 
world, first to undergo a graduate apprenticeship 
and then to take some responsibility in industry, in 
order to learn the nature of the problems encoun- 
tered and the difficulties of applying science in a 
form which industry could make use of. After 
this, the majority would need no further instruction, 
but those who were to occupy the really important 
positions would feel the need for further study, 
and they should return to the University for about 
a year of advanced and concentrated study. Thanks 
to the support of the University Grants Committee, 
a number of universities were now supporting such 
post-graduate courses. At Cambridge, the first 
course, covering structures and materials, would 
open shortly and had been over-subscribed. All 
the experienced engineers required as students had 
been sent by their firms. If the system was success- 
ful, it would greatly reduce the time-lag in passing 
on new knowledge. The only other toast of the 
evening, that of “The University,” was proposed 
by Ing. Don Santiago Garriga, of Madrid, and the 
response to this was made by Captain C. R. Ben- 
stead, M.C. We understand that it has not yet 
been decided whether or not the Aero Research 
Summer school will be held next year, although this 
year’s school has been highly successful from all 
points of view. 

ANNUAL COMPETITION FOR APPRENTICES. 

The Physical Society announce that, as in pre- 
vious years, it will hold a competition in craftsman- 
ship and draughtsmanship in conjunction with its 
annual exhibition of scientific instruments and 
*pparatus, which is due to take place in London in 
April, 1952. The society attaches much importance 
to the maintenance of high standards of craftsman- 
ship and draughtsmanship, and the object of the 
competition, which is open to both sexes but re- 
stricted to those under 22 years of age on March 31 
hext, is to encourage high-grade work by appren- 
tices and learners. The awards are of only nominal 
value, but the standard of work submitted is tradi- 
tionally high and much honour attaches to the 
ees and to their employers or teachers. 

ork may be submitted under the headings of 


scientific instruments and components, tools and 
gauges, optical components and systems, blown- 
glass and silica ware, patterns and functional scale- 
models of scientific interest, and draughtsmanship. 
Employees of firms, research associations and 
institutions which have exhibited at the Society’s 
annual exhibition at least once during the past 
three years, employees in the workshops or drawing 
offices of educational establishments, and students 
attending recognised courses in workshop practice 
or machine drawing at technical schools or colleges 
are eligible to enter. Further details, including 
conditions of entry and entry forms, may be obtained 
from the secretary, Physical Society, 1, Lowther- 
gardens, Prince Consort-road, London, 8.W.7. 
Entry forms will be accepted up to February 21, 
1952. 


HoLLAND-DENMARK SUBMARINE TELEPHONE 
CaBLEs. 


A submarine telephone cable link between Oost- 
mahorn on the north coast of Holland and the 
Danish island of Romo, was officially opened on 
Thursday, September 27, and embodies several 
features of technical interest. The link com- 
prises two coaxial cables, each 142 nautical miles 
long, which were manufactured in this country by 
Submarine Cables, Limited, 22, Old Broad-street, 
London, E.C.2. These cables have an inner coaxial 
conductor, consisting of seven copper wires with a 
total diameter of 0-23 in. over which a single copper 
tape, 0-775 in. wide and 0-015 in. thick, is closely 
wrapped. The interstices of this conductor are 
filled with a viscous compound, and it is insulated 
with two solid coverings of Telcothene, the dia- 
meter of the first being about 0-6 in. and of the 
second 0-935 in. The outer conductor consists 
of a layer of six copper tapes, each of which is 
0-475 in. wide and 0-015 in. thick. These tapes 
are laid directly on the surface of the insulation 
with a lay of about 15 in., and a copper binder tape 
1-375 in. wide and 0-004 in. thick is lapped over 
them. Two servings of tarred jute yarn are then 
applied, followed by an armouring of 15 No. 2 
galvanised iron wires and finally by a second serving 
of tarred jute yarn. The overall diameter of each 
completed cable is about 2 in. and the total weight 
in air is 12-7 tons per nautical mile. Each cable 
will be used for transmission in both directions and 
will provide 36 complete telephone circuits. It will 
embody two submerged repeaters, manufactured 
by Standard Telephones and Cables, Limited, 
Aldwych, London, W.C.2, and these will operate 
in conjunction with special equipment in the two 
terminal stations at Romo and Leeuwarden. The 
signals in both directions will be amplified by the 
same amplifier, frequency bands of 24 to 168 kilo- 
cycles and 208 to 352 kilocycles, respectively, being 
used for this purpose. A power supply for the 
amplifiers will be obtained through the central con- 
ductors of the cables at 260 volts from a battery at 
Oostmahorn, in conjunction with an accurately 
regulated rectifier voltage of about 280 volts at 
Romo, the circuit being completed through the sea. 
The voltage drop across the valve heater supply 
will be employed as the anode voltage. The repeaters 
are fitted with supervisory apparatus, so that the 
gain and linearity of the amplification can be 
measured at the terminal stations. The shore ends 
of the cables were laid by Danish and Dutch cable 
ships and the main cable by H.M.T.S. Monarch; 
the splicing was completed in September, 1950. 
The cables will provide an important link in the 
network connecting the Scandinavian countries 
with the rest of Europe. 


Ture Newcomen Society’s AUTUMN MEETING. 


The autumn meeting of the Newcomen Society 
for the study of the History of Engineering and 
Technology, which was held on Friday, Septem- 
ber 28, was devoted to a tour of the remaining 
traces of the Surrey Iron Railway (the first public 
railway in the world, incorporated 150 years ago) 
and its continuation, the Croydon, Merstham and 
Godstone Railway. Under the guidance of Mr. 
Charles E. Lee, to whose researches much of the 
known history of these railways is due, a party of 
30 proceeded by motor coach from Westminster to 
Wandle Bridge, Wandsworth, where the Surrey 





Iron Railway terminated beside a dock now used by 





the South-Eastern Gas Board, and thence along the 
course of the line to Mitcham, where old plans and 
maps were studied in the office of Messrs. Chart, 
Son and Reading, architects and surveyors, with 
the aid of a commentary by Mr. Christopher Chart. 
The tour was then continued through Hackbridge— 
with a halt to visit the Eagle Leather Works of 
Messrs. John S. Deed and Sons, Limited, at Mitcham, 
containing fulling and other machines driven by 
water wheels—and on to Croydon, where lunch had 
been arranged. In the afternoon, the party 
proceeded along the route of the Croydon, Merstham 
and Godstone Railway (opened in 1805) through 
South Croydon to Purley, where an exhibition of 
maps, rails, sleepers and other relics, assembled in 
the Coulsdon and Purley library by the librarian 
(Mr. K. M. Newbury), is on public view until 
October 20. The remains of a fairly lofty embank- 
ment were inspected in the grounds of Cane Hill 
Hospital, and the railway cutting, containing the 
remains of three overbridges, was followed to the 
terminus of the line in the Greystone Lime Works 
at Merstham, where the members were received by 
Major E. W. Taylerson, M.I.Mech.E. Halts were 
made en route to visit the former “ Fox *’ public house 
(now ‘“‘ Fox Shaw,” the residence of Mr. J. Francis) 
where, on Jwy 24, 1805, Sir Edward Banks, the 
contractor for the line, tested the “ draw-bar pull ” 
of a horse on the railway ; and at Chipstead Church, 
where Banks is buried. His memorial in the church 
includes reliefs of typical arches of Waterloo, 
Southwark and London Bridges, all of which he 
built. 


Tuer ASSOCIATION OF CONSULTING ENGINEERS. 


The report of the Committee of the Association 
of Consulting Engineers (Incorporated) for the 
year ended April 30, 1951, records a total member- 
ship of 327 at the end of the period, an increase of 
24 over the corresponding figure for 1950. The 
number of members of the Association has been 
registered as not exceeding 500, but the Committee 
have power to register an increase whenever they 
think fit. A special committee which has been 
engaged on the revision of the model forms of 
agreement has also dealt with inquiries from 
members regarding the professional rules and prac- 
tice, and negotiated with Government departments 
on these and cognate questions. Agreement has 
been reached with the War Office on a scale of fees 
on a time basis for smal] works. The Institution of 
Civil Engineers are revising their professional rules, 
and as it is desirable that the professional rules 
of the Association and the Institution should corre- 
spond as closely as possible joint discussions on the 
matter are being held. A small committee is pre- 
paring a memorandum of the Association’s views 
on the taxation of professional classes (retirement 
benefits), for submission to the Tucker Committee, 
which is investigating this question. Close touch 
has been kept with the South African Advisory 
Committee, and it is learnt that steps are being 
taken to consider the formation of a South African 
Society of Consulting Engineers. Following on 
Colonel A. 8S. Lowe’s visit to Canada on behalf of 
the Association, the Committee believe that the time 
is ripe for individual members or groups of members 
to consider setting up offices in Canada. 


Srrzet LIGHTING. 


In a circular issued on Thursday, September 27, 
to local authorities throughout the country, the 
Minister of Transport “ views with some concern 
certain tendencies which have developed during the 
past two or three years in the relations between 
Street Lighting Authorities and Area Gas and 
Electricity Boards.” These authorities are therefore 
reminded that new street-lighting works, which 
come under Defence Regulation 56A, should not be 
carried out without the authorisation of his Depart- 
ment. Area Gas and Electricity Boards, and more 
particularly contractors, have no power to give this 
authorisation, even where the lighting is provided 
on a rental basis. It is further recommended that 
when lighting authorities decide upon a new 
scheme, they should purchase and not hire the 
necessary apparatus. They should also bear in 
mind the importance of competitive tendering. 
Moreover, where new or improved schemes of 
lighting are contemplated, the divisional road 
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engineer of the Ministry should be consulted at an 
early stage. Finally, as the Minister attaches great 
importance to the contribution which good street 
lighting, adequately maintained, can make to 
traffic safety, he considers the more closely lighting 
authorities are identified with the administration of 
the lighting systems the more easily will this 
objective be attained. 


THE INSTITUTION OF PRopDUCTION ENGINEERS. 
The annual dinner of the Institution of Production 


shearing stress at the points near the surface are 
not affected appreciably by the relative dimensions 
of the notch when the dimensions of the notch 
are comparatively small compared with those of 
the shaft. This conclusion makes the further 
analysis considerably simpler, since the stream- 
lines for various cases have been investigated 
extensively in the past and those results are 
immediately applicable to the present problem. 





In this manner, the writer derived a formula 
for the maximum stress which occurs at the bottom 


Engineers was held on Tuesday, October 2, at the of the notch, when the depth and the radius of 
Dorchester Hotel, London, W.1, the chair being! curvature of the notch are specified. This formula 


taken by the President, Major-General K. C. Apple- | 


yard, C.B.E. After the loyal toasts had been 
honoured, the President proposed that of “‘ The 
English-speaking Peoples,” emphasising the close- 
ness of the links between them and the common 
desire which animated their respective nationals, to 
be their own masters wherever possible. Com- 
menting on the general tone of the reports by the 
productivity teams which had visited the United 
States, the President pointed out that many British 
firms could do much more to improve their general 
efficiency of production, by the avoidance of waste, 
without incurring any capital outlay. The Hon. 
W. R. Herod, Co-ordinator of North Atlantic Treaty 
Defence Production, who replied, reviewed the 
resources of the peoples forming the North Atlantic 
Treaty Organisation, showing that “the aggregate 
material potentialities are predominantly in favour 
of the N.A.T.O. countries”; though he quoted 
statistics showing that significant increases had 
been made by the U.S.S.R. in the production of 
steel, coal, oil and electric power supplies. Com- 
paring the resources of the two groups of nations— 
the twelve N.A.T.O. countries, and the U.S.S.R. 
and its satellite territories (excluding China)—Mr. 
Herod said that the respective populations were 
about 340 millions and 300 millions ; the ratio of 
incomes was about 3 or 4 to 1, and of steel pro- 
duction and electricity production, 4 or 5 to 1, and 
in ‘“‘ total energy used for productive purposes . . 
electrical, mechanical, animate and inanimate, 
about 3 to 1 in 1948, the most recent year for which 
figures were available. It would appear, however, 
that the Soviet Union had increased its industrial 
production in 1950 about 23 per cent. over the level 
of 1949, and 73 per cent. over that of 1940. On the 
invitation of the President, Mr. Barry Benson, 
Commercial Attaché at the United States Embassy, 
made a farewell speech to the members before 
leaving London for another appointment. Sir 
Cecil Weir, K.B.E., responded to the toast of “‘ The 
Guests,” proposed by Mr. Harold Burke, vice- 
chairman of the Institution Council. 


. 
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LETTERS TO THE EDITOR. 


MAXIMUM TORSIONAL STRESS IN 
A GROOVED SHAFT, 


To THE Eprror oF ENGINEERING. 

Str,—The torsion problem of a bar with varying 
circular section has been treated by several investi- 
gators from early times. Usually, the solution 
covering all points in a shaft is found first and then 
the maximum stress is obtained. Accordingly, the 
analysis is generally complicated and so only a few 
cases have been treated completely. It is essential 
from the technical point of view, however, to find the 
stresses around a notch rather than the stresses at 
every point in a shaft, This induced the writer to 
propose a simple method for the approximate 
determination of the stresses and torsion on the 
surface of a shaft with a circumferential notch. 
In this method the lines of shearing stress near the 
surface are replaced by the corresponding stream- 
lines of a two-dimensional uniform flow in an infinite 
domain. Theoretically this approximation is per- 
missible only in the limit where the dimensions of 
the notch are infinitely small compared with those 
of the shaft. 

As an example, the problem of a shaft with a semi- 
circular notch was solved numerically. Contrary 
to expectations, the results agreed closely with those 
of the exact solution, even when the notch was 





moderately large. This shows that the lines of 
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where rmax. is the maximum stress, T is the twisting 
moment acting on the end of the shaft, r is the radius 
of the shaft, 6 is the depth of the notch and p is the 
radius of curvature at the bottom of the notch. 
For a semi-circular notch, the formula (1) 
becomes 
4T 


ar(r —b)* 
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Tmax. = 


The values of the maximum stress for various 
values of -, calculated from (2), are shown by a 


curve in the accompanying figure. The results 
obtained earlier by other investigators are also 
shown in the same figure. From the figure, it will 
be seen that the approximate values of the maximum 
stress, calculated from (2), agree more closely with 
the exact ones obtained by Willers, than do those 
of any of the previous investigators. Formula (1) 
has been derived from the result for a semi-elliptic 
notch and is given in a form covering all values of the 


ratio -. The validity of the formula, however, 


b 
is restricted to the case of moderate values of - 


(which are likely to be those of practical importance), 
since its accuracy is confirmed only for the particular 
caseb=p. A detailed report on the subject will be 
published later in a periodical for applied mechanics. 
The other work referred to is by F. A. Willers, 
Z. Math. Phys., Bd. 55, 8. 251 (1907) ; R. Sonntag, 
Z. angew Math. Mech., Bd. 9, S. 3 (1929); and 
H. Neuber, Kerbspannungslehre, S. 127 (1937). 
Yours faithfully, 
H. Oxvso, 
Professor. 
Institute of High-Speed Mechanics, 
Tohoku University, 
Sendai, Japan 





BOILER AND TURBINE TESTING. 


To THE Eprror OF ENGINEERING. 

Sir,—I was very interested in the letter contri- 
buted by Sir W. Valentine Ball, on page 404 of 
your issue of September 28. In compiling the 
history of the first municipal electricity undertaking 
(Bradford), parts of which have already appeared 
as a series in the Journal of the Electrical Power 
Engineers’ Association, I came across the name of 
Mr. John Waugh a number of times in connection 
with the testing of steam plant. His reports were 
clear and straightforward and his replies to laymen 
members of the Gas and Electricity Supply Commit- 
tee (there was no Electricity Committee in the early 
years, 1889-1899) were delightfully to the point. 

Yours faithfully, 
T. H. Carr, M.I.C.E. 
Bradford, 
October 1, 1951. 





ELECTRIFICATION OF RAILWAYS 
IN GREAT BRITAIN. 


To THE Eprror oF ENGINEERING. 


Stmr,—In your issues of March 30 and April 13, 
1951 (pages 386 and 445), you give an abstract of 
Electrification of Railways, the report of a committee 
appointed by the Railway Executive and the London 
Transport Executive. Engineers interested in and 
working with railway electrification consider that 





some statements in this report would possibly 
mislead your readers. For instance, in any elec. 
trification scheme, the cost of the overhead equip. 
ment is a major portion of the total capital cost 
and thus any substantial reduction in this cap 
affect a decision on economic grounds for any 
particular system. 

Every railway that has so far adopted the high- 
tension single-phase system has found that the cost 
of the overhead equipment has been half, or less 
than half, that required for a direct-current scheme, 
A further substantial saving has been shown on the 
cost of alternating-current substations due to the 
better utilisation and consequently smaller number 
of these. It is for these reasons that railways have 
been able to justify an alternating-current system. 
It is, therefore, amazing to find in the report that 
the committee consider that alternating-current 
overhead track equipment is just as costly as that 
provided for direct current. The cross-sectional 
area of copper required is a function of the current 
flowing in the conductors, which is likewise a 
function of the voltage of the system. The copper 
required for an alternating-current system is thus 
frequently found to be one quarter that necessary 
for a direct-current system. With copper prices at 
the present level and with a reduction in the size of 
supporting structures possible, the cost of overhead 
equipment must very obviously be considered less 
than that required for any direct-current system. 

The committee again seems to have been at some 
pains to show that the world trend to-day is away 
from alternating-current systems. The reader is 
led to believe that during the last 20 years the only 
railways (with three exceptions) to decide on 
alternating current are those already heavily 
committed to this type of electrification. In fact, 
the very opposite is the case, and countries already 
heavily committed to direct-current schemes, such 
as France and New Zealand, have decided that 
future electrifications will be on the high-tension 
single-phase system. Quite possibly direct current 
is the correct choice for Great Britain, but it should 
be possible to justify that decision on its merits 
and not be necessary to belittle the universally- 
accepted advantages of another system. There was 
a time when alternating-current locomotives cost 
quite a percentage more than their corresponding 
direct-current alternatives. When this was true, 
then obviously the traffic density of any scheme had 
a large bearing on the choice of a system. The 
additional cost of rolling stock, if large quantities 
were required, could quite easily outweigh the 
savings obtained from the less expensive overhead. 
However, even this excuse can no longer be used, for 
several Continental manufacturers are now in a 
position to quote for alternating-current loco- 
motives at a lower price than the equivalent direct- 
current locomotives. 

The single-phase alternating-current system of 
railway electrification has come to stay, and many 
readers will come to regard the Electrification Report 
as the swan song of a system that few will soon be 
able to afford. 

Yours faithfully, 
C. A. MACKERSEY, 
A.C.S.E., M.1.E.E, 
Electrical Engineer. 
New Zealand Government Railways, 
Wellington, C.1, 
New Zealand. 
September 27, 1951. 
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MR. J. E. MACLAREN. 


Ir is with much regret that we record the death 
on October 2, at his home in Birmingham, of 
Mr. J. E. MacLaren, managing director of the 
B.S.A. Tools group of companies. Mr. MacLaren, 
who was only 53 years of age, had been in rather 
indifferent health for a year or more, but his death 
was unexpected and will be widely regretted. 

James Edward MacLaren was born in Nova Scotia 
on November 4, 1897. He received his general 
education in the town of New Glasgow and in the 
United States, at schools in New Hampshire and 
Rhode Island, and his technical education at the 
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technical college of Providence, Rhode Island. His 
apprenticeship was served with the Brown and 
Sharpe Manufacturing Company, which he left in 
1917 to come to England, taking up an appointment 
in 1918 as instructor in a Ministry of Munitions 
training centre. On the conclusion of the first 
World War, he was engaged by Buck and Hickman, 
Limited, as sales manager, especially for Brown and 
Sharpe tools, a position which he held with notable 
success for 19 years. In 1938, he was appointed a 
director of the firm, and remained on the board 
until 1946. In 1945, he went to Iserlohn, Germany, 
as deputy chief, under Sir Percy Mills, of the 
Economic Division of the Control Commission. 
He had previously served, during the war, as 
chairman of the Machine Tool Committee for the 
Midland Area, from 1939 to 1941; and, from 1941 
to 1944, as Regional Controller for the Ministry of 
Supply, for the same area. 

In 1946, on his return to England, Mr. MacLaren 
was made managing director of the B.S.A. Tools 
group of companies, comprising B.S.A: Tools, 
Limited, the Index Automatic Machine Company, 
Burton Griffiths and Company, the Leo C. Steinle 
Company, Cardiff Foundry and Engineering (1947), 
Limited, and B.G. Machinery, Limited. He con- 
tinued to hold that office until his death. In addi- 
tion to his duties as managing director, he was active 
in many associated directions, being a member of 
Council of the Gauge and Tool Makers’ Association, 
and of the Machine Tool Trades Association ; as 
Sir Patrick Hannon disclosed in an appreciation 
which appeared in The Times yesterday, he would 
have become President of the latter Association, 
had he lived. He was also a member of the 
Institution of Mechanical Engineers and of the 
Institution of Production Engineers, of the American 
Society of Mechanical Engineers, and of the Institute 
of Welding and the Institute of Industrial Adminis- 


tration. 





MAJOR L. DE ZINOVIEFF. 


WE regret to record the death at the early age of 
forty-six of Major Leo de Zinovieff, who was one of 
the victims of the railway accident at Weedon on 
Friday, September 21. 

Leo de Zinovieff was born in Russia on Feb- 
ruary 13, 1905. After being educated privately, he 
attended the City and Guilds (Engineering) College, 
London, and obtained the diploma of associateship 
in 1925. He received his practical training with 
Siemens-Bau-union and was subsequently engaged 
with them as chief assistant to a sectional engineer 
on the construction of the River Shannon Hydro- 
Electric Scheme. While holding this position, he 
worked on a five-mile stretch of the head race and 
prepared designs for the necessary retaining walls, 
locks and bridges. After being associated for 
short periods with Messrs. Christiani and Neilsen, 
Limited, and Messrs. Bierrum and Partners as a 
reinforced-concrete designer, he began to practice 
as a consulting engineer in 1932. A year later, 
however, he joined Flooring Contracts, Limited, of 
which firm he later became chief engineer and 
director. From 1936 to 1940, he was technical 
director and chief engineer of Messrs. MacLeod and 
Zinovieff, Limited. . 

In 1940, he joined Messrs. Sandford Fawcett and 
Partners as chief assistant engineer. During the 
last three years of the war, however, he served 


first with the Royal Marines (Engineers) in Iceland, 


where he was responsible for the construction of 
aerodromes and piers, and then with a special 
engineering section of the Admiralty, which was 
engaged on work in connection with the “ Over- 
lord” operations. He rejoined his firm on the 
conclusion of hostilities and became a partner in 
1948. He was responsible for the structural work at 
a number of large water-supply, sewage-dis posal and 
flood-relief works, including the Maple Lodge 
Scheme of the Colne Valley Sewerage Board, near 
Rickmansworth. He was also engaged on the 
design of a new sewage-treatment works at St. 
Helens, the effluent from which will be used for 
cooling in the new 60-MW power station of the 
British Electricity Authority at Bold. 

Major Zinovieff was elected an associate member of 
the Institution of Civil Engineers in 1930 and was 
transferred to the class of members in 1947. 





THE SIXTH INTERNATIONAL 
CONFERENCE OF SHIP TANK 
SUPERINTENDENTS. 


THE practice of holding periodical conferences of 
the Superintendents of the numerous ship-model 
experiment tanks was initiated before the war, 
but naturally fell into abeyance while hostilities 
continued. After the war, however, the conferences 
were resumed, to the great benefit of those who have 
to compare results from different tanks, and to 
co-ordinate programmes and methods of research. 
This year, for the sixth Conference, the United 
States, as the host country, invited to Washington 
delegates from the organisations possessing experi- 
ment tanks or having a special interest in ship and 
ship-model research. The next Conference is to be 
held in 1954, at Gothenburg. 

The sixth Conference opened on September 5 with 
a visit to the David W. Taylor Model Basin at 
Carderock, Maryland, and was followed by a 
reception given by the Secretary to the United 
States Navy, the Hon. Dan A. Kimball. The 
representative British delegation included Dr. J. F. 
Allan and Dr. G. Hughes, from the Ship Division, 
National Physical Laboratory ; Mr. R. W. L. Gawn, 
O.B.E., from Haslar ; and Professors L. C. Burrill, 
A. J. Sims and E. V. Telfer. Mr. F. 8. Burt, of the 
Royal Naval Scientific Service, also attended, and 
Mr. K. C. Barnaby, Mr. J. M. Ferguson and Mr. 
W. P. Walker represented, respectively, the private 
firms of J. I. Thornycroft and Company, John 
Brown and Company, and William Denny and 
Brothers, Limited. 

Among well-known European delegates were 
Professors M. L. Acevedo, F. Horn, E. Hégner, J. K. 
Lunde, C. W. Prohaska, L. Troost, H. F. Nordstrom 
and G. Vedeler ; together with Mr. W. P. A. van 
Lammeren and Mr. L. Pehrsson. The American 
Towing Tank Conference was, of course, especially 
well represented. The David W. Taylor Model 
Basin, a most impressive establishment, possesses 
the two largest towing tanks in the world. The 
larger of the two is about five-eighths of a mile in 
length, and the instrumentation and workshops, 
etc., are on a similar vast scale. The chief naval 
architect at the “‘D.T.M.B.” is Dr. F. H. Todd, 
who was for many years at the National Physical 
Laboratory before going to Washington. 

The next two days, September 6 and 7, were 
occupied by meetings of the Society of Naval 
Architects and Marine Engineers. These did not 
form part of the Conference proper, but they 
served as a useful curtain-raiser, especially as several 
papers dealt with tank subjects. The opening 
papers on Thursday morning were by Professor 
J. K. Lunde and Dr. René Guilloton, the latter being 
ably read, in the absence of the author, by Professor 
B. V. Korvin-Kroukovsky. Both papers dealt 
with methods of calculating the wave resistance of 
ships, Professor Lunde dealing with “‘ The Linearised 
Theory of Wave Resistance for Displacement Ships 
in Steady and Accelerated Motion,” and Dr. Guillo- 
ton with a “ Potential Theory of Wave Resistance 
of Ships, with Tables for its Calculation.” While 
very great progress has been made since the original 
proposals of J. H. Michell in 1898, it is doubtful, 
however, if these decidedly abstruse methods will 
ever replace the comparatively simple tank test. 

The afternoon papers did not require the considera- 
tion of such advanced mathematics. Mr. Allan B. 
Murray, Mr. Edward V. Lewis and Professor B. V. 
Korvin-Kroukovsky, who are all associated with the 
Stevens Model Basin, were the joint authors of a 
paper dealing with “ Self-Propulsion Tests with 
Small Models.” They did their best to dispel the 
prevalent belief that, because of scale effect, the 
results with very small models were unreliable. 
Mr. R. W. L. Gawn then dealt with “ Results to 
Date of Comparative Cavitation Tests of Propellers.” 
This was in the nature of an interim report, but 
interesting comparisons were made of results at 
Haslar, Carderock, Teddington, Massachusetts, and 
Kristinehamn. Mr. Gawn was followed by Professor 
Telfer, whose paper was entitled “‘ Economic Speed 
Trends.” This was a useful reminder that model 
tests can only supply part of the answer to a ship- 
owner’s problems. 


The morning papers on Friday, September 7, 
were “Manceuvring of Ships,” by Captain R. Brard, 
of the Paris Model Basin, and “‘ The Organisation 
of Merchant Shipbuilding Research in Great 
Britain,’ by Dr. 8. Livingston Smith, Research 
Director of the British Shipbuilding Research 
Association. The latter paper was especially 
appreciated, as it appeared that, in the United 
States, there is no organisation comparable with 
the B.S.R.A.; research is mainly in the hands of 
the Navy, with specific work entrusted to the 
Stevens tank or to various university groups. 

The closing papers of the meeting both dealt with 
Conference subjects, namely, “‘ Turbulence Stimu- 
lation on Ship Models” (by Dr. G. Hughes and 
Dr. J. F. Allan), and “ Skin Friction Resistance 
and the Effects of Surface Roughness ” (by Dr. F. H. 
Todd). These papers undoubtedly influenced Con- 
ference decisions. The Society’s very successful 
two-day meeting closed with a cocktail party and 
reception, followed by an informal dinner. 

The Conference of Ship Tank Superintendents 
opened on September 10 and lasted a full week. The 
subjects discussed were under the seven headings of 
(1) Reynolds Number for model propeller experi- 
ments ; (2) skin friction ; (3) comparative cavita- 
tion tests on propellers ; (4) turbulence stimulation 
in models tests ; (5) scale effect on self-propulsion 
factors ; (6) sea-going qualities of ships ; and (7) the 
presentation of resistance and propulsion data. 

At each session, the proceedings were opened by 
the presiding officer and the special reporters for 
the subject in question. Formal written statements 
were then read by the delegates and these were 
followed, after a short recess, by a more informal 
discussion. In contrast to the usual methods of 
the Institution of Naval Architects, where pre- 
pared statements are discouraged, this meant that 
the same delegate usually spoke twice on each 
subject. The summaries leading to the agreed 
decisions commenced on Friday, September 14. 
These final sessions were under the able guidance 
of Captain H. E. Saunders, U.S.N. (ret.), Technical 
Assistant to the Chief of the Bureau of Ships. The 
more important decisions, numbered to agree with 
the headings above, were as follows. 

(1) A proposed minimum propeller diameter of 
8 in. for self-propulsion tests was not accepted, 
but the Conference affirmed its belief that the 
performance of marine propellers could be pre- 
dicted with practical accuracy from self-propulsion 
tests. The Conference recognised the need for 
further experiments on scale effect, and four testing 
establishments agreed to co-operate with the testing 
of propeller “ geosims,” i.e., propellers of the same 
design but to different scales. Points of special 
importance in such testing, it was emphasised, were 
the insuring of completely laminar flow and the 
effect of surface roughness. 

(2) The problem of skin friction was, perhaps, 
the most important as well as the most controversial 
of the subjects discussed. It will be remembered 
that, at the last Conference, the American delega- 
tion made a strong plea for the adoption of the 
Schoenherr formulation in place of tne Froude 
constants which had been used so long. The 
decision then arrived at was that it was recognised 
that the general basis of the Schoenherr constants 
was correct in being based on Reynolds Number 
and that it was necessary to change to this basis. 
At the same time, they could not agree, without 
further investigation, to this special formula with a 
proposed roughness allowance of 0-0004. It was 
decided, therefore, to permit the use of both types 
of friction calculation. While this was a breakaway 
from the rigid position of the earlier Paris Con- 
ference, it was not altogether satisfactory. 

The decisions of the 1951 Conference were that, 
in view of the large number of relevant investiga- 
tions proceeding in different countries, the present 
alternative use of the Froude and Schoenherr 
coefficients should continue ; and that the evidence 
available at present was insufficient to justify any 
change in the ship roughness allowance of 0-0004 
used in association with the Schoenherr curve, 
when applied to clean new ships. It was also 
agreed that in all published work, model or ship 
data should be corrected to a standard temperature 
of 59 deg. F. (15 deg. C.). The correction should 





be that agreed upon at Paris when the Froude 
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coefficients were employed, and with the Schoenherr 
method it should be made by the correct value of 
the kinematic viscosity in the Reynolds Number. 
The length to be used should be that on the load 
waterline ; the wetted surface to be used should 
be calculated without any correction for fore and 
aft obliquity (i.e., it should be the product of 
girth and length) and that the values of kinematic 
viscosity and mass density approved by the 
American Towing Tank Conference should be used. 

(3) No change in the standard cavitation number 
was proposed, despite views that radial velocity 
and, alternatively, the gas content ought to be 
included. The permanent Cavitation Committee 
were instructed, however, to consider the plotting 
of some results on the basis of a cavitation 
number to include the gas content. 

On (4), no very definite recommendations were 
made. In the course of the discussions, it was 
generally agreed that internal stimulation was more 
satisfactory than external. The main advantage 
of the external method of using struts is, of course, 
that the additional resistance is not necessarily 
included with the model as in the case of trip wires 
or pins. Though trip wires have been so widely 
used, there was agreement with the preference of 
the National Physical Laboratory for pins. “‘ Over- 
stimulation,” it was decided, was to be examined. 
This term is generally considered to mean the 
supply of more energy to the boundary layer than 
is required to effect complete turbulence. 

(5) The Conference considered that “the pro- 
gramme of geosim experiments outlined by the 
Netherlands tank, to be carried out on a Victory 
ship series, is of the utmost value in connection 
with our understanding of the fundamentals of 
propulsion scale effect.’’ Various detailed sugges- 
tions were also made regarding the need for the 
utmost accuracy in geometrical similarity, etc. 

(6) Some doubts had been expressed, whether 
“The Seagoing qualities of Ships” formed a suit- 
able subject for such a highly specialised Confer- 
ence, and whether it was not outside its scope. 





“ KENYA.” 








Fie. 20. Bomezr Room. 


The agreed decision was that ‘‘The Conference 
recognises seaworthiness as a subject coming within 
the field of its interest. Its concern is primarily 
with the model testing aspects of the subject, but 
it accepts the importance of maintaining close 
liaison with studies of full-scale ships at sea.” 

The Conference recognised that much work 
remained to be done with existing types of facilities, 
involving waves having a single component, but 
that the logical next step was to introduce waves 
having two or more components, travelling in the 
same direction. Professor K. 8. M. Davidson had 
put in a plea for more complex waves involving com- 
ponents in different directions ; the objection to 
this proposal was the necessity for wider tanks than 
are available at present. 

Under the heading (7) ‘‘ Presentation of Resist- 
ance and Propulsion Data,” a number of detailed 
recommendations were made. A _ very _inter- 
esting point was the statement that “ For com- 
parative purposes, the Conference is of the opinion 


that the Froude and («) constants provide 


a suitable basis for defining the merits of different 
hull forms of the same or nearly the same displace- 
ment.” Thus, though the Froude friction method 
seems to be nearing its end, the Froude circular 
constants are to take on a new lease of life. Up 
to now, they have not been widely used outside 
Great Britain as the Taylor method for calcu- 
lating residuary resistance as a separate item has 
been preferred, especially in the United States. 
A valuable recommendation was that a list of 
symbols proposed by the Interim Committee was to 
be accepted as a tentative international standard 
for use in all published work. This list and the 
B.S.R.A. list of symbols are now in very good 
agreement. This satisfactory result is due to 
efforts on both sides of the Atlantic, notably by 
Captain Saunders in the United States and by the 
B.S.R.A. and Mr. J. M. Ferguson in Great Britain. 
The very complete survey by Sefior Acevedo, of 
the Madrid tank, was also helpful. 








THE PASSENGER AND 
CARGO LINER ‘ KENYA.”’ 


(Concluded from page 394.) 


WE conclude below our description of the liner 
Kenya, built and engined by Barclay, Curle and 
Company for the British India Steam Navigation 
Company’s service between London and East Africa, 
by giving particulars of the main propelling machi- 
nery and auxiliaries, illustrated by Fig. 20, on 
this page, and Figs. 21 to 32, on Plates XXXII to 
XXXIV. 

The main engines, of 11,200 shaft horse-power, 
consist of two sets of Parsons steam turbines, each 
set having a high-pressure, intermediate-pressure, 
and low-pressure turbine, driving through single- 
reduction double-helical gears. The high-pressure 
turbine is of the impulse-reaction type, the reaction 
portion being fitted with stainless-iron end-tightened 
blading. A nozzle belt is fitted for use when the 
maximum power is required. The intermediate 
and low-pressure turbines are fitted with reaction 
blading throughout ; the blading in the intermediate- 
pressure turbine is all of the end-tightened type. 
The propeller shafts, at the service power, make 
125 r.p.m. The astern turbines are designed to 
give a total power of 65 per cent. of the normal 
service power. The high-pressure astern impulse 
wheel is in the intermediate ahead turbine casing 
and separated from it by a diaphragm, and the low- 
pressure astern turbine is at the exhaust end of 
the low-pressure ahead turbine. At the manceuvr- 
ing valves, the steam pressure is about 430 |b. 
per square inch and the temperature about 
750 deg. F. The astern turbines are designed 
to take steam at this pressure and temperature, 
but provision is made, by fitting attemperators 
in the steam drums of the boilers, to give a final 
steam temperature of about 600 deg. F. , 

The superheat temperature is controlled by an oil 
relay system and by means of a cock at the starting 
platform, the relay valves in the boiler room admit- 
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TWIN-SCREW PASSENGER AND CARGO LINER “KENYA.” 


BARCLAY, CURLE AND COMPANY, LIMITED, GLASGOW. 
(For Description, see Page 438.) 





Fie. 21. Starting PLatForM. 
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Fig. 23. SECTION THROUGH ENGINE ROOM BOILER ROOM & UPTAKES. 1,26. 











- a ae 
Induced 
Draught 








- AC.L. of 
J. ( Funnel 















Exhaust 
Vent 
























Lub. Oil 
Distilled 
Tank oe 


| 

| 

\ : Air 
\~ Heater 
/ —— /T | 





\ 
Refrigerating! 
Machinery | 

' 







Storage 
Tank. 
thay sal 












Lub. rn 
Oil 5/\ 








Water Tube 
Boiler 





Generator 

















action 


Lub. Oil 


Drain Tank Cofferdam 








| Cofferdams, 


Fig. 24. PLAN OF ENGINE ROOM & BOILER ROOM. 
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Fig. 30. SECTION THROUGH GENERATOR ROOM 
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BARCLAY, CURLE AND COMPANY, LIMITED, GLASGOW. 
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Fie. 32. GENERATOR Room. 
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ting steam to the attemperators for reducing the 
temperature. The same cock operates the control 
valves in the boiler room, to shut the steam off from 
the attemperators and supply steam at full superheat 
to the turbines. The turbines are operated by 
Cockburn manceuvring valves, mounted with the 
ahead and astern valves in one casting, and there 
js a separate master shut-off valve on the astern 
range. Aspinall governor gear is fitted, and 
operates through the forced-lubrication system which 
supplies lubricating oil to the bearings of the 
turbines and gears; sprayers supply oil directly 
to the gear teeth. The turbines are stopped 
automatically if, from any cause, their speed 
exceeds a predetermined limit, or if the oil supply 
should fail, or if the vacuum in the condenser 
becomes too low. A hand control valve is fitted, 
so that the turbines can be stopped quickly in an 
emergency. 

Steam is supplied by three Babcock and Wilcox 
boilers designed tor a working pressure of 480 lb. 
per square inch, and having a total heating surface 
of 21,117 sq. ft. They burn oil fuel under a 
balanced-draught system. There are three forced- 
draught fans, one for each boiler, and a single 
induced-draught fan, capable of dealing with the 
waste gases of all three boilers at maximum evapora- 
tion. This fan discharges through a Howden dust 
collector of the latest dry type, which extracts all 
grit and soot from the waste gases. The grit and 
soot are discharged into a hopper flushed with sea 
water, and the mixture is led overboard below the 
sea level. Because of the corrosive nature of this 
mixture, the discharge pipes and valves normally 
have to be rubber-lined, but in the Kenya special 
rubber hose with embedded armouring has been 
adopted instead of rubber-lined steel pipes. 

The closed-feed system is of Messrs. G. and J. 
Weir’s latest design, with motor-driven condensate- 
extraction pumps; there are two of these pumps, 
one for each set of engines, each being capable of 
dealing with the condensate from the two sets of 
turbines. These pumps discharge through the 
usual air ejectors, gland-steam ejector and con- 
denser, and drain cooler to the main feed pumps, 
which are turbine-driven and exhaust to the low- 
pressure feed heater. The feed-heating is in two 
stages, the high-pressure heater receiving bled 
steam from the intermediate-pressure turbine at a 
pressure of 90 Ib. per square inch absolute. The 
supply of bled steam can be augmented by live steam 
if required. 

The auxiliary machinery, comprising main 
circulating pumps, forced-lubrication, ballast, bilge 
and fire, fresh-water, hot salt water and sanitary 
pumps, etc., are all electrically driven, and are all 
supplied by Drysdale and Company, Limited. 
The pumps which discharge overboard have push- 
button stops fitted in a convenient position at the 
boat deck, so that, should it be necessary to use the 
lifeboats, in an emergency the pumps can be 
stopped to prevent the discharge flooding the life- 
boats. The fresh-water supply, both hot and cold, 
operates on Messrs. Drysdale’s “ Pneupress ” 
system, and the pumps supplying the water start 
and stop automatically. There are two pumps ; 
should one be unable to cope with the demand, 
the second pump automatically comes into action. 
The sanitary and salt-water system is also automatic, 
but in this case a supply tank is fitted high enough 
in the ship to give a suitable delivery at the highest 
tap in the ship. The sanitary pumps are auto- 
matically started and stopped, according to the 
level of the water in the tank. The power for these 
pumps, the steering gear, and the deck machinery 
and services is supplied by five Diesel-driven 
generators, each of 390 kW capacity, built by 
W. H. Allen, Sons and Company. Three generators 
are capable of meeting the maximum electric load. 
There is also a 50-kW emergency set. There are 
about 500 electric motors in the ship. The genera- 
tors are installed in a separate compartment between 
the engine and boiler rooms, as shown on Plate 
XXXII, with the switchboard fitted behind and on 
the same level as the starting platform, as can be 
seen in Fig. 21, on Plate XXXII. 

For the ventilation of the machinery space, 
an installation of Thermotank fans and trunking 
has been fitted. There are four torpedo-type 
motor-driven fans in the engine room, each capable 


of delivering 20,000 cubic feet of air per minute 
at a pressure of 14 in. water gauge. Branches are 
led into the generator room, and there is also an 
extraction fan for removing foul air from this com- 
partment. For the boiler room, two fans are fitted ; 
these also are of the torpedo type and each delivers 
20,000 cubic feet of air per minute. Trunks are 
led to all points where the air might otherwise 
become too hot or stagnant. A feature of the 
system is that there are no cowls on the vent 
intakes ; the openings are in the form of spray and 
rain screens which prevent water from entering the 
air trunks. In the engine room, they are arranged 
on the casing sides, and for the boiler-room vents 
the screens are fitted on the side of the funnel. 

Dampers are fitted in each ventilation trunk and 
are geared so that the air supply to the machinery 
space can be cut off in case of fire. The operating 
gear is fitted outside the machinery space, to be 
accessible in any circumstances. Any fire which 
might be started by oil escaping from pipes or 
tanks in the machinery space can be controlled by 
shutting off all connections to the oil tanks by quick- 
closing valves, which can be instantly shut from a 
position outside the machinery space. In addition, 
a fire foam system of the Pyrene type is fitted, which 
can completely cover the area of the boiler room. 
Two 30-gallon engines, also of the Pyrene make, are 
installed, together with a number of portable 
extinguishers for dealing with a small outbreak of 
fire. The installation includes pressure alarms, low- 
level alarms for the boilers, distance-reading water- 
level indicators and temperature gauges, salino- 
meters and electric torsionmeters. 

There is a main CO, refrigerating plant, comprising 
three machines, to deal with the ship’s provisions, 
the cargo spaces and air-conditioning requirements. 
All cargo spaces are air-cooled, and there are five 
insulated spaces with a total capacity of 25,000 
cubic feet. The vessel can carry 9,650 tons dead- 
weight. There are nine insulated ship’s storerooms 
and five insulated cupboards. 





THE OLD CENTRALIANS.—The next monthly luncheon 
of the “‘ Old Centralians ’”—former students of the City 
and Guilds Engineering College—will be held on Monday, 
October 15, at the restaurant “‘ Chez Auguste,” 47, Frith- 
street, London, W.1. Sir Frederick Handley Page, 
C.B.E., F.C.G.I1., will pay a tribute to Professor Silvanus 
Thompson, formerly Principal of the Finsbury Technical 
College, the centenary of whose birth occurred this year, 
on June 19. 





JUNIOR INSTITUTION OF ENGINEERS.—The Council of 
the Junior Institution of Engineers have made a number 
of awards in respect of papers and lectures delivered 
during the session 1950-51. These include the Institu- 
tion Premier Award to Mr. T. F. Luck, for his paper, 
*‘ Engineering Practice in the Production of Tyre 
Moulds”; the Institution Prize to Mr. 8S. J. Button, 
for his paper, ‘‘ Soil Testing and its Application to 
Foundation Problems”; the Vickers Prize to Mr. 
R. A. Benson, for his paper, “‘ The Erection of a Spirally- 
Guided Gas Holder ’’; the Tookey Award to Mr. F. M. 
Panzetta, for his paper “‘ Rubber in Aircraft”; the 
Past-Secretary Dunn Award to Mr. 8. C. North, for his 
“lecturette,” “A Review of Modern Basic Machine 
Tools”; the North-Western Section Award to Mr. 
W. H. G. Powell, for his paper, ‘‘ A Marine Engineer’s 
First Voyage”; and the Sheffield Section Award to 
Mr. G. F. H. Peacock, for his paper, ‘‘ The Science and 
Practice of Dust Collection as Applied to Industry.” 





THE AVENUE COKING PLANT OF THE NATIONAL COAL 
Boarp.—A contract has been entered into between the 
National Coal Board and the Woodall-Duckham Vertical, 
Retort and Oven Construction Company (1920), Limited, 
Brompton-Road, London, S.W.1, for the erection of a 
coking plant at Avenue, Wingerworth, near Chesterfield. 
The installation will consist of 106 ovens with a total 
output of 500,000 tons of coke per annum, as well as of 
large quantities of gas, which will be distributed locally. 
Extensive coal blending facilities and a normal primary 
by-product plant will be provided, and there will also be 
plant for tar distillation, gas purification and sulphuric 
acid manufacture. It is estimated that about three mil- 
lion gallons of crude benzole and six million gallons of 
crude tar will be produced annually. The start of this 
important project was made the occasion of a y 
at the offices of the National Coal Board on Wednesday, 
October 3, when the chairman (Sir Herbert Houldsworth) 
handed the order to proceed to Mr. T. C. Finlayson, 








chairman of the Woodall-Duckham Company. 





FUEL RESEARCH IN THE 
COMMONWEALTH. 


In 1946, the British Commonwealth Scientific Officia] 
Conference met to consider ways for ensuring the 
fullest possible collaboration between the Government 
scientific organisations of the Commonwealth and 
Colonial territories. One of their recommendations 
was that specialist conferences should be held from 
time to time to consider certain scientific fields. In 
1950, therefore, a specialist conference on fuel research 
was held in London, from July 24 to 28, at which 
delegates representing the United Kingdom, Canada, 
Australia, New Zealand, South Africa, India, Southern 
Rhodesia, Central Africa, Nigeria, and the Colonies were 
present ; their report has been published recently by 
H.M. Stationery Office, Kingsway, London, W.C.2, 
price 9d. net. 

They have recommended that a Commonwealth 
Committee on Fuel Research be set up under the chair- 
manship of Dr. A. Parker (who was chairman of the 
specialist conference), with a secretariat in London. 
Future specialist conferences, they consider, should 
meet at intervals of three or four years. The effort 
devoted to fuel research is not sufficient, and the 
conference recommends that its expansion in the 
Commonwealth should be implemented as rapidly as 
possible. The surveys of fuel resources in the Common- 
wealth should if possible, be intensified. In some 
countries there are insufficient facilities for obtaining 
degrees, especially research degrees, externally or by 
part-time university courses, and it is recommended 
that selected research laboratories should be recognised 
as centres at which work for post-graduate degrees can 
be carried out. It is also recommended that fuel 
research organisations should encourage members of 
their staff to enter for post-graduate fellowships and 
scholarships, and, when possible, to take them up in 
other countries. Measures for the revised distribution 
of research reports and the exchange of information 
are recommended, and it is suggested that financial 

rovision should be made by the Commonwealth 

overnments to enable fuel research workers to visit 
other countries to study the latest developments. 

Fuel research in the Commonwealth, it is recom- 
mended, should be divided into broad divisions, each 
under a Chief Co-ordinator, who would arrange for 
periodical reviews to be issued to the London secretariat. 
The following subject divisions are to be set up immedi- 
ately : sampling and chemical analysis, physical testing 
and petrographical work, brown coal, coal washing and 
preparation, gasification, synthetic liquid fuels, indus- 
trial gas turbines, and carbonisation and the production 
of coke. 

The National Coal Board have offered to provide 
Commonwealth countries with a report on the Board’s 
standard techniques for sampling and testing coals 
for washability and for testing coal-washing systems. 
To supplement this report, the Conference have 
recommended that each Commonwealth fuel-research 
organisation should submit a report on its own facilities 
and problems, from which a composite report would be 
drawn up to be circulated to other organisations. 
It is also recommended that, in order to supply a 
basis for research on the production of coke for metal- 
lurgical processes, specifications for the cokes used in 
the various countries should be prepared and circulated 
in the same way. It is considered that there is, at 
present, no need to undertake further experimental 
work on underground gasification, but the question 
shoul:: be reviewed when sufficient progress has been 
made in the investigation carried out by the United 
Kingdom. Each country should, however, continue 
to investigate the complete gasification of coal, coke, 
or lignite for producing town’s gas and other fuel 
gases, and special steps should be taken to ensure 
collaboration and exchange of information ; the United 
Kingdom and Australia should offer guidance on the 
technical and economic aspects of qottllestion. On the 
development of oil from coal by synthetic processes, 
such as the Fischer-Tropsch or hydrogenation processes, 
the Conference consider that additional research work 
should be undertaken by Commonwealth countries. 





CONFERENCE ON ELECTRIC TRACTION AT INDUSTRIAL 
FREQUENCIES.—A conference on electric traction at 
industrial frequencies has been organised by the Société 
Nationale des Chemins de Fer Francais and will be 
held at Annécy from Friday, October 12, to Monday, 
October 15. Annécy is situated on the line from Aix-les- 
Bains to La Roche-sur-Foron, which was experimentally 
converted to 50-cycle electric traction in May. 
Proceedings will be opened by M. Louis Armand, Direc- 
teur Général de la Société Nationale des Chemins de Fer 
Francais, after which papers will be read describing the 
new method of traction, the technical problems to which 
it gives rise,and the present position of the investigations 
that have been made by the railway authorities and the 
manufacturers concerned. Opportunities will be provided 
for inspecting the rolling stock and other equipment, 
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BRITISH STANDARD 


SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued me the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Hexagon Bolts, Screws, Nuts and Washers.—At an 
important conference between industrial and Service 
delegates from the United Kingdom, Canada and the 
United States, held in London in April, 1951, under 
the egis of the British Standards Institution, agreement 
was reached, in principle, on the basic dimensions of 
hexagon bolts, screws and nuts, and overall limits 
were established for two series, namely, normal and 
heavy. Two specifications, embodying the decisions 
of the conference, have just been issued. The first 
is B.S. No. 1768 : 1951 and covers “ Unified Precision 
Hexagon Bolts, Screws, Nuts: Unified Coarse (UNC) 
and Unified Fine (UNF) Threads: and Plain Washers : 
Normal Series.”” The second specification, B.S. No. 
1769, covers the corresponding “Heavy Series.” 
The nominal sizes of the normal series range from 
fin. to 1 in., and the tolerances prescribed are those 
appropriate to engineering work where a good standard 
of dimensional accuracy and performance is necessary. 
The nominal sizes of the heavy series range from } in. 
to2in. The tolerances are somewhat wider than those 
for the normal series, but it is recognised that bolts and 
nuts of the heavy dimensions may be required with a 
higher grade of finish for certain applications. Accord- 
ingly, clauses are included in respect of machined nuts 
and bolts faced under the head and machined on the 
shank. [Price of B.S. No. 1768 (normal series), 3s., 
and of B.S. No. 1769 (heavy series), 2s. 6d., postage 
included in both cases.] 


Carbon-Steel Castings for Surface Hardening.—A 
new specification, B.S. No. 1760, covers carbon-steel 
castings for surface hardening and is one of a series 
under preparation for steel castings for general engi- 
neering purposes. It deals with castings which require 
to be surface hardened by a local heating and quenching 
process. Two grades of steel are specified, namely, 
grades A and B, the first of which is to contain between 
0-40 and 0-50 per cent. of carbon, and to show a tensile 
strength of 40 tons per square inch, and a surface 
hardness, after hardening, of 550 diamond-pyramid 
numbers. Grade B is to contain between 0-55 and 
0-65 per cent. of varbon, and to show a tensile strength 
of 45 tons per square inch, and a surface hardness, after 
hardening of 600 D.P.N. Inspection and testing are 
covered in detail and an appendix contains recommen- 
dations on the repair of castings by metal-arc welding. 
[Price 2s., postage included.] 


Glossary of Terms used in Plastics Industry.—One of 
a series of glossaries of terms used in various industries 
has just been issued. This, B.S. No. 1755, constitutes 
a glossary of terms used in the plastics industry. It 
has been compiled by the British Plastics Federation 
and is to form a basis for discussions on an inter- 
national level by ‘‘ Technical Committee 61—Plastics ” 
of the International Organisation for Standardisation. 
The terms are grouped in sections, to cover chemistry, 
industrial applications, constituents, properties, mould- 
ing processes, and other manufacturing processes. All 
the terms contained in the glossary are fully defined. 
[Price 6s., postage included.] 


Knurling Wheels.—Prepared in response to a request 
from the Gauge and Tool Makers’ Association, a new 
specification, B.S. No. 1759, relates to knurling wheels 
having straight and spiral teeth which can be arranged 
to produce any normal knurling, including the diamond 
form. Details of four grades are given, these being 
differentiated by the number of teeth per inch, while 
a fifth grade, suitable for use in hand-knurling tools, 
is also included. The specification contains details of 
the main dimensions and tolerances, and stipulates 
certain manufacturing and material requirements. 
The appendices include notes on knurling operations 
and give illustrations of some of the popular designs 
of complete knurling tools used on capstan and auto- 
matic lathes. Various forms of wheels are illustrated, 
while details of wheeis intended for use in hand- 
knurling tools are also furnished. Notes on hand- 
knurling are included in a separate appendix. 


Road Stone and Chippings.—A third revision of 
B.S. No. 63, covering single-sized road stone and 
chippings, has now been published. It deals with 
a tes for use in the construction and maintenance 
of roads and contains requirements for grading and 
guns shape as well as methods of sampling and test. 

he most important change in the revision is the 
adoption of a “ flakiness" test for particle shape, 
instead of the elongation test formerly specified. In 
addition, a glossary of rock and mineral names and a 
method of classification into groups, are also included. 
[Price 3s., postage included.] 
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European workpeople, from 17 countries benefiting 
under the Marshall plan, are to be sent to the United 
States each year for twelve months to study American 
methods of production, according to a scheme developed 
by the office of the special representative in Europe of 
the Economic Co-operation Administration and 
announced in Paris on Tuesday last. It is expected 
that up to 2,000 skilled and semi-skilled employees, 
between the ages of 20 and 33, will be able to visit the 
United States every year under the terms of this 
arrangement. A commencement will be made in 
January, 1952, when some four hundred young work- 

ple will leave Europe for the United States. Work 
will be found for them on their arrival in America and, 
from the time that they obtain positions there, they 
will be responsible for paying their own living charges, 
study fees and taxes. Their travelling expenses to and 
from the United States and certain incidental expenses, 
however, will be shared equally between the Economic 
Co-operation Administration and the students’ countries 
of origin. 





The scheme aims at providing both comprehensive 
courses of instruction in American methods of increas- 
ing productivity, and opportunities for studying the 
American way of life. In addition to the benefits to be 
derived from their employment in the United States, 
the visitors will be expected to attend classes in a 
number of subjects. The United Kingdom and Austria 
are each being asked to provide two hundred nominees 
a year for these tours, and larger numbers of partici- 
pants are being invited from France, Italy and West 
Germany. Holland, Belgium, Denmark, Norway, 
Turkey, -Greece, Eire, Sweden, Portugal and Yugo- 
slavia will send smaller parties. Trieste has been 
invited to send twenty workpeople each year and 
Iceland ten. It is understood that, in ali, more than 
two thousand persons have applied to be included in 
the first group of 400 due to leave for the United States 
in January next. 





Renewed and more intensive efforts are to be made 
by officials of the National Union of Mineworkers to 
encourage greater willingness on the part of British 
miners to accept Italian recruits. Although miners at 
some pits have agreed to take Italians, those at many 
others have intimated through the local branches of the 
union that they are not willing to do so. It is stated 
by the National Coal Board that, at the present time, 
there are vacancies and accommodation for foreign 
workmen at 41 collieries in the South-Western Division, 
46 collieries in the North-Eastern Division, and 
27 collieries in the West Midlands Division. The same 
state of affairs exists at an unspecified number of pits 
in the North-Western Division. The Board estimates 
that places for about five thousand Italians could be 
found in British mines before the end of the present 
year but, owing to the men’s objections, not more than 
one thousand will be sent to the coalfields during the 
next four months. 





Up to the end of September, 786 Italians had arrived 
in Britain for employment in British coa) mines and a 
further 71 were due to arrive last Wednesday. Consent 
to the employment of Italians has been given by miners 
at 11 collieries in the West Midlands Division, at 
14 collieries in the North-Eastern Division, and at 
several pits in the North-Western Division and the 
South-Western Division. These collieries have agreed 
to accept between them a total of 1,026 Italians, of 
whom 300 will go to the pits in the North-Western 
Division and 279 to the pits in the North-Eastern 
Division. As previously stated in these columns, 
various reasons have been given for the opposition to 
the use of Italian man-power in British coal mines, 
such as the men’s distrust of foreigners as fellow 
employees, and the fear of their being used to reduce 
wages or debase working conditions. Officials of the 
N.U.M. have pointed out that the union has consented 
to the employment of Italians in the mines only on the 
understanding that each man joins the union and that 
the Italians are to be the first to be discharged in the 
event of a surplus of labour arising in the industry. 





Difficulties threatening the coal-mining industry were 
referred to by Lord Hyndley, G.B.E., formerly chair- 
man of the National Coal Board, at a luncheon of the 
Coal Industry Society in London on Monday last. 
He had, he said, held the opinion for a long time that a 
great deal of coal was lost in Britain every year owing 
to its not being used to the best advantage. This 
wastage of an essential material occurred not only in 
the domestic field, but also in a large number of 
factories. It was his opinion, also, that a much higher 
degree of efficiency could be obtained in the coal mines 
themselves. On the same occasion, Mr. Oliver Lyle, 
a director of Tate and Lyle, Ltd., stated that Britain 
at the present time should be exporting coal at the 
rate of at least 20 million tons more per annum than, 





— 


in fact, she was doing. There was a gap in the home 
trade which amounted to more than 30 million tons 
yearly and the plans of the National Coal Board were 
such that the increase in production would not reach 
this level until after the lapse of another ten to fifteen 
years. Mr. Lyle considered that, if P.A.Y.E. was a 
factor in reducing coal production, the tax should be 
abolished. 





Another Post Office wage claim was submitted to 
arbitration in London on Monday last. The Post 
Office Engineering Union applied to the Civil Service 
Arbitration Tribunal for increases of 11. 138. a week for 
telephone mechanics and of Il. 3s. a week for assistant 
mechanics employed at Post Office factories. Qn 
behalf of the Department, it was stated that the Post- 
master General had offered increases of Ils. a week to 
telephone mechanics and of 5s. 6d. a week to assistant 
mechanics. The union, however, it was stated, had 
rejected these offers as inadequate. More than 
eighteen hundred Post Office employees in London, 
Birmingham, Edinburgh and elsewhere are involved in 
this claim. 





There was some decline in the total industrial pro- 
duction during July, as is usually the case, but the 
month’s figures were an improvement on those for 
July last year. The index-of-industrial-production 
figure for July, 1951, is estimated provisionally at 139, 
against 149 for June. In 1950, the comparative 
figures were 134 for July and 143 for June. The 
Central Statistical Office, which is responsible for the 
preparation of the index, notes that the figures for 
July are affected every year by the incidence of the 
annual holidays. For the same reason, it is expected 
that there will be some worsening of the position during 
August, 1951. On the basis of information received 
to date, the Central Office anticipates that the pro- 
visional figure for all industries for that month will 
be between 127 and 128. 





Production in the manufacturing industries, which 
include engineering and shipbuilding, reached an index 
level of 146 during July, 1951, compared with 157 
during June, 1951. In 1950, the figures were 139 for 
July and 150 for June. The building and contracting 
industries maintained a level of only 135 for both 
June and July this year, compared with an index 
figure of 139 for June, 1950, and of 140 for July, 1950. 
In the mining and quarrying group of industries, levels 
of 117 during June, 1951, and of 107 during July, 1951, 
were attained. The corresponding figures for this 
group during June and July last year were 112 and 
106, respectively. Gas, electricity and water services 
recorded productivity figures of 109 for June, 1951, 
and of 106 for July, 1951, against levels of 101 and 100 
during June and July, 1950, respectively. The index 
figures are adjusted in each instance for the number of 
days, excluding Sundays, in each month. No allow- 
ance is made, however, for public or annual holidays. 
The index was commenced at the beginning of January, 
1947, productivity during 1946 being taken as 100. 





Increases took place in the full-time weekly-wage 
rates of some 1,165,000 workpeople during August, 
resulting in a total net wage increase of 324,000I. a 
week. The principal increases, according to the 
Ministry of Labour Gazette for September, affected 
workpeople in the iron and steel industry, electricity- 
supply undertakings, laundries, and the baking and 
brick-making trades. Other groups receiving increases 
included certain engineering, supplies and motor- 
transport employees of the Post Office, and operating 
staff employed by the Road Haulage Executive. 
During the eight months from January to August last, 
some 8,502,000 persons received net increases in their 
full-time weekly-wage rates amounting to a total of 
3,618,000/. During the corresponding months of 1950, 
the number of workpeople to benefit by increased wages 
was only 2,818,000 and they shared a net weekly 
increase of only 521,000/. between them. 





There was some increase in the severity of industrial 
disputes in the United Kingdom during August. The 
total for the month was 151, of which 139 were com- 
menced during the month and 12 were in being when 
the month began. Altogether, some 22,300 work- 
people were involved in the stoppages during August 
and about 73,000 working days were lost. During 
July last, 112 stoppages were in progress, 17,200 
persons took part in them, and over 42,000 working 
days were lost. The comparative figures for August, 
1950, were 106 strikes in progress, with 18,400 persons 
involved and 53,000 days lost. Of the total of 151 
stop occurring during August last, 88 took place 
in the coal-mining industry. Some 11,700 miners 
participated in them and they caused a Joss of 23,000 
days. In the engineering industry there was a total 
of five strikes during August last ; 1,800 persons took 
part in them and 24,000 days were lost. 
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A REVIEW OF HIGH-SPEED 
HYDRODYNAMIC DEVELOPMENT.* 


By Ernest G. Stout, B.S.M.E., A.F.I.Ae.S. 


Earty efforts to construct water-based aircraft 
naturally drew heavily on the technology and experience 
of the naval architect, and for the most part followed 
the trend of highly-refined displacement-type hulls, 
which favoured the large, efficient load-carrying type 
of aircraft almost to the exclusion of other categories 
which depended largely on high speed. 

The advent of world unrest forced upon aeronautical 
development the full exploitation of its greatest asset— 
speed. The aeronautical designers met this challenge 
by producing airframes and engines of amazing per- 
formance and reliability. When coupled with the best 
hydrodynamic designs available these aerodynamic 
developments resulted in efficient but slow aircraft. 

‘om a tactical and strategic standpoint, the full 
utilisation of the vast areas of readily available and 
bomb-proof water bases was desirable, but the large 
performance penalties which accompanied operation 
from water could not be accepted, and the seaplane was 
relegated to those functions where water-based opera- 
tion was mandatory and outweighed other performance 
Considerations. 

the years just before the second World War, it 
became apparent that the research methods of the 
naval architect, who visualised water-based aircraft 
a8 boats with wings, had to be replaced by a new con- 
cept. It was reasoned that all aircraft of a category 
cela be highly-refined aerodynamic configurations 
rele in general, the same appearance, regardless of 
© means adopted for transition from the ground, 
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or water, to the air, and that there need be no difference 
in the performance of a land or water-based aircraft 
having the same aerodynamic mission. 

The first step was to plan comprehensive research 
programmes to investigate new forms and principles of 
hydrodynamic sustentation, and a research technique 
employing dynamically similar models was developed. 
Since this method was adopted in the United States 
in 1938 by the author, it has resulted in steady improve- 
ment in water-based aircraft performance, and the 
Consolidated Vultee hydrodynamics laboratory initiated 
a programme in 1943 to develop free-body dynamically- 
similar models to be self-propelled and remotely 
controlled by positioning multi-channel radio. By 
May, 1945, a programme of correlation studies with a 
full-scale flying boat was completed. 

The U.S. Navy sponsored studies to link the develop- 
ment of propeller-turbine power with a _high- 
performance water-based aircraft design. The use of 
propellers precluded a drastic reduction in seaplane 
frontal area, since adequate water clearance required 
a relatively deep hull ; however, it was believed that an 
appreciable reduction in drag could be achieved by 
reducing the large beam that had become characteristic 
of conventional flying boats. 

In order to establish the relationship of hull length 
to beam with regard to hull load coefficient, stability 
and spray, a large 21-ft. span radio-controlled dynamic 
model, shown in Fig. 1, was built. This model used 
submerged piston engines which drove the propellers 
through extension shafts, in order to simulate a turbo- 
propeller installation. The engines were capable of 
producing power loadings equivalent to those antici- 
pated in the new turbine-power plants, so that the 
important dynamic parameter of longitudinal accelera- 
tion could be reproduced. In order that precise 
determination of the equivalent hull size could be made, 
the wing and tail unit of this model were removable, 
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thereby allowing each hull configuration to be evaluated 
with the identical airframe and propulsive system. In 
all, 21 hull configurations were evaluated, covering a 
wide range of length-to-beam ratio, form and pro- 
portion. Concurrent with the free-body dynamic- 
model studies was a programme of tank tests run at 
the Stevens Institute of Technology, using a family 
of hulls identical in form to the 21 configurations 
investigated by Convair. 

A new hull load criterion was thereby established 
which provided a measure of hull size when both 
beam (6) and length (L) were variables. Earlier studies 
had shown that increasing the length-to-beam ratio 


& resulted in marked improvements in resistance, 


spray and load-carrying ability. 

The findings from both the Stevens Institute and 
Convair confirmed the fact that length-to-beam ratio 
had a powerful influence on the allowable magnitude of 
the load coefficient, C4 (i.e., the load divided by the 
product of the density of water and the cube of the 
beam }), for constant spray and resistance. It was 


found also that, as the ; ratio increased, the limiting 


value of C4 increased in direct proportion to the 
function L*b, resulting in a smaller beam and overall 
volume of hull for a given load. This was a fundamental 
finding of immense importance, for it established the 
fact that hulls of varying length-to-beam ratio will have 
equivalent resistance and spray characteristics if a load 
coefficient similar to C4, but based on L*b instead of 
b%, is held constant. The results of an investigation to 
determine the aerodynamic effect of length-to-beam 
ratio is presented in Fig. 2. It will be noted that the 
anticipated reduction in drag is significant. 

During the take-off of a seaplane, after it has passed 
the hump speed, the planing trim must remain between 
two limiting curves of trim or it will encounter insta- 
bility known as “ porpoising,” a cyclic oscillation in 
pitch and rise; if allowed to persist it may become 
divergent and result in the destruction of the seaplane. 
The upper and lower limiting trim curves, between 
which the aircraft will be stable, are shown in Fig. 3 
plotted against speed. The upper trim limit is a 
function of the after-body form and position. The lower 
limit depends almost solely on fore-body lines and 
increases rapidly to higher trim angles with increase in 
loading. Lower-limit porpoising has always been a 
problem in highly-loaded hulls; dynamic model tests 
during the second World War established that for best 
performance the fore-body contacted by the water 
during planing must be free of all longitudinal curva- 
ture, At speeds just beyond the hump, where lower- 
limit porpoising is most likely to be encountered, this 
wetted length has been found to extend approximately 
14 beams forward of the step. As a consequence, it had 
become rigid design practice to maintain an area of 
constant dead-rise in this region, commonly called the 
“ fore-body flat.” 

It was anticipated therefore that any great increase 
in hull load coefficient would result in severe stability 
problems in these new hulls. When load coefficients 
200 to 300 per cent. above conventional practice 
became feasible, it was found that not only was the 
lower trim limit of stability rising rapidly, but that the 
long hulls were getting progressively more stiff in trim, 
which aggravated the condition. What appeared at 
first to be an insurmountable problem actually resolved 
into a straightforward solution when the rule-of-thumb 
critevia that had dictated fore-body design in the past 
was carefully analysed. It was demonstrated that 
straight buttock elements ahead of the step need not 
necessarily be accomplished through the use of constant 
dead-rise. It was a relatively simple matter to warp 
the fore-body flat area by progressively increasing the 
dead-rise ahead of the step at various linear rates. 
This allowed the effective fore-body angle of attack to be 
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Fie. 9. Convarm XB-46 Jet BomBeEr. 


adjusted to any value desired, still maintaining straight 
buttock elements. The family of lower trim limits 
shown in Fig. 3 illustrates the control acquired over 
lower-limit porpoising through fore-body warping. 

It had long been desired to develop the seaworthiness 
and performance of seaplanes so that operations in 
relatively unprotected forward areas could be carried 
out. The survival probability of the aircraft in open 
water, away from base, depends upon the degree of 
flooding control provided. Conventional practice in sea- 
plane design called for sufficiently watertight compart- 
ments to prevent the aircraft from capsizing in the 
event of two adjacent watertight compartments becom- 
ing flooded. This requirement was usually satisfied 
by providing five or six large full-depth bulkheads 
which divided the entire hull into six or seven water- 
tight rooms. Normal access through the rooms was 
by means of small watertight personnel doors through 
these bulkheads. Such an arrangement precluded 
the use of the hull as an efficient cargo-carrier and 
implied complete inundation of equipment and cargo 
in the event of any damage afloat beyond the limited 
capacity of the bilge pumps. This condition was 
considered intolerable for a modern high-performance 
seaplane, and studies were initiated to incorporate 
into the high length-tc-béam ratio hull an efficient and 
dependable multi-cellular watertight system. 

Jsing a system of displacement models and a trim- 
ming basin, iilustrated in Fig. 4, it was possible to 
make an elaborate study of hull compartments and 
flooding in a short time. For the high length-to-beam 
ratio hull, results indicated that 15 properly distributed 
cells would restrict the critical flood heights to levels 
below the floor of the cabin, thus completely freeing 
the inhabited portion of the hull of all obstructions, 
at the same time providing damage control which 
greatly enhanced the probability of survival. In man 
cases of minor damage it becomes feasible to take-o 
again, even with a compartment flooded, whereas a 
conventional seaplane must ride it out even though 
repairs to the equipment that caused the emergency 








can be.accomplished on the water. Structural studies 
of the multi-cellular principle of hull construction 
showed it to be a more efficient and lighter overall 
design. 

A conventional V-bottom planing surface, such as is 
shown in Fig. 5, has been employed for years in classical 
research on planing phenomena, but it has never proved 
satisfactory for an actual seaplane hull because of the 
great height to which the spray would rise on leaving 
the chine. Therefore, rule-of-thumb criteria dictated 
some form of transverse curvature in the bottom of 
conventional seaplanes called chine flare, as illustrated 
in Fig. 6. During the second World War, when 
extreme overloading of all conventional seaplanes 
became a critical problem, extensive studies were 
initiated to determine the maximum influence on spray 
height that could be obtained through modification of 
transverse curvature. It was determined that a 
radius that is too small, or abrupt, would act only on 
the layer of water immediately adjacent to the hull, 
and the inertia of the unaffected mass would carry it 
by the local curvature with little change in direction. 
Similarly, if exaggerated reflex flare were employed, as 
in Fig. 7, the adjacent layer would actually rebound 
from the unaffected mass and rise higher than if no 
flare at all had been used. It was concluded that the 
most effective control, although vague, was obtained 
by a generous radius covering roughly one-third of the 
bottom and terminating with a horizontal or slightly 
downward direction at the chine. 

During the course of isolating the effect of downward 
deflection of the chine, a simple expedient was employed 
which consisted of attaching a metal strip to a hull 
without flare and then progressively deflecting this 
strip and recording the spray height. As would be 
expected, there was no improvement beyond a few 
degrees of deflection below the horizontal, at which 
point the reflected spray became steadily worse, as in 
the condition of Fig. 7. When approaching a nearly 
vertical position, as shown in Fig. 8, marked reductions 





in spray height were noted. It was concluded that 
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the increased effectiveness was due to the sharp inter- 
section of the strip with the bottom, which in effect 
actsasadam. This powerful effect was lost where the 
lowered chine was faired by using reflex flare, or a fillet 
of any nature. Because of obvious structural limi- 
tations, however, this highly effective vertical spray 
strip was not considered feasible for application to 
conventional hulls. ; 

Convair had just completed one of the first jet- 
propelled land-based bombers to be built in the United 
States, the XB-46, shown in Fig. 9, and it appeared 
logical to attempt to ‘‘ water-base ” it with a minimum 
of revision. Deviating completely from established 
naval-architecture practice, a generous wing-hull fillet 
was added to the original X B-46, as shown in Figs. 10 
and 11; and, to keep the thickness ratio of this 
addition within reason from the aerodynamic viewpoint, 
the plan form was faired generously into the bow and 
stern of the fuselage. As the frontal area had been 
increased, this was offset by eliminating the XB-46 
engine nacelles and placing the engines within the 
fillets. 

To investigate whether adequate spray control 
could be achieved by incorporating spray dams on 
this smooth fillet, a simple bridle-towed dynamically 
similar model was constructed to get a preliminary 
check on the hydrodynamic characteristics. From 
preliminary towing tests, it was concluded that spray 
could be controlled adequately at the design gross 
weight and that hydrodynamic stability was satis- 
factory. It was determined that the spray dam 
obtained its effectiveness by agitating violently the 
main spray blister and mixing it thoroughly with alr. 
This aerated mass is deflected downwards with great 
force in a high-velocity jet and, because of the high 
content of entrained air, the water mass penetrates 
the free water surface with little or no rebound oF 
reflection. The high-velocity curtain thus generated 
effectively retains the mass of water not dire otly 
contacted by the dam, which for these studies had 4 
full-scale depth of only 6 in. Additional tests in 
moderately rough water and cross winds showed that 
some form of wing-tip float was required to assis’ the 
low righting moment inherent in the basic design. 

(T'o be continued.) 
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WELDING WITH ALUMINIUM 


BRONZES.* 
By E. C. Mantts, M.Sc., A.I.M. 


THE aluminium bronzes are a potentially useful 
group of filler-rod materials for making high-strength 
welds in copper-base alloys. Their mechanical strength 
is among the highest obtainable from copper-base 
alloys and they have excellent resistance to corrosion 
under a wide range of conditions. The presence of a 
strong oxide film on the surface of the metal makes gas 
welding with these alloys difficult, but work carried 
out by the British Non-Ferrous Metals Research 
Association has shown that, if certain metallurgical 
factors are taken into consideration, the alloys are quite 
suitable for arc welding. One important consideration 
is the need for welding electrodes conforming to a high 
standard of purity if multi-pass welds are to be made 
free from cracks, but there is no difficulty in the com- 
mercial production of suitably pure rods. 

For the purpose of this report, the aluminium 
bronzes may be considered as three types, though rigid 
boundaries between one type and another do not exist, 
and materials of intermediate compositions are also 
produced. The three types are: simple alloys of low 
aluminium content, containing usually 5 to 7 per cent. 
of aluminium, with relatively small additions of iron, 
nickel or manganese; duplex aluminium bronzes of 
higher aluminium content, containing usually from 
9 to 11 per cent. aluminium (these may also have small 
additions of iron, nickel or manganese) ; and complex 
aluminium bronzes based on the composition 10 per 
— aluminium, 5 per cent. nickel and 5 per cent. 
ron. 

The simple alloys used for this York contained 
7 per cent. of aluminium. This material is obtainable 
as plate, tube, rod or wire, but it is not used for castings. 





* B.N.F.M.R.A. Report D.54P. (communication from 
the British Non-Ferrous Metals Research Association). 
The work described was made available to members of 
the Association in a confidential development report 
issued in February, 1951. 
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The duplex alloys are mostly used for sand or die 
casting, though they may also be obtained in the 
wrought form. There is some danger of these duplex 
alloys becoming embrittled by structural changes which 
could occur through reheating of the deposited weld 
metal during later welding runs, and it is unlikely that 
they would be suitable electrode materials for multi- 
pass welds. 

The complex alloy has the best mechanical pope 
and has proved to be the more suitable material for arc- 
welding electrodes. It may be obtained in wrought 
form as heavy-gauge sheet, extruded or hot-rolled 
bar and rod, as forgings and stampings, and as sand or 
die castings. The danger of embrittlement of the 
complex alloy by reheating is much less than with the 
duplex alloy, but, as mentioned later, it is undesirable 
for the aluminium content of this alloy to rise much 
above 10 per cent. The typical structures of the 
7-per cent. aluminium bronze and the complex alloy 
are illustrated in Figs. 1 and 2, respectively. 

Sand-cast plates up to } in. thick in a complex 
aluminium bronze could readily be welded by the 
metallic-arc process with electrodes of the same com- 
position, the welds being stronger than the basis sand- 
cast material. Some porosity was encountered in these 
welds at first, and was traced to moisture in the elec- 
trode coating. This was overcome by baking the 
electrodes for a short time at 110 deg. C. immediately 
before use. Baking at a higher temperature is not 
recommended because of the danger of cracks forming 
in the electrode coating, resulting in the tendency for 
pieces of the coating to break off and become entrapped 
in the weld. Sound welds were also obtained in rolled 
plates up to } in. thick in an aluminium bronze con- 
taining 7 per cent. of aluminium, welded with electrodes 
of similar composition. 

The butt welds referred to above were made with 
not more than two passes; but when thicker plates 
were welded, involving a larger number of passes, 
difficulty was experienced from cracking of the weld 
deposit. Reports from industry confirmed that this 
was the general experience with multi-pass welds in 
the aluminium bronzes. In such welds, the metal 
deposited during the later passes will be constrained 
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during cooling by the weld beads previously laid down. 
Stresses set up in this way could cause cracking, either 
if there is a tendency for the weld metal to tear during 
freezing, or if the weld metal is brittle when hot. 

Tests in which pure alloys with varying aluminium 
contents up to 10 per cent. were allowed to solidify in 
a chill mould, shaped in such a way that constraint was 
imposed on the casting, showed that tearing did not 
occur during freezing. Hence it seemed evident that 
the weld deposits which had cracked were for some 
reason hot-short (i.e., the metal lacked ductility at high 
temperatures) and a metallurgical investigation was 
carried out to examine the mechanical properties of the 
aluminium bronzes at high temperatures. 

The tendency of the aluminium bronzes to become 
embrittled at high temperatures was explored, using a 
notched-bar impact test which was carried out over a 
range of temperatures. It was found in these tests 
that, though alloys made from pure materials are ductile 
at all temperatures, both the 7-per cent. aluminium 
bronze and the complex alloy are embrittled at high 
temperatures if they contain small quantities of bis- 
muth. This embrittlement was found to be most pro- 
nounced at 650 deg. C., and Fig. 3, herewith, shows how 
the impact value at this temperature for a 7-per cent. 
aluminium bronze falls as the bismuth content of the 
alloy increases. Though the ductility at normal tem- 
peratures is unimpaired by the presence of bismuth, 
only 0-0006 per cent. of bismuth caused a considerable 
reduction in the impact value at 650 deg. C. The com- 
plex aluminium bronze was found to be slightly less 
susceptible to embrittlement by bismuth, but 0-0015 
per cent. was sufficient to cause a marked fall in impact 
value at 650 deg. C. 

Analysis of the electrodes used in the welding trials 
where cracking occurred indicated that bismuth was 
present in amounts sufficient to make the alloys brittle 
at high temperatures, and probably the cracking of the 
weld metal could be attributed to this. The presence 
of a small amount of lead was also found to be harmful. 
As little as 0-005 per cent. caused a serious fall in the 
impact value at 650 deg. C., both with the 7-per cent. 
aluminium bronze and with the complex bronze, as 
may be seen from Figs. 4 and 5, respectively, and it is 
likely that amounts of lead in excess of this would be 
harmful in welding electrodes. 


TABLE I,—Welding Details. 




















Plate | Electrode | ¢, No. of 
Alloy. | Thickness, | Diameter, | Ceenethe Passes 
In, n. P. Made. 
| | | 
Complex | 2 j | 300 20 
rf So | 350-370 10 
9 ovd 1 j 300 10 
a ss 1 | | 800-330 8 
Single-phase (7 | | 
per cent. Al) 1 ts | 180-200 12 





Later work has confirmed that, if materials with 
very low bismuth and lead contents are used, it is 
possible to make multi-pass welds free from cracking. 
For instance, welds free from cracks have been made 
in 1 in. and 2 in. thick cast plates of complex aluminium 
bronze with lead and bismuth contents of the order 
of 0-001 per cent. and 0-00015 per cent., respectively, 
using electrodes of the same composition and purity. 
The outstanding feature of these welds was that the 
strength was always at least equal to that of the basis 
sand-cast plates, even when these had an ultimate 
tensile strength exceeding 40 tons per square inch, and 
in tensile tests fracture always occurred in the basis 
material. This is attributable to the finer structure 
of the chilled weld metal in comparison with that of the 
sand-cast plates. 
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Details of the welding technique employed for these 
tests are given in Table I, herewith. The complex 
aluminium-bronze electrodes had good running charac- 
teristics and gave a stable arc. The welding pool was 
large and fluid, forming smooth ripples from which the 
slag could easily be removed between passes, and neat 
welds were obtained with no visible defects. 

Tests were also made with high-purity 7 per cent. 
aluminium-bronze electrodes. In this case, the elec- 
trodes were used to make butt-welds in 1 in. thick 
hot-rolled plates of the same alloy. Though the 
strengths of these welds were not so high as that of 
the parent plate—the “* weld efficiency ’’ derived from 
the expression 

U.T.S. of weld after removal of surplus metal x 100 
U.T.S. of annealed plate 
averaged 76 per cent.—this was mainly because of 
poor penetration at the root of the weld. 

Welding with the 7 per cent. aluminium-bronze elec- 
trodes was much more difficult than with the complex 
aluminium-bronze electrodes. The metal flowed slug- 
gishly in heavy globules from the electrode to the work, 
the weld pool looked viscous, and freezing was rapid. 
Owing to this, prominent ripples remained after each 
pass and it was difficult to remove the slag from these 
crevices. Many of the welds were found to contain 
slag inclusions of a sharp angular form, which would be 
expected to detract from the strength of the welds. 
Probably some of these difficulties would be overcome 
with greater experience. The aluminium-bronze elec- 
trodes used were coated with a proprietary welding 
flux and the welds were all made by industrial operators. 
A direct-current arc was used, with the electrode 
positive. 

To check whether it is necessary for both the parent 
metal and the electrodes to be of high purity, or if it is 
sufficient for the electrodes alone to be pure, the welding 
trials with the 7-per cent. aluminium bronze were 
repeated with impure parent metal, butt welds being 
made in 1 in. hot-rolled plates containing 0-002 per 
cent. of bismuth, &s compared with about 0-0006 per 
cent. of bismuth in the previous trial. The electrodes 
were the high-purity ones used before. It is im- 
probable that as much as 0-002 per cent. bismuth 
would be found in aluminium-bronze plates in practice, 
since the presence of more than 0-001 per cent. bismuth 
introduces difficulties in hot-rolling this alloy. 

Again the strengths of the welds were impaired 
because of poor penetration of the weld metal; but 
there was no more evidence of cracks in the welds made 
in the plates containing large amounts of bismuth 
than there was in the pure plates, suggesting that con- 
tamination of the oak deposit by pick-up of bismuth 
from the parent metal does not occur. Subsequent 
analysis of the weld metal has confirmed this. 

It is evident that satisfactory multi-pass welds can 
be made, even when the ome metal is not of high 
purity, provided that the electrodes used are made from 
pure material. This has since been demonstrated in a 
case where cracking was being encountered in the fillet- 
welding of a flange to a pipe, using 7-per cent. alumi- 
nium-bronze electrodes. Analysis of these electrodes 
revealed that they contained enough bismuth to cause 
embrittlement at high temperatures, and a change to 
roy electrodes completely overcame the crack- 
ing of the weld deposit. 

Because of the high strength of the aluminium 
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bronzes and their good corrosion resistance, they should 
be useful filler-rod materials for making high-strength 
welds in other copper-base alloys. One example of a 
possible application is in the repair of high-tensile brass 
marine propellers, and, in the course of this work, some 
welds made with aluminium bronze in cast high- 
tensile brass have been examined. In one case, some 
} in. cast plates were welded by the metallic-are pro- 
cess, using 7-per cent. aluminium-bronze electrodes, 
and in another case carbon-arc welds were made, using 
complex aluminium-bronze filler rods. Though some 
of the welds were marred by slag inclusions and gas 
holes, the welds obtained were virtually free from 
cracks when high-purity welding rods were used. 

The specifications for the complex aluminium bronze 
of the 10 per cent. aluminium, 5 per cent. nickel, 5 per 
cent. iron type allow a considerable latitude in the 
aluminium content, and it was thought desirable to 
see what effect changes in the aluminium content would 
have on the mechanical properties of the welds. A few 
experiments were made in which } in. thick complex 
aluminium-bronze cast plates, each containing 5 per 
cent. of nickel and 5 per cent. of iron, but with different 
aluminium contents, were welded with rods of the same 
composition. Butt welds between a pair of plates 
were made by a single on each face with } in. dia- 
meter welding rods. ith this size of rod, a single 
pass was sufficient to fill the weld completely, but 
penetration along the root face was rather imperfect. 

Hardness explorations were made on cross-sections 
through the welds and tensile tests were carried out on 
test-pieces taken across the welds and also on small 
pieces cut from the weld beads themselves. It is 
gee from the results of these tensile tests given in 

able II, herewith, that increase of the aluminium 


TABLE II.—Tensile Tests on Welds in Complex 
Aluminium Bronzes. 





| U.TS.,| Blonga- 











7. Position of Test i 
nium ‘osition of Test- tion, | 
Content, Piece. eRe! gag | Comneete. 
Per Cent. | ene | Cent. | 
| 
10 | greneverss 4... 0 | 8-0 | 
| 60 7°5 | 
} | } 
| Longitudinal from weld| 49 | 3-3}| Cavity at 
| bead itself | 47 | 75 fracture. 
} | ’ | 
10-6 | Transverse 47 1-5) | Cavity at 
47, | 1-O0/) fracture. 
| Longitudinalfrom weld | 53-5 | 4-5 
| bead itself | 48-5 | 4:5 
11:2 | Transverse --| 62-5 1-5 
| 62-5 | 3-0 
| Longitudinal from weld 55:5 | 3-0 | 
| _beaditeelf ..  ..| 52-0| 3-3 | 





content of the complex aluminium bronze above 10 
per cent. may result in brittleness if it is used for 
welding. Examination of sections from these welds 
showed that some modification to the basis metal in 
zones adjacent to the weld had occurred in all cases, 
causing some increase in hardness. The weld beads 
themselves were generally similar in hardness to the 
altered zone of basis metal. In the case of a complex 
alloy containing 10 per cent. of aluminium, this change 
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in hardness was from about 240 to 290 Vickers Pyramid 
Number. Alloys with higher aluminium contents 
tended to show greater increases in hardness over that 
of the unaffected basis metal. 

Practical Recommendations.—Welds of high strength 
may be made by the metallic-are process, using alumi- 
nium-bronze electrodes, or by the carbon-arc process 
with aluminium-bronze filler rods. Good results are 
more readily obtained with the complex aluminium 
bronze of the 10 per cent. aluminium, 5 per cent. iron 
and 5 per cent. nickel type than with the 7 per cent. 
aluminium-bronze alloy, the former having better run- 
ning characteristics and giving a more fluid weld pool 
than the latter, which tends to flow sluggishly and gives 
a weld pool which freezes rapidly. Difficulty is then 
encountered in removing the slag between passes. In 
either case, the electrodes should conform to a high 
standard of purity and should preferably contain not 
more than 0-0005 per cent. of bismuth and not more 
than 0-001 per cent. of lead. Purity of the parent 
metal is relatively unimportant. iol 

With the complex aluminium bronze, the aluminium 
content should preferably be limited to 10 per cent. to 
avoid danger of brittleness after welding. Just before 
use, coated electrodes should be baked at about 110 deg. 
C. to remove moisture. Too high a baking temperature 
may cause the coating to flake during welding. Carbon- 
arc welding may be preferable with the 7 per cent. 
aluminium bronze, because the work can be preheated 
more easily and flux residues melted and incorporated 
in the flux cover so that they do not become entrapped 
in the weld metal during succeeding passes. 





CoLD-CATHODE X-Ray ILLUMINATOR.—A _ cold- 
cathode X-ray illuminator has been designed by Messrs. 
Watson and Sons (Electro-Medical), Limited, Parker- 
street, London, W.C.2, in conjunction with the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, to facilitate and improve the viewing of 
radiographs. Cold-cathode tubes have been chosen for 
this purpose, since they readlily attain full intensity, do 
not generate heat, have no alternating-current “ flicker,’ 
can be dimmed without elaborate apparatus and have a 
high luminous efficiency throughout a long life. The 
tubes used in the illuminator are coated with one of the 
new halophosphate powders and are about 10 ft. long. 
They are bent into the shape of a grid and are placed in 
front of a reflector, so that uniform distribution of 
illumination is obtained. Three degrees of intensity are 
available and the colour is approximately that of aay 
light. Radiographs of any size up to 14 in. by 17 in. 
can be viewed. The electrical consumption is about 
100 watts at 230 volts. 
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BRITTLE FRACTURE OF MILD 
STEEL.* 


By T. S. Roprrtson, M.Sc. (Eng.). 


Stnce the end of last century, the subject of brittle 
fracture in steels has increasingly occupied the attention 
of research workers. It is only recently, however, that 
brittle fracture of mild steel has come into prominence. 
First, collapse of a bridge in Belgium, then later, cata- 
strophic brittle failure in some ships, has set in motion 
one of the largest collective researches of our time, on 
the Continent, in the United States and in this country. 
Tille omparatively recently, tests have been of a simple 
character, Charpy or Izod test-pieces being accepted 
as standard. The early assessment of notch brittleness 
in terms of the energy required to fracture was probably 
dictated by its ease of measurement in the two forms 
of test named, but criteria of assessment remain a very 
lively source of controversy even to-day. Early 
researches by Stanton and Batsonf established that by 
increasing the velocity of an impactive blow, transition 
from tough to brittle type fracture could be produced 
in mild steel. Later Dochertyt, by increasing the speed 
in slow-speed notch bend tests, produced a transition 
from tough to brittle type fracture in cold-drawn mild 
steel. Stanton and Batson§ demonstrated that geo- 
metrically similar test-pieces showed a size effect under 
impactive loading. Docherty|| produced this effect in 
geometrically-similar slow-bend notched test-pieces 





* Paper read at a joint session of Section B (Chemistry) 
and Section G (Engineering) of the British Association, 
at Edinburgh, on Tuesday, August 14, 1951. 

t Min. Proc. Inst. C.E., vol. 211, page 81. 

+ ENGINEERING, vol. 131, page 347 (1931). 

§ Min. Proc. Inst. C.E., vol. 211, page 75. 

|| ENGINEERING, vol. 139, page 211 (1935). 








and attributed it to transition from tough to brittle 
fracture. Lea,* by overstrain in tension followed by 

ow-temperature heat treatment, produced a transition 
from tough to brittle fracture in mild steel by varying 
the amount of overstrain. 

In the recent speed-up in research into brittle frac- 
ture, changes in test procedure have been introduced. 
Many investigators now prefer a test on full plate 
thickness and some insist that a symmetrically-notched 
tensile test-piece is essential to simulate practical con- 
ditions of stressing in plates. Generally, however, tests 
for brittleness follow one main pattern; a notched 
test-piece is pulled or bent until, after some degree of 
straining, a crack propagates from the notch. The 
nature of the crack can be changed from tough to 
brittle by controlled variation of chemical composition, 
heat treatment, size of test-piece, speed of testing, the 
temperature at which the test is carried out, etc. Thus 
the change from tough to brittle fracture is determined 
by a number of features, many of which are conditioned 
by the analysis and mill history of the steel before 
testing and others by the mode of carrying out the 
the test. Temperature change produces a transition 
from tough to brittle in mild steel and, being easily 
controlled, has been adopted as a standard means for 
investigation. Much controversy centres round the 
criterion for assessment of results. Three main criteria 
are used, namely, energy to fracture, appearance of 
fracture and loca] contraction of the section at fracture. 
These three criteria do not always give the same 
temperature transition ranges, neither do different 
types of test give the same ranges on one steel when 
the same criterion is used, but it is generally agreed 
that transition temperature tests put the materials 
tested in the same order of merit. The temperature 





* Proc. Inst. Mech.E., vol. 131, page 539, 1935. 
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ranges established bear no relation to those in which 
the material will break brittle in practice. Thus the 
designer is given an order of merit for the materials 
he has available, but has no information whatever as 
to what design stress he should adopt to safeguard the 
structure from catastrophic brittle failure or at what 
temperature he may expect trouble from brittle fracture. 
A study of accounts of catastrophic failures indicates 
aS there are two stages in such fractures. First, 
somehow or other, a crack must be started; then, 
second, this crack must propagate with extreme speed 
through the structure. Although high local stress may 
be associated with the first part, there is evidence that 
continued propagation may take place at low nominal 
stress of value about 5 tons per square inch. This 
continued propagation at low nominal stress is the most 
important feature of catastrophic failure. In a research 
into the effect of sharp notches on the temperature 
transition ranges for three mild steels, carried out at 
Naval Construction Research Establishment, Tipper, 
notched tensile tests were made. The steels were an 
ordinary commercial mild-steel bar 1} in. square, a 
shipbuilding steel plate 1§ in. thick, and a heavy 
stiffener 2 in. thick that had broken in brittle manner 
under test at atmospheric temperature. The bar had 
a temperature transition range on energy assessment 
covering +20 deg. to +60 deg. C., the plate —40 deg. 
to +20 deg. C., and the stiffener —20 deg. to +40 
deg. C. (see Fig. 1, opposite). To produce a really sharp 
crack, a second series of Tipper pieces cut from the three 
steels had shallow notches cut in them and were then 
each subjected to about 250,000 cycles of bending 
fatigue stressing until the fatigue cracks, started in 
the notches, had reached normal notch depth (see 
Fig. 2). On testing these pieces as in the normal 
Tipper test, the bar gave @ transition range, on energy 
assessment, covering —5 deg. to +15 deg. C., the plate 
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—5 deg. to +15 deg. C., and the stiffener +40 deg. to 
+95 deg.C. That the transition temperature range was 
lowered in the bar, little changed in the plate and 
raised in the stiffener provides evidence that, under this 
treatment, at least, certainly the order of merit was 
changed. 

In the tests on the three mild steels, plots of maxi- 
mum stress reached before fracture, shown in Fig. 1, 
provide a startling contrast. The fatigue cracked 
test-pieces each showed a loss of strength over the 
transition range of the order of 40 per cent., whereas, 
with standard notches, the strength increased con- 
tinuously with fall of temperature in the bar and in 
the plate. In the stiffener, however, there is a fall of 
about 20 per cent. in strength near the bottom of the 
energy transition zone. It would appear, therefore, 
that the stiffener is brittle enough to exhibit a loss of 
strength at low temperature with a standard notch 
and that the temperature at which this loss of strength 
occurs is raised by the sharp fatigue crack. 

To investigate whether the loss of strength found 
could be caused by the general action of fatigue stressing 
on the material a further test-piece was cut from the 
stiffener. This was fatigue stressed in direct pull and 
push, the whole section being subjected to 90 per cent. 
of the fatigue life that would cause fracture. Standard 
notches were then cut and a test at +40 deg. C. showed 
the same maximum stress as for the ordinary Tipper 
test. If a sharp crack results in loss of strength, then 
the very sharp crack present during the propagation of 
brittle fracture will possess the very properties neces- 
sary to explain why ships have broken in two at 
nominal stresses of quite low value. 

Microscopic examination of the broken fatigue 
cracked notched tensile test-pieces shows that there 
was considerable yield in the material at the root of 
the fatigue crack, but very much less yield, if any, in 
the material through which the brittle crack propa- 
gated at temperatures below the transition range. 
Fig. 3, page 445, refers to the piece tested at — 10 deg. 
C., and shows the fatigue crack terminating about one 
quarter of the way across the illustration, from the left, 
at a zone of yielded material, followed by the brittle 
crack which propagated through the remaining section. 
Fig. 4 shows the brittle crack, farther from the notch, 
in the same test-piece. Note that a few subsidiary 
cracks have propagated in nearby crystals. Fig. 5 
shows the brittle crack at the critical temperature 
—20 deg. C. at which the material exhibited minimum 
strength. The multitude of subsidiary cracks is signi- 
ficant. Thus tests using machined and even fatigue 
notches introduce a large degree of artificiality that may 
mask those properties that lead to catastrophic failure. 
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The idea was conceived that, if a propagating crack 
could be started at very low temperature in a test-piece 
of varying brittleness, the capacity of the material to 
resist crack propagation could be studied. 

A test-piece was devised which met this requirement. 
It was in the form of a full thickness strip, flame cut 
from a plate. It was 8 in. long and 2 in. wide, with 
one end cut semi-circular. Near this rounded end a 
l-in. diameter hole was drilled centrally in the width so 
as to leave } in. thickness of metal under the radius. 
A jeweller’s sawcut in. deep was made centrally in 
the width on the side of the hole remote from the 
radiused end. The specimen was clamped flat on a 
thick piece of asbestos with its end hard against a 
heavy stop. It was cooled by pouring liquid nitrogen 
at a controlled rate into the hole. By this means a 
temperature gradient was established along the length 
of the specimen to achieve a variation in brittleness. 
The temperature was measured by a thin flat thermo- 
couple held in contact with the specimen at successive 
4-in. marks. When the temperature had reached a 
steady value, the crack was started at the notch and 
propagated into the material by a rapid series of blows 
on the rounded end from a heavy pneumatic riveting 
hammer, the arrangement being as shown in Fig. 6, 
page 445. It was found that for mild steels a tempera- 
ture of at least — 70 deg. C. at the sawcut was necessary 
to start a crack there which would propagate without 
surface yield. This crack propagated rapidly into the 
test-piece, advancing with each blow till eventually it 
stopped, when continued blows resulted in the yield 
of the material round its root, as shown in Fig. 7. 
This yielding was easily recognised on the polished 
surface of the test-piece and was found to be repro- 
ducible at the same temperature for different tempera- 
ture gradients arranged by warming up the remote 
end with a gas flame. In general, this temperature 
was found to be low compared with that at which 
some of the material tested had given trouble in 
practice. 

It was realised that each blow, by driving a wedge 
of yielded material into the rounded end of the test- 
piece, would propagate the crack only so far as the 
stress at the root of the crack was high enough to 
continue propagation. Therefore this test showed 
arrest of the crack at a low temperature that repre- 
sented conditions for propagation at an unknown 
minimum value of transverse stress. The next develop- 
ment then was to arrange that a known value of 
transverse stress should’ be maintained during the test 
and to dispense with the series of blows, replacing them 
by a single blow necessary to start propagation. 

The transverse stress is easily applied by welding 





the test-piece into two heavy lugs that carry holes for 
pins for attachment to shackles in a very simple 
testing machine which uses a hydraulic capsule to 
apply the load. A photograph of the machine is 
reproduced in Fig. 8. Intermediately between the lugs 
and the edges of the test-piece, two strips of thinner 
material are interposed. On assembly in the testing 
machine a load sufficient to yield the strips is applied. 
This ensures that stored stresses in the welds will be 
relieved and that the plastic deformation will produce 
a uniform stress distribution along the test-piece. The 
length of the test-piece has been increased to 12 in. 
to give an operative length of 10 in. and the width to 
3 in. to allow preparation for welding. After the 
mechanical stress relieving process, four Huggenberger 
extensometers are attached, two on each side of the 
test-piece at quarter length points. Load is applied 
and the stress and its uniform distribution are verified. 
The extensometers are removed and brass caps are 
attached to each side of the now horizontal hole in the 
test-piece by a through bolt. Liquid nitrogen is poured 
at a regulated rate into one cap, passes through the 
hole as it evaporates and escapes to atmosphere by a 
vent in the other cap. A small flat-flame gas burner is 
used to heat the other end of the specimen. After 
about 20 minutes the temperature gradient along the 
test-piece has reached a steady value and it is measured 
and check measured by thermocouple, the value 
—70 deg. C. at notch and +60 deg. C. at the remote 
end, being usual values for a normal mild steel. The 
gradient is about 10 deg. C. per inch at mid-length. 
The appropriate transverse load is now applied and a 
bolt gun is inserted into a guide carrying a trapped 
plunger that contacts the rounded end of the specimen. 
The movement of this plunger is limited to in. A 
heavy mass is brought into contact with the heated 
end of the test-piece. 

The gun is fired, and a crack, started at the notch 
by the impact, immediately propagates along the length 
of the specimen into zones of gradually increasing 
temperature till it stops. The speed of this crack is 
such that for the usual travel of about 6 in., high-speed 
photography at 4,000 frames per second is too slow to 
record it. The crack appears full length in the space 
of one frame. This means that the speed of propa- 
gation of the crack exceeds 2,000 ft. per second and is 
probably much higher, since no film so far has shown a 
crack in process of development in the frame adjacent 
to the one with an arrested crack. At such a high 
speed of propagation there is not time for the relaxation 
of stress initiated by the crack to have reached the 
uncracked part as increased tension before the crack 
has stopped. The nominal stress in the material into 
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MARKING. 
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Fic. 10. Crack ARREST WITH SECOND BRITTLE 
FRACTURE THROUGH YIELDED MATERIAL. 
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Fic. 11. Successtve BRITTLE FRACTURES 
THROUGH YIELDED MATERIAL. 


which the crack propagates must therefore remain 
substantially unaltered. Soon after the crack has 
stopped the increase of stress follows and extensive 
Yield of the material round the root of the crack takes 
place. The temperature at which yield took place is 
best. determined after cutting open the specimen to 
reveal the fractured surfaces. The result is illustrated 
in Fig. 9. The two halves show a characteristic thumb- 
nail marking where the brittle fracture stopped. The 
focus of this marking is used to identify the tempera 





Fic. 12. Locat Surrack YIELD DURING CRACK 


PROPAGATION. 


ture at which arrest took place and yields consistent 
results for the same material tested at the same stress 
with different temperature gradients. Characteristic 
results are given in Table I. 

An examination of the results in Table I shows that, 
as the transverse stress is reduced, there is a sudden 
drop in the temperature at which the propagating 
crack is arrested. This is, in fact, a strength transition 
which, in most of the materials tested, occurs at a low 
stress value of the order of 5 tons per square inch. The 
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temperature at which the crack is arrested varies little 
with increase of stress above the transition. Steel B 
is outstanding, especially in the strength transition. 
The stress of 12 tons per square inch is high enough for 
most applications for a mild steel, and, even above this 
stress the critical temperature of —5 deg. C. is low in 
comparison with values obtained from other samples 
excepting, of course, the thin plate. It is evident that 
the test substantiates the lower transition temperature 
generally agreed for thin plates, but there is, no doubt, 
a strength transition also for thin plates. Below the 
strength transition, the temperature for arrest of the 
crack falls to a low level seldom met with in practice. 
This suggests that the designer can now be given a 
safe stress below which there is no chance of brittle 
fracture at ordinary working temperatures. 

An examination of many fractures produced by the 
new method shows that very often a second brittle 
fracture occurs in the yielded material after the first 
arrest, which can just be distinguished, in the original 
photograph, in the left-hand fracture in Fig. 10. It 
has been established by others that the transition 
temperature of mild steels is considerably raised 
by yielding, the rise being more marked if the yielded 
material is aged for a few days before testing. That 
there is evidence sometimes of one, even two or 
three successive brittle cracks through the yielded 
material, each with an arrest and subsequent yield, 
indicates that yield per se must raise the brittle tem- 
perature considerably (see Fig. 11). In this lies an 


TABLE I.—Crack Propagation Tests of Mild Steel. 





Transverse Crack 
Stress, Arrest 
Letter. Material. Tons per Temperature, 
Sq. In. Deg. C. 
A | lin. plate 15 12 
| 0-20 per cent. C. | 13 | 10 
1-44 per cent. Mn. 10 | 10 
7 | 10 
5 — 36 
B_ | 1in. plate 15 a 
| 0-13 per cent. C. 13} — 5 
| 0-97 per cent. Mn. 12 —42 
Cc 14 in. plate 10 20 
| 0-31 percent.C. | 7t 20 
| 1-32 per cent. Mn. 5 —45 
| | 
D | #in. plate 10 8 
| 0-23 per cent. C. 7 7 
1-02 percent. Mn. | 5 | —35 
| | 
E | fin. plate 16 —10 
| 0-23 per cent. C. 15 —20 
0-87 per cent. Mn 10 —22 


explanation of the width of transition temperature 
bands resulting from other forms of brittleness test. 
The criteria of lateral contraction and of energy 
involve yield prior to fracture at a series of increasing 
temperatures. Those test-pieces with higher contrac- 
tion or energy than the minimum yield more, and 
eventually yield enough to fracture in brittle fashion 
at the temperature of test. Extension of the transition 
range of lower temperatures is due to the use of a notch 
of sharpness less than that of the natural notch pro- 
vided by a propagating crack. Fissures that open at 
the root of a machined notch during the progress of a 
test complicate matters, and, allied with the pheno- 
menon of yield embrittlement, can account for the 
stepped transition curves that have recently occupied 
much space in the literature on brittle fracture in 
America. 

Fig. 12 shows a fracture with clearly marked surface 
yield at temperatures below that of the first arrest. 
This surface yield band gains in breadth and in depth 
as the temperature of the test-piece rises. In appear- 
ance it is akin to the 45 deg. part of the cup and cone 
fracture in an ordinary tensile test-piece. A hypothesis 
of triple tensile stress—in which shear yield is pre- 
vented—is consistent with the presence of this band 
of yield. The surface of the test-piece must be at zero 
normal stress, so that a crack, propagating under con- 
ditions of triple tensile stress, will not be able to main- 
tain these conditions right up to the surface. Yield 
will therefore take place on the surface under the high 
two-dimensional tension there. It follows from this 
hypothesis that thick plates should exhibit greater 
brittleness than thin ones. The depth of the zone 
affected by the surface will be more or less constant 
for a material in a given condition whatever the thick- 
ness. Thus, even for a propagating crack of uniform 
sharpness, the thick material will have a greater propor- 
tion of its thickness subject to the action of triple 
tensile stress. 

A deposited weld bead produces a heat-affected zone 
which will start a sharp crack at the root of a notch 
after a small amount of yield. Tests that employ this 
means for starting fracture naturally show a rise in 
transition temperatures over unwelded plates, but it 
is still evident from an examination of fractures that 
considerable tearing of a ductile nature may take place 
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in the material adjacent to the heat-affected zone 
during the higher temperature tests, before yield has 
progressed far enough to cause brittle fracture in the 
remainder of the material. In such tests the adoption 
of a criterion of 2 per cent. lateral contraction before 
fracture insists that the crack shall pass through 
yielded material. To infer from tests on yielded 
material how to avoid catastrophic failures by brittle 
fracture through unyielded plates at low nominal 
stress levels is open to criticism, but the new test 
simulates the practical conditions of actual fracture 
and it is confidently magne will contribute to the 
solution of the problem of brittle failure in mild steel. 

This account is published with the approval of the 
Lords Commissioners of the Admiralty, but the respon- 
sibility for any statements of fact or opinions expressed 
rests solely with the author, who is indebted to the 
Superintendent, Naval Construction Research Estab- 
lishment, where this work was carried out, for encour- 
agement and advice during the development of the 
test. Thanks are also due to Mr. G. A. Keay, B.Sc., 
chief metallurgist at the above Establishment, for help 
in discussion of the metallurgical aspects of the test. 





TRADE PUBLICATIONS. 


Fork Trucks,—Conveyancer Fork Trucks, Ltd., 
Liverpool-road, Warrington, have issued an illustrated 
pamphlet describing the advantages of the fork-lift 
truck for handling materials. 

Ladders.—Lyte Ladders, Ltd., Rogerstone, Newport, 
Monmouthshire, have published a price list of their 
aluminium-alloy ladders, which are available in several 
designs for general and special purposes. 


Flameproof Lighting Fitting.—Details of a flameproof 
lighting fitting which is intended for use in the petro- 
leum, coke, gas and shipbuilding industries are given in 
a leaflet published by Victor Products (Wallsend), Ltd., 
Wallsend -on-Tyne. 

Aircraft Accessories.—We have received from Vickers- 
Armstrongs Ltd., Weybridge, Surrey, an illustrated 
catalogue giving details of their aircraft accessories, 
which include chairs, sanitary fittings, fuel cocks and 
valves, and universal pulleys and guards. 


Rock Drills.—Holman Brothers, Ltd., Camborne, have 
issued an illustrated catalogue giving particulars of 
their drifter drills for wet or dry drilling, which range 
from a 92-lb. drill with a bore of 24 in. and a stroke of 
2 in. for light operations to a 198-Ib. drill with a bore 
of 4 in. and a stroke of 34% in. for very heavy duty. 


Dust Collectors.—Keith Blackman, Ltd., Mill Mead- 
road, London, N.17, have prepared a brochure on their 
; W1100 wet-type dust collectors, which are recommended 
for dusts injurious to health or liable to cause fire or 
explosion hazards; the collectors are made as units 
which are semi-portable. The dust is collected and 
deposited in the form of sludge which is readily disposed 
of. 


“* Rails and Rail Accessories.’’—Thos. W. Ward, Ltd., 
Albion Works, Sheffield, have produced a booklet with 
this title that should be useful as a reference to the 
forms and nomenclature of rails, chairs, crossings and 
turnouts, fishplates, keys, lever boxes, lever rods, rail 
fastenings, re-railing ramps, switch slips, buffer stops 
wheel stops, etc. Well-prepared line drawings are used 
to illustrate the parts which the firm make for private 
railway sidings. 

Portable Conveyor.—A leaflet, obtainable from the 
International Heating and Ventilating Co., Ltd., 
4, Denbigh-gardens, Richmond, Surrey, describes a 
portable conveyor, about 14 ft. long and driven by a 
petrol engine or an electric motor, which is a handy 
appliance for loading and unloading coal or other bulk 
materials. It can be used with lorries or railway trucks, 
or in other ways, and will discharge at the rate of 25 to 
30 tons per hour. 

Pneumatic and Electric Tools.—The Climax Rock 
Drill and Engineering Works, Ltd., Carn Brea, Redruth, 
Cornwall, have issued an illustrated catalogue giving 
specifications and describing the applications of their 
pneumatic and electric tools and equipment for contrac- 
tors, shipbuilders, foundries, etc. The equipment 
includes paving breakers, coal picks, clay diggers, 
trench pumps, vibrators, electric drills, chipping 
hammers, riveters, grinders, etc. 


Welding Electrodes.—Technical Circular T.C, 846, from 
the Quasi-Are Co., Ltd., Bilston, Staffordshire, gives the 
mechanical properties, chemical composition, etc., of 
that firm’s Radian (new type) mild-steel electrodes, 
which are made in ten sizes from 16 s.w.g. to § in. in 
diameter. These electrodes are fully extruded, and 
under the B.S. 1719-1951 classification they have the 
code No. E217. They are intended for general con- 
structural engineering and shipbuilding work; the 
smaller sizes are suitable for welding joints in sheet 
metal down to 20 s.w.g. 





NOTES ON NEW BOOKS. 


American (3rd Angle) and British (1st Angle) Projection 
for Engineering Technical Colleges, Universities and 
Workshops. 
By Guy L. Murray, M.I.Mech.E. Toledo Woodhead 
Springs, Limited, Clifton Works, Neepsend-lane, 
Sheffield, 3. [Price 10s. 6d. net.) 


In our issue of May 12, 1950 (vol. 169, page 521), we 
described and illustrated an ingenious model designed 
by Mr. G. L. Murray to show at a glance the essential 
difference between the third-angle projection that is 
standard practice in North America and the first-angle 
method which is still largely used in British drawing 
offices. In this brochure, Mr. Murray has developed the 
theme. The model was made of thick sheets of clear 
Perspex, arranged with the ends and sides hinged so 
that the whole structure could be laid flat to show the 
relationship of the plan and elevators on a drawing. 
In the brochure, the outline of the same model is used, 
but the several parts are printed (in colour) on thin 
sheets of transparent material, so that they can be 
folded back or superimposed as desired. The method 
is clear and effective, though perhaps not quite so 
immediately impressive as the folding model. It will 
be gathered quickly from the accompanying text that 
Mr. Murray favours the American method; in this 
he is supported by Professor Sir Charles Inglis, F.R.S., 
who contributes a foreword. 





Compressed Air in Mining and Industry. 


Compiled and edited by SypNEY H. Nortu. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 18s. net.]} 


Ir is rather surprising to find a former editor of a 
technical journal on compressed air attempting to 
cover the basic features of compressed-air installations, 
the applications of compressed-air power in mines, 
quarries, constructional works and industry, and the 
diversity of tools and appliances operated by this 
power, in a mere 170 pages. Although realising the 
difficulties of the task, Mr. North has proceeded to 
compile a series of chapters which certainly succeed in 
indicating the very wide range of application of com- 
pressed-air power. The information on basic principles, 
however, is too sketchy to serve any useful purpose 
and, in fact, engineers may raise their eyebrows at 
some of the statements, as, for example, that “ the air 
compressor is one of the most reliable prime movers in 
use.” While occasional attempts are made to discuss 
the suitability of different types of plant for specific 
purposes, the book consists essentially of a rather 
disjointed collection of descriptive material on various 
applications of compressed-air power, ranging from 
coal mining to laundries, from milk to beer, and from 
power hammers to paint sprayers. 





Reference Tables for Thermocouples. 


By HENRY SHENKER, JOHN I. LAURITZEN, JUN., and 
ROBERT J. CORRUCCINI. National Bureau of Standards 
Circular 508. The Superintendent of Documents, 
United States Government Printing Office, Washing- 
ton 25, D.C., U.S.A. [Price 35 cents.] 


TuEsE tables, incorporating recent changes in electrical 
units and temperature scale, cover all the common 
commercial thermocouples. They are based on data 
previously published by the Bureau of Standards and 
have been expanded to meet current requirements. 
Electromotive forces are expressed in absolute units, 
which became effective on January 1, 1948, and tem- 
peratures are expressed on the International Tempera- 
ture Scale of 1948. Following a short introduction, 
the tables themselves are divided into two parts in 
which temperatures are measured in the Celsius 
(Centigrade) scale and in the Fahrenheit scale, respec- 
tively. The thermocouples listed are platinum- 
10 per cent. rhodium, platinum-13 per cent. rhodium, 
chromel-alumel, copper-constantan, and chromel- 
constantan. For each individual couple, except the 
last, the tables are grouped in pairs. In the first 
member of a pair, the argument is the electromotive 
force in absolute millivolts and the tabular entries are 
in degrees Celsius or Fahrenheit. In the second 
member, the argument is the temperature of the hot 
junction in degrees Celsius or Fahrenheit, and the 
tabular entries are in absolute millivolts. In the single 
table for the chromel-constantan thermocouple, the 
argument is the temperature. In all cases, the tem- 
perature of the reference junctions are 0 deg. C. or 
32 deg. F. The interval of the argument for electro- 
motive force is 0-01 millivolt and the corresponding 
temperatures are given to the nearest 0-1 deg. C. or F. 
The interval of the argument for temperature is 
1 deg. C or F., and the corresponding electromotive 
forces are given to the nearest 0-001 millivolt. Minor 
discrepancies resulting from rounding off have been 
allowed to stand. Tables for iron-constantan thermo- 


—— 


couples are under revision, and are scheduled to appear 
in a separate publication. This comprehensive ang 
well-arranged set of tables should prove valuable to al} 
users of thermocouples. 


Foundations of Aerodynamics. 
By Proressors A. M. KuETHE and J. D. ScHerzer, 
John Wiley and Sons, Incorporated, 440, Fourth. 
avenue, New York 16, U.S.A. [Price 5-75 dols,}; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 46s. net.] 


THE authors, who are respectively professor ang 
associate-professor in aeronautical engineering at the 
University of Michigan have endeavoured, in this 
book, to present “in a form suitable for classroom use, 
the foundations on which aerodynamics rests.” It jg 
intended to form a basis for a one-year post-graduate 
course for engineering, mathematics, or physics 
graduates who have no previous knowledge of aero. 
dynamics. It should be made clear, however, that 
the standard of mathematics assumed is higher than 
that usually achieved by the average engincering 
graduate in this country. For those students who are 
equipped with the necessary mathematical knowledge, 
it should prove to be a valuable text-book. It is well 
written, and the conclusions of the mathematical 
arguments are admirably summarised. The authors 
are particularly concerned with fostering an under. 
standing of the limitations of the assumptions on 
which the theories are based. In the first six chapters, 
the flow of a perfect fluid and its application to pre- 
dicting the lift of aeroplane wings is considered. The 
following five chapters are concerned with the flow 
of a compressible inviscid fluid through channels and 
about wings. Four chapters are devoted to the viscous 
incompressible homogeneous fluid and the flow in 
boundary layers and tubes. A few brief analyses of 
the flow of a viscous compressible homogeneous fluid 
are included to serve as an introduction to the subject. 
In the last chapter, some practical problems of wing 
design are discussed in relation to the principles 
developed. Bibliographical references are given in 
footnotes. Problems for the student to solve are 
provided at the end of the book. 





Stages and Discharges, Mississippi River and Its Outlets 
and Tributaries, 1949. 


United States Army Corps of Engineers. The Presi- 
dent, Mississippi River Commission, Vicksburg, Missis- 
sippi, U.S.A. [Price 1.00 dol.] 


Tuts is a tabular statement for the year 1949 which 
will be of great interest to river engineers. A table of 
maximum, minimum and mean discharges and, 
similarly, the highest, lowest and 1949 high and low 
stages are given in an 18-page prologue. Reservoir 
particulars are also stated. At Arkansas City, in 
1927, the discharge is reckoned to have been 2,472,000 
cusecs if the river had been confined between levees. 
This compares with an observed value in 1949 at the 
same place, 559 miles from the mouth, of 1,523,000 
cusecs. The minimum at the same place was 88,000 
cusecs in 1939 and 206,000 cusecs in 1949. The mean 
for 1949 is given as 650,000 cusecs. The drainage area 
at Arkansas is stated at 1,130,700 square miles as com- 
pared with 1,243,700 at the head of “ passes” in 
Louisiana. These figures show an extraordinary simi- 
larity to those for the Yangtze. 





BOOKS RECEIVED. 


Resistance Strain Gauges. By J. YARNELL. Electroni¢e 
Engineering, 28, Essex-street, Strand, London, W.C.2. 
[Price 128. 6d.] 

Definitions and Formule for Students. Practical Mathe- 
matics. By Louis Torr. Third edition. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, London, W.C.2. [Price ls. 6d.] 

Directory of Railway Officials and Year Book, 1951-1952. 
Tothill Press Limited, 33, Tothill-street, London, 
S.W.1. [Price 40s.] 

Production Engineering Administration and Management. 
By PROFESSOR J. V.CONNOLLY. Bunhill Publications, 
Limited, 12, Bloomsbury-square, London, W.C.1. 
{Price 5s.] 

Fellowship of the Air. 
Club, 1901-1951. By B. J. HURREN. 
Limited, Dorset House, Stamford-street, 
W.C.2. [Price 30s. net, postage 9d.]} 

Selected Government Research Reports. Volume 9. Powder 
Metallurgy. H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 18s. net.] 

Analysis of the Four-Bar Linkage. Its Application to the 
Synthesis of Mechanisms. By ProFEsSORS JOHN 
A. HRONEs and GEorGE L. NELSON. The Technology 
Press of the Massachusetts Institute of Technology, 
Cambridge 39, Massachusetts, U.S.A. [Price 15 dols.]; 
and Chapman and Hall, Limited, 37, Essex-street, 


Jubilee Book of the Royal Aero 
lliffe and Sons, 
London, 





Strand, London, W.C.2. [Price 120s. net.] 
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RECUPERATIVE HEAT 
EXCHANGER FOR GAS 
TURBINES. 


In 1946, the firm of Heat Exchangers, Ltd., 53, 
Haymarket, London S8.W.1—a subsidiary of the 
Superheater Company—was formed to examine, 
by theoretical and practical study, the various 
types of heat exchangers, particularly the tubular, 
plate, regenerative and pebble types. Numerous 
applications of these four types have been examined 
and particular attention has been paid to their 

ible use in connection with gas-turbines. A 
theoretical study of contra-flow primary-surface 
heat-exchangers showed that, to meet a given 
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specification, the total heating surface required for 
a recuperator is practically constant, the face area, 
that is, the area of the matrix normal to the flow, 
is almost constant, being independent of the passage 
diameter, and the space occupied by the heating 
surface is mainly dependent on the passage diameter 
to which it is approximately proportional. There- 
fore, for minimum s an exchanger tends towards 
a unit of relatively face area and short length, 
while the volume occupied by the end connections 
and headers is mainly dependent on the matrix-face 
area and thus is very nearly constant. The indica- 
tions are that reduction of passage diameter is also 
the principal means of reducing weight, but for a 
tubular heat exchanger, the cost of tubing increases 
rapidly with decreasing diameter, so that pro- 
gressive reduction in volume produces a rapidly 
increasing cost. For a plate-type heat exchanger, 
however, the cost of the material for the matrix is 
not so dependent on passage diameter; this, of 
course, represents a distinct advantage. As a result 
of this theoretical study, the company decided to 
devote particular attention to plate-type exchangers, 
and finally evolved the design shown in the drawings 
teproduced in Figs. 1, 2 and 3, on this page. 

The prototype unit has been designed for a thermal 
Tecovery of 50 per cent., a total ure loss of 1-5 
per cent., and a mass flow of 1-25 Ib. per second at 
each side. This, it is claimed, simulates the con- 
ditions for a unit having a thermal recovery of 
75 per cent., but with a total pressure loss of 

m 4 to 6 per cent. As will be seen from Figs. 
1,2 and 3, the matrix is made up from elements 
each consisting of two corrugated plates welded 
together to form a series of parallel passages. These 
elements form passages for the high-pressure air 
and they are stacked one upon the other with the 

crests” of the corrugations touching, thereby 
making a further series of external passages between 





the elements and parallel to those for the high- 
pressure air. The ends of the plates are pressed out 
in the form shown in Fig. 4, on this page, so that 
when two plates are welded together, they form a 
cowl. The shape of this cowl is a distinctive feature 
of the design as the cross-sectional area throughout 
is equal to that of the passages in the corrugated 
section, thereby eliminating aerodynamic expansion 
and contraction losses. The form of the cowl will 
be clear from Fig. 5, on this page, which shows two 
plates welded together to form a single element. 
At the part where the cowl merges into the corru- 
gations, it extends the full width of the element but 
is shallower than the corrugated portion; at the 
extremities, however, it is narrower but. of the same 
depth as the corrugations. When the elements are 
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Ig pme idea of the construction 


of the gases or the high-pressure air. Alternatively 
both fluids could flow in the same direction when it is 
required to restrict the temperature of the metal in 
heat exchangers of low thermal recovery. 

In general, the construction of the unit is quite 
straightforward. The two sheets forming a single 
element are identical and each is pressed from a 
single piece of 18-gauge deep-drawing bright mild- 
steel strip to form eight corrugations and two half 
cowls. Two sheets forming an element are then 
placed face to face after which they are spot welded 
along the roots of adjacent corrugations and seam- 
welded round the edges, the pressings being de- 
signed so that, when held together, internal passages 
having a diameter of % in. are formed. To give 
internal stiffening, three tapered channel sections 
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are spot welded to the inside of each cowl, the 
stiffeners being disposed in such a manner that they 
also form flow distributors. It may be mentioned 
here that all resistance welding was carried out 
under the supervision of the British Welding 
Research Association at the research department of 
British Insulated Callender’s Cables, Limited. As 
the width of the corrugations necessitated the use 
of an electrode of less than standard diameter, 
preliminary tests were carried out to determine the 
strength of the welds, for which purpose the elements 
were subjected to an internal hydraulic pressure of 
140 Ib. per square inch. The results were good, as 
no failure occurred in any one of 16,000 spot welds. 
After pressure testing, the completed elements were 
acetylene welded into bundles of ten and loose 
flanges were fitted for joining to the headers. It 
should, perhaps, be mentioned here that mild steel 
was chosen for the prototype unit purely for ease 
of fabrication, it having been realised from the outset 
that it is not the best material. 

The headers were designed to offer the minimum 
resistance to the flow of the exhaust gases, but at 
the same time to occupy the shortest possible space. 
Like the cowls, each header is fitted with three 
stiffeners, which also act as flow distributors. As 
the casing which supports the complete matrix is 
not subjected to any pressure loads, it is of com- 
paratively light construction. The supporting 
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arranged for testing with five of the six side panels 
removed and the latter the casing structure in the 
area of one set of headers. The casing is, of course, 
lagged, 3-in. thick mattresses composed of 85 per 
cent. magnesia being used for this purpose. Differ- 
ential expansion between the matrix and the casing 
is allowed for by fitting stainless-steel bellows to the 
inlet headers, while transverse expansion is covered 
by allowing sufficient clearance between the casing 
and the matrix. 

Accessibility has received careful attention, and 
when it is required to dismantle the unit for any 
purpose it is only necessary to disconnect the high- 
pressure pipes, unbolt the headers from the casing 
and remove the detachable top cover, after which 
each stack of elements, together with its headers, 
can be lifted out of the casing. If further dis- 
mantling is required, the headers can be unbolted 
from the elements thereby separating them into 
small bundles ; there are ten elements to a bundle 
in the design under consideration. Cleaning can be 
carried out either by dismantling and immersing 
the elements in a solvent solution or by using 
cleaning rods with the elements in situ. If the 
fouling is not too severe, a washing solvent supplied 
under pressure through cleaning nozzles may 
suffice, but immersion in a solvent solution 
obviously will give the best results. 

The questions of deposits, suitable materials and 
methods of cleaning have received careful attention 
by the Shell Petroleum Company, Limited, with 
whom Heat Exchangers, Limited, have been 
collaborating. At their research laboratories, the 
Shell Petroleum Company have an experimental 
tube bundle fired with the products from heavy 
fuel oil combustion. The tube bundle was con- 
structed by Heat Exchangers, Limited, and is 
substantially a two-pass cross-flow heat exchanger. 
The construction will be clear from the photographs 
reproduced in Figs. 6 to 8, on this page, Fig. 6 
showing the different parts in their relative positions, 
but not bolted “ hard up,” while Figs. 7 and 8 show 
one half of the assembly and the removable row of 
tubes, respectively. This form of construction, of 
course, permits several different types of tube to be 
examined with the minimum of trouble. Gases 
from a combustion chamber designed to burn both 
distillate and residual fuels pass directly across 
the tube bundle and those tubes adjacent to the 
removable row are fitted with thermocouples in 
such a way that the surface of the tube presents a 
smooth circumference to the gases. 

Development tests of the prototype have come 
under two main headings, namely, basic research 
on models to determine the principles of design 
and full-scale work on the prototype unit under 
actual operating conditions. For the model tests, 
water was used as the working fluid, the flow 
being adjusted to give the appropriate Reynolds 


number, with full-size models of the prototype 
elements. A simple test rig comprising a pump, 
tanks, flow meter and test section was constructed 
for the purpose and so far, the work carried out 
has been directed towards obtaining internal 
and external pressure-drop figures and the distri- 
bution of flow, both internally and externally. 
The internal pressure drop was measured for 
various flows and lengths of corrugated section ; by 
this means, the individual pressure drops through 
the corrugated sections and the cowls were deter- 
mined, together with their variation with flow. 
The internal distribution was measured by collect- 
ing separately the flow through each passage and 
was found to vary considerably with the length of 
corrugated section. In order to assess the external 
distribution, the technique of photographing alu- 
minium particles suspended in water was adopted, 
wooden models being used in a tank fitted with 
a transparent cover. Numerous photographs were 
obtained which, in addition to giving assurance as 
regards the section finally adopted, revealed 
profitable fields of research for even further reduc- 
tion of pressure losses. 

Full-scale tests on the prototype have been 
divided into two parts, namely, an investigation 





of flow distribution as a check on the model tests 
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and as an indication of distortion of the matrix, 
and the establishment of performance against 
design. Internal distribution was measured by 
traversing a Pitot tube across the discharge from 
the inlet headers, the matrix and the outlet headers, 
and the distribution ascertained by this method 
proved to be uniform. Outside distribution at the 
end of the corrugated portion was measured by 
traversing a hypodermic tube between adjacent 
elements, the tube being drilled with a radial hole 
facing upstream ; the tube is shown in position in 
Fig. 17, on Plate XXXVI. As a result of the read- 
ings obtained by this method, it was concluded that 
distortion of the matrix should not be caused by 
poor flow distribution. As a further check, however, 
routine measurements are taken at the end of every 
run of the position of a series of centre-punch 
marks in the matrix from a datum point. It may 
be mentioned here that provision has been made in 
later designs to permit individual longitudinal 
expansion of each bundle of elements in the event 
of unequal temperature distribution at the inlet to 
the unit. 

For the performance tests, the plant illustrated 
in Figs. 10 and 11, on Plate XX XV, and Figs. 14 
15, on Plate XXXVI, was constructed. It has been 
designed to supply two counter-flowing fluids, one 
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RECUPERATIVE HEAT EXCHANGER FOR GAS TURBINES. 
HEAT EXCHANGERS, LIMITED, LONDON. 


(For Description, see Page 449.) 
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500 deg. F. and a pressure of approximately four 
atmospheres, and the other at a temperature between 
750 deg. F. and 1,000 deg. F. with a pressure slightly 
above that of the atmosphere. On the high-pressure 
side, the compressed air is raised to the requisite 
temperature by means of a standard Rolls-Royce 
Dart combustion chamber arranged to burn aviation 
kerosene so as to give clean combustion; this is 
illustrated in Fig. 16, on Plate XXXVI. On the low- 
pressure side, the air is heated by a special combus- 
tion chamber designed by the Shell Petroleum 
Company, Limited, and constructed by Heat 
Exchangers, Limited ; a photograph of this unit is 
reproduced in Fig. 9, opposite. The specification 
to which it was designed called for a range of gas 
temperatures of from 400 to 1,000 deg. F. and a 
rate of flow ranging from 0-25 lb. per second to 
2 lb. per second with a pressure drop not exceeding 
6 in. of water for any combination of these condi- 
tions ; subsequent tests showed that these require- 
ments were completely satisfied. The chamber is 
lined with Sillimanite; this was ready mixed, 
rammed in position and, after pre-drying in an oven, 
was fired in situ. The chamber is provided with a 
variable swirler, and other means for adjusting and 
controlling the air quantities and distribution, while 
sight holes of the usual form are fitted, with addi- 
tional windows at the discharge end for observing 
the condition of the lining both on load and immedi- 
ately after the load is removed. Both distillate and 
residual fuels can be burnt and although the former 
has been used in the tests carried out so far, the 
necessary equipment is being installed for burning 
residual fuels and it is hoped that tests with such 
fuels will be started in the near future. As a 
safety precaution, both combustion chambers are 
fitted with electronic flame-failure devices, arranged 
to operate magnetic shut-down valves installed in 
the various fuel lines. 

The methods employed for measuring the different 
variables follow accepted practice and, in general, 
standard instruments are used. Air and gas flows, 
for example, are measured with British Standard 
sharp-edged orifices and the usual corrections made 
for humidity, temperature, etc. Pressure differ- 
ences across these orifices and across the two sides 
of the heat exchanger are measured with single-leg 
vertical or inclined-tube manometers ; some of the 
latter type of manometers can be seen in Fig. 15, 
on Plate XXXVI. 

Gas and air temperatures are measured with 
chromium-alumel thermocouples connected through 
a multi-point switch to a potentiometer ; and duct 
wall temperatures are measured as a check on 
thermocouple radiation losses. Traverse measure- 
ments of temperature and total head have been made 
at all measuring sections to ensure representative 
readings ; typical performance figures are set out in 
Table I below from which it will be seen that the 
heat exchanger more than fulfils design considera- 
tions. 

TABLE I.—Performance Test Data. 





.. 4,500 Ib. per hour. 
.. 890 deg. F. 
. 659 deg. F. 
a aa ae 8q. in. 


Mass flow, high-pressure side - 
Inlet temperature, high-pressure side 
Outlet temperature, high-pressure side 
Mean pressure, high-pressure side .. 
abs. 
.. 4,500 Ib. - hour. 
. rik 4 4 . 
14- . per sq. in. 
abs. 


Mass flow, low-pressure side a 
Inlet temperature, low-pressure side 
Mean pressure, low-pressure side .. 


Heat recovery oi - ai .. 66 percent. 
Sum of percentage pressure drops on high- 
and low-pressure sides. . xa .. 1g percent. 





Results so far obtained are distinctly encouraging 
and show that the unit is capable of satisfactory 
operation with gas turbines. The unique form of 
construction used, which is covered by patents, 
confers several advantages, the most outstanding of 
which is, probably, the small passage diameter 
that can be obtained at moderate cost. The end 
connections also form an important part of the 
design, as their shape enables complete counter-flow 
to be obtained and at the same time permits a 
number of elements to be built up into a complete 
unit with the minimum of trouble. Furthermore, 
problems regarding e ion are considerably 
Simplified and the facilities for cleaning, both 
internally and externally, are comparable with most 
existing designs, 


The Design of Prismatic Structures. 

By A. J. ASHDOWN, A.M.1.Struct.E. Concrete Publica- 

tions, Limited, 14, Dartmouth-street, London, S.W.1., 

[Price 8s.] 

Txts is one of the Concrete Series of monographs, 
written primarily for the practising designer and 
draughtsman. The short title refers primarily to 
“‘ planar reinforced concrete slabs which meet at an 
angle at their longitudinal junctions” in such a 
way that the slabs are loaded transversely, as in 
pitched roofs and the bottoms of bunkers. The 
calculations are based on the usual simplifying 
assumptions, so that the publishers’ claim that the 
formule and calculations are much simpler than 
for “shell” roofs is really begging the question, 
since an attempted solution by the methods of the 
theory of elasticity would almost certainly be more 
arduous and intractable than that of a shell of circular 
or parabolic section. The typical set of equations 
solved by a relaxation method is of the most 
primitive order and the claim that “ the relaxation 
method described in the text is similar to that of 
Professor R. V. Southwell” might almost be inter- 
preted as an admission by the author that he is not 
very familiar with the contents of Professor 
Southwell’s two well-known Clarendon texts. 

These criticisms on the theoretical side of the 
work, however, do not detract from its practical 
value as a designer’s handbook, because no one 
familiar with the necessities, the urgencies and the 
limitations of drawing office methods would imagine 
that design can be made to depend on the everyday 
solutions of either eighth-order differential equations 
or of the types of problem which Professor Southwell 
and his many gifted pupils have used during the 
past 15 years to test the expanding range and 
power of relaxation methods. The four principal 
chapters—prismatic structures of one span, multiple- 
bay structures, continuous prismatic structures, and 
prismatic structures with sloping ends—cover a 
considerable variety of useful design problems and 
the methods are well explained and clearly set out. 


Compléments d’ Hydraulique, Part II. 

By Proressor L. ESOCANDE. Dunod, 92, Rue 
Bonaparte, Paris, 6me. [Price 1,900 fr.] 
Tue extensive indoor and outdoor hydraulic labora- 
tories associated with I’Ecole Nationale Supérieure 
d’Electrotechnique et d’Hydraulique de Toulouse 
and typical examples of the valuable scale model 
work executed there, under the direction of Pro- 
fessor L. Escande, are well known. The work of 
this institution in the field of hydraulics was started 
by Professor C. Camichel, and now provides Pro- 
fessor Escande with abundant scope for frequent 
and able contributions to French scientific societies 
and the technical Press. A selection of his papers 
was published in 1947 under the title Compléments 
@ Hydraulique, Part I, now supplemented by 
Part’ II. Among other questions, Part I intro- 
duced the powerful and elegant graphical Schnyder- 
Bergeron approach to water-hammer accompanying 
the closure of a butterfly valve following a rupture 
of a control device, surges in tailrace tunnels 
under pressure, and surge distribution along 
a non-uniform pipeline. Although the mathe- 
matical treatment may appear to be somewhat 
academic, such problems are of practical importance, 
and the application of the Schnyder-Bergeron 
method to transient hydraulic phenomena in turbine 
and pumping plants is not too difficult for use by 
hydraulic engineers. It is of special value to those 
who have a preference for graphical solutions to 
hydraulic problems, and has been extended to 
electrical work in Bergeron’s Du Coup de Bélier en 
Hydraulique Au Coup de Foudre en Electricite, issued 
by the same publishers as the present work. 

Four of the eight chapters in Part Ii of Complé- 
ments @ Hydraulique extend the development of this 
method to penstock water-hammer questions relat- 
ing to recent power stations in France, notably 
Génessiat, Olette and Breviéres. The conditions 
which have been studied are the simultaneous opera- 
tion of an intake gate and turbine inlet valve or 
guide apparatus, including aeration of effects; the 








closure of a servomotor-operated butterfly valve at 


characteristics and closure law ; and the operation 
of a turbine pressure-relief valve. The general 
conclusions which have been reached are both 
interesting and reassuring to those who have had 
previous doubts on the conditions which may arise 
in the hydraulic system in these circumstances. 

Professor Escande is a recognised authority on 
surge chambers and his Recherches Théoriques et 
Experimentales sur les Oscillations de 0 Hau dans les 
Chambres d’ Equilibre is well known to those dealing 
with hydro-electric plant regulation. Two chapters 
of the present publication provide further material 
in connection with the effect of the connection 
between the tunnel penstock system and the surge 
chamber, including throttling, using the Schnyder- 
Bergeron method; and surge chambers in series, 
including the case where discharges are received 
from side-streams or neighbouring catchments. 
For this study, the author has extended the classic 
work of Calame and Gaden on Théorie des Chambres 
@ Equilibre and his own more recent work, based 
on finite differences, as treated in Méthodes Nouvelles 
Pour Le Calcul des Chambres d@’ Equilibre, published 
by Dunod in 1949. 

The effective utilisation of model tests to disclose 
important conditions which prove intractable to 
mathematical analysis is illustrated by two chapters, 
the first of which deals with the determination of 
the free surface, discharge and pressure distribution 
on @ combination of sector gate and Creager-type 
overflow crest ; this has been supplemented by an 
interesting comparison with the calculated results, 
based on the Prasil graphical method for construc- 
tion of streamlines. The other chapter deals with 
the conditions which may accompany simultaneous 
operation of crest gates and deep sluices in a dam ; 
this emphasises the importance of aeration and the 
possibility of dangerous structural conditions arising 
in certain circumstances. Part II of the Complé- 
ments d’Hydraulique, and the other works of 
Professor Escande, are of particular value to the 
specialist in hydraulic engineering, and we look 
forward to a further report of his interesting research 
work in Part ITI. 





Advanced Strength of Materials. 
By D. A. R. CrLaRK, M.Sc. Techk., M.I.Mech.E., 
A.F.R.Ae.8. Blackie and Son, Limited, 16-18, 
William IV-street, London, W.C.2. [Price 35s. net.) 
Tue justification of a new text-book for use in 
courses of study on the strength of materials is 
to be found in the presentation rather than in the 
matter presented. In this book, Mr. Clark largely 
meets the needs of those studying the subject for 
the final engineering degree examination of London 
University, and for the examination for associate 
membership of the senior professional institutions. 
Following a discussion of direct stress and strain, 
the author proceeds, in the next four chapters, to 
the theory of beams with ends simply supported or 
built in, continuous beams, and the problem of 
stress under prescribed conditions of loading. The 
subject-matter of Chapter VI furnishes alternative 
means of dealing with beams, by the method of 
strain energy, the principle of which can be applied 
also to the next of the principal topics, namely, 
torsion in shafts, including the case of helical 
springs. In easy stages the reader’s attention is 
thus drawn to the computation of compound stresses. 
Extensions of the foregoing theory are given in 
Chapters IX to XII, in the analytical consideration 
of thick cylinders subjected to fluid pressure, struts, 
stresses in curved bars (of which a crane hook is an 
important example) and the stresses produced in 
rotating discs and structural components of cylin- 
drical shape. Due attention is paid to the theory 
of flat plates, and the computational side of the 
subject is explained by a wide variety of illustrative 
examples and exercises, with answers. The need 
for conciseness in a book of this kind is obvious, 
but the author’s endeavours in this direction would 
seem to have exceeded the bounds of discretion in 
certain places—as in the final chapter, on the 
vibration of shafts, where the phenomenon of 
whirling is introduced by the statement: “It will 
be impossible to have a shaft in which the centre of 





gravity coincides with the axis of rotation. . . .” 
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COAL. 
By E. T. G. Emery. 


THE sampling of small coal for analysis is usually 
carried out by taking evenly-spaced increments 
from the consignment of coal while it is in motion. 
In order to economise in the amount of coal sampled, 
it is necessary to know the minimum number of 
increments which will yield an analytical result of 
a given precision. It has been found that, for a 
given size of increment, the principal factors affecting 
the number of increments are the mean ash content 
and the maximum size of the coal, but size distri- 
bution and the variation of ash content with size 
may affect the results to a greater or lesser extent. 
It is generally conceded that, if the sampling is 
designed to limit the variability of the ash determina- 
tion to some pre-determined value, other properties 
of the coal, such as the content of volatile matter, 
calorific value, etc., will be obtained with sufficient 
precision. 

Most of the experimenting which has been carried 
out in the past has been with homogeneous coal; 
that is to say, coal from a single source which has 
been fairly thoroughly mixed before sampling. 
In practice, however, coal is not delivered in this 
condition. A shipload is often comprised of coals 
from a number of different pits ; a trainload from a 
single colliery may include wagons filled from 
different seams, or from different parts of the same 
seam; and even a single wagon may be affected 
by segregation. Thus the general level of ash 
content may vary from place to place in the consign- 
ment of coal, and a sampling procedure for commer- 
cial application should take this factor into account. 

The following notes dealing with the theory of 
coal sampling as normally carried out are expressed 
in terms of the functions ordinarily used in statis- 
tical work. It may be useful to commence by 
summarising the definitions of these functions. 
Given n values of a variable zx, the mean, 

Sz 
n 


z=- >, = i - @ 


and the variance, 





_ 2 @ - 2 


s* (2) 


the “standard deviation.” Given n pairs of values, 
21, X, the co-variance is defined as 
> (x - 24) (2 - Z,) 

- . 
The coefficient of correlation is then 

” Cov (x,, Z_) 

where 8, and 8S, are the standard deviations of 
the two variables, considered separately. 

A particular case occurs when 2, and 2, are 
drawn from the same “ population ” with variance 
S*. The coefficient of correlation is then referred 
to as the coefficient of intraclass correlation, and it 
is given by the formula 

COV (z,, Zs) 
r= — ‘ 

The quantity of coal to be sampled will be referred 
to as the “ consignment,”’ and it will be assumed that 
the consignment is spread out along a trough of 
constant cross-sectional area A, the area being not 
many times the cross-sectional area of the largest 
piece of coal. The consignment is assumed to be 
divided into p “elements,” an element selected 
for testing being referred to as an “increment.” 

Referring to Fig. 1, in which the elements 
comprising the first sample are shown hatched, 
let 

mn = the number of increments in one sample ; 

m = distance measured in number of elements from 
the middle of one increment to the middle of the 
next in a given sample ; 

= the number of samples of n increments in the 
consignment of p elements ; 
= mn; 
the ash content of a single increment ; 
the average ash in the jth sample of n incre- 
ments ; 
the average ash in the whole consignment ; 
y — Y = the error of a single increment ; 
Y3— Y = the error of a sample ; and 
the variance of samples. 


(3) 





COV (%,,23) = 


- (4) 


(5) 


“es 
i | 


WE & Kj 
toad 


i 
4 3 & amo j+km 
n—1 1 


1 1% 
=-- > ( +¥)-Ye=x- 
7 am s+ km - 2 Ste 





SMALL COAL. 


Fig. 2. ASH CONTENT IN 
SUB-ELEMENTS OF AN INCREMENT. 


Ash per Cent. 



































(419.8.) 
1 m 2 1 ™ fl n—i 2 
tae Baal ZFS ott 
m cn—l , 
> LU 4% +km 


x 
mn* 521 leo 
n—2 n—1 } 


+2 > , F 
ao neSe2 8*™ %+hm 


Let 
1 m a1 


St=— > > ase 
naam 


= variance of errors in individual increments, 





m n—1—g¢ . 
Com = b - B+km %+(k+a)m 
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This equation gives the variance o* of a sample of 
n increments in terms of the variance S? of a single 
increment, and of the various coefficients of corre- 
lation between the increments. It will be seen 
from this that the usual equation o* = = is true 
only when all values of r are zero; that is to say, 
when there is no systematic variation in the general 
level of ash content from place to place in the 
consignment of coal. 

In practice, it will probably be found that rgn 
will diminish as q m increases (i.e., as the increments 
are spaced farther apart). To obtain a rough idea 
of the implications of equation (6), suppose that ron 
varies in such a way that 


tom = rf. ° . . (7) 
It can be shown that the equation becomes 


s? 21m 21m (1 — | 
i - - (8) 
<j = {1 + om n(1 — rm)* 





Suppose n = 50 and r,, = 0-1, then 
s? 
Pas {1-22}. 


Thus, with the law of variation assumed by equation 
(7), the error in the conventional formula is 22 per 
cent. when r,, has the value 0-1. 

The experimental investigation of equation (6) 
is probably the most urgent need. Direct measure- 
ments of correlation coefficients for various spacings 
of increments could be carried out on different types 
of consignment, using any convenient fixed sizes of 
increments (such as those recommended in British 
Standard specifications) without waiting for exper! 
mental investigation of the theory given below for 
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the effect of increment size upon the precision of the 
analytical results. 

The effect of change in the size of the increment can 
be determined quite simply by means of equation (6). 
Regarding each increment as a consignment, let 
it be divided into ¢ sub-increments or elements. 
The “sample” consists of all ¢ elements and so 
m=1. If the dimensions of the increment 
considered in the development of equation (6) 
were only big enough to ensure that representative 
proportions of the various-sized pieces were included, 
practical difficulty would be met in sub-dividing 
the increment into ¢ elements. This difficulty is 
surmounted by imagining the existence of some 
kind of X-ray apparatus which will reveal the ash 
content of the coal contained between two vertical 
planes set at any distance apart along the length 
of the trough without disturbing the coal. The 
planes will pass through pieces of coal and the 
element will include only those parts of the pieces 
which are contained between the planes. If S? is 
the variance of an increment and u* is the variance 


of an element consisting of ; th part of an increment, 
it is found from equation (6) that 


2 t—-1 4 
t= Ff{1 +2 = tr}. . @) 
q= 





Referring to Fig. 2, opposite, let 
2, = distance between first and last elements ; 
< = distance between first and gth elements; and 
382= width of an element. 
Then 
¢-% t= 3, %% = Tz: 
Substituting in equation (9), 
u® - 
eS 3 71 = r— be} 
ba | z= 


bad | 








In the limit, as 8 x tends to zero, 


2 (% 
# =F | (a, — 2) rg dz. . - (10) 
zy 0 

This provides a fundamental equation for finding 
the variance of a single increment. To evaluate it, 
it is necessary to know the value of the characteris- 
tic constant u* and the law of variation of r, with z. 
Both will depend upon the general properties of 
the coal being sampled, such as the maximum size, 
the size distribution, the mean ash content, the 
density distribution, etc. Since we have considered 
a trough of coal of constant cross section, 2, repre- 
sents volume to a suitable scale. 

Unfortunately, there is no direct method of 
finding u* and r,; the best that can be done is to 
vary the size of the increment and to note whether 
the variations in S* are in agreement with some 
predetermined law of variation of r,. There exists 
the practical difference between taking an actual 
increment for analysis and the theoretical measure- 
ment of ash content in situ, as assumed in the 
development of the theory. When the increment 
is reasonably large, it can be expected that the 
difference between the two methods will have little 
effect ; but, as the size of increment is reduced, the 
chance inclusion or non-inclusion of whole pieces 
of coal in the practical increments will cause addi- 
tional variation to that expressed by equation (10). 
It must be recognised, therefore, that there is a 
practical restriction on the smallness of the incre- 
ment which can be used in the experiments. 

The limiting size may, however, be much smaller 
than has hitherto been considered possible. It has 
been known for some time that values of S* plotted 
against size of increment on a logarithmic scale 
yield a straight line when the increments are all 
above a certain size, but that the line curves sharply 
when the increments aresmall. It has been assumed 
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that this departure from linearity is due to unrepre- 
sentative increments being obtained when the size 
is reduced, but it is shown below that the curvature 
is in accordance with theory. 

The coefficient of correlation r,, must have the 
value unity when  =0; it will probably reduce 
in value as x increases, and, for all practical pur- 

, will become zero at some sufficiently large 
value of z. It will always remain positive. Many 
functions having these properties could be written 
down, but attention will be confined here to three 
of the simplest, given below as equations (11), (12) 
and (13), in each of which a scale factor a has been 
introduced so as to allow the curve to be spread as 
far along the z axis as may be desired. The curves 
are illustrated in Fig. 3, opposite, 


'%;= e-at . . . . (11) 

geet 6 «+ @ 

tf =(1 +az)*. ‘ . (13) 
Substituting each of these in turn in equation (10), 
the following results are obtained : 
From equation (11), 

2 

s? = a {9% ~ 1 + ean}. . (4) 


From equation (12), 
u? 
S? = an {a 2s / map -1+ V2 7m Zp}, (15) 


where Z;, and a, are, respectively, the ordinate and 
the area corresponding to the argument h = /2az 
of the well-known “ probability curve ” :— 
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a! = ae naa / Zale 


2ut 2 24/22, 
B= ra {eam - 2 + - (18) 


From equation (13), 
8? = mo {az, — log, (1 + a2,)}. + (19) 





2 
The values of 5 given by these equations are 


plotted against a x on Fig. 4, page 453, to a logarith- 
mic scale. It will be seen that the curves are 
practically coincident for values of a x in excess of 
about 100, 

Experiments could be devised for testing whether 
any given law (such as that of equation (11), for 
example) can be taken as being representative of 
the variation of r, in an actual consignment. At 
the same time, the experiments would establish 
the factor relating az to the weight or volume of 
increment. 

Let 
v = the volume of the smallest increment for which 
it can be reasonably assumed that the law will 
be followed ; 
st = variance of a single increment of size v ; and 
S> = variance of a single increment of size p v. 


A curve of the type shown in Fig. 4 could be used 
for the construction of a family of curves relating 


8 
3 to p for various values of az. An example is 


shown in Fig. 5, page 453, which has been drawn 
to correspond to equation (11). Experimental 


values of = plotted on this graph would show 


whether the law was suitable and would indicate 
the value of az corresponding to »; but, owing 
to the scattering of the points which occurs as the 
result of experiments, it might be difficult to decide 
which of various possible laws is the most suitable. 

The coefficient of correlation between consecutive 
increments of a given size is easily measured, and 
since this is dependent upon r,, it could be used to 
provide a further test of the validity of a hypothesis 
concerning the law of r,. 

Making a slight change in the notation previously 
used, suppose a consignment of p elements to be 
divided into n increments, each consisting of m 
elements (see Fig. 6, page 453). 

Let 
y = the ash content of a single element ; 

Yx = the average ash in the kth increment (consisting 

of m elements) ; 

Y = the average ash in the whole consignment ; 

a= y — Y = the error of a single element ; and 

ee = YR — Y = the error of an increment. 


1™ 
a-%,-Y=-— -¥Y 
mj vemts 


™ 
— (Gem+g + Y¥) — ¥ 
m jm +$ 
~ 5 
= = km +5 
ja, 
. ¥ 
&+. = — Ak 
m jm +1) m+j 
cov (Yp, Y 1 n—2 
v . a geecete 
& Ya+) = = =i 2 * +1 
= 1 1 
n—1a * 
n—2¢ m m 
=z {s Om+3 ain taymts 
aii keg j=l j=l 
Writing 
Yq ™ 4 Gy49, where z has any value 
and : 
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= co-variance of elements distance g 
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it can be shown that the above expression becomes 
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The coefficient of correlation between Y; and Y;,4; 
is 
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If we put = =, m= 3, T. =z, then, in the 
limit, where 3 x tends to zero, 
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For the law of equation (11)—(r = e—**)—equation 
(21) gives 

a (e—4% — 1) 

2 (e-9% + axz,— 1) 

Values of R calculated from equation (22) are plotted 


against a z in Fig. 7, on page 453. 
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RoyYAL INSTITUTION.—We have received a copy of the 
Royal Institution’s programme of Friday evening 
discourses and afternoon lectures which are to be held 
before Christmas at the Royal Institution, 21, Albemarle- 
street, London, W.1. Among the evening discourses, 
which begin at 9 p.m., may be mentioned ‘“‘ Experiments 
with High Energy Nucleons and Quanta,” by Sir John 
Cockcroft, C.B.E., F.R.S., on November 2; “ New 
Materials in Engineering,” by Dr. T. E. Allibone, F.R.S., 
M.R.I., on November 16; “ Radio-Astronomy,” by Mr. 
J. A. Ratcliffe, O.B.E., F.R.S., on November 23; and 
“‘ The Mechanics of Metal Crystals,” by Professor E. N. da 
OC. Andrade, F.R.S., M.R.I., on December 14. Professor 
Andrade is also giving a course of afternoon lectures on 
** The Physics of the Deformation of Metals,” at 5.15 p.m. 
on Thursdays, November 1, 8,15 and 22; and a courseof 
three afternoon lectures on “ Distance Measurements in 
Astronomy ” is to be presented by Professor Sir Harold 
Spencer Jones, F.R.S., M.R.I., at 5.15 p.m. on Thursdays 
November 29, December 6 and 13. Non-members of 
the Institution may attend afternoon lectures by paying 
a subscription of 6s. for a course of three lectures and 
8s. for a course of four lectures. 





SHEET AND STRIP METAL USERS’ TECHNICAL ASSOCIA- 
TION.—The annual winter conference of the Sheet and 
Strip Metal Users’ Technical Association will be held, 
this year,on October 31 and November 1 and 2, at the 
Charing Cross Hotel, Strand, London, W.C.2. On the 
first day, visits will be paid to the works of Vauxhall 
Motors, Ltd., Luton, and Briggs Motor Bodies, Ltd., 
Dagenham, and to the industrial application showroom 
of Philips Electrical, Ltd. On Thursday, November 1, 
at 10.30 a.m., the Association’s annual genera! meeting 
will be held, and, at 11.30 a.m., the 4th Sheet-Metal- 
Working Exhibition will be officially opened. At 2.15 p.m., 
& paper by Mr. H. E. Dixon and Dr. H. G. Taylor, on 
“ Resistance Welding: Research Progress by the British 
Welding Research Association,’ will be présented. At 
7.0 for 7.30 p.m., an informal dinner will be held at 
Simpson’s Restaurant, Strand. On the morning of 
Friday, November 2, a discussion on “ Tooling for 
Small-Quantity Production ” will be introduced by Mr. T. 
Elkington, Mr. W. Dunn, Mr. H. C. Gregory and others, 
In the afternoon, at 2.15 p.m., a discussion on “ Ma- 
terials Handling for Presswork and Assembly Lines ” 


Mr. K. B. Warwick and others. Further particulars may 
be obtained from the honorary secretary, Mr. Alastair 


will be introduced by Mr. H. B. Mott, Mr. O. J. B. Orwin,| P’ 


METALS. 
(Concluded from page 423.) 


Wuen the members reassembled in _ the 
Ca’Foscari, Venice, on the morning of Tuesday, 
September 18, for the last technical session of the 
Institute of Metals Autumn meeting in Italy, 
Professor A. J. Murphy occupied the chair. 


Friction IN WIREDRAWING. 

The first paper considered was entitled “ Friction 
in Wire Drawing” and was by Mr. H. G. Baron 
and Professor F. C. Thompson. It was presented 
by Professor Thompson. The paper described work 
carried out in the Department of Metallurgy of the 
University of Manchester, and was divided into two 
main sections. The authors stated that the first 
section contained the results of a short investigation 
of the magnitude of the frictional loss in drawing 
65:35 brass wire, using carbide dies with and 
without parallel extensions. These results confirmed 
the view that the process was the more efficient 
as the reduction of area became larger. The second 
main section of the paper dealt with the coefficient 
of friction between the wire and the die, calculated 
on the basis of wiredrawing theory. Many theories 
could be used, but, fortunately, G. D. 8. MacLellan, 
in a paper before the Iron and Steel Institute in 
1948, had reviewed most of them, and those which 
were, for one reason or another, unsatisfactory 
could be at once eliminated. Of the remainder, 
the most important was that of G. Sachs, and 
E. A. Davis’s and S. J. Dokos’s modification of it, 
and the recent theory of R. Hills and S. J. Tupper. 
It was considered that the theory of Davis and 
Dokos could be used to obtain reasonably reliable 
values of the coefficient of friction under certain 
experimental conditions. Experiments with “ back- 
pull ” had shown that the relationship between the 
die load and the back-pull was not strictly linear, 
the small deviation from linearity being due to the 
fact that the coefficient of friction decreased as the 
back-pull was increased. In spite of this, however, 
it was believed that MacLellan’s back-pull equation 
could be used to obtain accurate values of the 
coefficient under specified conditions. The effects 
on friction of a number of variables had been investi- 
gated using a variety of lubricants. Of these, the 
soaps provided relatively thick-film or “ quasi- 
hydrodynamic” lubrication, and even the liquid 
lubricants showed some hydrodynamic tendencies. 

The only s r in the discussion, Professor 
H. Ford, said that until lately investigation into the 
plastic deformation in industrial metal-working 
processes had run along distinctly separate lines. 
It was now clear that a comparative study at an 
earlier stage would have speeded up the general 
progress now being made, certainly as far as cold- 
working processes were concerned. If the points of 
similarity in such processes as wiredrawing, cold 
rolling and deep drawing were considered, it was 
apparent that, in attempting an analysis of the 
forces involved and the nature of the deformation 
occurring, two fundamental qualities were con- 
cerned, namely, the stress-strain curve connecting 
the current yield stress with the corresponding 
amount of strain reckoned from the initial condition 
of the material being deformed ; and the coefficient 
of friction between the deforming metal and the 
die or roll. Unfortunately, no direct way of 
measuring the coefficient of friction was available at 
present. Quite recently, MacLellan, after a careful 
assessment of all the published data on drawing 
force and other quantities, had found that the 
coefficient of friction varied from 0-09 to 0-4. 
Such a coefficient of friction was meaningless. 
Until a few years ago, a similar “spread ” of values 
was quoted in cold rolling, but, both in rolling and 
deep drawing, the latest studies had narrowed the 
range to between 0-04 and 0-1 for the whole range of 
lubricants and surface finishes. The wiredrawing 
process, giving such vastly different values, had 
been the black sheep of the family, and had cast 
doubts on the much lower values found in other 
rocesses. The authors had been able to show 
that the coefficient determined as the empirical 
adjusting factor, assuming the drawing force and 
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line with other investigations. This paper, therefore, 
gave a definite indication that investigators were, 
in fact, chasing a real coefficient of friction and not 
just deriving an empirical coefficient. It would 
seem that the results given yielded an average 
coefficient of friction of 0-053 when using a good 
lubricant ; a value agreeing very well with the 
range of 0-05 to 0-06 found in cold rolling and deep 
drawing. The “scatter” of the results, however, 
was rather greater than in other processes. 

Professor Thompson, in the course of his reply, 
said that it was interesting to note the manner in 
which the values obtained for the coefficients of 
friction in different metal-working processes were 
coming together. Wiredrawing, however, was still, 
in some respects, in a class by itself. 


Wrovcut ALUMINIUM-ZINC-MaGNEsIuM ALLOYS. 


The second paper considered was by Dr. Maurice 
Cook, Mr. R. Chadwick and Mr. N. B. Muir, of 
Imperial Chemical Industries, Limited, Metals 
Division, Birmingham. It was entitled ‘ Obser- 
vations on Some Wrought Aluminium-Zinc-Mag- 
nesium Alloys,” and was presented by Dr. Cook. 
The authors stated that they had investigated high- 
strength aluminium-zinc-magnesium wrought alloys 
containing up to 12 per cent. of zinc, 3-5 per cent. 
of magnesium and 3 per cent. of copper, as well as 
chromium, manganese, iron, and silicon in amounts 
of less than 1 per cent. each. The object of the 
investigation had been to establish the most suitable 
range of compositions for bulk manufacture. 
Macro- and micro-structures, mechanical properties, 
resistance to corrosion, and thermal treatments 
had been studied on materials produced on an 
experimental scale. In addition, the freezing 
characteristics of the alloys had been investigated 
to ascertain compositions having small eutectic 
contents and, hence, desirable casting properties. 
As a result of these studies, limiting compositions 
had been established for alloys which possessed 
optimum mechanical properties and corrosion 
resistance, together with the desired freezing 
characteristics. 

A comparison had then been made, under manu- 
facturing conditions, of the casting and extrusion 
characteristics of two alloys having similar mechani- 
cal properties in the wrought condition, the one 
having a small and the other a large eutectic content. 
The superiority of the former, from the point o' 
view of casting and working, was confirmed. This 
alloy had the following nominal percentage com- 
position: 6-5 zinc, 1-8 magnesium, 1-5 copper, 
0-25 manganese, 0-25 chromium, and the remainder 
aluminium. Further observations on the effect 
of different heat-treatment procedures had been 
made on an alloy of similar composition produced 
on @ manufacturing scale in the form of rolled sheet. 
On this material the effects of cold work and 
secondary heat treatment had also been investigated 
to establish conditions for developing maximum 
corrosion-resistance compatible with high strength 
and a reasonable measure of ductility. 

Dr. R. T. Parker, who opened the discussion, 
stated that he would ask the authors to admit the 
importance of copper as a major alloying constituent 
in the alloys by describing them as aluminium-zinc- 
magnesium-copper alloys. With regard to added 
elements, more information might have been 
obtained from silicon contents of 0-1, 0-2 and 0-3 
per cent. and chromium contents of zero, 0-15 and 
0-25 per cent. With the higher chromium contents, 
in particular, difficulty was likely to arise on account 
of the formation of intermetallic compounds of some 
size which might invalidate some of the observations 

on corrosion resistance, for example. While 

on the subject of corrosion resistance, he felt that 
he must query the use of the accelerated testing 
medium. The authors had said that it was the 
standard medium which simulated prolonged 
exposure to marine conditions, but was that indeed 
the case? Had they any correlation to offer of 
their tests against long-time marine exposure ? 
Probably, however, the most important point upon 
which he di with the authors was in regard 
to their belief that the amount of eutectic had 
pr bearing upon the casting properties of these 
oys. In the casting of this type of alloy he 
believed that the cracking which took place was 
essentially « cold-cracking,” and, as such, could 





only be related to stresses formed in casting and the 
presence of a brittle structure. Cracking in casting 
could be correlated with the composition as regards 
some of the major elements, zinc and magnesium 
for example, and some of the minor elements, 
such as silicon. Unless the authors could relate 
the presence of their eutectics with the brittle 
structure necessary for cold cracking, he must 
disagree with them. 

Mr. H. W. L. Phillips desired to know what 
effect the present work would have on that of the 
welding research team at the University of Birming- 
ham. The next speaker, Dr. I. G. Slater, spoke on 
the usefulness of corrosion tests and stated that the 
significance of laboratory corrosion tests was much 
over-estimated. It was time that “a return was 
made to nature ” in corrosion testing. The authors 
had not referred to the directional properties of the 
alloys, which were notable if not notorious. When 
eveluating the mechanical properties of their alloys 
the authors had confined themselves-to the proof 
stress, ultimate strength, and elongation . values. 
Had they considered other values? The authors 
had done some work on extrusion. He had always 
thought that the extrusion speeds of these alloys 
were slow, but the authors had given the speed as 
22 ft. per minute and he would like to know if such 
speeds applied in the case of simple or in those of 
rather more complex sections. 

Mr. Christopher Smith asked if there was any 
likelihood of an alloy of aluminium being found 
which would be suitable for all purposes. The 
segregation of chromium, when this element was 
present above certain limits, was indeed a problem. 
Using material which contained 0-2 per cent. of 
this metal, his firm, Messrs. James Booth and Com- 
pany, Limited, produced 16-in. diameter “ billets ” 
by casting. These were extruded to 12-in. diameter 
bar and then forged down to 3-in. diameter rods. 
There was evidence of very extensive “ coring ” 
in the alloy after heat treatment. In the absence 
of chromium, the alloy became homogeneous 
fairly easily but rather considerable variety occurred 
in the grain size. The next speaker was the 
President, Professor A. J. Murphy, who stated that 
the alloys now under discussion had been known for 
several decades.. In fact, they had been mentioned 
in the 11th report of the Alloys Research Com- 
mittee of 1921. Dr. W. Rosenhain and others had 
shown that, in alloys of aluminium-zinc-magnesium, 
spontaneous cracking occurred. The question was 
whether the authors could state that this material 
was now fundamentally free from this trouble. In 
answer to this, Mr. Christopher Smith said that the 
industry as a whole possessed considerable know- 
ledge of the potentialities of these alloys. It was 
perfectly well known that certain things could be 
done with them, and done quite safely, while it 
was equally well known that for other purposes 
they were not suitable. After all, 70: 30 brass was 
a material which normally behaved in a perfectly 
satisfactory manner, but, in certain circumstances, 
spontaneous cracking could occur. 

Mr. Chadwick replied to the discussion and stated 
that various speakers had drawn attention to the 
bad and the good effects associated with the presence 
of chromium in the alloy. Both Dr. Parker and Dr. 
Slater had stated that slower and more “ natural ” 
methods of making corrosion tests were needed. 
Everyone would agree with them, but “natural” 
tests might take years and the results might vary 
according to whether the summers were dry or wet. 
Accelerated tests gave reproducible results, and to 
deal with a number of elements in a reasonable time 
it seemed that the only solution was to adopt an 
accelerated test. This did show up differences in 
specimens and enabled the corrosion-resistance 
properties to be interpreted. The possibility of 
doing without chromium in these alloys was a 
doubtful question. This element was of importance 
in connection with stress corrosion. Dr. Slater had 
criticised their method of evaluating mechanical 
properties, but he had not suggested alternatives. 
Mr. Christopher Smith had asked whether it was 
likely that an alloy suitable for all purposes would 
be found. It was, in his (Mr. Chadwick’s) opinion, 


additions of titanium to alloys containing chromium 
enabled a homogeneous structure to be obtained. 
In answer to the President, these alloys did not show 
the tendency to spontaneous cracking to which he 
had referred. A selected alloy containing 6-75 per 
cent. of zinc, 1-75 per cent. of magnesium, 1-5 
per cent. of copper, 0-25 per cent. of manganese, 
0-25 per cent. of chromium, 0-2 per cent. of iron, 
and 0-15 per cent. of silicon, was capable of with- 
standing successfully stress-corrosion up to between 
80 and 90 per cent. of its proof-stress figure. Dr. 
Maurice Cook, who also replied, said that while he 
agreed that the present alloys had been known for 
several decades, it was only in the last 10 years 
that they had been developed as commercial 
materials. The criticism of their accelerated 
corrosion test had been somewhat unfair and un- 
reasonable. ests of this type were both well 
known and well established. They were not meant 
to be exhaustive but they did give consistent and 
reproducible re, ults. 


AtuminiuM-CopPER-TITANIUM AND CADMIUM 
ALLoys. 


The last two papers on the agenda were discussed 
jointly after presentation. Both were by Dr. H. K. 
Hardy, of the Fulmer Research Institute, Stoke 
Poges, and the first was entitled “The Effect of 
Small Quantities of Cd, In, Sn, Sb, Tl, Pb, or Bi 
on the Ageing Characteristics of Cast and Heat- 
Treated Aluminium-4 per cent. Copper-0-15 per 
cent. Titanium Alloy.” The second paper dealt 
with “The Tensile Properties of Heat-Treated 
Aluminium-Copper and Aluminium-Copper-Cad- 
mium Alloys of Commercial Purity.” 

When presenting his first paper, Dr. Hardy stated 
that small quantities, of the order of 0-5 per cent., 
of the slightly-soluble elements, cadmium, indium 
or tin had a definite influence on the course of pre 
cipitation of copper in aluminium. The natural 
ageing was depressed, but the rate of artificial ageing 
was accelerated by a factor between 3 and 8. Both 
the response to artificial ageing and the absolute 
strength were increased. The insoluble elements, 
antimony, thallium, lead and bismuth, had no 
influence on the ageing of the aluminium-copper 
alloy, although the bismuth particles mechanically 
reduced the strength properties. Very small addi- 
tions of magnesium, of the order of 0-06 per cent., 
greatly diminished the influence of indium or tin, 
but did not affect the alloys containing cadmium. 
The quantity of magnesium required to neutralise 
the influence of indium or tin was approximately 
twice the ratio for the hypothetical compound 
Mg,In or the stable compound Mg,Sn. The results 
had important practical implications, since they 
pointed the way to improved and controlled pro- 
perties for commercial-purity aluminium-copper 
alloys. 

In the course of his second paper, Dr. H. K. 
Hardy stated that a previous research, presented to 
the Institute of Metals in 1950, had shown that 
additions of cadmium accelerated the artificial 
ageing and markedly increased the strength pro- 
perties of cast and heat-treated aluminium-4 per 
cent. copper-0-15 per cent. titanium alloys of very 
high purity. Aluminium-copper-cadmium alloys of 
normal purity had now been examined in the cast 
or wrought condition. Alloys containing more than 
0-1 per cent. of cadmium were hot-short and gener- 
ally failed to forge. The quantity of cadmium was 
not critical in the case of cast alloys, and up to 
0-5 per cent. had no detrimental effect on the 
ductility of fully heat-treated test bars at room 
temperature. Cadmium additions increased the 
strength properties of artificially-aged aluminium- 
copper alloys to an important extent and slightly 
improved the resistance to corrosion by salt spray. 
Such alloys merited consideration for industrial 
use. The effect of cadmium was not influenced by 
the presence of iron, silicon, manganese, zinc, 
nickel, or 0-05 per cent. magnesium. Cadmium 
additions did not affect the ageing, at 132 deg. C., of 
wrought aluminium-zinc-magnesium and aluminium- 
zinc-magnesium-copper alloys. 

Professor A. von Zeerleder, who opened the dis- 





necessary to make slight changes in alloys to fit 
them for certain applications. Coring and the 
difficulty of obtaining a homogenised structure had 


cussion, stated that in the first paper Dr. Hardy bad 
discarded the possibility that Cd, In and Sn had a 
hardening effect of their own by causing the forma- 


been mentioned. They had found that small! tion of a new phase. He agreed with the author 
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that these elements were rather influencing the 
hardening reaction of copper which, according to 
Dr. Hardy, occurred either by affecting the rate of 
diffusion of the copper or the rate of nucleation. 
In 1926, investigations similar to those described in 
the second paper had been carried out. Aluminium- 
copper casting alloys containing 0-2 per cent. 
magnesium (Alufont II) did not show any increased 
hardening effect after an addition of 0-05 per cent. 
Cd, even after ageing at 160 deg.C. Wrought alloys 
behaved similarly. Later investigations with in- 
creased cadmium content, however, had shown an 
acceleration of artificial ageing. For instance, an 
addition of 0-2 per cent. cadmium resulted in a 
remarkable increase in mechanical rties after 
6 hours of artificial ageing at 140 deg. C. No 
increases were noticed with alloys of higher cadmium 
content. An addition of Cd to Al-Mg-Si alloys 
gave an increase of strength with no detriment to 
corrosion resistance. Working difficulties, at the 
time, had prevented the commercial application of 
these alloys. With the better working equipment 
at present available, however, alloys of this type 
were now welcome additions in engineering 
works, 

Dr. J. C. Chaston considered that the papers were 
rather in the nature of a preliminary survey and 
it would be easier to discuss the properties and 
behaviour of these alloys when they had been 
studied in greater detail and when rather more data 
were available. Mr. H. W. L. Phillips, who spoke 
next, stated. that machining properties and such 
matters as the shape of the chips obtained in machin- 
ing operations had been correlated with the struc- 
tures of alloys. He wondered whether the various 
additions to the author’s alloys impaired machining 
properties and whether the shape of the chips would 
show this. The next speaker, Mr. E. A. G. Liddiard, 
said that the statement in the synopsis of the 
author’s second paper that alloys containing 
more than 0-1 per cent. of cadmium were hot 
short and generally failed to forge was misleading ; 
0-1 per cent. was not the upper limit. All that 
had been established was that 0-1 per cent. cadmium 
alloys were not hot-short, whereas 0-25 per cent. 
cadmium alloys were. No other alloys had been 
studied within this gap of 0-1 and 0-25 per cent., 
so that it could only be stated that the limit 
for hot-shortness lay somewhere above 0-1 and 
below 0-25 per cent. Mr. R. Chadwick, who closed 
the: discussion, stated that the author’s work on 
the effect of cadmium additions on the corrosion 
resistance of wrought aluminium-4-5 per cent. 
copper alloys containing various iron and manganese 
additions had resulted in reductions in the maximum- 
stress values of between 1-2 and. 4-3 tons per 
square inch. Such figures were of little value. 
Finally, he would like to know in what way the 
author considered that aluminium-copper-cadmium 
alloys were better than aluminium-copper-magnes- 
ium alloys. 

In the course of his reply, Dr. Hardy stated that 
cadmium improved the machining characteristics 
of the alloys studied, although he had no information 
on the subject of the shape of chips. The figures 
for reduction in maximum stress value quoted by 
Mr. Chadwick were average values. The aluminium- 
copper-cadmium alloys were better than the 
aluminium-copper-magnesium alloys not only from 
the point of view of better machinability but they 
forged much better and their natural ageing charac- 
teristics were negligible. 

The afternoon of Tuesday, September 18, was 
spent on visits to works in and around Venice. In 
the evening, a joint banquet of the Associazione 
Italiana di Metallurgia and the Institute of Metals 
was held at the Grand daotel des Bains, on the Lido. 
On Wednesday, the members were divided into 
eight groups, the first of which consisted of those 
returning direct to London. Members in group 2 
left Venice for visits to steel and non-ferrous metal 
works in Milan. Members in group 3 visited works 
at Piave and Bolzano, as well as Milan, and those in 
group 4 works in Turin, as well as in Milan. The 
works and other tours for those in group 5 included 
visits in the vicinity of Florence ; for members in 
group 6, in the neighbourhoods of Milan and 
Florence ; for those in group 7, Bolzano, Milan and 
Florence ; and for members in group 8, Milan, Turin 
and Florence. 





SOLVING BEAM PROBLEMS 
BY RELAXATION METHODS. 


By R. C. Coates, B.Sc. (Eng.), A.M.I.C.E. 


RELaxaTIoN methods, originated by Professor 
(now Sir) Richard Southwell when he was at the 
University of Oxford, may be used in many prob- 
lems encountered in engineering mathematics. 
They may be readily applied to problems involving 
the deflected shape of beams. In this instance, 
as in other applications of relaxation methods, the 
process is self-checking, and a lack of uniformity 
in the cross-section of the member under considera- 
tion adds little to the labour involved. The final 
answers are obtained as the deflections of a number 
of selected points, and any required accuracy may 
be obtained by a suitable choice of those points. 

Throughout this article, the following conventions 
of sign will be adopted: that x, or horizontal, dis- 
tances are positive when measured to the right ; 
that y, or vertical, deflections are positive when 
measured downwards ; and that bending moments 
are positive when hogging, i.e., when causing 
downward concavity. 

The fundamental bending equation, using this 
convention, is that 

dy M 

ant” Bi oo ell aul 
M being the bending moment and EI the flexural 
rigidity at any point. This equation must be 
expressed initially in terms of finite differences. 





In Fig. 1, herewith, let points 1, 2 and 3 be three 
adjacent points on a deflected member, a finite 
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Substituting this value in the fundamental equation, 


Sy Gy oe we 
U3 + Vy Ve =r =@. . - (2) 
Any number of points, a convenient distance d 


apart, could be selected on a loaded beam A B, Fig. 2, 
opposite, and an equation of form (2) written down 
for each point. The values of the actual deflections 
of each point might then be obtained by solution 
of the resulting series of simultaneous equations ; 
but, since a large number of points must be used 
to obtain a true picture of the deflected member, 
and since the labour of solution of simultaneous 
equations increases with the number of unknowns, 
the relaxation process gives a simpler method of 
attack. 

Essentially, the process allows one point at a time 
to move towards its final equilibrium position, and, 
therefore, at any stage, the equation (2) will not be 
completely satisfied. In general, therefore, the 
equation (2) should be rewritten to read 


M ad 
% +n -3%- FT, AR - - (3) 


where R is the residual. The aim of the relaxation 
process is to reduce this residual to zero, or, to be 
precise, to make the residual so small that it may be 
neglected. 

Any guess may be made originally for the values 
of y at the selected points. If these be initially 
assumed to be zero, that is, if the beam be initially 





assumed straight, then the value of R at any point 
2 

will be given by R = — a from equation (3), 

Again, from equation (3), if y, and y; be maintained 

constant, but y, allowed to increase, the change in 

the residual R may be calculated, since 


oR 
bR = — dy, = — 28d. 
Ove Me Vs 


It follows, therefore, that an increase of = in the 


deflection at the point 2 tends to reduce to zero 
the residual at that point. It causes an increase of 


=, however, in the residuals at points 1 and 3; 


this may be seen by substitution of the new value 
of y, in the similar equations to (3) pertaining to the 
points 1 and 3. These residuals, likewise, must be 
reduced in magnitude, the reductions and carry-over 
being continued until the resulting residuals are 
sufficiently small to be neglected. 

Removal of residuals may also be effected by 
“ block relaxation,” in which process a number of 
points are allowed to deflect simultaneously. In 
this case, it follows from equation (3) that, if y, 
and y; increase together by an amount dy, the 
change in R may be calculated, since 

oR oR 
8R = 4 by + avs by dy. 
That is, an increase in y, and y; of R cancels the 
residual R at both points 2 and 3, and causes an 
increase of R in the residuals at points 1 and 4. 

The complete relaxation table for the beam in 
Fig. 2 is shown, the original residuals at any point 
being shown to the right of the line drawn vertically 
through that point. For clarity, the distance d, 
and the value of the flexural rigidity EI have 
both been assumed as unity, the initial residual 
being calculated on the assumption that the beam 
had not deflected. When any residual has been 
altered, or removed, a cancellation mark has been 
introduced. The steps in the relaxation table 
are: (a) relaxation of point 2; (b) point 3; 
(c) point 1; (d) points 2, 3,4; and (e) points 1, 2, 
3, 4, 5, etc. The solution, shorn of the relaxation 
table, is given in Fig. 3, opposite, for a point-loaded 
hon-prismatic beam. No difference in method is 
necessary, but account must be taken of the values 
of flexural rigidity when calculating residuals. 

It should be noted that the completed solutions 
for the beams should satisfy equation (2); that is, 
the residuals using these calculated values of the 
deflection should be zero. The process extends to 
the cancellation of residuals down to those of unit 
magnitude, and agreement with equation (2) has 
been obtained to this degree of accuracy. If the 
weight of the beam itself is considerable, and non- 
uniform, as in the case of the whirling speed of a 
turbine rotor, an extension of the method may be 
employed for finding the deflection. Writing w 
for the weight per unit length of the beam, the 
equation becomes 

aM 

dx? 
and this may be solved by the foregoing relaxation 
method, the resulting bending-moment values being 
divided by the flexural rigidity at each point to 
give the initial residuals for a second relaxation 
calculation leading to the elastic line. 

By the introduction of “ fictitious nodes ” at the 
ends of the beam, and the use of a theorem due to 
Mueller-Breslau, the influence line for fixed-end 
moments in a beam with haunches has been obtained. 
By means of that theorem, it may be proved that 
the deflected shape of a fixed beam, produced by 
unit rotation at one end, gives directly the influence 
line for fixing moment at that end. : 

The beam is first loaded with the bending- 
moment diagram produced on a simply supported 
span AB by a couple at A, as shown in Fig. 4, 
opposite. The beam is imagined supported at points 
F, and Fx; that is, at fictitious nodes a distance 
d beyond the ends A and B, being extended beyond 
A and B by rigid arms. The normal relaxation 
process gives the deflected shape of this simply- 
supported beam under the action of the loading. 
Corrections are now n as follows :— 
(a) correction of the deflected shape to a base line 
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deflection zero at those points; (6) correction for 
the slope at B, making the line BF’ of zero slope; 
and (c) correction for the slope at A, making the line 
AF, of unity slope. These successive stages are 
shown in Fig. 4, where the final results are tabulated 
and the completed influence line plotted. For com- 
parison, the bottom line of the table shows values 
of the influence-line ordinates obtained by a laborious 
calculation, using the column analogy method of 
Hardy Cross. 3 





COMMONWEALTH CONFERENCE ON OPERATING GAS- 
TURBINE AIRCRAFT.—A conference of representatives of 
the Commonwealth and Colonial governments was held 
in London from September 25 to October 5, to consider 
the problems of operating aircraft propelled by gas 
turbines. It was concluded that the Comet could be 
operated practically with existing facilities, but that to 
Tealise its full commercial capabilities some improve- 
ments would be required. Radio sonde and radar wind 
stations for forecasting wind and temperature at heights 
up to 50,000 ft. should be extended, Improved radar 
and radio navigational aids will be required, to give 
accurate position-indication over medium distance. A 
hew long-distance navigational aid will have to be 
developed. Improvements to fixed ground communi- 
cations, already agreed internationally, should be effected 
quickly. Turbine-propelled aircraft, the Conference 
concluded, can be operated satisfactorily from runways 
designed for piston engined aircraft of comparable size, 
It was considered that facilities suitable for jet-propelled 
aeroplanes would be more than adequate for aircraft 
Propelled by propeller turbines. 





1812-1815.* 
By E. A. Forwarp, A.R.C.S., M.I.Mech.E. 


Wr11am CHapman of Newcastle (1749-1832) was 
well known as a civil engineer; but, while his bio- 
graphers concentrate on his work in connection with 
canals, with some mention of his “drops” for 
minimising the breakage of coal during shipment, 
little is said about his essays in locomotive construction, 
which commenced in 1812. 

Early writers on locomotive history mention his 
patent of December 30, 1812, and the trial of his chain- 
haulage engine at Heaton Colliery about October, 1813, 
describing it generally as a costly failure ; they usually 
omit to mention what may be regarded as the more 
important part of his invention, namely, the reduction 
of the load per wheel by placing the engine on six or 
eight wheels, and arranging for the mechanical equali- 
sation of the load on those wheels by mounting the 
axles in pairs in swivelling trucks, since called “* bogies,” 
so as to facilitate their passage round curves, and so 
to counteract the disadvantages of a long wheelbase. 
It is known that an eight-wheeled engine of this kind 
was made for Chapman by Phineas Crowther of the 
Ouseburn Foundry, Newcastle, and was tried at the 
Lambton Colliery on December 21, 1814. 

Considering that very few railway locomotive experi- 
ments had taken place before the date of Chapman’s 
patent application, he must have been a man of 
remarkable prescience to have envisaged the require- 
ments of a practicable locomotive and the probable 
results of the application of his ideas, when he can 





* Paper read before the Newcomen Society at a 
meeting held in London on October 10, 1951. Abridged. 


weight, Matthew Murray said in 1813, the cast-iron 
edge rails had to be strengthened to carry them. 

It must be supposed that by December, 1812, 
Chapman knew a good deal about these earlier experi- 
ments, and was, no doubt, impressed by the fact, 
demonstrated by Trevithick in 1804, that an adhesion 
locomotive of the necessary power and weight to haul 
a paying load was too heavy for the existing tracks. 
He would appreciate also that Blenkinsop’s rack system 
was devised to enable an engine of small weight to 
haul greater loads than could be hauled by an adhesion 
engine of the same weight, or to surmount steeper 
gradients with a given load. Chapman’s ideas as to 
how these conditions could be met are best described 
in the Patent Specification (No. 3632), applied for on 
December 30, 1812, in the names of “ William Chapman 
of Murton House in the County of Durham, Civil 
Engineer, and Edward Walton Chapman, of Willington 
Ropery, in the Parish of Wallsend, in the County of 
Northumberland, Ropemaker,” entitled “A Method 
of Facilitating the Means and Reducing the Expence of 
Carriage on Railways and other Roads.” The Specifica- 
tion was enrolled on February 27, 1813, and runs as 
follows :— 

“ Our said Invention doth chiefly consist in the use 
of a chain or other flexible and continuous substance 
stretched along the road to be travelled, properly 
secured at each end and at suitable intervals, and in 
the application of this chain round or partially round 
a barrel or grooved wheel in such a manner as not to 
slip; when this grooved wheel, which is fixed upon, 
before, or behind, a carriage supporting or containing 
any internal self-moving power, shall be put in motion 
by the said power, so that by the revolution of the 





barrel or grooved wheel round its axis, either one way 
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or the other, it shall necessarily draw the said carriage 
and any others which may be attached to it within its 
powers of action. We also, as the carriage containing 
the motive power will, thus loaded, be too heavy in 
various cases for the strength of the existing iron or 
wooden rails, if resting on four wheels only, so arrange 
for such ways (or other confined ways, where the ledges 
either of the ways or of the wheels regulate the direction 
of the carriage) that it may rest equally and move 
freely round curves or angles either on six or eight 
wheels so as to reduce its pressure on each in the 
inverse proportion of its number of wheels.” 

In Fig. 1 of the drawings attached to the Specifica- 
tion, the locomotive is represented by a rectangular 
outline on a frame supported by four small wheels 
which appear to run on a wooden track. At one end 
of the engine there is a large grooved wheel round which 
the chain passes, being guided thereto by two pulleys 
below the wheel, so that the chain will embrace as 
large an angle of the wheel as possible. Above these 
guide pulleys are two binding wheels, either of which 
can be made to press upon the chain by means of a 
counterweight, so as to keep it in contact with the 
wheel on the slack side and thus prevent the chain from 
slipping. The wheel groove is provided with projec- 
tions against which the chain links catch. No sup- 
ports for this chain gear are shown, or any engine 
mechanism to drive it. The chain is supported at 
intervals by forks firmly fixed in the middle of the 
track, so that the driving pull is taken by each in 
succession as the engine progresses, and engines could 
follow one another on the same chain without putting 
too great a stress on any part of it. 

The next four pages of the Specification are taken 
up with a detailed description of the method of working 
the engine on single or double ways, and for trans- 
ferring it from one chain to another at terminals, 
involving arrangements for separating the chain so as 
to remove it from its driving wheel. The whole 
method seems to be so inconvenient, that it may be 
considered almost impracticable for anything but pro- 
viding a shuttle service on a single line. 

The Specification drawing also shows a plan view 
of a six-wheeled engine frame described as follows :— 

“Fig. VIII shows a carriage of six-wheels for the 
engine, which may rest 7-7: or nearly so, on each 
of its wheels, and move freely round the curves or 
past the angles of a railway, 1.1., the fore pair of 
wheels are, as usual, on railways, fixed to the body 
of the —— 2.2., and 3.3., the other two pair, are 
fixed (on axles parallel to each other) to a separate 
frame over which the body of the carriage should be so 
poised as that two-thirds of its weight should lie over 
the central point of the four wheels where the pivot 4 
is placed, and the remaining third over the axis 1.1. 
The two-thirds weight of the carriage should rest on 
conical wheels or rollers, bearing upon the curved 
plates C.C., so as to admit the ledgers of the wheels or 
those of the way to guide them on its curves or past 
its angles, by forcing the transome or frame to turn 
on the pivot, and thus arrange the wheels to the 
course of the way, similarly to the carriage of a 
coal mn. And if the weight of the locomotive 
engine should require eight wheels, it is only re- 
quisite to substitute in place of the axis 1.1. a 
transome such as described (laying the weight equally 
upon both), and then similarly to two coal waggons 
attached together, the whole four pair of wheels will 
arrange themselves to the curves of the railway. 

“In using locomotive, steam or other engines for 
mines, there will be a want of draught for the fire under 
the boiler or air tubes, because of deficient height for 
the chimney or vertical flue, and also above ground, 
where necessary to pass under bridges for high roads, 
one, in these instances of want of draught, attaches to 
the locomotive engine the blowing apparatus of a 
common winnowing machine, to force a current of 
air under the bars of the fire-place, which apparatus 
should of course receive its motion from the engine.” 

Chapman then goes on to describe his method of 
using an endless chain of limited length for travelling 
an unlimited distance, but it appears doubtful whether 
it was ever tried. The specification concludes: “ It 
is already known to the public that self-acting loco- 
motive engines have been used for the of 
drawing carriages after them. But the object of this 
specification is not to include as our Invention what 
has heretofore been age: done or granted to any 
preceding Patentee, but simply to claim for the pur- 
poses explained, such position, application, and greater 
or less combination of the things mentioned, as falls 
within our description so far as such combination has 
neither been publickly carried into effect, or been 
included in the Specification of any prior Letters 
Patent, granted to any person or persons whomso- 
ever.” 

Chapman, like Trevithick, had realised that the 
draught for the boiler might be insufficient with the 
allowable chimney height, and he adopted a fan to 
force air through the grate. Trevithick included, in his 
patent of 1802, an engine-worked bellows for such 





cases, though in practice he used the exhaust steam. 
From this specification, it may be said that Chap- 
man’s chain arrangement was, in effect, a variation 
of Blenkinsop’s, inasmuch as the chain formed a kind 
of flexible rack. In addition, he had realised that 
reducing the weight per wheel of the engine by provid- 
ing it with more wheels was not all that was required, 
as an engine having three or four axles running in 
fixed bearings, attached to a rigid frame, would have a 
quite indeterminate axle loading, depending on the 
state of the track. Thus, with a six-wheeled engine, 
the whole load might come on the middle axle on 
passing over a hump in the track. Chapman, there- 
fore, sought to overcome this difficulty by devising a 
method of mechanically equalising the load on all the 
wheels. In the six-wheeled frame shown in the draw- 
ings, it would be essential for longitudinal equalisation 
that the independent frame carrying two axles should 
be free to tilt longitudinally with respect to the main 
frame, and this is ensured by conical rollers placed 
between the truck and main frames. Such an arrange- 
ment would, however, preclude any lateral equalisa- 
tion, as the truck could not tilt laterally if both the 
cones were in contact. While the central pivot con- 
trolled the angular motion of the truck, it evidently 
carried no load. In fact, it would seem that Chapman, 
in his patent drawing, was content mainly with longi- 
tudinal equalisation of the load on each axle, and did 
not trouble about transverse equalisation of the load 
on the two wheels of each axle. His rigid four-wheeled 
truck would act like an ordinary waggon, in that, on 
an uneven track, the whole load might come on diagon- 
ally opposite wheels ; in the six-wheeled engine, two- 
thirds of the weight might come on two wheels only. 

Chapman reprinted his specification in a pamphlet 
accompanied by some remarks, dated May 18, 1813, 
and with revised drawings. The contents of this 
pamphlet were published in the Repertory of Arts for 
February, 1814. The remarks, which are of historical 
importance, are as follows :— 

“The plan, described in the preceding Specification, 
for reducing the expence of conveying coals along 
railways, will shortly be carried into execution on the 
waggon-way from Heaton colliery to the river Tyne. 
A principal feature in the advantage to be derived 
from the adoption of this patent is, that no alteration 
is required in the waggon-ways, whether of wood or 
iron; because if strong enough to sustain the coal 
waggons which they necessarily must be, they will be 
amply capable of supporting the locomotive engine, 
when placed on six or eight wheels, accordingly as its 
weight may require ; and thus the alternative, hitherto 
laboured under, will be obviated, viz. either that of 
the weight of the engine destroying numerous rails, 
or the total renovation of the way, by laying new rails 
at a great charge. Any gentleman disposed to carry 
this plan into effect, will receive every requisite 
information, on applying to Messrs. Chapman & 
Buddle, Newcastle-upon-Tyne.” 

In the revised drawing of the engine, the plain 
rectangle for the boiler has been replaced by a one-piece 
cast-iron shell with ends bolted on. The wheels now 
have spokes and rims; the chain wheel also is spoked, 
and it and the guide pulleys are mounted on a wooden 
framework. No indication is made of engine cylinders 
or means of driving the chainwheel. The six-wheeled 
frame has been made more complete by the addition 
of three massive cross-beams connecting the side 
frames of the track, the pivot being shown on the 
middle one. In the original specification the track 
appears to be formed of rectangular wooden rails 
showing no joints or sleepers. In the revised drawing, 
the wooden rails are in short lengths and appear to be 
faced with iron plates. At the date of this pamphlet, 
it may be supposed that the Heaton engine was under 
construction, so that possibly the alterations on the 
drawings represent something actually in being. 

The name of John Buddle (1773-1843) in this 
pamphlet is taken to indicate some sort of partnership 
between Chapman and Buddle in the engine business, 
and is the first intimation we have that this most 
famous mining engineer, of his day, was interested in 
locomotives. Buddle was known as the “ King of the 
Coal Trade,” and is said to have attained an almost 
autocratic position, so that his support of Chapman’s 
inventions would be of considerable value to the latter. 
It should be noted, moreover, that both the known 
Chapman engines were tried at collieries where Buddle 
was viewer or consultant. 

There is no known contemporary newspaper account 
of the Heaton trial, but O. W. D. Hedley, in Who 
Invented the Locomotive ?, published in 1858, said (without 


giving evidence) that the trial took place in October, | Standards 


1813. He said, also, that he was informed that this 
— was a costly failure. 

1814, Sir John Sinclair issued a questionnaire 
respecting the conveyance of coals on railways by 
steam engines and two sets of replies that he received 
were published in the Repertory of Arts, vol. 33, 1818. 
The first set was correctly attributed to John Blenkin- 
sop, but the second set, signed “J.B.,” and dated 





—— 


Newcastle, October 5, 1814, though at variance with 
the first, was also attributed, in the published replies 
to Blenkinsop; no doubt, owing to the initials “ J.B.” 
being the same as Blenkinsop’s. 

In the Liverpool and Manchester Railway Centenary 
Exhibition, in 1930, there was a letter from Sinclair to 
Blenkinsop, dated October 23, 1814, thanking him for 
his replies to the queries. From this letter, it appears 
that Sinclair had not sent his questionnaire direct to 
Blenkinsop or other individuals, but had left copies 
with a Mr. Foster, of Newcastle, for distribution. We 
assume that Foster collected what replies he could get 
from interested parties, but obtained only those from 
Blenkinsop and Buddle, which he sent together to 
Sinclair, who presumably did not know that the author 
of the second set was a different person having the 
same initials; hence the two sets were lumped together 
on publication. 

As these replies contain the patentees’ views at 
October 5, 1814, after the Heaton engine had been 
tried, the relevant portions may be quoted: “The 
Specification of the Patent consists wholly of the two. 
following parts, viz.: (1) In reducing the relative 
weight of the locomotive on railways, by placing it 
either on six or eight wheels, that it may rest equally 
and move freely round the curves of the railroads, to 
which only that part of the invention extends. (2) In 
using a continuous chain stretched along the way and 
secured at the ends, which, by being passed over a 
grooved wheel (with iron Y’s) attached to the frame of 
the engine, and moved by it, enables the locomotive 
machine to haul itself and its load up hill, as has been 
effectually proved under very disadvantageous cir- 
cumstances on the wooden railway from Heaton colliery 
to the river Tyne. Whilst the machine for the road 
was constructing, further trials have been made on 
iron roads nearly level, by causing the locomotive 
engine to give motion to its travelling wheels according 
to Trevithick’s principle, which in these cases have 
been found to answer uncommonly well, excepting as 
to the necessity either of strengthening the waggon- 
way rails, or of adopting Messrs. Chapman’s mode of 
placing the engine on six or eight wheels. This plan 
is in use at Killingsworth Colliery, near Newcastle. 

** In consequence of the efficacy of friction, or resis- 
tance to the slipping of the carriage wheels of locomotive 
engines, it will only be found necessary to place chains 
on the parts of railways materially ascending; which 
at those parts can very quickly be laid over the grooved 
wheel, and the waggons when arrived at the upper end 
will disengage themselves, so as to proceed by friction 
alone. . . . A well-constructed locomotive with two 
eight-inch cylinders on Trevithick’s principle, should 
draw 40 or 50 tons (waggons included) at the rate of 
four miles an hour on a level iron railway, and, up an 
ascent of one and a half inches to the yard, will hardly 
move at the rate of one and a half miles an hour with 
40 tons, or not so fast.” 

In this statement, Buddle now gives priority to the 
multi-axle bogie engine over the chain-haulage device, 
and seems to envisage a combined chain and adhesion 
engine which should travel by adhesion on the level, 
or on small gradients, and by the chain, or both, on 
the steeper parts of the line. Buddle’s reference to 
adhesion engines being successfully tried by October, 
1814, might refer to Hedley’s Wylam engine, to 
George Stephenson’s Killingworth engine, the venue 
of which he mentions by name, or Chapman’s Lambton 
engine, then under construction or possibly completed 
at that time. Nicholas Wood, writing in 1825, said 
that the Heaton chain-engine was abandoned owing to 
its great friction and liability to get out of order. 
Matthias Dunn, who had worked under Buddle, and 
may have had personal knowledge of Chapman’s chain- 
engine at Heaton, contented himself by saying that the 
scheme “ was not looked upon with much confidence. 

(To be continued.) 





BRITISH STANDARD 
SPECIFICATION. 


Tue following publication of engineering interest 
has been issued by the British Standards Institution. 
Copies are available from the Sales De ent of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of the paragraph. 

Identification Scheme for Aircraft Pipelines.—A 
standard identification scheme for aircraft pipelines, 
B.S. No. M.23, has now been published. It has been 
prepared at the request of the Air Registration Board 
and approved for publication by the Aircraft Industry 
Committee for the purpose of providing & 
scheme to indicate, on an international basis, the 
function of pipe ms in aircraft. Identification 8 
provided by the combination of a written description 
of the main function of a pipeline and a series 0 
geometric symbols suitable for international use. 
The scheme is independent of the utilisation of colour 
in order to avoid confusion with various existing colour 
codes. [Price 2s., postage included] 
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THE HOLME MOSS TELEVISION 
STATION, 


‘tHe Holme Moss television transmitting station of 
the British Broadcasting Corporation, which is to be 
formally opened by the Chairman (Lord Simon of 
Wythenshawe) to-day (Friday, October 12); is situated 
on the Yorkshire moors some 8 miles south of Hudders- 
field. The site, which covers an area of 150 acres, lies 
at an altitude of 1,750 ft:, which, with the 750-ft. mast, 
brings the transmitting aerials to a height of 2,500 ft. 
above sea level. Holme Moss is, therefore, the highest 
of any of the British television stations, either existing 
or projected. 

A general view of the station, with the main and 
auxiliary masts, is given in Fig. 5,on page 461. It com- 
prises an L-shaped building, which has been designed 
to harmonise with the wild character of the surround- 
ings. It was constructed by Messrs. John Laing and 
Son, Limited, London, N.W.7, the architects being 
Messrs. Wimperis, Simpson, Guthrie and Fyffe, 61, 
South Molton-street, London, W.1. One arm of the 
building houses the main vision and sound transmitters 
and the other a quality-checking room, offices and 
canteen. . It has been built to retain as much heat as 
possible and is warmed either by waste heat from the 
transmitter-cooling equipment or from the thermostatic- 
ally-controlled convectors. A separate building con- 
tains the stand-by transmitters, substation and garage. 
Supplies of water are obtained from the Yatcholme 
reservoir, some 800 ft. below the site, by two electrically- 
driven remote-controlled high-lift pumps. 

The vision transmitter, which was constructed by 
Marconi’s Wireless Telegraph Company, Limited, 
Chelmsford, has a peak white power of 45 kW and is 
claimed to be the most powerful in service. Its 
overall leagth is 31 ft., which includes a power distri- 
bution etbicle 10 ft. long. The equipment is contained 
in eight cubicles, which are arranged in line with the 
radio-frequency stages in order of increasing power 
from left to right, when viewed from the front; and 
the modulator stages from right to left. Thus, the 
radio-frequency output stage comes next to the final 
modulator stage. The radio-frequency section com- 
prises a drive unit, consisting of a quartz-crystal oscil- 
lator working at one sixth of the carrier frequency of 
51-75 megacycles (5-8 m.), followed by two stages of 
multiplication and an amplifier. Next come two 
low-power stages, which consist of push-pull amplifiers, 
using two and four tetrodes respectively. These are 
followed by a third radio-frequency amplifier, which 
comprises two air-cooled triodes arranged in a balanced- 
bridge circuit and hard driven, so as to stabilise the 
output voltage. In the subsequent cathode-follower 
stage the output is taken from an impedance, which 
is arranged between the cathodes of the two triodes 
and earth, The result is a low output impedance, so 
that the radio-frequency drive voltage to the final 
stage is almost independent of the input impedance. 
The final modulated output stage consists of two water- 
cooled thoriated-filament triodes in push-pull in a 
balanced-bridge linear wide-band amplifier. This 
stage is grid-modulated and is tuned by varying the 
characteristic of the parallel line element, which forms 
the anode circuit inductance. The impedance of this 
element is varied by altering the spacing between the 
two legs of the line. The output from this stage is 
coupled to the feeder through a wide-band coupling 
circuit and balance-to-unbalance radio-frequency trans- 
former. 

The first section of the modulator consists of a 
pre-amplifier, This accepts a vision signal with an 
overall amplitude of 0-7 volt and a picture-synchronis- 
ing signal ratio of 70 to 30 in terms of the amplitude. 
This signal is amplified to 20 volts and its amplitude is 
rendered independent of variations in the amplitude 
of the incoming signals. The next section consists 
of a sub-modulator, comprising an amplifier and a 
cathode follower, both of which are of the shunt- 
regulated type. The input level is thereby raised from 
20 to 150 volts, the output impedance being about 
30 ohms. As the output impedance of a shunt-regulated 
amplifier is much lower than that of one of the con- 
ventional type, its band width is greater. The direct- 
current potentials of the grids of the regulator valves, 

which form the anode load of the amplifier valves, are 
adjusted by chains of series-connected neon stabiliser 
tubes. These offer practically zero impedance to 
alternating current, but have a constant direct-current 
potential drop across them. The chains are mounted 
on interchangeable units and are fitted with plugs, so 
that a correct number of tubes can be connected in 
circuit. 

The output from the sub-modulator is fed to a “‘ black 
level clamp,” which also consists of a shunt-regulated 
cathode-follower. The grid of this follower is coupled 
to the sub-modulator and its output is transmitted to the 
final modulator unit. This cathode follower is 

clamped ” to the correct level during the black level 
period after the synchronising pulse. For this purpose 





twe forms of clamp are used, each of which controls 


the black-level signal radiated by the transmitter, so 
that its variations with picture content are less than 
1 per cent. If either of these methods should fail a 
simple arrangement of diodes can be switched in, 
although in this case the variations in black level will 
be noticeable to the critical observer. 

The modulator unit, the final stage of which is 
illustrated in Fig. 2, on page 460, is supplied with an 
overall signal amplitude of 140 volts from the “‘ clamp ” 
and delivers a 1,200-volt signal to the grids of the radio- 
frequency amplifier. It comprises a shunt-regulated 
amplifier with two valves, followed by a shunt-regulated 
cathode-follower, containing six valves. All these 


~ 





Fig. 1. Transmirtrna AERIAL AT Hotme Moss. 


valves are forced air-cooled triodes with indirectly- 
heated oxide-coated cathodes. They have a mutual 
conductance of about 20 mhos and a maximum anode 
dissipation of 2 kW. The modulator has an output 
impedance of about 5 ohms and is — of dealing 
with the grid current of the radio-frequency stage, 
which varies from zero up to 3 amperes with the picture 
brightness. It can also deal with a capacitance load of 
about 400 picofarads, the current through which 
depends on the wave form of the picture. 

The high-voltage power supply for the vision trans- 
mitter is obtained on hot-cathode mercury-vapour 
rectifiers. These rectifiers are, in turn, supplied from 
duplicate 11-kV feeders, laid by the British Electricity 
Authority, through two 500-kVA transformers, the 
secondary voltage of which is 415 volts. These trans- 
formers and the associated low-voltage switchgear were 
manufactured by the Brush Electrical we | 
Company, Limited, Loughborough. The phases o 
the 415-volt supply to the transmitter rectifiers are 
stabilised and phase-balanced by masinges® voltage 
regulators. In addition, the high-voltage direct- 
current supplies, the output of which must be main- 
tained constant, are provided with shunt-valve stabi- 
lisers, so that their output impedances are very low. 
The modulator is arranged to work at 3-5 kV with a 
current of 6 amperes and both its positive and negative 





terminals are insulated from earth. A stabiliser is 


provided to give this supply a source impedance of 
0-5 ohm, while an additional stabiliser reduces the 
impedance between the negative terminal and earth 
to 0-16 ohm. These low source impedances are 
necessary Owing to the fact that the varying grid current 
in the radio-frequency stage returns through this 
circuit, while the anode current in the modulator 
varies with the signallevel. The filaments of the vaives 
in the last three radio-frequency stages of the vision 
transmitter are supplied with direct-current from a 
motor-generator set, the voltage of which is maintained 
constant to within 1 per cent. by an electronic regulator. 
When starting from cold, the filament current is limited 
to 110 per cent. of normal. All the other valves in 
the transmitter are heated by alternating current. 

The sound transmitter, which was also constructed 
by Messrs. Marconi’s Wireless Telegraph Company, 
Limited, is similar to that installed at the Sutton 
Coldfield television station.* It has a carrier power of 
12 kW and operates on a frequency of 48-25 megacycles. 
High-power Class B modulation with the usual negative 
feed-back circuits is employed, the result being that the 
total harmonic distortion is less than 2 per cent. at 
levels of modulation up to 95 per cent. over the normal 
range of modulating frequencies. The carrier noise 
level is also better than 60 decibels below 100 per cent. 
modulation. The drive unit and the first three radio- 
frequency amplifiers are similar to those on the vision 
transmitter. The fourth, and final, radio-frequency 
stage consists of a single air-cooled valve in an earthed 
grid coaxial-type circuit. This stage and the previous 
stage are both anode-modulated. It is necessary to 
modulate the penultimate stage since, with the grid 
of the final stage earthed, some of the power from it is 
fed to the aerial. The output from the final stage is 
passed through a filter to remove radio-frequency 
harmonics and then through a switch to the output 
combining unit, which is described below. The anode 
and bias supplies on the sound transmitter are obtained 
through rectifiers. All the valve filaments are heated 
by alternating current, except those in the modulated 
output stage. All the valves are air-cooled. 

Each transmitter is provided with its own valve- 
cooling plant, the contractors for which were Messrs. 
Rosser and Russell, Limited, 30, Conduit-street, 
London, W.1. This plant is contained in separate 
rooms to isolate the noise and supplies air through an 
enclosed system until its temperature has been raised 
to a suitable value. The surplus warm air can then 
be either circulated round the building or exhausted to 
the atmosphere, the selection being determined by 
thermoelectrically-controlled motor-driven dampers. 
Distilled water, which has been pressurised by nitrogen 
at 5 lb. per square inch to exclude air, is circulated 
through the jackets of the valves in the modulated- 
output stage of the vision transmitter. The closed 
water circuit is cooled by air, which is then used for 
heating the building. Each transmitter is also provided 
with a water-cooled test load. A view of the cooler 
room for the vision transmitter, with the blowers for 
the final radio-frequency stage on the left, is given in 
Fig. 6, on page 461. 

The vision transmitter supplies a double side-band 
signal. The upper side-band of this signal, however, is 
attenuated in a vestigial side-band filter, which is 
connected between the transmitter and the combining 
unit mentioned below. This filter comprises a high- 
and a low-pass section, the former terminating in a 
water-cooled absorber load, which dissipates about 
1 kW when normal pictures are being transmitted ; 
and the latter in the 51-5-ohm feeder which leads to the 
aerial. The lower-frequency side-band is thus trans- 
mitted fully, but the upper side-band is increasingly 
attenuated at vision frequencies above 0-75 megacycle. 
At 53-25 megacycles, which is the carrier frequency of 
the sound transmitter, the attenuation introduced by 
the filter is about 12 decibels. 

The combining unit, which is illustrated in Fig. 3, 
page 460, consists of a balanced-bridge circuit to the 
opposite corners of which the outputs from the vision 
and sound transmitters are connected. Two of the 
opposing arms of this bridge are formed by the load 
on the coaxial feeder to the aerial and a wide-band 
resistance, r tively. The other two are formed 
by complementary networks, which present a low 
impedance at vision-carrier frequency and a high 
impedance at sound-carrier frequency ; and vice versa. 
The power dissipated in the resistance load under 
working conditions is about 300 watts. The vision 
and sound signals are thus combined in the transmitter 
building, a more convenient arrangement than that 
employed at Sutton Coldfield where, it may be recalled, 
a diplexer at the top of the cylindrical section of the 
mast is used for this purpose. 

The combined vision and sound outputs are trans- 
mitted to the aerial at the top of the mast through a 
concentric feeder. This feeder, which has an external 
diameter of 5 in., is built up in 12-ft. sections with an 
expansion joint every 150 ft. To prevent condensation, 








* See ENGINEERING, vol. 168, page 661 (1949). 
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Fic. 2. MopvunatTor OF VISION TRANSMITTER, 


dry air is blown into it. At the top of the mast the 
feeder terminates in a T-junction, one leg of which is 
connected directly to an unbalance-to-balance trans- 
former, while the other is connected to a similar trans- 
former through an extra quarter wavelength of line. 
The output of this second transformer therefore lags 
90 deg. behind that of the first. The vision and sound 
signals are radiated from a single array, consisting of 
eight vertical folded dipoles. These dipoles are arranged 
in two identical groups placed one above the other and 
separated by a distance of about one wavelength. 
Each of the four dipoles in a group is mounted on 
one face of the square section top mast, those on the 
opposite faces being about two-fifths of a wavelength 
apart. They are constructed of galvanised steel strip 
and incorporate 74 kW heaters to prevent the forma- 
tion ofice. The connections between the unbalance-to- 
balance transformers and the aerial are arranged so 
that the dipoles in both tiers are phased at 0, 90, 180 
and 270 deg., a method which not only increases the 
power gain of the serial, but results in a more constant 
input frequency over the frequency band. The 
standing wave ratio at the output of the combining unit 
is 0-96 to 1. 

The main mast, which carries this aerial system, was 
constructed by British Insulated Callender’s Construc- 
tion Company, Limited, Bloomsbury-street, London, 
W.C.1. It is 750 ft. high and weighs 140 tons, and its 
design is generally similar to that at Sutton Coldfield, 
which has already been described in ENGINEERING.* 
Up to the 610-ft. level, the cross-section is triangular, 
each face being 7 ft. across, Between the 610-ft. and 
710-ft. levels the cross-section is circular, while the 
uppermost portion consists of a structure of square 
section. The circular portion of the mast is provided 
with eight tiers of four slots, so as to form an aerial 
for very high-frequency sound broadcasting should 
this system be adopted in future. A view of the upper 
portion of the mast is given in Fig. 1. In addition, 
there is a separate 150-ft. mast carrying emergency 
sound and vision aerials, for use if the main aerial or 
feeder system breaks down. These auxiliary aerials 
are supplied through coaxial cables manufactured by 
Telegraph Construction and Maintenance Company, 
Limited, Old Broad-street, London, E.C.2, details of 
which were given on page 235, ante. The maximum 





* Loc, cit. 
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Fie. 4. Controt Desk. 


power on the auxiliary aerial will be 20 kW for vision | being passed to the station control room and thence to 
and 5 kW for sound. Switches are provided so that a} the transmitter. A separate room contains the sound 
rapid change-over can be made from the main to the| lines termination and test equipment, and the re- 
emergency systems. Stand-by transmitters with out-| broadcast receivers. There is also a vision receiver, 
puts of 2 kW for sound and 5 kW for vision are also| which is supplied from an aerial mounted at the 600-{t. 
provided and can be connected in emergency to either| level of the main mast and is directed at Sutton Cold- 
the main or reserve aerials. field. This aerial will, however, only be used in the 
As regards operation, the vision signals from Alex. | event of a breakdown of the cable link, although tests 
andra Palace will be transmitted via London and| have shown that pictures received in this way are of 
Manchester over coaxial cables, manufactured by| good quality and from fading. 
Standard Telephones and Cables, Limited, Aldwych, Both the vision and sound transmitters described 
London, W.C.2, and will be demodulated by Post Office | above are operated from a single desk in the control 
equipment in a fully-screened termination room before | room, an illustration of which is given in Fig. 4, 2 id 
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Fie. 6. Cooter Room For Vision TRANSMITTER. 








from which a clear view of both transmitters can be 
obtained through windows. The control systems 
employed are of conventional design and are operated 
by toggle switches. Sequence interlocking is used, the 
correct functioning of which is indicated by lamps on 
wall panels. Meters on the desk indicate the waiiege 
of the various power supplies and the anode currents 
of the more important valves in the transmitter. The 
centre section of the desk houses a wave-form monitor, 
which can be employed to examine the output at 
various points in the modulator chain and on the 
outgoing radio-frequency feeder. Switches, which 
select the input signal fed to the transmitters, are also 
mounted on this section of the desk and enable either 
line signals or locally generated signals to be radiated. 
The latter normally consist either of test wave forms 
or of the output from one of a pair of monoscopes, 
which provide test card or apology captions as required. 
Pictures at the modulator output and as radiated, 
respectively, are displayed on two 12-in. monitors, 
which are mounted side by side in front of the desk and 
enable a direct comparison to be made. The quality 
of the vision and sound transmission can also be 
checked in a separate quality room, the walls, floor and 
ceiling of which have been acoustically treated and 
which contains a 15-in. picture monitor. This room 
can also be used as a studio. 

Holme Moss will radiate the same programmes as 
the Alexandra Palace and Sutton Coldfield stations, 
and the vision signals will be transmitted from London 
via Birmingham and Manchester over coaxial cables 
operated by the Post Office. The vision signals which 
will be radiated from Holme Moss, will conform to the 
standards adopted for the British Television Service, 
i.e., 25 405-line pictures per second, each composed of 
two interlaced frames of 202} lines. It has been found 
that the quality of the pictures is not impaired by the 
cable links, and an additional 11 million people should 
therefore be able to receive the programmes satis- 
factorily. 





THE IRON AND STEEL INSTITUTE. 


THE autumn general meeting of the Iron and Steel 
Institute will be held on Wednesday and Thursday, 
November 21 and 22, at the offices of the Institute, 
4, Grosvenor-gardens, London, 8.W.1. The President, 
Mr. Richard Mather, will be in the chair. 

On the first day, Wednesday, November 21, the 
proceedings will open at 10a.m. After the transaction 
of formal business, there will be a joint discussion on 
two papers, namely, “The Crystal Structure of 
Graphite in Cast Irons,” by Dr. W. S. Owen and Mr. 
B. G. Street, and ‘‘ The Carbide Phase in Iron-Carbon- 
Silicon Alloys,” by Dr. W. 8S. Owen. After a brief 
interval, two further papers will be presented at 
11.45 a.m., and discussed jointly. —_ are “ Metallo- 
graphy of Carbon in Silicon-Iron Alloys containing 
4 per cent. Silicon,” by Mr. E. D. Harry, and “ The 
Variation in Electrical Properties of Silicon-Iron 
Transformer Sheet,” by Mr. 8. Rushton and Mr. D. R. G. 
Davies. 

In the afternoon of November 21, the meeting will 
be resumed at 2.30, when there will be a discussion of a 
symposium of five papers on “ Stresses in Moulds,” 
and of two papers also dealing with the subject of 
moulds. These are: ‘Mechanical Properties of 
Ingot-Mould Irons,” by Mr. J. W. Grant ; “ Poisson’s 
Ratio for Cast Iron Used for Ingot Moulds,” by Mr. 
J. Woolman; ‘‘Growth Characteristics of Some 
Cast Irons used for Ingot Moulds,” by Mr. W. C. 
Heselwood and Mr. F. B. Pickering ; ‘‘ Note on Relaxa- 
tion Tests on Cast Iron,” by Mr. J. Woolman; and 
“ Determination of Surface Kewl in Ingot Moulds,” 
by Mr. M. W. Buttler and Mr. W. H. Glaisher. The 
two final papers are “Ingot Heat Conservation: 
Ingot Mould Temperature Measurements,” by Dr. 
R. T. Fowler and Mr. J. Stringer, and “ Ten-Ton Ingot 
Moulds: A Comparison of Design and Conditions of 
Use,” by Mr. A. Jackson. 

The first portion of the last session of the meeting, 
held on the morning of Thursday, November 22, and 
commencing at 10 a.m., will be devoted to the discussion 
of two papers, which will be taken ther. They 
are: “The Production of a gong | on and Iron 
Alloys on a 25-lb. Scale,” by Mr. B. E. Hopkins, 
Mr. G. C. H. Jenkins, Mr. H. E. N. Stone and Mr. 
H. G. Short, and “‘ Tensile and Impact Pro ies of 
Iron and Some Iron Alloys of High Purity,” by Mr. 
W. P. Rees, Mr. B. E. Hopkins and Mr. H. R. Tipler. 
After a brief interval a paper by Dr. H. M. Finniston 
and Mr. T. D. Fearnehough, on “‘ Physical and Mech- 
anical Properties of Segregates in Two Alloy Steels,” 
will be presented at 11.15 a.m. This will be followed 
at 12 noon by 4 joint discussion on two papers, namely : 
“Structural Transformations in the Tempering of 

igh-Carbon Martensitic Steels,” by Dr. K. H. Jao a 
and “ Magnetic Analysis of Iron-Carbon Alloys: The 
Tempering of Martensite and Retained Austenite,” 
by Mr. J. Crangle and Professor W. Sucksmith, F.R.S. 
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INDUSTRIAL CENTRES. 
SCOTLAND. 


EnD oF Festival Ssir’s Tour.—The Festival of 
Britain ship Campania officially ended her tour of 
Britain at Glasgow on September 29. The total number 
of visitors who went on board during the two weeks the 
ship was moored at Springfield Quay was 92,559. She 
is expected to sail for Birkenhead shortly, where the 
exhibition will be dismantled. 





Crry DEVELOPMENT AT DUNDEE.—Dundee Town 
Planning Committee were told on September 28 by 
Mr. W. Dobson Chapman, town-planning consultant, 
that his work was now so far advanced that it would be 
possible to present, some time in November, an outline 
plan on which the final city development could be based. 
The outline plan would show his recommendations for the 
principal lines of communication and for the location 
and readjustment of industrial, commercial, residential, 
civic, recreational, and open-space zones. In a progress 
report, he expressed the opinion that the population of 
Dundee was not likely to exceed 180,000 during the next 
25 years. 


Om REFINING IN UNITED KINGpOM.—In su far as the 
Shelland Anglo-Iranian refineries in the United Kingdom 
are concerned, there need be no fear regarding their 
ability to keep running at full capacity in spite of the 
position which had arisen at Abadan, according to Mr. 
T. W. Lyle, general manager of Scottish Oils and Shell- 
Mex, Ltd. He wasspeakingin Falkirk, on September 28, 
at a dinner of the Scottish section of the Institute of 
Transport, following a visit to the new Grangemouth 
refinery of Scottish Oils, Ltd. The newly-extended 
refinery, with its accompanying pipeline across Scotland 
from Finnart, Mr. Lyle added, was the largest free- 
enterprise project undertaken by any company in 
Scotland since the end of the war. 





PoMPING AT BOTHWELL CASTLE COLLIERY SHaFrr.— 
Qn October 5, Mr. P. J. Noel-Baker, Minister of Fuel 
and Power, granted an application by the National Coal 
Board for exemvtion from Section 36 of the Coal Mines 
Act, 1911, in respect of Bothwell Castle No. 1 shaft, 
This will permit the Board to continue to work this 
shaft for pumping purposes although there is at present 
only one outlet to the surface. The decision was against 
the advice given by the Chief Inspector of Mines that this 
course could not be recommended on safety grounds ; but 
it was emphasised that, unless pumping continued, there 
would be no opportunity to determine whether the 
adjoining Priory Colliery, where the pumps were ovr- 
whelmed in April by an inflow of water, could be 
reopened for production, 


‘WaGon SHORTAGE AND Exports or “ Siut.”—Owing 
to a shortage of wagons, a number of those being used in 
connection with the export of silt have been returned to 
ordinary pit work so that the tonnage of this inferior 
fuel, which has been making a substantial contribution 
to Scottish coal shipments overseas during the past few 
montbs, is now on a reduced scale. The demand for this 
fuel, a very considerable quantity of which remains in old 
washery ponds, remains firm. 


BaLLocn PIER.—British Railways have announced 
that the existing wooden pier at Balloch, Loch Lomond, 
is to be demolished and replaced by a new structure of 
steel and concrete. Work on the project is expected to 
begin shortly, and it is hoped to complete the pier in 
time forthe Easter sailings next year. P. Caulfield & Co., 
Bonhill, have been awarded the contract, which will 
involve about 15,0001. 


TELFORD’S BRIDGE OVER CLACHAN SoUND.—A report 
to Argyl! County Council on the state of the bridge over 
Clachan Sound, near Ohan, which links the island of 
Seil with the mainland, estates that, while the bridge is 
sound enough to carry the existing traffic, it will have to 
be replaced if the traffic becomes heavier. The bridge 
was built by Telford 160 years ago, and is known as “ the 
bridge spanning the Atlantic.” 


——— 


WaTER SUPPLY OF CrRalL, FiFE.—Police Judge 
D. Fraser, of St. Andrews, told Fife Water Supplies 
Committee on October 3 that, arising out of work for 
some Air Ministry projects in the Crail catchment area, 
the water supply for Crail bad been polluted to such an 
extent that, on the instructions of the medical officer of 
health, the supply had been cut off. H added that Crail 
was at present being supplied from boreholes, which 
sufficed with the pumps going 24 hours a day, but would 
be inadequate in the summer months. 


TEES EXPORTS AND Imports.—Alderman B. O. Davies, 
presiding at the monthly meeting of the Tees Conservancy 
Commission, held on October 1 at Middlesbrough, 
drew attention to a report that tonnage exported from 
the Tees during August was the lowest recorded since 
August, 1949. He pointed out that the falling off in the 
quantities of scrap available, owing to the shortage of 
these materials, must have repercussions on exports of 
steel. In fact, the 105,379 tons exported in August 
were 28,000 tons below the figures for the corresponding 
month a year ago. On the other hand, imports of iron 
ore, recorded for vhe first eight months of this year, 
showed an increase over previous years. It is true that 
imports of iron and steel scrap continue on a very dis- 
appointing scale, but steel producers in Western Europe 
are sending rather better supplies of semi-finished steel 
for the Tees-side area. An improvement in the intake of 
steel semis is most welcome, as home-produced billets, 
slabs and sheet bars are in very short supply. 

HAWESWATER AQUEDUCT, WESTMORLAND.—On 
October 4, Sir William Kay, chairman of the Waterworks 
Committee of Manchester Corporation, detonated an 
explosive charge in the Fells near Kendal, Westmorland, 
to inaugurate the commencement of work on the twelve- 
mile northern section of the Haweswater aqueduct. The 
aqueduct will provide additional water in quantity for 
Manchester. It is stated that the northern section 
will be completed in three years at a cost of 2,000,000. 





AlR SERVICES IN THE NorTH East.—On October 22, 
and 23, representative officers of the British European 
Airways Corporation are to visit the airport of Greatham, 
Stockton-on-Tees, and Woolsington, Northumberland, to 
survey existing air services and to hear evidence regarding 
the need for the introduction of air services to the 
Continent. The North-East Joint Airports Committee 
have interviewed industrialists and other local persons 
interested in the provision and extension of air services. 
One outcome of the visit may be to determine the future 
of the proposed airport at Boldon, Co. Durham. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


TRADE HANDICAPS.—The new Master Cutler, Mr. 
Geoffrey Mainprize Flather, at his installation, on 
October 2, advocated the revision of import duties to 
protect, among other trades, Sheffield’s cutlery industry. 
He instanced that during May, June and July over a 
million articles, such as pocket knives and scissors, 
which could have been made in Sheffield, had been 
imported from Germany. They were cheap because of 
the longer working hours and lower wages customary in 
Germany, and the fact that British import duties were 
still the same as in pre-war days. 





ACQUISITION OF STEEL FROM THE UNITED STATES.— 
Mr. E. Senior, a former Master Cutler, is in the United 
States on a mission to acquire American steel to supple- 
ment home supplies. These are considered to be inade- 
quate to meet commercial needs, and, at the same time, 
deal adequately with the rearmament programme. Mr. 
Senior is commercial director of the British Iron and 
Steel Federation and chairman of the Steel Rearmament 
Panel. Mr. W. E. A. Redfearn, President of the National 
Association of Drop Forgers and Stampers, and a special 
director of the English Steel Corporation, Sheffield, fore- 
shadows that cuts will be made in the supplies to motor 
manufacturers from the drop forgers, except in the case 
of vehicles included in the rearmament programme. 

HADFIELDS’ NEW ForGE.—The new forge shop at 
Hadfields Ltd., Sheffield, which constitutes part of a 
five-year plan announced three years ago as involving a 
cost of 4,000,000. , is to be formally opened on November 8 
by the Duke of Gloucester. It houses, under one roof, 
two presses of 2,700 tons and 1,500 tons capacity, as 
well as furnaces and heat-treatment installations. 

SHORT-WaVE WARNINGS.—Supplies of short-wave 
equipment, to be used by Sheffield and Rotherham firms 
to receive early warning of power cuts, are scarce and 
the Yorkshire Electricity Board is concentrating supplies 
into the area because of the risk of spoiling costly steels 
in the process of manufacture and heat-treatment. It is 
emphasised that, in the Sheffield district, the steel 
industry needs more than the general warning which is 
to be sent out on the Light Programme of the B.B.C. 


THE MIDLANDS. 


BLAST-FURNACE DEVELOPMENTS AT SCUNTHORPE.—On 
September 26, No. 10 blast-furnace of the Appleby- 
Steel Co., Scunthorpe, Lincolnshire, a 

branch of the United Steel Companies, Sheffield, was 
blown in after relining. Blowing-in was effected only 
324 days after the blast had been taken off the fur- 














hearth being increased from 22 ft. 6 in. to 25 ft. The 
auxiliary equipment was also overhauled and extensive 
modifications made to adjacent railway lines. At the 
Scunthorpe works, Redbourn, of Richard Thomas and 
Baldwins, Ltd., a new blast furnace has been blown in, 
which is expected to produce 500 tons a week. It 
replaces two old-type hand-charged furnaces, A new 
ore crusher having a capacity of 350 tons an hour has 
been brought into use, and the whole of the coke distri- 
bution system has also been modernised. 





BIRMINGHAM’S DEVELOPMENT PLAN.—The develop- 
ment plan for Birmingham, now before the City Council, 
has several features designed to overcome traffic pro- 
blems. Particularly welcome to those who have to make 
business calls in the city will be the proposed extensions 
of car-parking facilities. There are plans for new car 
parks with a capacity of 7,400 vehicles, based on multi- 
storey and underground designs. New main roads 
proposed include three concentric ring roads, and tunnels, 
viaducts and fly-over crossings are planned in several 
places. The plan recommends that there shall be no 
extension of the city boundaries, and that the ultimate 
population shall be 1,081,000. To provide accommodation 
at a population density of 75 to 120 persons per acre in 
the inner zone, it is proposed to extend the use of flats 
and higher buildings generally. 

ITaLIAN LABOUR IN WEST MIDLAND PiTs.—Sixteen 
Italian mine-workers, having completed their training, 
are now employed in pits in the West Midlands. It was 
expected that the principal centre to have Italian labour 
would be North Staffordshire, and ten of the new mine- 
workers have gone there. Six, however, have started 
work at a pit in the Black Country—the Mobberley and 
Perry (Beech Tree) Colliery, near Lye, Stourbridge. 
Beech Tree pit employs about 230 men underground, 
and produces coal from the celebrated Thick Seam. 





DISCUSSION ON METAL SUPPLIES.—The National Union 
of Manufacturers (Midland Branch) is to call a meeting 
to discuss difficulties in obtaining priorities for materials 
used in sub-contracts which are themselves a part of a 
main contract having a priority symbol. Some Bir- 
mingham firms have reported that they cannot obtain 
materials, particularly copper and steel, to enable them 
to complete contracts in hand. One firm, the Midland 
Coil Winding Oo., Ltd., Birmingham, are faced with 
closure of their works for lack of copper wire. 

NEW EQUIPMENT AT WEDNESBURY STEEL FOUNDRY.— 
An addition to the plant at the James Bridge Steelworks, 
Wednesbury, Staffordshire, of F. H. Lloyd & Co., Ltd., 
is a Beardsley and Piper (Chicago) “‘ Speedslinger,” the 
first of its type to be installed in this country. It is a 
hydraulically-controlled machine, travelling on rails of 
4-ft. 84-in. gauge, and is capable of ramming sand into 
moulds at a rate of 18 to 20 cub. ft. a minute. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


CoKE-OVEN PLANT, MARGAM AND ABBEY WORKS.— 
When a party of engineers visited the new washery, 
coke ovens and by-products plant at the Margam and 
Abbey Works of the Steel Company of Wales, Ltd., at 
Port Talbot during the past week, they were told that 
the development of the works had meant an increase in 
the demand for furnace coke from 5,800 tons a week to 
14,500 tons a week. To maintain this 12 railway lines 
have been laid down to bring in the 17,500 tons of coal 
needed each week. In 1940 there were 54 coke ovens 
at the plant but 90 more have since been added. A new 
washery that has been built can handle 500 tons more 
than the present capacity of the coke ovens. 





RECONDITIONING OF ARMOURED CARS AT LLANISHEN. 
—The Llanishen Royal Ordnance Factory, Cardiff, 
has now become a depot for overhauling armoured 
cars and scout cars. Technical improvements have 
reduced the time required to bore gun barrels from 
5 hours to 40 minutes. This has released more’ floor- 
space,. which has enabled the reconditioning of 
armoured cars to be undertaken. 


NEED FoR Scrap IN SourH WALEs.—Captain H. 
Leighton Davies, at the annual meeting of the ‘Welsh 
Tinplate and Sheet Trades Joint Industrial Council, 
at Swansea on October 5, complained that, the local 
authorities were not co-operating as energetically as 
they might in the collection of. scrap. He» thanked 
Swansea for its initiative in the matter and expressed 
the hope that. similar steps would be taken by local 
authorities from Newport to Llanelly, who had a special 
responsibility because of the dependence of those areas 
on the heavy industries. The old type of mills, said 
Captain Davies, had maintained output at the 1958 level. 
With the coming into operation of Trostre, he hoped 
they would continue in production for several years 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, October 15, 6.30 p.m., 
Liverpool Royal Institution, Colquitt-street, Liverpool. 
“Switchgear for Station Auxiliaries,” by Mr. W. A. 
Snodgrass. District Meeting: Monday, October 15, 7 
p.m., George Hotel, King-street, Reading. “The Rela- 
tion Between American Universities and Industry,” by 
Dr. P. Dunsheath. Institution: Tuesday, October 16, 
6 p.m., Savoy-place, London, W.C.2. Discussion on 
“The j Operator Method of Calculation—When and How 
Should It Be Introduced ?” opened by Mr. A. W. 
Gillies. Southern Centre: Wednesday, October 17, 
6.30 p.m., Technical College, Brighton. ‘‘ The Protection 
of Electrical Power Systems—aA Critical Review of 
Present-Day Practice and Recent Progress,” by Messrs. 
H. Leyburn and C. H. W. Lackey. Scottish Centre: 
Wednesday, October 17, 7 p.m., Heriot-Watt College, 
Edinburgh. Chairman’s Address, by Mr. Percy Butler. 
North Midland Centre: Wednesday, October 17, 7.30 
p.m., Yorkshire Electricity Board, Ferensway, Hull. 
Chairman’s Address, by Dr. E.C. Walton. East Midland 
Centre: Thursday, October 18, 7 p.m., Corn Exchange, 
Spalding. ‘“‘The Phase/Neutral System of Supply for 
Rural High-Voltage Distribution,” by Messrs. G. T. 
Garwood and G. J. Websdale. 

INSTITUTE OF METALS.—Sheffiield Local Section : Mon- 
day, October 15, 7.30 p.m., The University, St. George’s- 
square, Sheffield. Joint Meeting with the SHEFFIELD 
SocIETY OF ENGINEERS AND METALLURGISTS. ‘“ Radio- 
active Tracers in Metallurgy,” by Dr. H. M. Finniston. 
General Meetings: Wednesday, Ostober 17, 10 a.m., 
Park-lane Hotel, Piccadilly, London, W.1. Discussion 
on “Metal Economics.” Wednesday, October 17, 
8 p.m., 4, Grosvenor-gardens, London, S.W.1. Conver- 
sazione and Exhibition. Thursday, October 18. Visits 
to works in London area. 


INCORPORATED PLANT ENGINEERS.—Dundee Branch : 
Monday, October 15, 7.30 p.m., Mathers Hotel, Dundee. 
“Fuels and Firing Appliances,” by Dr. E. G. Ritchie. 
Glasgow Branch ;: Tuesday, October 16, 7 p.m., Engineer- 
ing Centre, 351, Sauchiehall-street, Glasgow. ‘“‘ Fuels and 
Firing Appliances,” by Dr. E. G. Ritchie. Edinburgh 
Branch: Wednesday, October 17, 7 p.m., 25, Charlotte- 
square, Edinburgh. ‘“‘ Fuels and Firing Appliances,” by 
Dr. E. G. Ritchie. Western Branch: Wednesday, Octo- 
ber 17, 7.15 p.m., Grand Hotel, Bristol. ‘“‘ Ultrasonic 
Testing in Plant and Maintenance Engineering,” by Mr. 
J. W. Fox. Liverpool and North Wales Branch: Thurs- 
day, October 18, 7.15 p.m., Radiant House, Bold-street, 
Liverpool. ‘‘ Factory Building Layout and Design,” by 
Mr. J. W. Gray. 


INSTITUTE OF FUEL.—Tuesday, October 16, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s Gate, St. 
James’s Park, London, 8.W.1. The Melchett Lecture, 
entitled “‘Combustion Processes in Engines,” by Pro- 
fessor F. H, Garner. Midland Section: Tuesday, 
October 16, 6 p.m., James Watt Institute, Great Charles- 
street, Birmingham. Chairman’s Address, by Mr. C. 
Machen. North-Western Section: Wednesday, Octo- 
ber 17, 2 p.m., Engineer’s Club, 17, Albert-square, Man- 
chester. Joint meeting with NaTIONAL SMOKE ABATE- 
MENT Society. “‘ Collection of Dust from Flue Gases,” 
by Mr. J.C. Cleeves. Hast Midland Section: Thursday, 
October 18, 6.15 p.m., Gas Showrooms, Nottingham. 
Film Show. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Lancashire 
and Cheshire Branch: Tuesday, October 16, 6.30 p.m., 
Engineer’s Club, 17, Albert-square, Manchester. Chair- 
man’s Address, by Mr. R. M. Gray, and films of the New 
Tyne Bridge and the Ford Works, Dagenham. Yorkshire 
Branch: Wednesday, October 17, 6.30 p.m., Great 
— Hotel, Leeds. Chairman’s Address, by Mr. A. 

b. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, October 16, 6.30 p.m., Lighting Service 
Bureau, 2, Savoy-hill, London, W.C.2. Presidential 
Address, by Mr. T. G. N. Haldane. Coventry Branch : 
Wednesday, October 17, 7.15 p.m., Coventry Technical 
College. Discussion on “ Supervisory Remote Control 
Equipment.” Manchester Branch: Wednesday, Octo- 
ber 17, 7.30 p.m., Engineer’s Club, 17, Albert-square, 
Manchester. “‘ An Armchair Talk,” by Mr. F. J. Pearce, 
Crewe Branch: Friday, October 19, 7.30 p.m., Copeland 
Arms Hotel, Glebe-street, Stoke-on-Trent. “ Alter- 
—_— Motors and Control Gear,” by Mr. F. T. 

0. 


INSTITUTION OF PRODUCTION ENGINEERS.—W estern 
Section: Tuesday, October 16, 7.15 p.m., The Grand 
Hotel, Bristol. “Work Measurement and Results of 
Research Survey,” by Mr. D. J. Desmond. Birmingham 
Section: Wednesday, October 17, 7 p.m., James Watt 
Memoria! Institute, Great Charles-street, Birmingham. 

The History and Manufacture of Watches,” by Mr. 





A.W. Marshall. Coventry Section: Wednesday, October 
17, 7 p.m., Geisha Café, Hertford-street, Coventry. Joint 
Meeting with the INSTITUTE OF CosT AND WORKS 
ACCOUNTANTS, “Factory and Plant Development 
Costs,”” by Mr. G. T. Verrall. Edinburgh Section : Wed- 
nesday, October 17, 7.30 p.m., North British Station 
Hotel, Edinburgh. “Some Aspects of a Factory 
Inspector’s Work,” by Miss G. M. Mitchell. Glasgow 
Section: Thursday, October 18, 7.30 p.m., Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Diamonds in Industry,” by Mr. 
A. M. Livingston. 

INSTITUTION OF WORKS MANAGERS.—Leicester and 
Northampton Branches : Tuesday, October 16, 7.30 p.m., 
Franklin’s Gardens Hotel, Northampton. “ Co-Partner- 
ship,” by Mr. E. Scott-Bader. Birmingham Branch: 
Thursday, October 18, 7 p.m., Craven Arms Hotel, 
Coventry. Discussion on ‘‘ The Foreman’s Point of View ; 
the Works Manager’s Point of View,” jointly with the 
INSTITUTE OF INDUSTRIAL SUPERVISORS. West Yorkshire 
Branch : Thursday, October 18, 7.30 p.m., George Hotel, 
Huddersfield. ‘“‘ Leadership in Industry,” by Mr. J. 
Munro Fraser. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.— Mid- 
lands Centre: Tuesday, October 16, 7.30 p.m., Crown 
Inn, Broad-street, Birmingham. “ Plastics and Their 
Use in the Road Transport Industry,” by Mr. L. A. 
White. North-West Centre: Wednesday. October 17, 
7.30 p.m., Victoria Hotel, Wigan. ‘‘ The Use of Light- 
weight Sandwich Materials in th. Construction of Road 
Transport Vehicles,” by Mr. F. C. Lynam. London: 
Thursday, October 18, 6.30 p.m., Small Assembly Hall, 
Central Hall, Westminster, S.W.1. ‘“ Brakes and 
Clutches,” by Mr. Ivan M. Waller. North-East Centre: 
Thursday, October 18, 7.30 p.m., Hotel Metropole, Leeds. 
“ Fleet Maintenance on a Large Scale,” by Mr. W. R. T. 
Thomas. South Wales Group: Friday, October 19, 
7 p.m., South Wales Institute of Engineers, Park-place, 
Cardiff. ‘“‘The Heating and Ventilation of Public- 
Service and Heavy-Goods Vehicles,” by Mr. F. Duncombe. 


INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, October 17, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s Gate, St. James’s Park, London, 
S.W.1. The Presidential Address, on “‘ The Inspecting 
Engineer’s Contribution to Railway Economy,” by Mr. 
Julian 8. Tritton. 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
October 17, 6 p.m., Institution of Structural Engineers, 
11, Upper Belgrave-street, London, S.W.1. ‘“ Moving 
Forms for Concrete Construction,” by Mr. H. H. 
Broughton. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Yorkshire Branch: Wednesday, October 17, 
7.30 p.m., Royal Victoria Hotel, Sheffield. “ Industrial 
Pipe-Work,” by Mr. E. Ison. Liverpool and District 
Branch: Thursday, October 18, 6.30 p.m., N.W.G.B. 
Canteen, Kent-street, Liverpool. ‘‘ High Pressure Hot 
Water in Industry,” by Mr. J. R. Kell. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
October 18, 2.30 p.m., Caxton Hall, London, 8.W.1. 
‘Test Methods for the Ignition Qualities of Diesel 
Fuels,” by Mr. K. Arter. 

INSTITUTION OF CrvIL ENGINEERS.—Airport Engineer- 
ing Division: Thursday, October 18, 5.30 p.m., Great 
George-street, London, 8.W.1. “ Gravel Compaction 
and Testing, and Concrete-Mix Design at London 
Airport,” by Mr. H. Smith. 

ROYAL AERONAUTICAL SocireTy.—Thursday, October 
18, 6 p.m., Institution of Mechanical Engineers, Storey’s 
Gate, London, S.W.1. “Modern Trendsin Civil Air- 
worthiness Requirements,” by Mr. W. Tye. 

SocrETY OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group : Thursday, October 18, 6 p.m., Institu- 
tion of Structural Engineers, 11, Upper Belgrave-street, 
London, 8.W.1. “The Durability of Tar and Tarmac- 
adam,” by Dr. A. R. Lee and Mr. E. J. Dickinson. 
Corrosion Group: Friday, October 19, 6.15 p.m., 
Chemical Society’s Rooms, Burlington House, Piccadilly, 
London, W.1. General Meeting, followed at 6.30 p.m. 
by discussion on “Corrosion Problems in Industry,” 
opened by Dr. W. H. J. Vernon. 

INSTITUTION OF MECHANICAL ENGINEERS.—Thursday, 
October 18, 7 for 7.30 p.m., Dorchester Hotel, London, 
W.1. Annual Dinner, Friday, October 19, Storey’s 
Gate, St. James’s Park, London, S.W.1. 5.30 p.m. 
Presidential Address, by Mr. A. C. Hartley. 


CHEMICAL SocieTy.—Thursday, October 18, 7.30 p.m., 
Burlington House, Piccadilly, London, W.1. Tilden 
Lecture, entitled “‘ The Contributions of Wave Mechanics 
to Chemistry,” by Professor C. A. Coulson. 


INSTITUTION OF CHEMICAL ENGINEERS.— Midlands 
Branch: Saturday, October 20, 3 p.m., Latin Theatre, 
The University, Edmund-street, Birmingham. ‘“ Reco- 
very of Sulphur Dioxide from Effluents Obtained in 
Sulphuric Acid Manufacture,” by Mr. L. Moller. North- 
Western Branch; Saturday, October 20, 3 p.m., Reynolds 
Hall, College of Technology, Manchester. ‘‘ Chemical 
Engineering and the Future,” by Sir Harold Hartley. 








PERSONAL. 


Str Ceci, Wer, K.B.E., M.C., has joined the board 
of directors of the Pyrene Co., Ltd., Great West-road, 
Brentford, Middlesex. 

Mr. F. N. Owner, C.B.E., M.Sc., M.I.Mech.E., 
F.R.Ae.S., joined the de Havilland Engine Co., Ltd.. 
on October 1 as deputy chief engineer, immediately 
responsible to Dr. E. S. Mount, M.I.Mech.E., F.R.Ae.S8., 
chief engineer of the company. Mr. W. F, SHAYLOR was 
appointed commercial manager of the company on 
September 1. 

Mr. G. M. FLATHER has been installed as the 312th 
Master of the Company of Cutlers in Hallamshire, in 
succession to MR. WILTON LEE. 

Mr. STEPHEN FURNESS has relinquished his positions 
as chairman and a director of the Furness Shipbuilding 
Co., Ltd., Haverton Hill-on-Tees. 

Mr. N. RowsoTHaM, O.B.E., Wh.Ex., F.R.Ae.S., 
M.I.Mech.E., M.I.P.E., has been obliged, for health 
reasons, to relinquish his appointment as divisional 
managing director, engine division, the Bristol Aero- 
plane Co., Ltd. He remains a director of the company. 

Sm Donatp Sr. CLarrR Gainer, G.B.E., K.C.M.G., 
will take up the appointment of chi2f executive of the 
International Road Federation (London office), 18, 
South-street, W.1, on October 15, after his retirement 
from the Foreign Office. 

Mr, WALTER D. BURNET, B.Eng. (Sheff.), M.I.Mech.E,, 
a lecturer in mechanical engineering at the University of 
Sheffield since 1919, has retired. He will continue as a 
part-time lecturer until January, 1952. 

Mr. A. R. WRIGHT has been elected a director of 
Lansing Bagnall, Ltd., Kingsclere-road, Basingstoke, 
Hampshire. 

Mr. A. W. LEE, who has been a full-time member 
of the West Midlands Gas Board since its inception and 
was formerly general manager and secretary of the City 
of Birmingham Gas Department, has been appointed 
deputy chairman of the Board, in succession to MR. G. A. 
MATTHEWS. ALDERMAN G. E. HopGKINSON, of Coven- 
try, has been appointed a part-time member of the 
Board. 

Mr. A. E. Cook, managing director of Cravens Railway 
Carriage and Wagon Oo., Ltd., Darnall, Sheffield, 9, 
has retired from that position, but retains his seat on 
the board. His successor as managing director is Mr. 
J. E. OwstTon. 

Mr. G. GorDoN JACKSON, managing director of the 
Engineering Centre, Glasgow, since it was opened in 
1947, has been appointed to succeed Mr. H. M. Mao- 
INTYRE as Scottish Controller for the Ministry of Supply. 

Mr. C. A. Coupirts, of Montreal, has been appointed 
assistant chief engineer, Canadian Pacific Railway. This 
post was formerly occupied by Mr. R. A. Emerson, who, 
as stated on page 431, ante, became chief engineer on 
October 1. 

Dr. J. W. McDavin, chairman of the Nobel Division 
of 1.0.1. Ltd., has retired. He was first connected with 
the Ardeer Factory, Stevenston, Ayrshire, in 1912. 

Mr. G. D. F. Prinerz, of Birmingham, has been 
elected President of the Engineer Surveyors’ Association, 
19, Atlantic Chambers, 7, Brazennose-street, Man- 
chester, 2, for the year 1951-52. Mr. F. 8S. BowEn, of 
Manchester, has been appointed vice-president. 

Mr. A. CO. NEwBy, formerly planning engineer, Charlton 
Works, has been appointed assistant works manager 
(tramways and trolleybuses) in the department of the 
chief mechanical engineer (road services), London Trans- 
port Executive. 

Mr. E. 8. Booru, M.Eng., A.M.I.E.E., A.M.I.Mech.E., 
engineer-in-charge of the co-ordinating section of the 
generation construction department of the British Elec- 
tricity Authority, has been appointed generation con- 
struction engineer of the Authority. Mr. A. HOUGHTON 
Brown, A.C.G.1., B.Sc., M.1.C.E., has been appointed 
senior civil engineer in the civil and building branch, 
chief engineer’s department, of the Authority. 

Mr. G. B. WiLLIaMson, M.1.Mech.E., a director of 
Dunlop Cotton Mills, Ltd., Rochdale, has retired. 

Mr. R. F. Norris has relinquished his position with 
the oil-engine division of the Brush-A.B.O.E. Group to 
become general manager of D.M.M. (Machinery) Ltd., 
119, Victoria-street, London, 8.W.1. 

Mr. S. C. GREATRIX has terminated his connection 
with Roman Mosaic, Ltd., Tipton, to take over adminis- 
trative control of Marbello & Durus, Ltd., and the 
Concrete Case Hardening Co., Ltd., Crescent Whart, 
Birmingham, 1. 

Mr. W. B. Rosson, A.M.1.E.E., has relinquished his 
position as head of the publicity and order departments 
of Brookhirst Switchgear Ltd., Chester, upon appoint- 
ment as general manager, Cantie Switches, Ltd., Brom- 
borough, Cheshire. 

The telephone numbers of the Middlesbrough office 
of BRITISH INSULATED CALLENDER’S CABLES, LTD., 
are now Middlesbrough 2838 and 43569. 
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EXHIBITION OF MEASURING AND INSPECTION EQUIPMENT. 
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EXHIBITION OF MEASURING AND 
INSPECTION EQUIPMENT. 


Tue illustrations on this page show three examples 
from a wide range of measuring and inspection equip- 
ment on view at an exhibition at present being staged 
by Messrs. Alfred Herbert, Limited, Coventry, at their 
London office, 70, Vauxhall Bridge-road, S.W.1. The 
exhibition opened on Monday, October 8, and will 
remain open daily until October 19, including Saturday, 
October 13, from 10 a.m. to 5 p.m. Measurement in 
industry has become an exact science which is essential 
to efficient and economical manufacture, and there 
are many instances in engineering practice where 
pe for measuring and inspecting is as important 
as the actual means for production. Messrs. Alfred 
Herbert, Limited, and the companies for which they 
are agents, are well known as manufacturers of high- 
precision machine tools and inspection and measuring 
instruments, and their standard products in the latter 
field are capable of meeting most requirements. 

The lathe projector, illustrated in Fig. 1, is a compact 
bench projector for use with small lathes in the produc- 
tion of small components. In operation, the image of 
the component undergoing machining is projected on 
to a translucent screen at a magnification of 40 dia- 
meters. A drawing of the component on the same scale 
is mounted on the screen and reference lines enable 
the tool to be set to the correct diameter or length 
before taking the cut. The machining of small com- 
ponents is greatly simplified, as the lathe operator 
is able to observe the enlarged image of the workpiece 
while it is being cut to the appropriate contour. The 
projection screen is 7} in. square and is provided with 
means for fine adjustment, so that the enlarged drawing 
may be set quickly and accurately in its correct position 
relative to the axis of the lathe spindle and the end of the 





HirerR Latur PROJECTOR. 


material from which the component is being produced. 
The projection lens is designed to allow more than 
1 in. clearance between the lens and the focal plane. 
The source of illumination is a 12-volt 48-watt filament 
lamp fitted in a lamp housing which is fully adjustable. 
After collimation, the light from the lamp is reflected 
upwards to the projection lens by a small mirror which 
can easily be removed for cleaning. 

The high-speed inspection machine illustrated in 
Fig. 2 is representative of a large range of such machines 
manufactured by the Sigma Instrument Company, 
Limited, Letchworth, Hertfordshire, for whom Messrs. 
Alfred Herbert are the sole agents. These machines 
are made for hand operation, semi-automatic operation 
and fully-automatic operation, that illustrated being 
of the semi-automatic type. It is intended for checking 
components made in quantities not sufficiently large 
to warrant the use of a fully-automatic machine. 
The work under examination is loaded into the machine 
by hand and, on operating a foot control, banks 
of electric gauges close in to the measuring position, 
the gauges being actuated pneumatically. When 
inspection is completed, further operation of the 
foot control retracts the gauges and releases the com- 
ponent. Standard Sigma electric-signal gauges are 
used and these, it is claimed, give results within 
0-00005 in. The panel includes plus and minus signal 
lights for each dimension, together with a further set 
of lights to show correct dimensions. Where the num- 
ber of components warrants it, a fully-automatic type 
of machine is used. Generally this incorporates either 
hopper or magazine feeding for the components, which 
are automatically sorted according to their dimensions 
into separate containers. 

The angle dekkor, illustrated in Fig. 3, is a precision 
optical device, the primary function of which is to 
check the angular BP scrncsc! Ph of plane surfaces. The 
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Fie. 3. HicErR ANGLE DEKKOR. 


instrument is made in three designs employing the sare 
optical principle. There are two scales in the instru- 
ment, one being horizontal, fixed and permanently in 
the field of view, and the other vertical and visible only 
by reflection. A parallel beam of light, derived from 
a lamp and an optical system housed within the 
instrument, is projected on to the surface being checked. 
If this surface acts as a reflector and is in a plane 
approximately at right angles to the beam, the light 
is reflected back into the instrument and an image 0 

the vertical scale is seen intersecting the horizontal 
scale. The position of the vertical scale relative to the 
horizontal scale indicates the error in squareness of the 
reflecting surface and the beam of light. The amount 
of the error can be read directly in minutes and esti- 
mated accurately to within ten seconds of arc. Other 
equipment on view at the exhibition includes an auto- 
collimeter, optical dividing head, engineer s —_ 
scope, circular table, pitch-measuring machine, ani 

various comparators, clinometers, levels, etc. 
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NATIONAL ELECTRICITY 
SUPPLY. 


Tue third annual report* of the British Electricity 
Authority, which covers the year ended March 31, 
1951, was published yesterday evening. Almost 
simultaneously, Sir John Hacking delivered his 
inaugural address as President of the Institution of 
Electrical Engineers. The former document gives 
an account of the operations of the Authority during 
a difficult period, an account which is mainly 
statistical in the broadest sense of the term, although 
there is also a good deal of technical information. 
In reviewing the more important developments in 
the fields of main generation and transmission, it 
was not surprising that Sir John Hacking covered 
much the same ground, although his review was more 
technical. In doing so, he also provided information 
about what is being done in other countries, against 
which British achievements over the past few years 
can be judged. In these two pronouncements, 
therefore, the electrical engineer has been provided 
with a fund of basic material which, for more than 
one reason, should be closely studied. 

Dealing first with the Authority’s report, it may 
be observed that a surplus of 6-331. million was 
obtained on the year’s working. This result, if 
satisfactory, is not spectacular ; the previous year’s 
surplus was 7-16. million. In comparison, too, 
with a turnover of 2371. million it is distinctly 
modest. Of the revenue, nearly 97 per cent. was 
obtained from the sale of electricity and of the 
expenditure of nearly 2311. million over 45 per cent. 


* British Electricity Authority. Third Report and 
Statement of Accounts for the Year Ended March 31, 1951. 
H.M. Stationery Office, York House, Kingsway, London, 
W.C.2. [Price 8s. net.) 
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figure which was 1-6 per cent. less than the average 
for 1949-50 and only 12-5 per cent. above that of 
1938-39. The average price received per kilowatt- 
hour sold to domestic, commercial and ‘small power 
consumers, who accounted for about half the total 
consumption, was, however, only 1-463d. per 
kilowatt-hour, compared with 1-515d. in 1949-50 
and 1-596d. in 1938-39. The fact that in these 
difficult times any body, particularly a public 
corporation, should be selling at a lower price than 
The criticism 
may, however, be made that it is unwise to sub- 
sidise the domestic user at the expense of the power 
user ; and the argument may be advanced that one 
way of cutting down the domestic consumption, as 
is advocated in some quarters, would be to put up 
the price, though we would not unreservedly 
support such a proposal. 

In other circumstances, the expansion of the 
electricity-supply industry which is now taking 
place would be an occasion for congratulation. For 
instance, it is worthy of record that, at the date of 
the report, electricity was being supplied to over 
13 million consumers, an increase of nearly half a 
million during the year and over three million more 
than before the war. These consumers purchased 
46,500 million units, an increase of over 12-3 per 
cent on the 1949-50 figures and more than double 
the sales in 1938-39. Half these sales were to 
industry, a third for domestic purposes and one- 
eighth to commercial consumers. Farm consump- 
tion increased by 28 per cent., commercial usage by 
nearly 17 per cent., and both industrial and domestic 
consumption by 12 per cent. Some 9,930 farms 
were connected to the mains, bringing the total 
supplied on March 31, 1951, up to 109,962. If, as 
Sir John Hacking said, the first object of an elec- 
tricity-supply industry is to supply electrical energy, 
it appears that the British Electricity Authority is 
not doing badly. 

A further study of the report makes it clear, 
however, that this roseate picture must be toned 
down. On March 31, 1951, the installed capacity 
of the 289 power stations owned by the Authority 
was 14,592 MW and the total output capacity 
13,156 MW. Of the former figure, 918 MW 
represented plant brought into service during the 
year. This was a greater increase than in any 
previous year, but the net advance was only 
819 MW, owing to the shutting down of some 
unserviceable plant. Moreover, about 13 per cent. 
of the capacity was still represented by plant which 
was 25 or more years old. One result of this, as 
Sir John Hacking pointed out in his address, is that 
the average thermal efficiency of generation of a 
quarter of the total output in 1950-51 was as low as 
16-23 per cent. If, on the other hand, it had been 
possible to commission all the new plant provided 
for in the programme for that year the overall 
efficiency would have been increased to 22-5 per 
cent. and about 14 million tons of coal would have 
been saved. If, in addition, 1,000 MW of low- 
efficiency plant still in use had been replaced by 
new plant, this figure could have been increased to 
23 per cent. and a further saving of some 800,000 
tons of coal effected. It is hardly necessary to 
elaborate this point or to indicate the remedy. 

The lag in the installation of generating plant 
behind the estimated figure has also had the effect 
of making it impossible to meet the peak-load 
demand during the winter months. This is shown 
by the fact that on December 18, 1950, the 
maximum potential demand* was 13,448 MW, of 
which only 11,229 MW could be supplied because 
14 per cent. of the total output capacity was out 
of commission for one reason or another, This 
potential demand would have been greater but for 
load-spreading, restrictions on display lighting, and 
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the response of the public to the demand for 
economy. Although this gap of 2,109 MW repre- 
sented the maximum difference between demand and 
supply, there were, during the year, no fewer than 
267 occasions where it was necessary to shed load, 
compared with 124 in 1949-50 and 79 in 1948-49. 
Moreover, this shedding occurred not only during 
the winter, but, owing to the necessity of over- 
hauling the plant and the pressure of inclement 
weather, had to be enforced on no fewer than 90 
occasions during the summer. 

The remedy for this is the installation of more 
generating plant, and it is satisfactory to see that 
the Authority are well aware of this; for, although 
only three new power stations—Croydon B, Agecroft 
and Poole—with a present aggregate capacity of 
260 MW were brought into operation during the 
year, at the date of the report 43 new stations and 
31 extensions to existing stations were under con- 
struction or planned in the programmes for the 
period from 1951 to 1956. These stations will, of 
course, contain plant of the latest design and of 
increasing unit capacity, including straight con- 
densing sets with individual outputs up to 60 MW 
at 3,000 r.p.m., each supplied from a single pul- 
verised-fuel boiler. In fact, more than one-third 
of the total 13,000 MW which is in the coming 
five years programme will be arranged on the unit- 
boiler system. If everything had gone according 
to plan it should have been possible, therefore, to 
bring from 8,000 MW to 9,250 MW into commission 
between now and 1956, the lower figure being that 
which might, with confidence, have been expected 
to be available, and the higher that which it should 
have been possible to obtain if nothing untoward 
occurred, 

Unfortunately, something untoward has occurred, 
for, since this forecast was made, the re-armament 
programme has been launched and the supply of raw 
materials has deteriorated. Even by the end of the 
year under review, there were indications that the 
manufacture of plant and the construction of 
buildings would be adversely affected. It seems, 
therefore, that it will be impossible to implement 
even the lower figure in the programme, unless 
power-station construction and equipment are given 
the highest priority. The anxiety of the Authority 
on this point is increased by the Government’s 
proposal that the annual amount of generating 
plant for which finance will be allowed shall not 
exceed 1,500 MW, compared with the 1,800 MW 
which is required. As is rightly pointed out, this 
limitation would not merely prolong the conditions 
arising from plant shortage, such as load shedding ; 
it would also hinder the greater mechanisation and 
extended use of power in industry, which are among 
the ways of improving efficiency. It must also be 
stressed that re-armament must result in an increased 
demand for electricity, so that, unless foresight is 
exercised, the position will become worse. 

We have always been of opinion that the policy 
of the Government in the early part of the war, of 
refusing sanction to the generating plant programme 
of the Central Electricity Board, was mistaken. 
Indeed, we are sure that many of the subsequent 
troubles spring directly from it. It is to be hoped, 
therefore, that, whatever the complexion of the 
Government that is in office after October 25, they 
will realise that, without a plentiful supply of 
power, re-armament will be hamstrung, and that 
they will act accordingly. 

The problem of providing an adequate supply of, 
electricity for the nation’s needs depends, however 
not only on the existence of sufficient generating 
plant, but on the availability of well-planned trans- 
mission and distribution systems. This, of course, 
is a matter for the Area Boards. At the present 





* “ Potential demand ” is defined as the demand by 
the power stations, plus the estimated amount of load 
reduction due to low frequency and to load shedding by 
voltage reduction and disconnection of supply. 





time, extensive reinforcement of the grid is becoming 
necessary to meet the rapidly-growing load and 
the same is true, probably to an even greater 
degree, of the various distribution systems. As 
regards the first, some rel‘ef may be expected from 
the new 275-kV scheme, on which work appears to be 
proceeding satisfactorily, but more than one of the 
Area Boards is expressing anxiety at the way in 
which restrictions upon capital development are 
retarding progress in the matters that come under 
their control. This, again, is a matter to which the 
closest attention should be given without delay. 
Finally, the consumer can play a part in these 
difficult times by exercising the greatest economy 
in consumption and by improving the efficiency of 
the processes he employs so that the strain upon 
generating capacity and upon fuel resources may 
be lessened. 





STEEL-FOUNDRY PROBLEMS 
AND ACHIEVEMENTS. 


Srnce the Socialist party took over the govern- 
ment of this country in 1945, their worst enemies 
have often been some of the trade unions who 
supported them at that time. Attempts to inte- 
grate a nationalised industry and to introduce better 
methods have often been baulked by a stubborn 
refusal to accept the need for changes. The irony 
of this situation must bear particularly hard on the 
party leaders at the present time, the more so since 
it would not be in their interests to protest publicly. 
Unfortunately, it is generally not in anyone’s 
interest to protest, and a discreet silence on the 
subject has therefore been maintained in the hope 
that those concerned would see the light and amend 
their ways before it was too late. 

The silence has been broken this week by Mr. 
Ff. W. Rowe, chairman of the British Steel Founders’ 
Association, who has accused the Amalgamated 
Union of Foundry Workers of not co-operating fully 
in the drive to increase productivity. “‘ We find 
it extremely difficult,” he said, “to get anything 
like full co-operation on this vital question of produc- 
tion from that union, They don’t consider produc- 
tivity as being a number one subject. They con- 
sider a lot of questions as being of equal or greater 
importance.” On the other hand, Mr. Rowe said 
that the attitude of the workpeople towards 
increased productivity had improved; which 
suggests that the tactics of the union leaders do 
not accord with the feeling of the rank and file. 
Two points stressed by Mr. Rowe were that they 
had had some difficulty about the entry of older 
people into the industry, and that most craft unions 
took the view that unless a man had been fortunate 
enough to spend the years from 15 to 21 in an 
industry he should not join that trade. He said, 
of course, that the association were entirely in favour 
of the apprenticeship system, but they did not 
think it should be carried to such an extent that if a 
man had had no occupation in an industry until 
after he finished his military service he should be 
condemned to be a labourer for the rest of his life. 
Rigid rules relating to apprenticeship and the 
practising of a craft are not compatible with full 
employment, a progressive industry and a rising 
standard of living—nor, indeed, with re-armament— 
and if they are not relaxed something must suffer. 

Mr. Rowe was speaking at a Press conference 
which the association had convened to present a 
report on the progress that has been made in the steel 
foundry industry since its productivity team, the 
first to visit the United States, published its report 
two years ago. The B.S.F.A. have gathered 
information from their member firms for this 
purpose, and the latest report shows the value of 
the inquiry and discussion which all the productivity 
teams generally have encouraged. Working condi- 
tions have been improved and amenities increased ; 


training schemes have been introduced for appren- 
tices, older entrants and supervisory staff; and 
productivity statistics and shop achievements have 
been publicised on the shop floor. Nevertheless, 
it is recognised in the report that these measures, 
welcome though they are, will not lead to greater 
productivity unless it is realised throughout the 
foundry that employers and employees have a com- 
mon interest—the success of the firm. “No 
member,” it is stated, “‘ would claim to have the 
confidence of all his workpeople, and one or two 
wrongly blame their workers or their workers’ 
trade-union leaders for their failure to obtain it ; 
but blaming the other side will not help—good 
leadership is the only way to a good spirit throughout 
a concern.” 

As a result of the 1949 report, attention has been 
paid in many foundries to the improvement of 
layouts ; a few have installed a new melting shop 
or new bays and others have extended their mechan- 
ised moulding, by the use of either moulding 
machines or sand-slingers. The efficiency and work- 
ing conditions of fettling shops have also been 
improved. A certain jobbing founder has modern- 
ised the layout of his casting areas so as to accelerate 
the turn-round of boxes and reduce sand movement. 
Pattern shops have been reorganised and production 
control improved. In one foundry the movement 
of castings has been reduced by centralising the 
heat-treatment, burning-off and shot-blasting pro- 
cesses. These simple principles have long been 
known, as the report states, but it took the produc- 
tivity team report to stimulate interest and 
action. 

Nearly all founders mention the installation of 
new equipment or the better use of existing plant 
during the past three years, even in cases where 
they had already carried out extensive schemes of 
improvement and modernisation. Often, where 
equipment was already considered satisfactory, it 
was found possible to increase productivity. In 
one foundry, for example, the improvement, mea- 
sured in man-hours per ton, has amounted to 14 per 
cent. on a sand-slinger, 47 per cent. on machine 
moulding, and 50 per cent. on fettling. Nevertheless, 
a considerable amount of new equipment has been 
brought in to the steel foundries; one firm has 
changed from open-hearth furnaces to electric-arc 
furnaces, though the shortage of electric power has 
apparently prevented a similar change in other foun- 
dries. Several reports from members reveal large 
increases in the productivity of moulding and 
fettling shops, and one founder has doubled his 
production since he introduced machine mould- 
ing. 

Wider use is being made of mechanical knock- 
outs, flame-cutting machines, airless shot-blasting 
machines, and crane magnets, and the dust problem 
has been tackled afresh. In one foundry, 4 
mechanical excavator has been brought in to dig 
the pits, and in others new sand-mixing equipment 
has been provided. The advantages of carefully- 
planned materials-handling equipment are now 
more generally appreciated, and even in jobbing 
foundries it has been found practicable to apply 
such methods and to standardise the sizes of 
moulding boxes. The scarcity of scrap has pre- 
vented a general turnover from basic to acid 
melting, though two foundries report that they have 
done so. 

The cumulative effect of these improvements 
must be to give greater satisfaction to the industry's 
customers and thereby to enhance the prosperity 
of all concerned. The idea of sending productivity 
teams to the United States, when it was mooted, 
touched the pride of many industrialists, but some, 
such as the B.S.F.A. members, pocketed their 
pride. From a purely technical point of view they 
may have learned little, but they have been stamu- 
lated to self-examination and criticism. Other 





countries might follow this lead with advantage. 
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NOTES. 


Tue Parts Moror Snow. 


Tue 38th annual Salon de l’Automobile, which 
opened in Paris on Thursday, October 4, and closes 
on the evening of Sunday, October 14, is somewhat 
different from the London Motor Show, staged each 
year by the Society of Motor Manufacturers and 
Traders at Earl’s Court, as it embraces almost all 
forms of road transport from the largest commercial 
vehicles down to the humble bicycle ; trolley ’buses 
are also included. Moreover, the Paris Show is 
not held under one roof but, in two separate places, 
namely, the Grand Palais, Champs-Elysées, and the 
Parc des Expositions, Porte de Versailles. The cars 
and components, garage equipment, etc., are 
shown at the Grand Palais and the commercial 
vehicles, bi sycles, motor cycles, etc., at the Parc des 
Expositions, where three of the larger buildings are 
in use, two being set aside for commercial vehicles, 
and the remaining one for bicycles, motor cycles, 
and associated equipment. Not all the commercial 
vehicles are being shown at the Parc des Exposi- 
tions ; some are being exhibited at the Grand Palais, 
so that a visitor interested in these alone has to 
visit both places. The effect of this seemingly 
haphazard dispersal on anyone whose interests 
embrace all sections is decidedly wearying. There 
is much to be said for the British practice of 
holding separate exhibitions, annually for motor 
cars and biennially for commercial vehicles and 
cycles. The motor-car section of the Paris Show 
undoubtedly is the most popular and in many 
instances it was difficult to obtain a clear view of the 
exhibits. In recent years, the French motor 
industry has undergone what amounts to a trans- 
formation, production and quality having risen 
steadily. Generally speaking, the Salon reflects 
this trend, there being a wide variety of cars on 
view, ranging from miniature two-seat vehicles 
fitted with engines as small as 125 c.c., to large 
luxury models such as the 44-litre Talbot. Some 
of the miniature cars provide transport and no 
more, there being the minimum of comfort and, in 
some cases, no weather protection worth mentioning. 
Others, such as the Renault and Panhard, are 
perfect examples of miniature cars which, on a 
reduced scale, include all the refinements of a modern 
medium-sized car. The exhibits, however, are by 
no means confined to French manufacturers ; 
Great Britain, the United States, Italy and Germany 
are well represented. In general, there are no 
startling innovations and most of the cars on view, 
with the possible exception of some of the smallest, 
follow accepted principles of design. The same 
can be said of the exhibits in the commercial 
vehicle section, where a very wide selection of 
vehicles ranging from the heaviest articulated 
lorries to three-wheel delivery vans is being shown. 
Most of the heavy vehicles are fitted with com- 
pression-ignition oil engines which, in the majority 
of cases, are arranged for normal control. This, 
of course, does not apply to the "buses and coaches, 
which are designed in almost every case for forward 
control. The movement towards underfloor engines 
has not gone so far in France as in this country, 
but at least two manufacturers are showing coaches 
with the engines installed in the rear boot. On one 
of these vehicles the engine is arranged across the 
chassis and the drive is taken forward to the rear 
axle through bevel gearing ; on another the engine 
is in line with the chassis, but installed in the hori- 
zontal position. Some of the heavy trailers are 
of particularly interesting design and at least one 
semi-trailer incorporates torsion-bar springing for 
the rear wheels, each of which is independently 
Sprung. In the motor-cycle section, the emphasis 
is definitely on the lighter machines, most of the 
heavier types being shown by Great Britain, Italy 
and Germany. There is a large selection of what 
can best be termed motor scooters, all powered by 
small two-stroke engines. Some of these machines 
are most attractive. On many of them, the stan- 
dard equipment includes a spare wheel. The 
number of bicycles on show is remarkable, and 
the first impression gained is of their vivid colour- 
ing. Design is of a high standard throughout, a 
hotabie feature being the universal adoption’ of 


caliper brakes on front and rear wheels ; even the 
smallest children’s bicycles are so fitted. 


Tue Fue. Posr ton. 


A conference, organised by the Combustion 
Engineering Association, was held at the Dorchester 
Hotel, London, W.1, on Tuesday and Wednesday, 
October 9 and 10, to consider ways and means of 
alleviating the existing fuel and power shortage in 
this country. At the opening meeting on Tuesday 


}morning, an address was delivered by the Minister 


of Fuel and Power (the Rt. Hon. Philip Noel-Baker), 
who briefly reviewed the experiments which were 
being made in the employment of fuels other than 
those in use. These, he said included the gasifica- 
tion of coal, and the development of water, tidal and 
wind powers, and would, no doubt, result in some 
useful information being gained. Among the wider 
aspects of the problem they had to consider was 
whether fuel was being used in the right way. 
It had, for instance, been pointed out that to employ 
gas for street lighting was very wasteful, and that 
it had, in fact, led to restrictions on the use of this 
form of fuel for industrial purposes. A great deal 
had been heard about the consumer being given a 
free choice, but the correct choice was not always 
made. A modern solid-fuel stove was a great deal 
more efficient than either an electric or a gas fire. 
The electric fire was also the main cause of the 
difficulties at peak-load periods and it had therefore 
become necessary to reduce the production of this 
equipment. If he used modern apparatus, the 
householder would soon find that he could get 
more heat from less coal and use small coal in a 
way which was not possible at present. Dealing 
with the fuel-supply situation, Sir Hubert Houlds- 
worth said he hoped it would not be long before the 
Coal Board could provide all the coal that was 
needed. It was, however, incumbent on the con- 
sumer not to waste it. In achieving the savings 
that were essential, no great contribution could be 
expected from the domestic consumer, although he 
agreed that the development of proper methods of 
space heating was essential. On the other hand, a 
considerable saving could be made in industry 
without any loss of production. The policy of 
cutting down coal exports had been suicidal, since 
it had led to shortages of ore and pit props, for which 
there was a considerable demand. In spite of this 
restriction, stocks of coal were decreasing alarmingly 
and at the same time the industrial consumption was 
increasing. The difference would not be made up 
by miners working on Saturdays and he could only 
repeat that some way must be found of cutting 
down the consumption without reducing effici- 
ency. 


THE Co-ORDINATION OF CARGO-HANDLING 
PRACTICE. 


In our issue of February 9, 1951, we printed a 
letter from Mr. A. C. Hardy, B.Sc., proposing the 
formation of an International Cargo Handling 
Committee in the hope of reducing the time taken 
to “turn round” ships in port by expediting the 
loading and discharging of cargo. Mr. Hardy 
explained that the proposed committee “‘ would be 
purely unofficial, though of prime importance, in 
the first instance to manufacturers of rapid cargo- 
handling gear.”” He added that “the basic idea” 
had originated in France. Since that letter appeared, 
various preliminary meetings have been held of 
those interested in the project, and we are now 
informed by Mr. Hardy that an international 
meeting has been arranged for October 30, at which 
suggested Articles of Association are to be presented 
for discussion. The meeting will be held on board 
the Wellington, the headquarters ship of the 
Honourable Company of Master Mariners, which is 
moored off the Victoria Embankment, opposite the 
Temple, and the proceedings will begin at 10.0 a.m. 
It is proposed that, during 1951-52, the Inter- 
national Cargo Handling Co-ordination Committee 
(which is the title adopted) should undertake three 
preliminary tasks, namely, to classify all national 
organisations specialising in various aspects of 
cargo handling and to prepare a list showing the 
nature of their work; to classify all laboratories 
and exhibitions of cargo-handling equipment, with 





details of their potentialities, contents, and ability 





to supply information ; and to classify all works, 
books and reports, dealing with cargo handling, 
which have been published since 1945. The member- 
ship of the committee, as proposed in the draft 
Articles of Association, would be limited to 125, 
comprising 15 founder members, 85 full members 
and 25 associate members, though it is provided in 
the draft Articles that the full total of 125 shall 
not be made up until after a meeting of the com- 
mittee in June, 1953. Founder members might be 
either individuals (apparently representing only 
themselves) or nominees of associations or authori- 
ties ; and it is hoped that the eventual composition 
of the committee will include a balanced representa- 
tion of “shipbuilders, manufacturers of cargo- 
handling gear for use on board ship and ashore, 
port authorities, Chambers of Commerce, stevedores 
and dockers, packers, manufacturers of packing 
equipment, importers and exporters, [and] users of 
bulk cargoes (mineral).” Rather curiously, as it 
seems, shipowners are not specifically mentioned, 
though it will be appreciated that many of them 
are members of port authorities, Chambers of 
Commerce, etc., and would have ample oppor- 
tunities to make their views known through these 
media. Broadly, it appears, “the aim of the 
association is exchange of information on cargo- 
handling technique, failures or mistakes made in 
various countries” ; but the wording of the provi- 
sional Articles is rather vague in these respects. 
Possibly, the discussions at the meeting on Octo- 
ber 30 may make them more definite. At present, 
some of the draft Articles seem better suited for 
inclusion in an explanatory memorandum than in a 
finalised legal document. 


Roaps IN THE MipLanDs anD SouTH-WEsT. 


The British Road Federation have issued a pamph- 
let, entitled “The Midlands and the South West— 
New Roads,” in which they stress the need to 
improve road communications between the Midlands, 
South Wales, and the Bristol area, on the lines pro- 
posed in the ten-year plan of the Minister of 
Transport, announced five years ago. These 
included a motorway, 76 miles long, from Birming- 
ham to Almondsbury, north of Bristol; a bridge 
over the Severn between Aust, on the east bank, 
to Beachley, on the west; a motorway from 
Almondsbury, across the proposed bridge, and on 
to South Wales, by-passing Newport ; a tributary 
motorway from Upton-upon-Severn, 17 miles 
north of Gloucester, to a point west of Ross-on-Wye ; 
and modernisation of the roads crossing the heads 
of the Welsh valleys, to the South Wales ports, 
and from Cardiff to Merthyr, the by-passes at Port 
Talbot, Neath and Swansea; and the completion 
of the Cardiff by-pass. A map of the proposed new 
roads is printed on the back of the pamphlet. The 
total cost of these schemes is estimated to be about 
351. millions ; but it is expected that, even on the 
basis of the present traffic, there would be an annual 
saving of 41. millions in vehicle operating costs. It 
is expected, however, that there would be a consider- 
able increase in the traffic if better road facilities 
were available ; indeed, the traffic is increasing 
already, as more and more Midlands industries 
continue to establish branches in South Wales and 
to draw their raw materials from that region. At 
present, 97 per cent. of the country’s entire tinplate 
production comes from South Wales, together with 
54 per cent. of the coated and uncoated steel sheets 
and 30 per cent. of the cold-rolled strip. When the 
new steelworks at Port Talbot come into full pro- 
duction, of course, the production of steel in South 
Wales will be greatly expanded. Export trade 
from the South Wales ports, however, has decreased 
considerably, being only 10 million tons in 1949— 
less than half the 1938 total ; this, of course, reflects 
the fall in coal exports. Improved roads, it is hoped, 
would encourage Midlands shippers to make more 
use of these ports and of Bristol, which are nearer 
than either Liverpool or London, and involve a 
shorter voyage to North America. An exhibition 
to illustrate these points, organised by the British 
Road Federation, has been on view during the past 
week at the showrooms of Messrs. Patrick Motors, 
Limited, Paradise-street, Birmingham. The bro- 
chure is obtainable from the Federation’s office at 
4a, Bloomsbury-square, London, W.C.1. 
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LETTERS TO THE EDITOR. 


BRITISH ASSOCIATION 
DISCUSSION ON CONTRA-FLOW 
HEAT-EXCHANGE APPARATUS, 


To THe Eprror or ENGINEERING. 


Smr,—Owing to the fact that I was away when 
your report of the discussion on my British Associa- 
tion paper on Contra-Flow Heat-Exchange Appara- 
tus was published in your issue of August 24, 1951, 
I have only recently noticed that the report con- 
tained a number of inaccuracies, some of which 
were relatively unimportant. I should, however, 
be glad if you would publish corrections to those 
mentioned below, which are misleading. 

Four lines from the end of the second paragraph 
in the middle column on page 244, “ regenerator ” 
should be inserted after “turbine”; and in the 
fourth line of the first ph in the right-hand 
column the word “adopted” should be replaced 
by “described.” In the eighth line of the same 
paragraph the words “when using a” should be 
replaced by “as he used a third.” Dr. Ezer 
Griffiths, whose remarks were reported in the second 
paragraph of the right-hand ,column, was referring 
to small-scale experiments and not full-scale experi- 
ments as printed; and in my reply to Mr. T. D. 
Patten in the third paragraph in the same column 
“ decreased ” should be read in place of “ increased ” 
in the eighth line from the end of the paragraph. 

I appreciate the difficult conditions under which 
these meetings are reported, but I think you will 
agree that the above corrections should be put on 
record, 

Yours faithfully, 
For C. A. Parsons & Co., Lrp., 
C. E. Inirre, 
Applied Mechanics Research Engineer. 
Heaton Works, 
Newcastle-upon-Tyne, 6. 
October 2, 1951. 





TESTS ON CONCRETE WITH 
ELECTRICAL-RESISTANCE STRAIN 
GAUGES, 


To tHe Epiror oF ENGINEERING. 


Sm,—I have read with considerable interest the 
article by Dr. N. S. J. Grassam and Dr. David 
Fisher on page 356 of your issue of September 21, 
as the work described therein is on the same lines 
as some carried out here, which has formed the 
subject of a paper submitted for publication. The 
method of attaching the gauges to concrete and the 
type of bridge used by Messrs. Grassam and Fisher 
appear to be essentially similar to those developed 
here. 

The object of our work was to compare the strains 
recorded by electrical-resistance strain gauges with 
those obtained from Huggenberger tensometers. 
The strain gauges used were 200-ohm British 
Thermostat gauges of }-in. nominal gauge length. 
The tests were carried out on a concrete cylinder 
9 in. long by 44 in. in diameter, the maximum size 
of the aggregate used being 4 in. Four electrical- 
resistance strain gauges were mounted on each 
of two diametrically-opposite generators of the 
cylinder, as shown in Fig. 1. Bearing surfaces for 
the knife edges of the Huggenberger tensometers 
were provided by fixing small brass plates 4-in. 
thick to the cylinder in the positions shown. These 
plates were attached 10 the concrete by the same 
fixing technique as that used for attaching the strain 
gauges. The loading faces of the cylinder were 
capped with plaster of Paris and rubbed down 
until they were smooth and normal to the longi- 
tudinal axis of the cylinder. Rubber sheets were 
not placed between the loading platens and the 
ends of the cylinder as was done by Messrs. Grassam 
and Fisher. 

The cylinder was loaded in compression, and 
nine cycles of loading were carried out before read- 
ings were taken in order to minimise the effects of 

teresis in the electrical-resistance gauges. There- 
ter, the electrical-resistance gauges were read at 
each increment of load up to a maximum of about 


70 per cent. of the ultimate load of similar cylinders. 
Readings were taken while the load was reduced to 
zero by similar stages. During these tests the 
Huggenberger tensometers were mounted on the 
a plates to obtain comparative readings of 
8 ‘ 

The strain distribution, over a longitudinal strip 
of the cylinder, obtained from the readings of the 
electrical-resistance gauges is shown in Fig. 2. A 
similar type of strain distribution has been obtained 
from the readings of the Huggenberger tensometers 
and also on the opposite longitudinal strip of the 
cylinder. Tests carried out.on concrete cubes showed 
that the strain at the centre of a face was a minimum 


Fig. 1 
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and that it increased towards both edges. This 
type of strain distribution for a cube face has been 
mentioned by Binns and Mygind in the Magazine of 
Concrete Research, No. 1, January, 1949. 

Since the Huggenberger tensometers measured 
the strain over a 2-in. gauge length it was necessary 
to apply a correction, which was obtained from the 
strain-distribution curves, to the tensometer read- 
ings before they could be compared with those 
obtained from the electrical-resistance gauges, 
the gauge length of which was } in. The strains 
recorded by the electrical-resistance gauges were 
calculated using the sensitivity factor given by the 
gauge manufacturers, and these were found to agree 
usually within 5 per cent. of the corrected strains 





as recorded by the Huggenberger tensometers, 


— 


It may well be that the sheets of soft rubber which 
Messrs. Grassam and Fisher used between the ends 
of the cylinder and the loading platens reduced the 
effects of end constraint to such an extent that the 
variation of strain was negligible. However, in 
view of the nature of the strain distribution along 
a generator, as shown in Fig. 2, I feel that some 
further experimental verification is necess 
before it can be assumed that the rubber sheets 
eliminate the effects of end constraint, thus produc. 
ing uniform compressive strain. I should be glad 
to know if the authors have any further information 
which they can give on this point. 

In their conclusions, the authors state that when 
these gauges are used on concrete “ they will have a 
strain-sensitivity factor which is about the same as 
that obtained on steel specimens.” This would 
seem to imply that these gauges would have to be 
calibrated for each application on concrete. This 
procedure would not always be possible, and it 
seems more desirable to determine the reliability of 


‘|the strains, as recorded by electrical-resistance 


strain gauges on concrete, on a basis of the manu- 
facturers quoted sensitivity factor—especially since 
the sensitivity factor is virtually a function of the 
gauge rather than of the material to which it is 
attached. 

Yours faithfully, 

K. R. PrEatriz, 
Lecturer in Civil Engineering. . 
The University of Nottingham, 

September 29, 1951. 





THE LATE MR, FRED CLEMENTS. 
To THE Eprror oF ENGINEERING. 


Sm,—I observe in .your issue of September 28, 
on page 403, ante, it is stated in the obituary of the 
late Mr. Fred Clements that he was Master Cutler 
in 1939-40. 

Mr. Clements was a Freeman of the Cutlers’ 
Company, but he was never Master Cutler. The 
Master Cutler in 1939 was Mr. Ashley 8. Ward, the 
then managing director of Thos. W. Ward, Limited. 


Yours faithfully, 
J. H. Wurrnam, 
Secretary, 
The Company of Cutlers 
in Hallamshire. 
Cutlers’ Hall, 
Sheffield, 1. 


October 5, 1951. 

[We apologise for this error, which was due to a 
mis-reading of the notes in our file on Mr. Clements, 
and thank Mr. Whitham and others who have drawn 
our attention to it.—Eb., E.] 





GUNBOATS FOR PERU.—We learn from Messrs. J. I. 
Thornycroft and Company, Limited, that the two shallow- 
draught gunboats Ucayali and Marafion, built for the 
Peruvian Navy at their Woolston shipyard, Southamp- 
ton, have arrived at Iquitos, on the upper Amazon. 
These vessels, which are 155 ft. long and are driven by 
British Polar Diesel engines, made the voyage of 4,000 
miles from Southampton to Para& and 2,000 miles thence 
up the Amazon, in 44 days. The 600-ton floating dock 
which Messrs. Thornycroft also built for the Peruvian 
Navy was towed from Southampton by the United 
Towing Company, Limited, Hull, and has arrived at 
Par&, on the way to Iquitos. 





THE LATE Mr. C. T. S. ARNETT, 0.B.E.—We regret 
to record the death, on October 3, of Mr. C. T. S. Arnett, 
B.Sc., M.I.E.E., M.Inst.F., who had retired only a few 
days previously from the position of Controller of the 
North Western Division of the British Electricity 
Authority. Mr. Arnett, who was a graduate of the 
University of Durham, was apprenticed at the Heaton 
Works of C. A. Parsons and Company, Limited., New- 
castle-on-Tyne, and afterwards joined the operating 
staff of the Cleveland and Durham Power Company. 
From 1913 to 1927, he was chief electrical enginee? ot 
Bolckow, Vaughan and Company, Middlesbrough, and 
then became chief engineer to Pease and Partners, 
Limited, Darlington. In 1931, he was appointed by 
the Central Electricity Board ae operation engineer for 
the North-West England and North Wales Areas, 
succeeding to the position of manager in 1939. He 
became Controller of the North Western Division, 
B.E.A., in 1948, in which year also he was awarded the 





although differences of 10 per cent. were obtained. 


O.B.E. in the New Year Honours List. 
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OPTICAL PROJECTOR. 


WATSON, MANASTY AND COMPANY, LIMITED, LONDON. 

















OPTICAL PROJECTOR FOR 
INSPECTION WORK. 


Ir need hardly be mentioned that there are many 

occasions in engineering practice when an optical 
projector can perform a useful function. Not only in 
the tool room but also in the machine shop, projection 
can provide an inexpensive, convenient and rapid 
method of examining cutting tools, gauges and engi- 
neering components in general. By such means, also, 
parts may be examined during manufacture to deter- 
mine whether errors caused by, say, faulty setting or 
blunting of the edge of a cutting tool, are present, 
and any necessary remedial action can at once be 
taken. In this way, wastage of materials may be 
eliminated and the work of inspection departments 
eased. 
Although there are several examples of elaborate 
and expensive optical-projection equipment on the 
market which are suitable for high-precision work, 
there are, doubtless, many firms who would find 
simpler and cheaper, but nevertheless accurate, equip- 
ment of this kind of considerable general utility as well 
as sufficient for most of their needs. To meet such 
requirements, Messrs. Watson, Manasty and Company, 
Limited, 12, Clarges-street, London, W.1, have pro- 
duced the apparatus shown in the accompanying 
illustration, which, though comparatively inexpensive, 
s capable of throwing a sharply-defined silhouette of 
an opaque object on a screen or wall at any magnifi- 
cation up to 50 diameters. Alternatively, the equip- 
ment can also be used to project film strip, Leica slides 
and microscope slides. 

The apparatus, which is known as the W.M. Inspecto- 
scope, employs a 12-volt 60-watt V-filament electric 
lamp, similar to a motor-car head-lamp, as its light 
source. The lamp is normally supplied from the mains, 
through a transformer having its primary winding 
tapped for 200, 220 and 240 volt inputs, but it may, 
of course, also be supplied direct from storage batteries. 
The transformer is contained in a box mounted on 
the baseplate behind the lamp-house. The latter also 
contains a concave reflector mounted behind the lamp, 
the light from which passes through an optical system 
consisting of two condensing lenses, which are ground 
and polished, and an objective which is a hard-coated 
anastigraatic lens of 3-in. focal length and aperture f3. 
The objective lens is mounted in a holder which slides 
on two guide rods fixed to a rotating head on the 
front of the lamp-house, the sliding motion being used 
for rough focusing. Subsequently, the lens holder is 

ped in position by means of a mi screw, and a 
fine adjustment of the focus is made by rotating the 
lens, which is screwed into its holder. 

A simple vice, which can accommodate specimens 
up to 1 in. in diameter, is mounted immediately in 
front of the lamp-house, between the condensing and 
objective lenses. The position of the specimen may 

varicd by means of a screw, which raises or lowers 





the jaws of the vice, or by sliding the whole vice fore 
or aft on its base. No lateral adjustment is provided. 
When slides are to be examined, they are held in a 
carrier which slips into a frame screwed to the rotating 
head. In this case, the vice may be removed entirely 
and the head may then be turned through 90 deg. if 
desired. Film-strip, similarly, is held in a gate-slide, 
also mounted in the frame referred to above. The 
diameter of the field of view is } in. and, as stated 
previously, magnifications up to 50 diameters are 
possible, although 25 diameters is the magnification 
recommended for normal practice. 

The lamp-house, rotating head and lens mounting 
are in moulded plastic and the baseplate, which is 
fitted with four adjustable feet, is finished in black 
crackle enamel. The projector is provided with a 
wooden cover and, when boxed, measures 19} in. by 
94 in. by 8 in. overall. The weight is approximately 
20 lb. The numerous uses to which the equipment 
may be put include the examination of fine wire and 
gauze, needle points, threads, fibres and fibrous woven 
materials. Dimensions, curvatures, clearances, angles, 
etc., may be determined by actual measurement on the 
magnified image and, when appropriate, scaled down 
in the proper ratio. A datum piece, which is shown 
mounted in the vice in the illustration, is provided 
for determining the magnification. For serial testing, 
and in other special applications, the user would 
probably find it convenient to have a vice or holder 
made to suit the test-specimen. In such work also, 
an enlarged drawing of the part under examination 
may conveniently be mounted on the screen or wall 
and the silhouette projected upon it. Any departures 
of individual specimens from truth may then be 
observed directly. In conclusion, it may be mentioned 
that particular care has been taken over the design of 
the optical system of the Inspectoscope. The whole 
was carefully computed and the lamp has a special 
envelope, the glass of which is free from optical 
defects, 





RUILDING RESEARCH IN CANADA.—The first issue of a 
quarterly bulletin, Building Rescarch in Canada, has 
been published by the Division of Building Research, 
National Research Council, Ottawa. The Division was 
formed in 1947 ‘to provide a research service to the 
construction industry of Canada.” Investigations in 
progress or recently completed include a study of 
the transmission of vibrations from heavy traffic to 
buildings ; the performance of a heat pump drawing 
heat from the ground; outdoor corrosion at various 
sites in Canada ; the temperature of soil throughout the 
year; and condensation in buildings: The bulletin 
gives brief reports on these investigations, as well as 
articles on the Division, building research in Canada 
and other countries, publications of the Division, and 
the film library. , ‘ 


MAIN LONGITUDINAL STRESSES 
r IN SHIPS.* 


By J. M. Murray, M.B.E., B.Sc., M.I.N.A. 


In this paper it is intended to survey briefly the 
development of the classical method of comparing the 
longitudinal strength of ships, and to suggest a 
simplification. 

The study of investigations into the longitudinal 
strength of ships has now a history extending over 
quite a respectable period, for as early as 1746 Bouguer, 
in his Traité du Navire, calculated the bending moments 
on floating geometrical solids approximating in form 
to ships. Thereafter the matter received further 
attention, but the first systematic consideration of the 
bending moments imposed on a ship in service is found 
in Shipbuilding, Theoretical and Practical, by W. J. 
Macquorn Rankine, published in 1866. In this remark- 
able work, the following rule is given: ‘In ships of 
similar figures with weights similarly distributed, the 
greatest bending moments are proportional to the 
products of the displacements and lengths”; and, 
for ships of various geometric forms, having the weight 
of hull and cargo distributed over the length in an 
arbitrary manner, Rankine gives the bending moments 
in the still-water, hogging and sagging conditions in 
terms of the product of the displacement, the length 
and a factor. The question of relating these bending 
moments to specific ships, however, was left to William 
John, who, in his classic paper ‘On the Strength of 
Iron Ships ’t considered the case of a ship 300 ft. in 
length, balanced on a wave the length of the ship and 
12 ft. in height. In this paper appears the well-known 
expression, maximum hogging moment = displace- 


ment X beng th ; @ formula for bending moment which 


has had a wide currency ever since. John made his 
calculations for a ship in the end-of-voyage condition, 
for which he estimated the constant to be 38; and 
concluded that, making allowance for higher waves 
and a less favourable distribution of cargo, the constant 
would reach the figure of 35. 

In this study, which has influenced greatly subse- 
quent ideas on the matter, the affect of the still-water 
bending moment was neglected, but 20 years later, in 
an important paper by Vivet,t the fundamental ideas 
enunciated by Rankine were again emphasised. Vivet 
remarked that the bending moment depends on two 
terms: ‘one is none other than the moment in still 
water ; the second depends entirely on the movement 
of the centre of buoyancy under the influence of the 
wave.” In this paper, the still-water and wave com- 
ponents of the bending moments of several ships are 
investigated and a formula is introduced to give the 
total bending moment. This formula can be expressed 
in a form in which the bending moment in still water 
and the bending moment due to the wave appear 
separately. In spite of the work of Vivet, which was 
followed by others, notably those of Alexanderg and 
Suyehiro,|| the bending moment on a ship in a seaway 
was generally considered as a whole, until recently. 
The late Dr. J. Foster King, however, in two papers,q 
exerted his strong influence to direct the study of the 
subject back to fundamentals, and now there is again 
a disposition to examine the bending moment in its two 
components, that due to the still-water bending, and 
that due to the wave. 

The author strongly supports this technique, and 
in a paper** suggested a method of calculation by which 
this could be done quickly. The usual method of 
balancing the ships on a wave and integrating the 
resultant load curve is tedious, and sometimes does 
not lead to particularly accurate results. As an 
alternative, it is sufficient to compute the bending 
moment in still water by means of the followin 
formula: Let Mf = the moment of weight, and M, 
the moment of buoyancy, forward of amidship, and 
Ma and M,4@, respectively, the moments of weight 
and buoyancy abaft amidship; then Mf —M,f = 
Ma — M,a= B.M. 





* Paper presented at the 2me. Congrés International 
des Ingénieurs Navals, organised by the Union Belge des 
Ingénieurs Navals and held in Ostend from July 19 
to 22,1951. Abridged. 

+t Trans. I.N.A., vol. 15, page 74 (1874). 

t “‘ Etude sur la Fatigue des Navires,”” by L, Vivet. 
Bull. Assoc. Technique Maritime, 1894. 

§ ‘The Influence of the Proportions and Forms of 
Ships upon their Longitudinal Bending Moments 
among Waves,” by F. H. Alexander, Trans, I.N.A., 
vol, 47, part 1, page 116 (1905). 

|| ‘A Method of Estimating the Maximum Bending 
Moments of Ships,” by K. Suyehiro. Jl. Soc. Nav. 
Arch., Japan (1913). 

q “‘ Bending and Loading of Ships,” Trans, I.N,A., 
vol, 70, page 37 (1928); and “ Longitudinal Bending 
Moments,” ibid., vol. 86, page 214 (1944), 

** “ Longitudinal Bending Moments.” Trans, I.E.S.S,, 





vol. 90, page 365 (1946-47), 
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An approximation to the moment of buoyancy may 
be made by using the formula: mean bending mo- 
ment = half displacement x mean longitudinal centre 


of buoyancy (L.C.B.) of fore-and-aft bodies =? x 


(0-165 C b + 0-074) L, where C b = block coefficient. 

The wave bending moment may be computed from 
the formula, W.B.M. = b L* B, where L is the length, 
B the beam, and b is a coefficient depending on Cb. 
Values for b are given in Table VIII, on page 472. It 
should be noted that these constants apply to the load 
draught of about 0-06 L; wide experience with these 
formule shows that, for ordinary forms, they are 
remarkably accurate. Designers can, of course, use 
constants derived from their own experience. 

It is now proposed to examine the stresses on ships 
in some detail, in order to assess the importance of the 
two components, and to see whether the usual assump- 
tion can be justified, that the most suitable criterion 





sustained by the ships in that condition. The main 
result of the Newcombia and Neverita experiments* 
is that a ship behaves, for all intents and purposes, as 
a girder, and that the Euler-Bernouilli formula for 
calculating the stresses gives acceptable results. There 
are, of course, certain refinements which may be 
adopted, and which will help to reconcile theoretical 
and observed results, but they are not considered here. 

For the purposes of this paper, it is intended to 
consider one family of ships, namely, single-screw 
Diesel-engined cargo ships of the shelter-deck type, 
having the lengths of 91-5 m. (300 ft.), 122 m. (400 ft.), 
and 137 m. (450 ft.). The dimensions and particulars 
are given in Tables I to IV, herewith. 

The bending moments in still water have been 
computed on the assumption that half of the fuel has 
been burned out, a condition which it has been found 
is reasonably in accordance with average loading in a 
ship. The calculations have been made on the assump- 


TABLE I.—PARTICULARS OF SHIPS. 





Length, Beam, aa, Draught, 
Ft. Ft. t. Ft. 


Block 


Displacement, 
Coeff. Tons. 


ons 





300 45 27-6/ 


20-6 


bono 
oo 


ee of OF 


400 55 36-33/ 


27°83 


41-0/ 
32-0 


450 





tere tere 
a3 BO 











5,470 
5,800 


1 
1 
11,200 1 4 
11,900 12-0 3 
15,200 15: 7 
16,100 1 5 











+ 





TABLE II.—Hull and Machinery Weights. 





Length 
of 
Mach- 
inery, 


i 


Mach- 
inery 
Weight, 
Tons. 


Hull 
Weight, 
Tons. 


Light 
Ship, 
Tons. 


Block 


Length, 
Ft. Coeff. 





400 
350 


720 


1,480 
4,500 


2,770 
2,800 


3,850 
3,900 


1,880 
1,850 


3,490 
8,360 


4,850 
4,650 


eo ow 


eo 66 66 


400 


$3 oe 


1,000 
750 


an 
~~ 




















TABLE III.—0Orm 





tion that the holds are loaded with a homogeneous 
cargo. From the results (Table IV) two main con- 
clusions may be drawn, namely, that the ships are 
subjected to a hogging moment, and that the bending 
moment is not greatly affected by altering the block 
coefficient from 0-75 to 0-70. The reduction in 
displacement is counterbalanced by the increase in 
distance between the centres of effort of the weight 
and buoyancy in the fore and after bodies. As may 
be seen from the calculation, this increase follows from 
the longer machinery space in the finer ship, so that 
the cargo is moved away from midships, and the 
centre of effort of the buoyancy moves towards amid- 
ships with reduction of block coefficient. 

Next, the stress due to the hogging bending moment 
has been calculated, and here only the tensile stress at 


FUEL REQUIRED. 





Length, Ft. 


Range, Miles. Speed, Knots. 


Time, Hours, 


B.H.P. | Fuel, Tons. Total Fuel, Tons. 








300 6,000 


400 8,000 


450 10,000 





500 
570 


570 
670 


670 
770 


200 
170 


550 
440 


980 
790 


180 | 
1,400 150 
4,650 
3,250 


7,100 
5,000 


1,900 | 








TABLE IV.—WEIGHT OF SHIP, CARGO AND FUEL; AND STILL-WATER BENDING MOMENT.* 





Length, Block Light Ship, Fuel, 
Ft. Coett. Tons. ‘Tons. 


Stores 
and Fresh 


Tons. 


Still-W ater 


Ft.-Tons. 


Displace- 
ment, 
Tons, 


Total. 
Tons. 


Cargo, 


ater, Tons. 





1,880 
1,850 


3,490 
3,360 


4,850 
4,650 


100 

80 
270 
220 


490 
390 


oc oc oo 
a] 
as as as 














2,030 
1,980 


3,830 
3,650 


5,440 
5,140 


5,320 
5,670 


10,860 
11,610 


14,610 
15,610 


3,290 
3,690 


7,030 
7,960 


9,170 
10,470 


18,000 
17,000 


46,500 
46,500 


63,000 
66,500 


50 
50 
70 
70 


100 
100 

















* Conditions with fuel half burned out. 


of the strength of a ship is the stress induced when the 
ship is balanced on a wave of its own length. Since 
such a calculation—this must be emphasised—is only 
intended to give comparative results between ship and 
ship, the precise height of the wave used is not of 
fundamental importance, but obviously, the closer the 
assumed conditions are to actual conditions, the better. 


By custom, however, the height of the wave is taken | sti 


as one-twentieth of its length, as this is thought to 
lead to results reasonably in accordance with service 
results. As a matter of interest, it may be noted that 





Vivet in his calculations, to which reference has been | Corres 


made, did not use a standard wave having a constant 
relation between height and length. He based his 
calculations on observations made by Lieut. Paris, and 
adopted a height which varied from one-twentieth of the 
length to one-thirtieth as the length was increased from 
30 m. (100 ft.) to 185 m. (600 ft.). 

Here, it should be em ised that, whatever may 
be the stresses sustained through the influence of waves, 
there is no doubt that the stresses obtained from the 
still-water calculation approximate very closely to those 








Length— 
™. «- 
_ = 

Section 


modulus— 
em! ee 


91-5 
300 


12,400 

m.*-ft. ne 6,300 
Block coeff. ..| 0-70 0-75 
till-water 


5,550 5,250 
18,000 17,000 
445 
2:8 


425 
2-7 


475 


gate cm. 
‘ons per sq. 
i oe 3-0 2-8 2-9 


n. 3-0 














* “ Structural Investigations in Still Water on the 
Welded Tanker Neverita,” by R. B. Shepheard and 
J. Turnbull. Trans. I.N.A., vol. 88, page 78 (1946); 
and “ Structural Investigations in Still Water on the 
Tanker Newcombia,” by the same authors. Trans. 
N.E.C. Inst., vol. 63, page 237 (1947). 





——es 


the deck is considered ; the compressive stress on the 
bottom: may result in some ships in deformation of 
the bottom plating, but it is not intended to consider 
that phenomenon here. The sectional modulus used ig 


that derived from the load line formula ~ = fBD, 


where B = beam, D = draught, and f is a factor. 
The stresses are therefore as given in Table IVa. 

It is therefore apparent that, for this family of 
ships, the stress in still water, calculated on the above 
assumptions—which, it may be repeated, give a 
reasonable average of service results, does not vary 
greatly. 

Having obtained the stress in still water, the stress 
due to the passage of the wave must be considered. 
First, the stresses were calculated on the assumption 
that the ships are placed on a standard wave having a 
length equal to the length of the ship, and having 
a height equal to one-twentieth of the length. For this 
purpose, the wave bending moments have been calcu- 
lated from the formula : 

W.B.M. (Hogging) =b L°B x 10-5 
where 6 = 82-5 when Cb = 0-75 
and 6 = 77-0 when Cb = 0-70 

This gives the following bending moments and 

stresses : 





Length— 

Mm. .. 91-5 122 137 

%... ee 300 400 450 
Block coeff. .. 0-70 0-75 0-70 0-75 0-70 0-75 
Wave B.M. 

(hogging)— 

Tonnes-m...| 8,100 8,700 | 23,600 25,200 | 36,200 39,000 

Tons-ft. -| 26,000 28,000 | 75,000 82,000 |116,000 126,000 
Corresponding 

Stress, kg. 

per sq. cm. 650 700 775 825 815 870 

Tons per sq. 

in. nd 4:10 4-45 4°90 5-25 5-15 5:5 














In this calculation, the hogging moment alone was 
considered, since, when taken with the still-water 
moment in the loaded condition, with modern ships, it 
is the more important. It can also be established that 
the assumption of a wave the length of the ship 
represents the most severe conditions and this is 
shown in the appendix to the paper. For example, it 
may be argued that, if a ship 122 m. (400 ft.) in length 
meets waves 122 m. (400 ft.) long and 6-1 m. (20 ft.) 
high, the same wave will be met by the ship 91-5 m. 
(300 ft.) long and calculations should be made accor- 
dingly. As is shown in the appendix, the effect on the 
91-5-m. (300-ft.) ship of a wave 122 m. by 6-1 m. 
(400 ft. by 20 ft.) is the same as that of one 91-5 m. by 
4-6 m. (300 ft. by 15 ft.). 

It is now useful to consider to what extent the waves 
of the sea during a storm conform with the theoretical 
trochoidal wave, and, what is more important, whether 
there is any correlation between the stresses calculated 
on the usual assumption, and those actually experienced 
in service. 

Perhaps the principal characteristic of the ocean 
storm wave isits irregularform. Nevertheless, to study 
the motion of a ship in a seaway, it has been necessary 
to assume an idealised concept of a wave, and the use 
of the sinusoidal wave, or the trochoidal wave form, 
has made it possible to arrive at certain theoretical 
conclusions on the behaviour of ships. In some respects, 
too, these assumed wave surfaces correspond, to 
reasonable extent, with the actual conditions; for 
instance, observations made on the pressure effects of 
ocean storm waves seem to demonstrate that the wave 
does, in effect, act in accordance with the trochoidal 
theory. So far, the most extensive observations 
reported on the configuration of ocean waves are those 
made during the experimental voyages of the San 
Francisco,* and the stereoscopic records taken on that 
occasion show clearly the confusion and lack of 
symmetry of storm waves. The records of the experi- 
mental voyages of the Ocean Vulcan are not available 
at the time of writing, but the wave profiles given in 
the preliminary report on these experimentsf seem to 
confirm the previous findings; not only is the wave 
profile on the ship irregular, but it differs on the two 
sides of the ship. 

Pommellett contends that the ocean swell is formed 
of groups of waves along the direction of propagation. 
A heavy sea subjected to wind force is comprised 0 
groups of waves, with a lateral length small in relation 
to the distance from trough to trough. The surface of 
the sea, in his opinion, can be considered to be consti- 
tuted at any given moment of a series of waves 
slightly variable direction, speed and length, the two 





*** Beanspruchung des Schiffes im Seegang,” by 
Dr. G. Schnadel. Jahrbuch S.T.G., 1935. 

t ‘The Measurement and Recording of the Forces 
Acting on a Ship at Sea,” Part 1, by F. B. Bull and 
Professor J. F. Baker. Trans. I.N.A., vol. 91, page 29 
(1949). 

t “Houle, Roulis, Tangage, Stabilisation,” by A- 
Pommellet. Bull. Assoc, Technique Maritime, 1949. 
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last-mentioned characteristics being related. Photo" 
graphs of storm waves in the papers of Pommellet 
and Dr. Schnadel confirm the absence of any specific 
regularity in ocean waves. Dr. Schnadel remarked 
that, in general, the largest waves mainly rolled up in 
groups of two,*three or four, while smaller waves 
intervened. The appearance of such groups of larger 
waves: was generally connected with a violent squall. 
Nevertheless, from time to time, there is interaction 
between groups of waves, so that, as is well known, 
the sea lessens or increases without alteration of the 
wind force. Occasionally, therefore, single waves of 
regular form are encountered. Dr. Schnadel instances 
a wave 186 m. long and 16-5 m. high having been 
encountered in the North Atlantic during a storm. 

Enough has been said to indicate that waves are 
generally irregular, and here it may be mentioned that 
Pommellet is of the opinion that, contrary to the 
general belief, the irregularity persists in large oceans 
even when the conditions which produce swell have 
disappeared ; superficial agitation, due mostly to the 
local effect of the wind, disappears, but the general 
configuration of the sea, seen on a large scale, does not 
seem to alter. It is held, however, that the theoretical 
wave profile is a safe one to adopt, for strength and 
other calculations, since it leads to severe conditions, 
and, for this reason, it is useful to consider what 
characteristics such a wave should possess. So far as 
strength calculations are concerned, the relation be- 
tween the height and the length is the important 
factor. Many observations have been made of waves 
at sea, and the accompanying Table V, from Cornish’s 
work,* may be quoted. 


























of deriving the “ effective wave” from the bending 
moment. The “ effective wave ” is a trochoidal wave 
of the length of the ship, having such a height that it 
will induce a bending moment equal to that induced by 
the actual confused storm waves. The essential result 
obtained is that the greatest effective wave height for 
the ship on the wave crest is L/23-5, and when in the 
hollow, L/18. The extreme value found for the ship 
in the sagging condition was due to an impact, which 
increased the moment. 

In general, Schnadel concluded that the greatest 
stresses are sustained when the ship is in the trough 
of the wave (here the stresses are accentuated by 
impacts, which always result in an increased com- 
pression of the deck and tension of the bottom); 
the greatest “effective wave” height derived for a 
ship on the crest of a wave was L/23-5, and for a ship 
n the trough L/18; the maximum hogying moment 
was not found with the longest wave, but with waves 
the height of which is greatest within the ship’s 4 ; 
the effective wave height is less than would result from 
the application of the Smith correction to the actual 
wave ; hogging stresses may be increased when steam- 
ing against wind and waves; and dynamic stresses are 
not great, but such stresses are a function of the speed 
of the ship in relation to that of the waves. 

Putting the matter in another way, the results show 
that the maximum tensile stress on the upper deck of 
the San Francisco in the storm was 550 kg. per square 
centimetre (3-5 tons per square inch), and the maxi- 
mum compressive stress 850 kg. per square centimetre 
(5-4 tons per square inch). These stresses were super- 
imposed on the still-water stress of 550 kg. per square 
centimetre (3-5 tons per square inch) tensile. For the 






































TABLE V. Ocean Vulcan the preliminary report notes that, 
during one voyage, when the ship was hove to in a 
wet weve o - Sessiain gale of ae, 8 with yey m. me ft.) "> by 
” peed, ave ave | Height. eng 9 m. (30 ft.) to 10-5 m. (35 ft.) high, the stress due to 
ae) ee | oo | es | Height. | the wave at times exceeded ++ 625 kg. per square centi- 
metre (4 tons per square inch) ; the still-water stress on 
that occasion, which appears to have been a ballast 
14 11 7 oe | ae 10 voyage in the North Atlantic in winter, is not given. 
22 18 11:4 4 14 oT 24 19 It should be remarked that these two ships were of 
so-e | ses | 15-5 | Grom: |Ga-8m-| 25-9 Toman Vs. 
(1,230 ft.))(47-5 ft.) Wave Length. Height. 
Length 
A recent paper by Weinblum and Saint-Denis, “On| Metres. Feet. Metres. Feet. — 
the Motion of Ships at Sea,”’f includes several diagrams 
from which it is apparent that a young wave, i.e., one 60 200 5-4 18-0 11-0 
which has a speed of about a quarter of the wind 110 330 9-0 29°5 11-0 
velocity, may have a ratio of height to length of 1 : 10; = pod te = We 
but in general this only applies to short waves, i.e., 220 720 11-2 37-0 19-7 
those under 140 m. long. A curve prepared from 
observations made by the Scripps Institute of Oceano- . VI 
graphy in the North Pacific Ocean gives — certain eae : 
values for most extreme conditions over a long period 
of time for that ocean which are shown in Table VI, - ne ara renecr Length 
herewith; it is emphasised that the figures do not am Height. 
represent limiting heights of long waves, for instance, | per Sec. | Metres. | Feet. | Metres. | Feet. 
those in the North Atlantic. Finally, some results 
taken from Schnadel’s paper may be cited; they are 8 70 230 7:5 24-8 9-3 
given in Table VII, herewith. These results shcw that 30 180 590 13-5 44-0 13-3 
the ratio of length of wave to height is not constant, 12 200 660 18-5 61-0 10-8 
but tends to increase with length of wave. be 4 = ssi ue aa 


We may conclude, therefore, that, while the sea is 
generally confused during a storm, on occasion a 
regular wave may be encountered, and that, as Vivet 
assumed, the height does not bear a constant relation 
to the length of the wave. It is now necessary to con- 
sider what stresses are imposed on a ship at sea by 
the action of the waves, and whether they can be 
related to the theoretical stresses calculated on the 
usual assumptions. It was mainly to answer this 
question that the experimental voyages of the San 
Francisco and the Ocean Vulcan were undertaken, and 
it is unfortunate for the purposes of this paper that, 
so far, only a preliminary report of the later one, 
which was carried out with all the resources of modern 
science at its disposal, has been published. It is there- 
fore necessary to rely almost completely on the San 
Francisco results, a note on which has already been 
given before this Congress$. During the voyage, 
storms were encountered in which the wind force 
reached 12 on the Beaufort scale and the vessel was 
forced to lie to. In this period, the most useful stress 
readings were recorded, and these were converted to 
bending moments by multiplying them by the section 
modulus. Incidentally, no allowance was made for 
rivet holes, a practice which has been amply justified 
by the results in the still-water bending-moment experi- 
ments on the Neverita and Newcombia. In present- 
ing his information, Dr. Schnadel employed the artifice 





* Ocean Waves, by V. Cornish (1935). 

t “ On the Motions of Ships at Sea,” by G. Weinblum 
and M. Saint-Denis. Trans. Soc. Nav. Arch. and Mar. 
Engineers, New York, 1950. 

+ “‘ Beanspruchungs Messungen om Bord,” by Dr. 
G. Schnadel. Proc. Cong. International des Ingenieurs 
Navals, 1939. 




















the same type. The dimensions and characteristics are 
as follows :— 
“San Francisco.” 


Dimensions—131-:0 m. (430 ft.) x 18-0 m. (57 ft.) x 
11-5 m./9-06 m. (37-7 ft./29-7 ft.) 
Displacement—13,070 tonnes (12,900 tons) ) When 
Draught—7 -25 m. (28-8 ft.) stresses were 
Block coefficient—0 - 744 recorded 


“ Ocean VULCAN.” 


Dimensions—127 m. (416 ft.) x 17:3 m. (56-8 ft.) x 
11-35 m./8-72 m. (37-3 ft./28-6 ft.) 

Displacement—13,950 tonnes (13,750 tons) 

Load draught—8-18 m. (26-8 m. ft.) 

Block coefficient—0 - 763. 


From this information we can say, therefore, that, 
for ships about 130 m. (420 ft.) long, with block coeffi- 
cients of about 0-76, stress due to the waves reaches a 
magnitude of about 700 kg. per square centimetre (5 
tons per square inch). It is also apparent that the 
Smith correction does not account for the whole differ- 
ence between the effects of the actual and the theoretical 
wave, and that the ao adopted by Schnadel— 
that of deriving the “ effective wave ” from the bending 
moment—demonstrateés the uncertainty of the matter. 
In his work, Shnadel emphasises very properly that 
the influence of the size and speed of the ship on the 
“* effective wave” can only be learned by further 
measurements on ships of a different type. The 
larger and faster cargo or passenger ships may experi- 
ence very different effects. 

It is open to doubt, furthermore, that small variations 





in the form of the ships, which may affect the calculated 


wave bending moment, will greatly influence the actual 
stresses experienced. The block coefficient, for instance, 
has an important effect in the theoretical calculation 
and, as has been indicated, when the block coefficient 
is reduced the wave bending moment and hence the 
stresses are reduced also. But the lower block coeffi- 
cient is associated with the higher speed, and it is 
difficult to think that the dynamic effects are not 
increased thereby. It seems probable, therefore, that 
these factors cancel out. If this is so, the stress result- 
ing from the ge of the wave will not differ greatly 
between the full and the fine ship. The most that can 
be said about these wave stresses is that they may 
bear some relationship to the stresses calculated by 
assuming that the ship is poised on a static wave. 
From a large number of calculations of static wave, 
it seem reasonable to think that the stresses due to 
the wave vary with length of ship in the following way : 


Length— 
m. vi oe §«=«.: 91 122-0 137-0 
ft. ” ... (300) (400) (450) 
Stress— 
Kg. per sq. cm, ... 550 650 700 
Tons persq.in.... (3°5) (4°1) (4-5) 


These wave stresses, it may be emphasised, are 
additions to the still-water stresses, determined to a 
great extent by the disposition of the cargo in the ships, 
and it is certain that the still-water stresses may vary 
considerably. For example, in a normal condition 
of loading, the stress in the upper deck of a 122 m. 
(400 ft.) ship among waves may be 1,100 kg. per square 
centimetre (7 tons per square inch), which may be split 
up into a still-water stress of 450 kg. per square centi- 
metre (2-9 tons per square inch), assuming the cargo 
is homogeneously loaded, and a wave stress of 650 kg. 
per square centimetre (4-1 tons per square inch). If 
the cargo is not loaded in a homogeneous manner, 
the still-water stress may well rise to 650 kg. per square 
centimetre (4-1 tons per square inch) or over, giving 
a total stress of 1,300 kg. per square centimetre (8-2 tons 
per square inch) or more. 

For the same external conditions of heavy weather, 
the stress due to the wave will be constant and hence the 
total stress will be governed by the still-water stress. 
It is suggested, therefore, that the relative strength of 
a ship may best be judged from the stresses induced 
in still water and not from the total stress. The still- 
water component of the stress can be calculated and used 
as a basis of comparison; the wave component is, 
to a much greater extent, an uncertain quantity. 

We are, therefore, drawn to the conclusion that, in 
the present state of knowledge, the only precise stan- 
dards of stress are those sustained by the ship in still 
water. These are due to the form and characteristics 
of the ~~ and to the loading. It has been emphasised 
already that, in the modern dry-cargo ship, the still- 
water bending moment is almost invariably a hogging 
one, and here it may be observed that such was the case 
in the San Francisco on the occasions to which reference 
has been made. 

It has been shown, also, that the still-water stress 
for the family of ships considered does not vary greatly, 
and is of the order of 475 kg. per square centimetre 
(3-0 tons per square inch) tensile on the upper deck 
when the ship is homogeneously loaded, and the 
bunkers are half consumed. Departures from this 
ideal condition will affect these stresses to a greater or 
lesser extent, and experience has shown that, with 
injudicious loading, they may be greatly exceeded. 
The author is of the opinion, therefore, that the most 
reasonable and most direct method of comparing, in 
similar ships, stresses induced in service is to consider 
the stresses calculated in the still-water condition and 
not those derived from the conventional assumption 
that the ship is poised on a wave. 


APPENDIX. 

Variation of B.M. with length of wave.—This variation 
has been computed from a formula which applies to a 
wall-sided ship, with a waterline bounded by a parabola, 
and a wave of cosine form. If m is index of parabola, 
p L is length of wave, and k is height of wave; then, 
for a ship on the crest of a wave, 
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in moment can be found. 
TABLE VIII.—Values of b at Load Draughis. 


Wave Bending Moment = 6 L? B x 1075 (metric units) 
bL*B x 1076 (English units) 
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Metric. ee Metric. ae 
0-76 84:5 23-55 95-0 26-50 
0-74 82-0 22-85 92-0 25-70 
0-72 79-0 22-10 89°5 24-90 
0-70 76-5 21°35 86°5 24-10 
0-68 74:0 20-65 83-5 23°35 
0-66 71:5 19-90 81-0 22-60 











For a wave having a height of 4th of its length, 
the constant 6 should be multiplied by the following 
factors : 





Length of Wave 
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These factors may be applied to ships having block 
coefficients varying from 0-70 to 0-75. 





CONTRACTS. 


LEONARD FAIRCLOUGH, LTD., 52, Grosvenor-gardens, 
London, 8.W.1, have been awarded the contract for the 
widening of bridge No. 14 carrying Abbots-avenue over 
the London Midland Region line of British Railways 
between Park Street and St. Albans Abbey stations, for 
the St, Albans City Council. 

DurinG September the British Electricity Authority 
have placed contracts for equipment for power stations, 
transforming stations and transmission lines amounting, 
in the aggregate, to 2,742,1637. The principal contracts 
include a 240,000-lb. per hour boiler and coal-transporta- 
tion plant for Acton Lane “ B ”’ powerstation, Willesden, 
with MITCHELL ENGINEERING, LTD.; coal-unloading 
cranes for Tilbury power station, with STOTHERT AND 
Prrt, Ltp. ; a cooling tower for Drakelow power station, 
Burton-on-Trent, with the MrrcHELL CONSTRUCTION Co. ; 
high-pressure pipework and valves for Meaford “B” 
power station, near Stone, Staffordshire, with BaBcock 
AND WILcox, Ltp., and auxiliary switchgear and acces- 
sories for the same station, with A. REYROLLE & OCo., 
Lrp.; high-pressure steam piping for Stourport “B” 
power station, with Arron & Co., Lrp.; general trans- 
formers for Connah's Quay power station, Chester, with 
C. A. Parsons & Co., Lrp., and auxiliary switchgear 
for the same station, with A. REYROLLE & Co., LTD.; 
3,300-volt auxiliary switchgear and accessories for Chad- 
derton power station, Oldham, with the ENGLISH ELEc- 
TRIC Co., Ltp. ; a condensing-water system for Roosecote 
power station, Barrow, with BlERRUM & PARTNERS, LTD.; 
132-kV 2,500-MVA switchgear for Goldington power 
station, Bedford, with A. REYROLLE & Co., Ltp. ; 132-kV 
2,500-MVA switchgear for Three Bridges substation, 
Sussex, with the ENGLISH ELEcTRIC Co., LTp.; and 
132-kV 3,500-MVA switch;rear for Stella South, Blaydon- 
on-Tyne, with A. REYROLLE & Co., LTD. 

FLETCHER & Co. (CONTRACTORS), LTD., Mansfield, are 
to supply new substructure and filling for bridges 16 
and 21 on the Stanton and Shipley branch and Stanton 
and Nutbrook branch of the London Midland Region of 
British Railways. 

VICKERS-ARMSTRONGS LTD., Vickers House, Broad- 
way, London, S.W.1, announce the receipt of another 
repeat order from Alfred Holt & Co., for an 8,300-ton 
single-screw cargo motorship. She will be built at the 
Naval Yard, Newcastle-upon-Tyne ; her length, between 
perpendiculars, will be 452 ft. 9 in., her beam 62 ft., and 
her depth 35 ft. 3 in. The propelling machinery will 
consist of a B, & W. Diesel engine to be built by HARLAND 
& Wotrr, Lrp., and installed by the builders of the ship. 
The vessel’s service speed will be 16 knots. 





LABOUR NOTES. 


“UNANIMOUS opposition” by the Scottish area of 
the National Union of Mineworkers to the proposed 
terms for the new supplementary pension scheme for 
coal miners was reported by Mr. Abe Moffat, the 
President of the union’s Scottish area, at a meeting in 
Edinburgh on Monday last. He said that the Scottish 
miners considered that the pensions which would be 
payable under the scheme were inadequate. The 
men also felt that the proposed contributions from the 
National Coal Board to the pension fund were insuffi- 
cient. Another objection by Scottish miners to the 
scheme in its present form was that former miners, who 
had retired prior to the nationalisation of the industry, 
were not included. The scheme provided for pensions, 
varying from 10s. to 30s. a week, for miners, aged 65 
years and over, on their retirement ; the sums depen- 
ding upon the years of service and good-attendance 
records of the recipients. Maximum pensions of 45s. 
a week would eventually become payable to men who 
worked in the mines for 45 years from the inauguration 
of the scheme, but, Mr. Moffat pointed out, only miners 
who were eighteen years old when the scheme was put 
into operation could hope to qualify for pensions of 
that amount. Service in the industry previous to the 
coming into force of the scheme would count only for 
the 10s.-a-week pension. 





Branches of the National Union of Mineworkers 
throughout the country have been taking a vote 
recently on whether or not the scheme, which is a 
joint effort by the National Coal Board and the union 
to provide supplementary pensions for employees in 
the industry, should be accepted. The voting closed 
on Monday and the fina] figures were due to be 
reported to the national executive of the union yester- 
day. It was expected that the voting would show that 
the scheme was acceptable to all areas of the union 
other than Scotland and Kent. In that case, the 
scheme would come into force on January 1, 1952, and 
supplementary pensions would begin on that date. It 
was estimated that some 20,000 ex-miners would be 
eligible. If the scheme is to achieve the results hoped 
for by the N.C.B. and the union, it would appear to be 
essential that the dissentients should fall into line with 
the decision of the majority, as recorded by the recent 


voting. 


Negotiations between the National Coal Board and 
the National Union of Mineworkers on the union’s 
claims for further advancements in the wages of mine 
employees were begun in London on Wednesday last. 
Among the demands put forward by the union and 
considered at the joint meeting were an increase of 
23s. a week for underground miners engaged on a day- 
wage basis, an advance of 3s. a shift for employees 
working on piece-rate terms, and the raising of the 
national minimum rates for surface employees by 20s. 
a week. The demands, if conceded in full, would 
bring the standard wage of underground miners up to 
7l. 10s. a week, and that of surface employees up to 
61. 10s. a week. It was estimated that the cost of such 
concessions by the N.C.B. would result in an addition 
of at least 35 million pounds to the Board’s annual 
wage bill. The results of the joint meeting were not 
available at the time of going to press, but it was 
considered likely that the Board, while not prepared to 
meet the union’s demands in full, would offer to make 
some increases in miners’ wages. 








The Railway Staff National Tribunal will meet on 
October 19 to commence its investigations on the 
joint claim of the three principal railway unions for an 
all-round wage increase of 10 per cent. Sir John 
Forster, K.B.E., K.C., who is also President of the 
Industrial Court, will be the chairman of the Tribunal. 
The other members of the Tribunal will be Sir Graham 
Cunningham, K.B.E., a member of the Economic 
Planning Board since 1947, and Sir Luke Fawcett, 
O.B.E., who was for many years the general secretary 
of the Amalgamated Union of Building Trade Workers 
of Great Britain and Ireland. The hearings in respect 
of the claim will take place at the Railway Clearing 
House, St. Pancras, London, N.W.1, and will be open 
to the public. 





Some progress towards a settlement has been made 
in connection with two stoppages which arose last 
week. About 1,400 workpeople engaged at the Foles- 
hill factory, Coventry, of the Dunlop Rim and Wheel 
Company, Limited, went on strike on October 3, as 
the result of a dispute over the rates of pay for labourers 
employed by the firm. They returned to work on 
Monday last, however, on the assurance that their 
grievance would be carefully investigated. 





More than two hundred crane men employed at the 
larger shipbuilding and ship-repairing yards in the 
Glasgow area ceased work on October 5, in order to 
enforce a claim for an advance in wages. On Monday 





last, it was reported that the strike had spread to a 
few of the smaller shipyards in the same district and 
that most shipbuilding establishments on the Clyde 
were affected in some way by the strike. An appeal 
was made to the crane men on the same day by an 
official of the National Union of General and Municipal 
Workers, to which the men belong, that they should 
return to work immediately, to enable negotiations to 
be commenced. This advice was rejected, and the men 
decided by a large majority that they would not resume 
work until Tuesday next, the day before the date 
fixed for a joint meeting in London between the union’s 
officials and representatives of the employers’ organisa- 
tion. In the event of the joint meeting taking place 
earlier than Wednesday, however, the crane men agreed 
that there should be a return to work on the day before 
the revised meeting date. 





The Transport and General Workers’ Union reports 
that it has been successful in securing increases of 44d. 
an hour for all adult employees, men and women, 
covered by the engineering and maintenance repair 
panel of the civil air-transport industry. A measure 
of consolidation of the rates for overtime, sickness, 
holidays, and pensions has also been achieved by the 
union on behalf of employees covered by the panel, 
and some increases in the payment for these items will 
result. The adjustments became effective on Septem- 
ber 16 last. The claim of the T.G.W.U. for an increase 
of 4d. an hour for employees in the iron, steel and non- 
ferrous scrap-metal trades will be considered at a joint 
meeting between officials of the union and representa- 
tives of the employers’ organisations on Tuesday next. 
A meeting has also been arranged between the union’s 
officials and representatives of tha British Aluminium 
Company, Limited, London, E.C.2, to discuss the 
union’s claim for an increase of 20s. a week in the 
wages of all adult persons employed by the company. 
Cost-of-living increases for employees in the wire-rope 
industry wiil be considered at the next meeting of the 
industry’s joint industrial council. 





Wage claims on behalf of men employees in the 
engineering industry were discussed at a joint meeting 
in London between representatives of the Engineering 
and Allied Employers’ National Federation and the 
Confederation of Shipbuilding and Engineering Unions 
on Wednesday last. The demands, for an all-round 
increase of 20s. a week, were originally put forward by 
the Amalgamated Engineering Union and later spon- 
sored by the Confederation. The employers’ Federation 
undertook to give careful consideration to the Con- 
federation’s case and it was tentatively arranged that 
a further meeting between the two sides should take 
place on November 14, to receive the employers’ reply. 
Parallel claims on behalf of women engineers, and 
employees in the shipbuilding and ship-repairing 
industry, are also in process of negotiation. More 
than two-and-a-half million workpeople are involved in 
the three claims, which, if granted in full, would add 
about 125 million pounds a year to the nation’s wage bill. 





The recent report of the committee on the organisa- 
tion, working conditions and remuneration of the 
industrial group of professional civil servants was 
criticised in a statement issued by the Engineers’ 
Guild on Tuesday last. The Guild described the 
report as trivial and disappointing, and expressed the 
opinion that few persons, who had had contacts with 
the engineering branches of the Civil Service, would 
agree with the broad conclusions reached by the com- 
mittee, that the organisation and structure of the Civil 
Service engineering side were satisfactory. The 
committee’s report was principally concerned with 
problems affecting engineers in Government employ- 
ment, a large number of whom are members of the 
Guild. The Guild was formed in 1938 to promote the 
interests of the engineering profession and has estab- 
lished its headquarters in London. Membership is 
open to all corporate members of the Institutions of 
Civil, Mechanical and Electrical Engineers. 





Inspection methods in use at engineering establish- 
ments in the United States engaged on mass production 
will be studied by a party of industrial specialists which 
left Britain on Tuesday last under the technical 
assistance scheme of the Organisation for European 
Economic Co-operation. Three teams, comprising some 
80 persons in all, drawn from many branches of the 
engineering industry are taking part in the scheme. 
During a six-weeks’ stay in the United States, they 
will tour a wide range of research centres and industrial 
undertakings, and will investigate galvanising tech- 
niques, and non-ferrous heavy-metal fabrication, 2s 
well as the smelting and refining of nonferrous metals. 
It is understood that the three teams will later go to 
Paris to undertake the preparation of reports on the 
results of their studies and that these reports will 
eventually be circulated among the countries covered 
by the Organisation for European Economic (0- 
operation. 
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Fig. 3. ADJUSTABLE CROSS-SPRING PIVOT 
ELEVATION. 


Fig. 1. 90 DEG. SYMMETRICAL CROSS-SPRING PIVOT 
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DESIGN CHARACTERISTICS OF 
CROSS-SPRING PIVOTS.* 


By L. W. Nicxors, B.Sc. (Eng.), A.M.I.Mech.E., and 
H. L.. Wunsou, M.Eng., G.I.Mech.E. 


THE most common type of cross-spring pivot consists 
of two pairs of crossed steel strips, of uniform length, 
width and thickness, which are fixed rigidly at their 
ends to the two parts between which relative movement 
is required. A typical example is shown in Figs. 1 
and 2, herewith. Such cross-spring pivots have many 
advantages over pivots embodying plain bearings 
in the design of engineers’ measuring instruments, the 
externally-applied loads being, in general, insufficiently 
large to cause failure by buckling of the strips or to 
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* cause the cross-spring pivot to become unstable. The 


main advantages are that the cross-spring pivots are 
frictionless, and therefore have no hysteresis effect, are 
not subject to wear and require no lubrication. These 
pivots are not always suitable, however, for large 
angles of rotation because of the shift of the axis of 
rotation at these large angles. ‘This disadvantage is 
of minor importance in measuring instruments, where 
the angles of rotation are small and rarely exceed 
15 deg. of arc. 

Theoretical investigations of the design characteristics 
of the cross-spring pivot, i.e., the relationship between 
the geometric dimensions of the pivot and its stiffness 
and the movement of the initial axis of rotation, have 
been carried out by a number of workers, including 
Eastman, Wittrick and Haringx.t In general, these 
investigations are mathematically complex. and little 
practical work seems to have been done to check their 
results. A practical investigation by Young{t was 
concerned with spring strips having a Senibioual tongth l 
(see Fig. 2) exceeding 1 in., and was therefore not 
necessarily <r we to instrument practice, where 
the enn length of the spring strips is usually less 

in. 

The present investigation was carried out in order 
to provide information of use to designers wishing to 
incorporate cross-spring pivots in their instruments, 
and therefore the sizes used were kept within the range 
usually employed for this purpose. The work described 
relates to the type of cross-spring pivot most commonly 
used, in which the cross strips intersect at 90 deg. at the 
mid-point of their functional lengths (Figs. 1 and 2), 
1€., to the 90-deg. symmetrical cross-spring pivot. 

* Communication from the National Physical Labora- 
tory. The work was carried out as part of the research 
Programmes of the Mechanical Engineering Research 
Organi sation and the National Physical Laboratory, and 
the ar‘icle is published by permission of the Directors. 

t “The Design of Flexure Pivots,” by F. 8. Eastman, 
> Aeronaut. Sci., vol. 5, pages 16 to 21 (November, 

37); “The Theory of Symmetrical Crossed Flexure 
Tivots,”” by W. H. Wittrick, Austral. J. Sci. Res. Series 
A, Physical Se., vol. 1, pages 121 to 134 (1948); and 

The Cross-Spring Pivot as a Constructional Element,” 
2 J. A. Haringx, Appl. Sci. Res. (Al), pages 313 to 

2 (1949), 

o sd An Investigation of the Cross-Spring Pivot,” by 

+E. Young. Jl. Appl. Mech., vol. 11, page A 113 (1944). 






























































Fig. 4. PLAN. 





To a lesser degree, asymmetrical cross-spring pivots 
are also used, and it is intended to extend the work to 
this type. As a first approach to the problem, the 
effect of pure torque on cross-spring pivots has been 
investigated. The effect of externally-applied loads 
on the characteristics of cross-spring pivots is being 
investigated at present, but this aspect is not dealt 
with here. 

An adjustable cross-spring pivot which Was designed 
to take different lengths and thicknesses of steel strip 
is shown in diagrammatic form in Figs. 3 to 7, herewith. 
It consists of a fixed part c to which is attached a mov- 
able part d by means of two pairs of spring strips. 
The movable part d is made of aluminium alloy in 
order to reduce to a minimum the effect of its weight 
on the system, and carries on its upper face a glass 
oeepncer e having an inscribed cross line (Fig. 7). 

his graticule is adjustable in two directions at right- 
angles, by means of the set screws f, and the cross line 
can therefore be accurately aligned with the inter- 
section of the neutral axes of the spring strips. The 
central portion g of the movable part d is cylindrical 
in form, and the couple is applied by two equal and 
opposite loads, as shown in Figs. 4 and 5. 

he ends of the spring strips are held in position by 
the arrangement shown in Fig. 6, consisting of clamping 
ieces and two set-screws passing through clearance 
Bien in the strip. This arrangement permits the use 
of packing strip of a suitable thickness to ensure that 
the neutral axes of the spring strips always intersect on 
the longitudinal axis of the cylindrical part g by means 
of which the torque is applied. The clearance holes 
in the spring strips were either punched or drilled, 
the strip in the latter case being held between two 
pieces of metal plate and a hole drilled through the 
sandwich so formed; this prevented any distortion 
of the spring strip. The clamping pieces slide in T-slots, 
so that spring strips having functional lengths up to 
# in. may be welll The apparatus as constructed 
will take spring strips of } in. width and up to 0-020 in. 
in thickness. With minor modifications, spring strips 
of greater thicknesses could be tested. 

The complete arrangement of the apparatus is 
illustrated in Fig. 8, on page 474. From this it will 
be seen that the fixed part c of the apparatus is securely 
clamped to the table of a toolmaker’s microscope, 


having co-ordinate movements operated by micro-. 


meters which can be read to about 0-0001 in. A 
goniometric scale in the eyepiece of the microsco 

allows readings of rotation of the cross line on the 
graticule e to be taken to approximately 1 minute of 
are. Torques are applied to the system by nylon 
threads attached to g and running over pulleys clamped 
to a wooden table, which is placed around the instru- 
ment. Scale pans are attached to the ends of the nylon 
threads, and addition of equal weights to each scale 
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SECTION A-B. 





Fig. 6. METHOD OF 
oie STRIPS. 





Fig. 7. GRATICULE. 
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pan produces a pure torque on the cross-spring pivot. 
When experiments were first started, friction in the 
pulleys caused much trouble, especially in the case of 
small torques, but the fitting of ball bearings to the 
pulleys eliminated most of this trouble. 

The accuracy of setting of the two pairs of spring 
strips, prior to clamping in position, is of great import- 
ance. Any tendency to twist the spring strips during 
clamping will materially affect the characteristics of the 
ig and may also cause the spring strips to buckle. 

he lengths of the spring strips between the clamping 
pieces should be equal, and the intersection of the 
neutral axes of each pair of strips should lie on a common 
axis of rotation half-way along their lengths (for 
symmetrical cross-spring pivots). The required accuracy 
of setting was achieved by the use of two setting jigs, 
one of which is illustrated in Figs. 9 and 10, on page 474. 
By assembling the jigs with the upper and lower parts of 
the cross-spring pivot, the fixed part c and the movable 
Er d are held rigidly in alignment with each other. 

ach spring strip is then set in its correct position 
to an accuracy of 0-001 in. by inserting slip gauges 
between the body of the apparatus and the end face of 
the appropriate clamp ; the latter is then tightened in 
position. After the spring strips have been set correctly 
in position, the jigs are removed and the apparatus 
mounted on the table of the toolmaker’s microscope. 
By focussing on the four spring strips in turn and 
ag he ticule adjusting screws, the cross-line 
on the graticule.e (Fig. 7) is brought in line with the 
initial axis of rotation of the cross-spring pivot. This, 
in turn, is brought into line with the cross-wires in the 
microscope eyepiece. Any movement of the initial 
axis of rotation can now be observed and measured. 

A series of torques was applied to the movable part 
d of the cross-strip pivot, and, for each torque, measure- 
ments of the angle of rotation of d were made by means 
of the goniometric scale in the microscope eyepiece. 
Also, the lateral shift of the initial axis of rotation was 
measured by bringing the cross-line on graticule e into 
coincidence with the cross-wires in the microscope 
eyepiece by means of the co-ordinate movements of 
the table. The torques on each size of cross-spring 
pivot were restricted to a maximum of 6 lb.-in.* It 
was considered that torques greater than this value 
were unlikely to be used in engineers’ measuring instru- 
ments, and, in fact, a torque of 6 Ib.-in. was reached 
only on the shorter lengths of the 0-015-in. and 0-020- 
in. thick spring strip, giving rise to rotations 
of 8 deg. for the 0-158-in. length of 0-015-in. spring 
strip, and angular rotations of 4 deg. and 7 deg., 
respectively, for the 0-158-in. and 0-410-in. lengths of 
0-020-in. spring strip. In the case of the thinnest 
spring strips, rotations of 35 deg. to 45 deg. were 





* 1 Ib.-in, = 1:1525 kg.-cm. 
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Fig. 8. Cross-Sprina Prvot MounTED ON TOOLMAKER’S MICROSCOPE. 


obtained. Measurements were then taken with 
decreases in torque from the maximum value. Two 
complete sets of readings were taken for each cross- 
spring pivot, the spring strips being dismantled and 
re-assembled between the two sets; this provided 
information about the effect of slight differences in 
clamping and setting. ‘ 

Altogether, five thicknesses of spring strip were 
used, of the following nominal sizes: 0-005 in., 
0-0065 in., 0-010 in., 0-015 in., and 0-020 in. 
some cases, the actual thickness was found to vary by 
as much as 0-001 in. from the nominal value, and 
allowance was made for this departure from nominal 
size when analysing the results. Each of these spri 
strips was made in the three following functiona 
lengths: 0-158 in., 0-410 in., and 0-660 in. 

For any one size of cross-spring pivot it was found 
that the angular rotations produced by the series of 
progressively increasing torques were very similar to 
those produced by the same torques progressively 
decreasing from the maximum value. In other words, 
the hysteresis effect was negligible, as was to be 
expected. The mean values of the angular rotations 
for each setting were then plotted against the applied 
couple. As measurements were obtained for two settings 
for each size of cross-spring pivot, two sets of values 
were plotted on each graph, as shown in Fig. 11, oppo- 
site. These two sets of values were in such good agree- 
ment that no difficulty was experienced in drawing a 
mean line representing the performance of that size of 
pivot. This close ment indicated that the accu- 
racy with which the spring strips could be set in position 
by the method already described was completely 
satisfactory. 

The — of angular rotation plotted against applied 
couple indicated in every case that the angle of rotation 
was very nearly proportional to the applied torque. 
A slight increase in stiffness, i.e., the applied couple 
per radian deflection, was found in the case of 0-0050-in. 
spring strips, at the larger angles of rotation, but this 
was small enough to be neglected in practice. From 
the experimental] results, the stiffness was calculated 
for the different combinations of length and thickness 
of the spring strips and plotted against the spring- 
strip thickness, as shown by the full-line curves in 

ig. 12, opposite. 

‘or each of the three lengths of spring strip investi- 
gated, a graph of the movement of the initial axis of 
rotation per inch length of spring strip was plotted 
against angle of rotation, as shown by the full-line 
curves in Fig. 13. It was found that the actual move- 
ment of the initial axis of rotation of any of the cross- 
spring pivots investigated was less than 0-003 in. for 
angular rotations up to about 10 deg. For greater 
angular rotations the movement increased considerably, 


reaching a value of 0-06 in. for a 50-deg. rotation of a 
cross-spring pivot 0-66 in. long and 0-005 in. thick. 

To determine an empirical formula relating the 
stiffness and geometric size of cross-spring pivots, 


Let 6 = width of single strip (in.). 
d = thickness of strip (in.) 
I = moment of inertia of normal section of 
& 
single strip about its neutral axis = ss 
(in,*). 
length of strip (in.). 
effective Young’s Modulus for the material 
of the strip, taken as 27-5 x 10% Ib. per 
square inch. (The measured values for E 
range from 27-2 to 29-2 x 10° Ib. persquare 
in.). 
K = stiffness of pivot (Ib.-in. per radian). 


The theoretical relationship between stiffness K and 
geometrical dimensions of the strip is of the form : 


~ 
W 


K =X — where X is a constant. (1) 

Values of X were calculated for each of the 15 sizes 
of spring strips, using the experimentally-determined 
values of K, and the values obtained are given in 
Table I. 


TABLE I.—Ezperimental Values of X for Various Cross- 


























Spring Pivots. 
ar ans Thickness Stiffness Experimental 
of of Value, 
Spring Spring Cross-spring Kl 
Strip. Strip. | Pivot. X=FfYr 
K, Ib.-in, - 
t, in. | d, in. | per rad. | x. 
0-158 | 0-0055 | 1-92 | 2-917 
| 0-0066 | 3-51 3-086 
0-0100 12-37 3-127 
! 0-0157 44-47 2-905 
| 0-0190 82-91 3-056 
0-410 0-0051 0-67 3-313 
0 -0067 1-51 3-293 
0-0102 5-23 3-233 
| 0-0158 20-45 3-401 
| 90-0198 39-50 -338 
0-660 0-0054 0-54 3-621 
| 0 -0067 0-95 3-336 
0-0100 3-39 3-580 
0-0158 12-94 3-464 
| 00188 22-67 3-603 
u 
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Fig. 10. 
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of X for each value of | were then calculated and these 


gave : 
I = 0-158 in., X = 3-018 


1 = 0-410 in., X = 3-316 
l = 0-660 in., X = 3-521. 

Assuming that the increase of X with | was due to a 
constant uncertainty in the determination of the effec- 
tive length of J, it was found that when the factor X 

4l + 
1+ 0-035 
the values calculated from the modified formula agreed 
to within 1-5 per cent. with the average experimental 
values. Substituting for X in Equation (1), the , 
following empirical formula was obtained : 
E’I 
(l + 0-035) 
¢ 

If b,d and 1 are expressed in centimetres, and E 

in kilogrammes per sq. em., then 


in Equation (1) was replaced by the expression 


K=4 (2) 


E’I 
(lL + 0-089) ° 


Substituting in Equation (2) values of I correspond- 
ing to thicknesses of the spring strips intermediate 
between those actually used, values of K were caleu- 
lated and plotted on the graph of Fig. 12. It will be 
seen that close agreement with the curves obtained 
from the experimental results was secured in all cases. 

To determine an empirical formula relating the 
shift of the initial axis of rotation and the angle of 
rotation of the cross-spring pivot, let 

1 = length of strip (in.). 

6 = angular rotation of pivot (deg.). 

S = shift of initial axis of rotation (in. per in. length 

of spring strip). 

It was assumed that the three experimental curves 
in Fig. 13, giving the relation between the shift of the 
initial axis of rotation and the angle of rotation for 
the lengths of spring strip investigated, have equations 
of the form 


K (kg.-cm. per radian) = 4 (3) 


S=A0+B@ ° (4) 
where A and B are constants for the length considered. 
The values of these constants for the cross-spring pivots 
having 0-158-in. and 0-660-in. lengths of strip, respec- 
tively, were determined in the following manner. 
For the 0-158-in. cross-spring pivot: From Fig. 13, 

S = 0-000287 6 + 0-000051 6? (5) 
For the 0-660-in. cross-spring pivot ; from Fig. 13, 

S = 0000064 @ + 0-000039 6 (6) 
Combining equations (5) and (6), and assuming that 
the variation with length of the value of § is linear, 
Equation (7) was obtained :— 
S = (0 -000357 — 0-000444 1) 8 + 

(0000055 — 0-000024 1) 6. 

If 1 is expressed in cm., 


S = (0:000907 — 0-000444 I) 8 + 
. (0-000140 — 0-000024 2) 6. (8) 


(7) 





This table indicates that there is a general tendency 
for X to increase with the value of 1. Average values 





Values of S were calculated from Equation (7) for 
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Various angular Totations of the cross-spring pivots on) with the theoretical and experimental investigations of 
which the experimental determinations were made. It| other workers, and considering first the relation between 
will be seen from Table II that the empirical formula| the stiffness and geometric size of the 90-deg. cross- 
- - spring pivot, Eastman states that the form iven 
TABLE II.—Experimental and Calculated Values of S. below and derived from the theory of bending _ be 
applied to symmetrical cross-spring pivots under pure 
Shift of initial axts of rotation torsion only. 
_ per inch length. . 
of Spring _ Bending moment, M = nZre 
Strip. Rotation. Values fro 
Ex Eeontel Empirical. E’l 
; Formula. i.e., stiffness, K = Oe. :0 - (9) 
l,in, 6, deg. 8, in 8, in where n = number of spring strips. 
i. Eastman’s theoretical analysis gives no restrictions 
0-158 on the use of this formula, except that it applies only 
P. 4 rte | to small angles of rotation. In the present investiga- 
a 19 0-0237 0-0289 tion, spring strips having lengths up to about } in. 
ane are used and it is shown that the simple formula (9) 
a 4 o-oeme is not generally applicable to such short lengths. 
20 0-0214 0-0215 Fig. 12 shows that formula (9) may give results up to 
ae ae 25 0-0307 0-0325 about 25 per cent. in error. The reason for this dis- 
0-660 5 0.0018 00018 crepancy is associated with the fact that the effective 
10 0-0047 0-0045 length of the strip is ter than its measured length, 
= 0-0178 0-0169 because of non-rigid clamping. 
a d 0-0349 0-0347 Most of Wittrick’s theoretical analysis applies to 
— : cross-spring pivots acted on by external loads, as well 
. es values for S which agree reasonably well with the| as by a torque and is not discussed in this paper. 
xperimental values. Haringx’s theoretical analysis gives values which agree 





Comparing, now, the results of the investigation 
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tion given in this paper, provided the angular rotations 
are less than 20 deg. Young’s work was done on 
spring strips ranging from 1} in. to 3 in. in length and 
from 0-0085 in. to 0-012 in. in thickness. When his 
empirical formula is applied to the sizes of spring used 
in the present practical investigation, the results agree 
to within 74 per cent. for small angles of rotation. 

With regard to the movement of initial axis of 
rotation, neither Eastman nor Wittrick deals with the 
movement of the initial axis of rotation of the cross- 
spring pivot. Haringx, however, has calculated this 
movement from theoretical considerations and gives 
the following formula : 


Movement of initial axis sin 0/2 gle 
per inch length of spring ~ 6/2 (radians) cos 6/ 
° . (10) 


The values obtained from his formula, expressed as 
movement of initia] axis per inch length of spring strip, 
are shown by the dotted line in Fig. 13. The experi- 
mental results obtained by — which are also 
shown in Fig. 13, led him to the following empirical 
formula : 

S x 10% = 0:4133 8 — 0-01225 6 + 0-001267 6 

— 0-0000075 @. (11) 


It will be seen that Young’s experimental results agree 
reasonably well with those obtained in the present 
investigation for small angular rotations up to about 
5 deg. In general, however, the experimental curves 
of the present investigation indicate that for such short 
lengths the movement of the initial axis of intersection 
of the cross strips, expressed in inches per inch length 
of spring strip, is dependent on the length of the latter. 
This article applies to the 90-deg. symmetrical cross- 
yo pivots of sizes used in ing-instrument' 
esign, of lengths up to } in. and thicknesses up to 
0-020 in. It has been found experimentally that the 
torque applied to the pivot is directly proportional to 
the pots 5 rotation it produces ; this statement applies 
to angular rotations up to 15 deg. to 20 deg., or to 
— torques of 6 lb.-in., whichever is reached first. 
he experimental results show that the stiffness, i.e., 
applied torque per radian rotation, for a cross-spring 
pivot consisting of two pairs of cross springs, may be 
expressed by the formula : 








E’I 
(l + 0°035) 


where E’ = 27-5 x 10 lb. per square inch and I and / 
are expressed in the inch system of units. 

Curves of stiffness K, plotted on a base of spring- 
strip thickness for a variety of lengths, and calculated 
from the above experimental formula are given in 
Fig. 14, on page 476, for the benefit of designers. The 
experimental results also show that the movement, 8, 
of the initial axis of rotation of the cross-spring pivot 
may be expressed by the formula : 


S (in. per in. length of spring strip) = 
(0 000357 — 0-000444 1) 8 + (0000055 — 0 -000024 1)? 


Stiffness K (lb.-in, per rad.) = 4 





to an accuracy of 4 per cent. with the practical investiga- 


where | is expressed in inches and @ in degrees. 
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CHARACTERISTICS OF CROSS-SPRING PIVOTS. 
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Curves based on the latter empirical formula, giving 
the relation between the movement of the initial axis 
of rotation and the angular rotation, are given in Fig. 15 
for a variety of lengths of spring strip. 

The authors desire to acknowledge the assistance 
afforded in some of the prelimina: ty work by Mr. D. B. 
Spalding, and in the design of the adjustable cross- 
spring pivot by Mr. D. C. Barnes. 





ASLIB ACTIVITIES. 


Tuis year there has been an important develop- 
ment in the work of Aslib, namely, the inauguration 
of groups of technical librarians and information 
officers from industry to foster the recording and dis- 
tribution of scientific and technical information on their 
particular subject. At one of the sessions at the 26th 
annual conference of Aslib, which was held at Ashorne 
Hill, Warwickshire, from October 5 to 8, the formation 
of the first four subject groups—on economics, food and 
agriculture, textiles, and aeronautical engineering— 
was described by the group secretaries. The first 
three groups were initiated by Aslib; the idea of 
setting up an aeronautical information group, on the 
other hand, arose within the industry and was pro- 
posed to Aslib earlier this year. 

The inaugural meeting of the Aslib aeronautical 
engineering group was held at the Royal Aircraft 
Establishment, South Farnborough, Hampshire, on 
Thursday, September 27. Approximately 100 repre- 
sentatives, from 46 different organisations, attended 
the meeting, and a committee was elected, the members 
of which represent the aircraft and engine constructors, 
the airways corporations, the Ministry of Supply, the 
College of Aeronautics, the Royal Aeronauti iety, 
and the technical Press. The chairman is Mr. R. & 
Thorne, librarian of the Royal Aircraft Establishment. 
Three working parties were set up to consider abstract- 
ing services, the classification of aerodynamic data for 
the convenience of aerodynamicists, and the compila- 
tion of a union catalogue of the holdings of aeronautical 
libraries. It is intended that in the spring of 1952 
an ome pores will be held to report on the work of 
the Group. We have been asked to state that any 
ss for consideration by the Group will be 
welcomed by the Group secre , Mr. C. W. Cleverdon, 
College of Aeronautics, Cranfield, near Bletchley, 
Buckinghamshire. 





LECTURES ON POWER SysSTEM CALCULATIONS.—AnD 
advanced course on ‘“‘ Power System Calculations for the 
Steady State” will be given at Heriot-Watt College, 
Chambers-street, Edinburgh, 1, on seven successive 
Saturday mornings from October 20, from 9.30 a.m. 
until 12 noon. The lecturers are Mr. F. H. Birch, Mr. 
R. K. Edgley, Dr. M. G. Say and Professor E. O. Taylor. 
The fee for the course is 21. 28. payable to the secretary 
of the College, from whom further particulars may be 
obtained. 
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BRITAIN’S FUEL PROBLEMS AND 
THE WORK OF THE FUEL 
RESEARCH STATION.* 

By A. Parker, C.B.E., D.Sc. 


Tue great progress that has been made during the 
last 250 years in many parts of the world in raising 
the material standard of living for an increasing 
population has been based largely on developments in 
the use of coal and petroleum to provide heat, light, 
and power to facilitate and supplement the labour of 
men and animals. Great Britain led the way in these 
developments, which have had a profound effect not 
only on the ways and standards of life, but also on 
human affairs generally. 

Though records show that coal has been used in this 
country for at least one thousand years, at first gradu- 
ally and then more rapidly replacing wood as a fuel, 
until about 100 years ago annual production was small 
in relation to the population. In 1700 the population 
was six or seven millions, and the output of coal was 
about 3 million tons, or only half a ton for each person. 
A century later, in 1800, the population had reached 
10 or 11 millions, and the output of coal had risen to 
between 10 and 15 million tons, or roughly one ton 
for each member cf the population, as shown in Fig. 1, 
opposite. By that time, the stage had been set for a 
great acceleration in mechanisation and industrialisa- 
tion, with coal as the fuel and the reciprocating steam 
engine as the power unit. Our engineers and indus- 
trialists, with their inventive genius, skill and enter- 
prise, led the world. By 1900 annual output of coal 
was about 220 million tons, the population had reached 
37 millions, and the country had definitely moved . ver 
to dependence mainly on industry instead of on agri- 
culture. Without these developments, Great Britain 
could not have supported so large a population. Manu- 
factured products and coal were sold overseas to pay 
for imported food and raw materials, British-owned 
enterprises were established abroad, and London 
became the centre of banking and finance generally. 

Industry continued to expand in Great Britain and 
annual output of coal continued to increase until 1913, 
when there was a record production of 287 million tons. 
Most of the coal was used at home, but there was a 
large surplus for export. During most of the Nine- 
teenth Century there was no very great competition 
from abroad. By 1913, however, industry on a con- 
siderable scale had been developed in some other 
countries in Europe and America with good reserves 
of coal. The U.S.A. had also taken the lead in the 
remem and use of petroleum. Competition had 

me keen. Coals of excellent quality were plentiful 
and could be obtained at a low price. The price was 
indeed too low, and little thought was given to the 
future. As a result, coal was used wastefully, causi 
widespread pollution of the atmosphere by smoke an 
grit and almost intolerable conditions in some indus- 
trial areas; and much low-grade but useful fuel was 
discarded in colliery dumps. 

Then came the war of 1914-18. The demand for 
fuels of all kinds increased, but, for various reasons, 





* Paper presented at the Autumn General Meeting of 
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including calls on manpower, annual production of coal 
in Great Britain fell from the 287 million tons of 1913 
t 225 million tons in 1918, with an annual average of 
about the same quantity over the period 1919 to 1938. 
During the recent war, output of deep-mined coal 
dropped considerably and had to be supplemented by 
drawing from what might be classed as emergency 
reserves of open-cast coal. Even so, the total annual 
production in 1945 was down to only about 183 million 
tons, while home demand was increasing. Output has 
since been raised to 216 million tons in 1950, but 
home demand continues to increase, giving rise to 
difficulties at certain times of the year. 

Coal is still being used with deplorably low efficiency 
for many purposes, though during the past 50 years 
there have been improvements in various directions. 
It is difficult to assess accurately the overall improve- 
ment, but it must have been appreciable. In 1900 
inland consumption of coal was 160 to 170 million tons 
a year for a population of 37 millions, or roughly 
44 tons for each person. Since that time there has 
been a great increase in mechanisation and in general 
industrial productivity, yet inland consumption has 
fallen to about 4 tons per person per year at a total 
of roughly 200 million tons for a population of 50 
millions. It is realised that, in addition, home con- 
sumption of petroleum oils has risen in the same 
period from less than 1 million tons to more than 
15 million tons a year, equivalent to 23 million tons of 
coal; but this oil is used largely for methods of land 
and air transport that were not extensively available 
at the beginning of this century. 

It was during the 1914-18 war that this country 
first realised that ample supplies of fuel and power 
are of great importance in times of peace as well as 
war, and that there might soon be difficulty in obtaining 
the necessary supplies. Though our reserves of coal 
underground were considerable, they were not inex- 
haustible. We were drawing on the seams most easily 
accessible so that the difficulties of coal production 
were increasing. Further, we had no indigenous petro- 
leum, and we might be faced with making large 
quantities of oil, even at high cost, from coal, or using 
coal in place of oil for purposes for which oil was far 
more suitable. There was urgent need to use coal 
and other fuels more efficiently and to investigate 
methods of making oil from coal. The Government 
accordingly decided to set up a central fuel research 
organisation under the newly-established Department 
of Scientific and Industrial Research. In 1917 4 
Fuel Research Board was appointed with the late 
Sir George Beilby as the first chairman and director of 
research. 

Within two or three years, a central Fuel Research 
Station, equipped for fundamental work in the labora- 
tory and for experiments with pilot plant and on a 
commercial scale, had been built at Kast Greenwich. 
The organisation was given the task of investigating, 
in the widest national interest, the nature, preparation, 
utilisation, and treatment of coals and other fuels, 
and of products derived from fuels. Within these 
wide terms of reference, the programme of work was 
planned to ensure @ balance in fundamental and 
applied research to cater for long-term and short-ter “ 
investigations, with arrangements for co-operation w it 
universities and industry. It is interesting to mene 
that two prominent items in the initial programme 
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were the production of smokeless fuels, with the objects 
of improving fuel efficiency and of reducing pollution 
of the atmosphere by smoke, and the production of oil 
and chemical by-products in greater quantities from 
coal. 

Since the establishment of the organisation about 
30 years ago, the programme has been steadily deve- 
loped, with periodic changes in emphasis on various 
items to meet changing needs. In addition to the 
main central Research Station at Greenwich, there is 
a small Scottish Branch at Thorntonhall, near Glasgow. 
The number of staff is now nearly’300, including about 
70 graduates in chemistry, engineering, and physics, 
and 120 industrial workers. 

It was soon realised by the Fuel Research Board 
that though there were estimates from pee 
investigations of the quantities of coal underground 
down to certain depths in the different coal-fields of 
the country, there was little systematic information 
on the physical and chemical properties of the coals 
in the many seams. Coals vary widely in characteris- 
tics not only from one coal-field to another, but also 
in the same coal-field and often in the same seam. One 
type of coal may be well suited for certain uses, but 
quite unsuitable for other p For example, 
only certain coals can be used for the production of 
high-grade metallurgical coke. Some coals are 0 
special value for the manufacture of town gas and 
others for producer gas. It is not always practicable 
to allocate coals solely from consideration of their 
special properties. Cost of transport, availability of 
supplies, and other factors must also be considered. 
It is impossible, however, to allocate our coals in the 
best national interest unless there is adequate informa- 
tion on what kinds of coal are available underground, 
where they are, in what quantities, and to what extent 
they can be economically worked. 

The Fuel Research Board, therefore, early began a 
systematic physical and chemical survey of the nation’s 
coal resources as they occur underground, and of the 
commercial grades as produced at the collieries. 
Survey laboratories were set up in all the principal 
coal-fields. By 1947, after the survey had been in 
progress for about 25 years, the number of staff em- 
ployed in these provincial laboratories was about 90, 
and nearly 60 official Survey Papers had been published. 
In 1943 it was decided that sufficient information— 
though incomplete—had been collected to justify a 
beginning in extending the work to relate type of 
coal and quality to the quantity in reserve. The first 
simple evaluation of the data so obtained about the 
coals likely to be raised in the next 100 years was 
published in 1946 as Fuel Research Survey Paper No. 
58 


In that paper a new system of classification was 
introduced that has since been adopted by the National 
Coal Board. It was concluded that, provided there 
is good planning of coal winning and intelligent alloca- 
tion of the coals produced, there should not be a serious 
shortage of any one of the several broad types of coal 
underground within the next 100 years. It is par- 
ticularly important, however, that coals of very special 
properties, such as those required for the highest grade 
of metallurgical coke, should be reserved as far as 
possible to meet the special needs ; they should not be 
squandered by using them for purposes for which 
other more plentiful coals are equally suitable. As a 
result of the survey, there is more information about 
the coals of Great Britain than there is about the coals 
of any other country. ‘ 

In this coal survey the work was not restricted to 
the usual physical and chemical examination, carbonisa- 
tion assays, and fusion points of ash. Many samples 
were studied microscopically in very thin sections 
for such plant remains as spores and exines to assist in 
identifying and correlating seams. There were also 
determinations of minor constituents such as alkali 
chlorides, phosphorus, fluorine, and arsenic, and in 
many instances even rare elements such as vanadium, 
germanium, and gallium. Much of this more funda- 
mental work is already proving of value ; for example, 
germanium is now being extracted from dust deposits 
from particular uses of certain coals and is being used 
in the manufacture of self-amplifying crystal rectifiers. 

In 1947 the Coal Survey Laboratories were trans- 
ferred to the National Coal Board, who have under- 
taken to on and extend the work and to continue 
the policy of publishing the results. In co-operation 
with the Board, the work at the Fuel Research Station 
on the minor constituents of coals is being continued. 

Satisfactory systems of survey and classification of 
fuels and their products would be impossible without 
trustworthy methods of sampling and of physical and 
chemical examination of the required accuracy. 
Research programmes, commercial tests, and day-to- 
day control of industrial processes are also dependent 
on the reliability of methods of sampling and analysis. 
The Fuel Research Station has played a prominent 
part in devising new and improved methods, and in 
examining and correlating the work of others in this 
field. The accepted standard methods are based largely 





on the Station’s work, and the staff take part in framing 
not only British but also international standards. In 
this work it has often been necessary to design and 
develop new equipment and apparatus. In the earlier 
stages of the development work, much of this equip- 
ment has been made in the Station’s workshops and 
laboratories and tested also in other laboratories by 
co-operative arrangements. Later, firms have made 
the equipment for sale so that it would be more gener- 
ally available. 

Coal, as brought to the surface at the collieries, is not 
always in a form most suitable for the various indus- 
trial and domestic requirements. It has ae | been the 
practice at many collieries to grade the coal by screen- 
ing into various sizes, to remove the larger pieces of 
shale and stone by hand-picking, and to remove smaller 
particles of incombustible matter by special processes 
of cleaning. As the more easily worked seams of coal 
become depleted, seams which do not so readily provide 
clean coal have to be exploited. Extension of coal 
cutting by machine and mechanical handling to reduce 
manual labour also increases the proportion. of fine 
coal and the amount of dirt brought up with the coal. 
In consequence, the need for developing and applying 
satisfactory and economical processes of coal cleaning 
is increasing, especially methods of cleaning fine coal. 


f | In selecting the best methods of cleaning the different 


types of coal, account must be taken of the particular 
physical characteristics, especially the size and surface 
properties of the coal particles. 

Until recently, laboratory studies of the physical 
properties of coals, followed by investigations to the 
scale of treatment of several tons an hour, have occupied 
@ prominent part in the Station’s work. The equip- 
ment included plants representative of several main 


Fig. 1. 
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types. It is worthy of note that the first plant in 
Great Britain for cleaning fine coal by vacuum froth 
flotation was erected at the Research Station. It was 
on a scale to treat 30 to 40 tons of coal a day and 
involved the use of wetting agents. The investigations 
were often continued at collieries in co-operation with 
the colliery undertakings. In addition, investigations 
have been undertaken on coals from overseas Common- 
wealth countries and Colonies, to assist those countries 
in exploiting their coal resources. There have also 
been investigations on de-dusting coals, and on the use 
of oils and wetting agents to reduce the dust nuisance 
in the handling and transport of coal; and there has 
been much work in studying and improving methods 
of “screen analysis ” of sized coals and cokes and in 
drafting British Standard specifications on size analysis. 

With the development of the scientific activities of 
the National Coal Board, the part | perce by the Fuel 
Research Station in this field of activity is being 
reduced. The Research Station now deals only with 
some of the more fundamental problems and with 
special investigations, such as the treatment of coals 
of different types from the Commonwealth and Colonies, 
and the production of specially-cleaned coal or anthra- 
cite for the manufacture of electrode carbon. 

Large quantities of coal are destroyed or reduced in 
quality through fires resulting from “ self-heating ” of 
stocks in bulk storage at depots and works and in ships’ 
bunkers. The mechanism of the “ self-heating ” from 
oxidation has been studied; and investigations on 
methods of storage to reduce the risk of fires have 
led to recommendations that are accepted as authorita- 
tive. The Station is frequently called on to advise on 
methods of storage and on combating fires that have 
developed. 

Extensive investigations have been undertaken over 
a long period on the carbonisation of various coals, 
including some from overseas, at high and low tempera- 
tures to determine the effects of changes in conditions 





on the amounts and properties of the coke, gas, tars and 
oils, and other ucts. The work has covered the 
whole range of experiments from the laboratory to 
full-scale plant at the Research Station, at gas works, 
and with commercial installations of coke ovens. 
One achievement was the study and development of a 
process for the low-temperature carbonisation of coal 
to provide a smokeless solid fuel suitable for the 
domestic open fire. A commercial plant to the design 
of this system was erected and successfully o 

for some years by an industrial undertaking in York- 
shire. Between the two wars, many processes were 
devised and developed to plants of commercial size, 
by groups and individuals, for the low-temperature 
carbonisation ofcoal. Fifteen of these plants have been 
thoroughly tested and the results have been published 
in official reports. 

Within the last few years experiments up to the scale 
of treating 8 to 10 tons of coal a day have been carried 
out, with the object of ascertaining the possibilities of 
making relatively reactive coke suitable for the newer 
domestic appliances, by modification of processes 
of high-temperature carbonisation. It has been shown 
that under certain conditions of high-temperature 
carbonisation, even in plant similar to coke-ovens, 
cokes entirely satisfactory for the newer appliances 
can be produced. One important point is that the 
cokes should be of suitable grades of s size. 

An advanced stage has been reached in work in the 
laboratory and on a full scale on the manufacture of 
coke for blast furnaces and other metallurgical purposes. 
It has already been shown that entirely satisfactory 
coke for such purposes can be made by carbonising 
blends of coal of high coking quality with other coals 
that alone do not provide satisfactory coke. This 
work is being continued to cover a wide range of coals 
and blends. It is of great importance because the 
reserves of the best coking coals have been depleted 
more rapidly than the reserves of other coals, and 
difficulties of supply are increasing. 

Systems of manufacture of producer gas and water 
| sarge coals and coke and of carburetted water gas 

coke and oil have been extensively studied from 
the stage of experiments in the laboratory to full-scale 
plant at the Station. 

At the present time, experiments are in progress to 
ascertain the possibilities of several new methods 
that have been suggested for the complete gasification 
of coal and coke, particularly fine coal and coke breeze, 
for the manufacture of producer gas, water gas, and 
fas suitable for synthetic processes of ing oil. 

hese investigations include fundamental work on 
the flow of solids and gases and on heat transfer, in 
addition to the design and operation of pilot plants. 

In relation to the underground gasification of coal, 
the literature on the work undertaken in Russia and 
in other countries has been critically surveyed and 
details of the work in Belgium, Italy, and the U.S.A. 
have been obtained. Visits have been made to 

ium to see the work on a small scale at the Univer- 
sity of Louvain and on a large scale on a seam of coal 
near Liége. 

Through the courtesy of the U.S. Bureau of Mines 
and the Alabama Power Company, a member of the Fuel 
Research Station staff has spent more than two years 
working with the team on the experiments on a large 
scale at Gorgas, Alabama. The Station is also repre- 
sented on an Advisory Panel of the Ministry of Fuel 
and Power, which was set up to give scientific and 
technical guidance on work being carried out by the 
Ministry in co-operation with the National Coal rd 
on several selected seams of coal. In addition, experi- 
ments on a small scale with blocks of coal have eon 
carried out at the Research Station at Greenwich. 
The problem is not an easy one to solve, and several 
difficulties will have to be overcome if a satisfactory 
method at reasonable cost is to be developed. 

(To be continued.) 





QUALITY IN Mass PRODUCTION: INSPECTION TEAM 
VISITING UNITED StTaTEs.—In order to study methods of 
inspection practised in United States plants engaged in 
mass production, a team of eight specialists sailed in the 
Mauretania on Tuesday, October 9. The team is led by 
Mr. Leonard Sollis, managing director of the Highfield 
Gear and Engineering Co., Ltd., Huddersfield, and the 
joint secretaries are Mr. E. D. van Rest, of the National 
Physical Laboratory and the Ministry of Supply, and 
Dr. John Barnett, of Thorn Electrical Industries, Enfield. 
The other members are Mr. A. Heward of W. and T. 
Avery, Ltd., Mr. C. H. Johnson, of Hoover Ltd., Mr. 
S. W. Nixon, of the Rover Co., Ltd., Mr. F. J. Mills, of 
James Booth & Co., Ltd., and Mr. P. R. Snadden, of the 
British Thomson-Houston Co., Ltd. Following the 
normal procedure established by the Anglo-American 
Council on Productivity, the team have been touring works 
in this country during the few days before departure. In 
the United States they hope to examine inspection 
methods applicable to raw materials, semi-raw materials 
and finished articles. 
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A REVIEW OF HIGH-SPEED 
HYDRODYNAMIC DEVELOPMENT.* 
By Exnest G. Srovut, B.S.M.E., A.F.I.Ae.S. 
(Concluded from page 442.) 


As already stated, the U.S. Navy was interested in 
developing a high-performance seaplane with propeller 
turbines for operating from forward-area bases for pro- 
tracted periods. Convair submitted a proposal for 
such an aircraft in April, 1946, and by ember of 
that year flight testing had started on the radio- 
controlled dynamic model of the new design. This 
model made more than 2,000 test runs and completed 
the full hydrodynamic flight-test programme scheduled 
for the full-scale aircraft three years later. The sea- 

lane was designated the XP5Y-1 and is shown in 

ig. 12 on its first a in April, 1950. Immediately 
apparent is the long hull (length-to-beam ratio of 10) 
and the resulting clean lines. Initial flight tests 
confirmed the results of the model tests very closely. 
In fact, the hydrodynamic characteristics were of 
sufficient excellence to justify flying the aircraft at its 
design weight on its seventh flight, at which time 
it established the world’s endurance record for turbo- 
propeller aircraft, and on the eighth flight the take-off 
was at the design overload. 

The actual performance figures for the P5Y aeroplane 
are still secret, Leg I are yan gor in many 
respects with typical piston-engined ters of the 
eo World War. The multi-cellular oor t me- 
thod of hull construction was incorporated in the P5Y 
aircraft. By proper distribution of floodable length 
the cargo floor is parallel to the static water line, free of 
discontinuities and continually above the critical 
flood heights. The inhabited interior of the hull is 
completely free from all obstruction, allowing straight- 
through loading of large items and complete accessi- 
bility, as in the best land-based aircraft. 

In the adaptation of transonic aircraft design to 
water-based operation, it appeared logical to start with 
an ideal aerodynamic layout, and by extensive hydro- 
dynamic research to develop new principles and 
applications which would give the same d of 
seaworthiness and stability associated with the best 
hulls of conventional form. 

The basic “in-flight ’’ configuration must consist 
of a smooth, unbroken form, of high critical Mach 
number throughout. In order to secure elementary 
flotation it would be necessary to supply sufficient 
volume of ome | so that engines, air intakes, jet exhausts 
and personnel would not be inundated. This led 
logically to the blended wing-hull configuration. 

The first step was to select a desirable transonic 
swept-wing plan-form and thickness ratio. The centre 
portion was gradually thickened to a maximum at the 
centre line to provide the required body depth for flota- 
tion. So that this volume could be most efficiently used 
the major portion was displaced below the normal 
chord plane. The desired aerodynamic thickness 
ratio was maintained through the centre section by 
increasing the chord in direct proportion to the increased 
thickness. 

It was determined that straight transverse and 
buttock sections could be emplo in the floating 
body without altering the critical h number of the 
form. This provided a good planing section of adequate 
dead-rise to absorb the water loads incident. to high- 
speed operation on the water; by virtue of the 
igeenel thats required in the region of thickness 
transition, adequate planing length was provided for 
good hydrodynamic operation. As a result of these 
geometric considerations this elementary floating body, 
by reason of its inherent low centre of gravity and high 
water-plane inertia, would float upright on the water 
surface without recourse to wing-tip floats. 

With a fundamental set of lines available for a 
blended-hull a that satisfied the require- 
ments for transonic flight and elementary floatation, 
the Convair Hydrodynamics Laboratory was in a 
position to construct a series of dynamically similar 
models for evaluating the inter-related parameters of 
hydrodynamic sustentation. Fig. 13 shows a typical 
set of blended lines and offsets which formed the starting 
point for the hydrodynamic research programme ; 
it will be noted that it is difficult to draw any sharp 
line of demarcation between the hydrodynamic and 
aerodynamic functions. Since the model must be 
dynamically similar to an actual prototype design, it 
was necessary to prepare a complete preliminary 
design, including crew accommodation, fuel and 
tactical equipment for each configuration to be investi- 


The principal hydrodynamic studies to be carried 
out consisted of water separation and control at the 
boundaries of the planing surfaces, such as the chine 
and step (to use conventional terminology), followed 





* Paper presented at the Third Anglo-American Aero- 
nautical Conference at Brighton on September 5. 
Abridged. 
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Fie. 12. “Convamr”’ XP5Y-1 PRopELLER-TURBINE Fiymne Boat. 


Fig. 13. TYPICAL HULL LIES FOR A TRANSONIC BLENDED-HULL CONFIGURATION. 
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by more detailed studies of hydrodynamic stability 
during take-off and landing, water-looping, low-speed 
maneuvrability and similar characteristics. This 
programme was designated the ‘‘ Skate Project” and 
consisted of nine basic evaluations. 

As the bottom of a blended-hull is not bounded by 
predetermined discontinuities, considerable latitude 
existed for the optimum selection of planing surface 

portions. It was possible to vary the nominal 

m, and hence the length-to-beam ratio, between 
broad limits by appropriately selecting the location 
for the retractable y dams. A typical blended-hull 
form is shown in Fig. 14, compared with an appro- 
priately-scaled view of the XP5-1; the critical spray 
clearance, which in the conventional hull is determined 
by the propeller, is nearly the same. In order to facili- 





tate retraction it is desirable to locate the dam on a 
straight element of the planing surface and to run it 
well forward. For best results it should be so located 
vertically on the hull that approximately one-third of 
its length to the centre of buoyancy is out of the water 
at static rest. Due to the broad flare of the after-body, 
it was found that the bottom pressures were dissipated 
to such an extent that the tail spray was practically 
non-existent ; there was no necessity for carrying the 
spray dam aft of the step. However, to prevent span- 
wise spread of the after-body water, it was desirable to 
incorporate a fixed chordwise fence at the inboard end 
of the ailerons. The depth of the dam appeared to be 
largely independent of aeroplane size as long as it broke 
the ing surface with a sharp angle and penetrated 
the flow sufficiently to generate a strong jet. In most 
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Fie. 15. “Convam” XF-92A Deita-Wine AEROPLANE. 


cases a full-scale’ dimension of 5 in. or 6 in. was 
sufficient. ; 

The step is retractable and is unique only in that it 
must receive forced ventilation as it has no access to 
the atmosphere at the chine. Air requirements were 
found to be moderate and were obtained from a small 
forward-opening scoop:on the deck which fed a plenum 
chamber in the step well. A 45-deg. plan-form step 
was found to be most desirable, with an extended depth 
at the keel of 9 to 10 per cent. of the width. The step 
plates were hinged at the lower flange of the rear wing 
spar and formed an element of the after-body in the 
retracted position. Extreme care was necessary to 
ensure that the elements of the step plates, in the 
extended position, faired with the straight buttocks of 
the fore-body because any discontinuity in this region 
resulted in severe porpoising. 

The influence of linear warping of the fore-body was 
investigated; as for conventional hulls of high length- 
to-beam ratio, no curvature in the fore-body buttocks 
can be tolerated for a region at least 14 beams forward 
ofthe step. With adequate ventilation air supplied to a 
step of sufficient depth, excellent take-off and landing 
stability can be obtained for any blended-hull con- 
figuration, such as have rarely been attained in any 
configuration of conventional design. 

The conventional seaplane, with its high centre of 
gravity, is inherently unstable in roll; this condition 
is aggravated in rough-water operation. Statistics 
show that a majority of water-loops experienced in 
such aircraft may be attributed to the float burying in 
waves, at high water s: , a8 a result of uncontrolled 
roll. The blended-hull configuration has its centre of 
gravity below the metacentre, i.e., it has ship stability ; 
consequently its tendency to roll under identical con- 
ditions of wind and sea will be considerably less than 
in the conventional seaplane. Moreover, an appreci- 
ably higher angle of roll is required to bring a rigid 
portion of the Skate wing into the water, compared 
with the conventional float position. Extensive cata- 
pult landing studies of blended-hull designs, up to 
roll and yaw angles of 20 deg. have demonstrated no 
tendency to water-looping. 

Considering a typical twin-engined fighter-bomber, 
with a gross weight of approximately 40,000 lb., the 
transonic high-speed and dive requirements necessitated 
a thin wing and moderately high sweep-back in order 
to minimise the effects of com ibility on the aero- 
dynamic characteristics. A loading of approxi- 
mately 45 Ib. per square foot, and the aeroplane size, 
were chosen to give moderate take-off and landing 
speeds and to accommodate the fuel required for a 





reasonable range. Considerations of structural weight, 
fuel for cruise, and water clearance, led to the selection 
of an aspect ratio of 4-0 and a taper ratio of 2-5 to 1. 
A wing section with favourable pressure distributions 
for high s and a relatively large leading-edge 
radius with good stalling characteristics was used on 
the entire outer wig panels and blended into similar 
sections used to develop the basic hullshape. A sweep 
angle of 40 deg. at the wing quarter-chord line was 
determined to be the most satisfactory compromise 
between compressibility and adverse effects of sweep 
with respect to lift, stability and control. Short-span 
conventional wing flaps and leading-edge slats were 
provided to give satisfactory landing and take-off 
speeds with freedom from tip stall. 

An all-movable horizontal tail was selected, rather 
than the usual elevator control, to minimise the trim 
changes through the transonic speed range. The lower 
thickness ratio of the aerofoil section chosen for the 
tailplane, combined with 41 deg. of sweepback, resulted 
in a higher critical speed than that of the wing. Lateral 
and directional control was provided by conventional 
ailerons and rudder; and, like the horizontal control, 
was assumed to be power-operated. Complete wind- 
tunnel evaluation of a model representing this con- 
figuration substantiated all of the anticipated require- 
ments for drag, lift, stability and control. From these 
results it was determined that a Mach number of the 
order of 0-95 could be achieved, in level-flight with a 
hydrodynamically proved water-based aircraft. 

Studies have been initiated to investigate the basic 

rameters of water-based supersonic aircraft. The 
fundamental hydrodynamic problem is the extension of 
basic planing theory and impact alleviation to much 
higher water-speeds than considered heretofore. Once 
again, the first step in the iminary study was to 
select an aerodynamic configuration of the desired 
characteristics. 

A study programme of delta wings was initiated 
by Convair in 1945, and a tailless 60-deg. delta-wing 
layout was adopted for a tactical landplane, the XF-92, 
which was to have an unorthodox power plant. Work 
was started late in 1946 on a full-scale flight-test 
version known as the XF-92A, illustrated in Fig. 15, 
which had a conventional turbo-jet engine. Since 
September, 1948, the XF-92A has been undergoing 
extensive flight testing at Muroc and has established 
excellent correlation between theoretical ictions, 
model and full-scale. In view of this experience it was 
natural that the delta layout should be employed in the 
su nic h ic-research programme. 

e lecdod hell was selected Er the preliminary 








Fic. 16. Dynamicatty-Smmuar Deitra-Wine 
BLENDED-Hvutt Mops. 


studies. The dynamic flying model, illustrated in 
Fig. 16, shows the blended hull applied to a 60-deg. 
delta wing. To allow for the increased impact loads 
due to a higher take-off speed, the dead-rise was 
increased to give the same structural load required for 
conventional design. With the power loadings that 
will be available, high dead-rise hulls hold out great 
promise for successful rough water operation at high 
planing speeds. A wind-tunnel model indicated that 
the desired aerodynamic cleanliness and performance 
were attainable. 

It is possible that the supersonic approach that has 
been discussed is not the most desirable solution to 
the wage es It is presented more as an example of 
the line of thought that will provide such a solution, 
rather than the fact. It is not too early to give high- 
speed water-based aircraft serious consideration in 
strategic planning. 





TRADE PUBLICATIONS. 


Cupola Meters.—A booklet issued by the Metronic 
Instrument Co., Ltd., Ettingshall, Wolverhampton, and 
entitled “‘ How to read the Cupola Meter,” gives details 
of cupola-blast indicating and recording instruments 
manufactured by the firm, together with hints on inter- 
preting meter indications and securing optimum results 
in blast-furnace operation. 


Diesel Engines for Oil-Well Drilling.—Davey, Paxman 
& Co., Ltd., Colchester, have issued a booklet, No. 1246, 
on the “‘ Package ” Diesel units they make for use with 
oil-well drilling rigs. The power of the engines ranges 
from 98 to 725 h.p. Each “ Package ” set consists of 
the engine, a radiator for the water and oil, control gear, 
canopy, air-intake filters, starting equipment, instru- 
ment panel, etc., all mounted on a skid-type base. 


Prestressed-Concrete Construction.—The Magnel-Blaton 
prestressed-concrete system is described in a booklet 
issued by Stressed Concrete Design, Ltd., 54, South Side, 
Clapham Common, London, 8.W.4, who are the licensees 
for the United Kingdom and the Commonwealth (except 
Canada). The post-tensioning system is described in 
some detail, examples of structures using the system 
are illustrated, and drawings of the standard parts, etc., 
are given. 


Electrodes and Plant for Manual and Automatic Arc 
Welding.—A catalogue received from the Quasi-Arc 
Co., Ltd., Bilston, Staffordshire, gives illustrated details 
of the range of electrodes, plant and accessories manu- 
factured by them for automatic and manual arc welding. 
Advice is given on the choice of electrodes for particular 
purposes and the firm’s new single-operator arc-welding 
transformers and the Unionmelt process for submerged- 
melt automatic arc-welding are described. 


Hiduminium Extrusions.—High Duty Alloys, Ltd., 
Slough, Bucks., have prepared a comprehensive book on 
their Hiduminium sections, which include bars, angles, 
channels, I and H beams, T-bars, tubes, anchor sections, 
and window and architectural sections. The principal 
physical characteristics are given, for example, size, 
weight per foot, sectional area, moments of inertia, 
moduli of section, and radii of gyration. There are also 
various general tables, an introduction on the extrusion 
process, and a pictoria] index to the sections. 


Germanium Crystal Rectifiers.—-The Westinghouse Brake 
and Signal Co., Ltd., 82, York Way, King’s Cross, London, 
N.1, have published a pamphlet giving particulars of the 
wide range of germanium crystal rectifiers recently intro- 
duced by them. These rectifiers are of hermetically- 
sealed ceramic construction and are 4 in. long by 4 in. 
diameter. The upper limit of the peak working voltage 
is 100 volts, and of the forward current 50 milliamperes. 
Characteristics and curves of all types are given, and a 
table shows which type should be selected for 16 appli- 
cations. 
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NOTES ON NEW BOOKS. 


Cofferdams. 


By L. Wuire and E. A. PRENTIS. Second edition. 
Columbia University Press, New York, U.S.A. [Price 
10 dols.J; and Oxford University Press (Geoffrey 
Cumberlege), Amen House, Warwick-square, London, 
E.C.4. [Price 63s. net.] 


Tue publication of a second edition of this book ten 
years after the appearance of the first edition provides 
a reliable measure of its value when account is taken 
of the rather specialised nature of the subject. This 
edition is somewhat larger than its predecessor, though 
the general scope remains unaltered. The aim has 
been to improve the volume as a practical working 
treatise, with sufficient explanation in discussing the 
principal factors that influence the various methods of 
design and construction. The new subject matter 
includes constructional details of three cofferdams on 
the River Mississippi: one on rock, one using well 
points, and a circular steel-sheeted type with reinforced- 
concrete wales. As previously, the authors discuss each 
scheme from the point of view of engineers with long 
and varied e ience in the construction of such works, 
as may be indicated by reference to another new section, 
on a cellular cofferdam constructed at Sault Ste. Marie, 
Michigan, in 1944. Many students will read with 
profit of how the authors’ firm of contractors carried 
out this work in war time, with difficulties in the 
scarcity of necessary materials; why, in making the 
closure, great care had to be exercised in driving the 
sheeting, and several other points of interest. The 
young civil engineer soon realises why each case 
requires separate consideration, as in the land coffer- 
dam on a site for new foundations of a large store, 
bounded by city streets on three sides, the fourth 
abutting on part of the existing store that was to 
remain in service until the new building was completed. 
The additional illustrations and data on the wage 
rates hour paid for particular classes of work at 
Lock No. 27 on the River Mississippi, Granite City, 
Illinois, in 1949, are other indications of the revision 
which has been undertaken to bring the book up to 
date in details as well as in general principles. 





Memorandum by the Senior Electrical Inspector of Fac- 
tories on the Electricity Regulations. 
Fourth edition. H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 3s. net.] 


Reeutations for the generation, transformation, dis- 
tribution and use of electrical energy in premises 
coming under the Factory and Workshop Act, 1901, 
were first made by the. Secretary of State in 1908. 
In view of their complexity these regulations were 
accompanied by an explanatory memorandum - 
as by the then Senior Electrical Inspector. This 
ocument has been revised from time to time, but, as 
the most recent version is now 27 years old, something 
rather more modern is required. This is the more 
necessary as, in the interim, the use of electricity has 
been extended to a number of additional processes and, 
under the Electricity (Factories Act) Special Regula- 
tions, 1944, factories, electrical stations, warehouses, 
docks, ships when worked in dock, building operations 
and works of engineering construction all come within 
the scope of the tions. In general, it may be 
said that there has been no change in the regulations 
themselves. Regulation 18, which deals with the 
requirements for switchboards working at high pressure 
or extra-high pressure has, however, been amplified 
by notes on the locking of shutters, doors and screens 
over live conductors; these switches are remotely 
operated. It may be necessary to earth the main frame 
as well as the handle, since joints in mechanical link- 
cannot be relied upon to give the necessary con- 
tinuity for earthing p Paragraph (d) of this 
regulation, which lays down that a high pressure or 
extra-high pressure switchboard must, generally speak- 
ing, be made dead before any work is done upon it, 
has been redrafted to remove a difficulty in inter- 
pretation to which attention was called in the High 
Court. The relevant comments have therefore had 
to be re-written. The regtlation requiring all con- 
ductors to be insulated, protected, placed and safe- 
guarded to avoid has had to be amended, 
owing to the availability of new materials. It is also 
laid down that manually-operated circuit breakers 
should be of the loose-handle type with reliable “ on ” 
and “off” indications, and that all switches and 
circuit breakers should have a sufficiently strong bias 
towards the open position to ensure that they cannot 
remain partly closed. The use of high rupturing capa- 
city cartridge-type fuses is recommended and it is 
8 ted that circuit breakers with ratings exceeding 
150 MVA should not be directly hand operated. This 
memorandum should be in the hands of all those 
responsible for installing and maintaining electrical 
equipment in those places to which the regulations 
now apply. 





MAGNESIUM-ALLOY DUST 
COLLECTOR. 


In machining components manufactured from 
magnesium alloys, special precautions have to be 
taken in the disposal of the inflammable and explosive 
dusts produced. To comply with the stringent regula- 
tions laid down by the Factories Act, Messrs. Dallow 
Lambert and Company, Limited, Spalding-street, 
Leicester, have developed a series of unit dust collectors, 
distinguished by the name Multiswirl, for use with 
grinding and — machines. Air laden with mag- 
nesium-alloy dust is drawn through a specially-designed 
duct and is thoroughly immersed and scrubbed in a 
water chamber. To ensure that the operator cannot 


use his grinding or polishing machine unless the dust | 


collector is working efficiently, the electrical circuit of 
the motor driving the machine is interlocked with an 
airflow-operated switch within the fan chamber and 
with a float-operated switch in the water chamber. 
Thus, if for any reason the velocity of the air flow falls 
below the value required for efficient dust collection, or 
if the water level is too low for adequate scrubbing of 
the dust, the motor circuit is broken and the machine 
cannot be operated until the correct air-flow or water 
level has been restored. A delay switch in the main 
circuit ensures that the machine cannot be started until 
the dust-collector fan has been running for five minutes, 





in order to remove any gases which may have accumu- 
lated during the rest period. Explosion releases are 
also fitted. 

Three types of Multiswirl unit are available. The 
bench unit comprises a series of plastic-covered rollers, 
g-in. apart, on which the workpiece to be ground is 
placed; the heavy dust particles fall through the 
spaces between the rollers into the water chamber 
below and the light floating dust is drawn by suction 
through a telescopic universal duct fitting. Another 
type of dust collector has been designed for double-end 
polishing spindles, which are mounted on the unit 
itself; it is provided with Dallow Lambert Mark II 
polishing hoods in place of the covered rollers and the 
telescopic fitting. The third type of dust-collector 
unit, shown in the accompanying illustration, is similar 
to the bench unit, but is provided with a booth in 
which the telescopic fitting is mounted; the latter 
can be moved by the operator to any position. The 
booth is provided with strip lighting and is designed 
for easy cleaning and maintenance. 





PETROLEUM INDUSTRY EXHIBITION.—An exhibition 
covering the scientific, technological and other aspects of 
the petroleum industry, held in recent months at the 
Universities of London, Glasgow, Leeds and Cambridge, 
has been so well attended that it has been decided to 
show it in three other centres. The fifth showing of the 
exhibition opened at the Museum and Art Gallery, 
Leicester, on October 8 and will continue until October 27. 
It will then go to the Firth Hall, University of Sheffield, 
from November 8 to 17 and, from there, it will move to the 
Royal Scottish Museum, Edinburgh, where it will be on 
view from December 17 until January 27, 1952. The 
exhibition is sponsored jointly by the Shell Petroleum 
Co, and the Anglo-Iranian Oil Co., Ltd. We understand 
that oil companies operating in France, Belgium and the 
Netherlands are planning similar exhibitions. 
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IRRIGATION IN THE 
JORDAN VALLEY. 


Tue River Jordan rises in the neighbourhood of 
Mount Lebanon in Syria and flows through Lake 
Huleh and Lake Tiberias, terminating in the Dead 
Sea, the level of which is some 380 m. below that 
of the Mediterranean and which has no outlet, 
surplus water being lost by evaporation. Lake 
Tiberias is frequently known as the Sea of Galilee. 
The Jordan Valley, with which this article is con- 
cerned, covers the section of the river between 
Lake Tiberias and the Dead Sea. The valley has 
a length of some 140 km. and in that distance the 
river has a fall of about 186 m. The floor of the 
valley is formed by a narrow strip of land flanked 
on both sides by high escarpments ; these features 
are well shown in Figs. 1 and 2, herewith. At the 
foot of the escarpments, on both sides of the river, 
there are flat terraces known as the Ghor. On the 
eastern side, the width of the Ghor varies from 2 km. 





Fig. 1. 
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to 5 km., and it has a transverse slope towards the 
river ranging from 1 in 20 to 1 in 200. The Ghor 
on the western side is generally similar, but in 
some parts of the valley is very narrow. Both 
Ghors tend to widen out, with easier slopes, at the 
Dead Sea end. Through this relatively flat valley 
floor, the river has eroded a secondary trough, 
some 60 m. deep, at the bottom of which it meanders 
in an alluvial plain, which is subject to flooding. 
This plain, which varies in width from 200 m. to 
500 m., is known as the Zor. 

The climate of the valley is sub-tropical to 
tropical and a wide range of cereals, vegetables and 
fruit can be grown. It is only in the neighbourhood 
of Lake Tiberias, however, that the rainfall is 
adequate for farming. Elsewhere artificial irrigation 
is necessary. As will be seen from the map of the 
the valley reproduced in Fig. 3, on page 482, a 
number of side streams, termed wadis, join the 
river on both the eastern and western sides. Some 
of these are perennial and serve small farming 
communities ; many have only a seasonal flow. 














Fic. 2. SanpHILits In JoRDAN VALLEY. 





Owing to the inadequate water supply, the popu- 
lation of the valley is relatively small, and it 
has long been realised that it would support 
very many more people and become a valuable 
agricultural area if the waters of the Jordan, now 
running to waste in the Dead Sea, were utilised for 
properly controlled irrigation. Events of recent 
years have greatly accentuated the desirability of 
such a development. The proper utilisation of the 
potentialities of the Jordan Valley is of most direct 
interest to the Kingdom of Jordan, in view of the 
influx of some three-quarters of a million Arab 
refugees from Israel. The matter is, however, also 
of interest to this latter country in view of the very 
great increase in population which it has achieved 
since it came into existence in 1948. Part of the 
western bank of the Jordan lies in Israel. 

The proper utilisation of the waters of the Jordan, 
and of its main tributary, the River Yarmuk, which 
joins it some 8 km. south of Lake Tiberias, is an 
engineering problem which unquestionably could 
be satisfactorily solved. Unfortunately, the whole 
situation is dominated by political considerations. 
The unfriendly relations existing between the Hashe- 
mite Kingdom of Jordan and the State of Israel 
make it unlikely that any agreed scheme of develop- 
ment is likely to be adopted, at least in the early 
future. Considered as a problem in political geo- 
graphy, the situation is very complicated. The 
River Jordan immediately north of Lake Tiberias 
lies in the territory of Israel, as does the west bank 
of the river south of the lake down to the frontier 
line shown in Fig. 3. South of this, the west bank 
is in the Kingdom of Jordan. The triangle of land 
between the south end of Lake Tiberias and the 
River Yarmuk is in the territory of Israel. The 
exact position of the frontier of this area is appa- 
rently a matter of dispute between the two coun- 
tries. The area to the east of this triangle, and the 
upper waters of the River Yarmuk lie in the 
Republic of Syria. The effect of this state of affairs 
is that Israel is in a position to control the waters 
of the River Jordan, and Arab interests, repre- 
sented by Jordan and Syria, those of the River 
Yarmuk. 

Both of these main rivers have a seasonal flow, 
and what might almost be called the obvious basis 
of controlled irrigation in the Jordan Valley must 
be the use of Lake Tiberias as a storage reservoir. 
As will be clear from Fig. 3, the River Yarmuk 
does not flow into Lake Tiberias, but any major 
irrigation scheme must utilise its waters, and its 
diversion into the lake or some type of reservoir 
or control basin, at the confluence of the two rivers, 
would appear to be necessary features of any pro- 
ject. Such a basin would be operated in conjunction 
with the Lake Tiberias reservoir. The flow of both 
rivers varies greatly from year to year, but the 
importance of the Yarmuk relative to the Jordan 
is shown by the figures for recent years. In 1944-45, 
the total flow of the Jordan was 781 million cub. m., 
and that of the Yarmuk 730 million cub. m.; for 
1945-46, the flows were 576-6 million and 359-6 
million. The great variation from year to year 
emphasises the importance of storage. In 1935-36, 
the flow of the Jordan fell to 297-6 million cub. m. ; 
in that year the flow of the Yarmuk at 283-9 
million was almost the same. 

The possible use of Lake Tiberias as a storage 
reservoir is hampered by many political considera- 
tions. As mentioned above, both banks of the 
River Jordan north of Lake Tiberias lie in Israel 
and that country has put forward a scheme to 
divert the waters of the river north of the lake to a 
canal lying to the west of the Jordan Valley and to 
utilise them for the irrigation of the Negeb, the 
desert area lying in the south of Israel. This 
project clearly raises important questions of inter- 
national water rights, which quite possibly could 
not be solved by the United Nations. This control 
of the waters of the River Jordan by Israel is 
balanced by Arab control of the waters of the 
River Yarmuk. With Syrian agreement, the 
Kingdom of Jordan could divert the River Yarmuk 
in such a way that its waters would serve only Arab 
territory. Apart from questions of irrigation, such 
a procedure would face Israel with a difficult 
question in its relations with the Palestine Electric 
Corporation. That company has a hydro-electric 
station at the confluence of the Jordan and Yarmuk, 
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and although the station is not now in operation, 
the concession under which it was built still has 
some fifty years to run. 

Although a satisfactory solution of the complicated 
territorial problems involved is a matter for 
statesmanship—if there is any left in that part of the 
modern world—no scheme could be agreed on with- 
out investigation of the engineering possibilities and 
an appraisement of the relative roles of the two main 
rivers in any irrigation project. In order to obtain 
fuller information than was previously available 
about the possibilities of controlled irrigation in the 
Jordan Valley, the Hashemite Kingdom of Jordan, 
in 1949, appointed Sir Murdoch MacDonald and 
Partners, of 72, Victoria-street, London, 8.W.1, as 
consultants to report on “the development and 
extension of irrigation in the Jordan Valley.” 
The results of the survey carried out and the pro- 
posals to which they have led are contained in an 
informative report.* 

It was clearly no part of the duty of the con- 
sultants to intervene in the political disputes 
centring around the engineering problems with which 
they were concerned but they, none the less, per- 
mitted themselves to state in the report that the 
“proposals are based on the general principle, 
which to our mind has an undoubted moral and 
natural basis, that the waters in a catchment area 
should not be diverted outside that area unless the 
requirements of all those who use, or genuinely 
intend to use, the waters within the area have been 
satisfied.”” Disinterested opinion is, in general, likely 
to share the sentiment expressed in this statement. 

The report prepared by Sir Murdoch MacDonald 
and Partners is not the first dealing with the subject 
of irrigation in the Jordan Valley. In particular, 
a comprehensive report, prepared by Mr. M. G. 
Tonides was published in 1939. Some account of the 
findings embodied in that report will be found in an 
article contributed to these columns by Mr. Ionides, 
which appeared in our issue of September 13, 1946. 
The MacDonald report pays tribute to the impor- 
tance of the Ionides report and many of the data on 
which the latest proposals are based are taken from 
it. Mr. Ionides’ report was concerned with what 
was, at that time, the country of Transjordan, a 
wholly Arab state, and his proposals were confined 
to the country to the east of the River Jordan. He 
suggested a main feeder canal lying approximately 
parallel to the river on the east bank, and a compari- 
son of Fig. 3, herewith, with Fig. 5 of Mr. Ionides’ 
earlier article will show that the eastern canal 
proposed in the MacDonald report occupies approxi- 
mately the same position. The Ionides report did 
not contain any reference to a western canal such 
as is proposed in the MacDonald report. The west 
bank of the River Jordan was, in 1939, part of 
Palestine, a country with which Mr. Ionides was not 
concerned. 

The basic features of the MacDonald proposals 
are indicated in Fig. 3. The total cost of the com- 
plete scheme put forward is estimated at 
23,330,000/.P. and it is clear that for financial 
and other reasons it would have to be undertaken 
in stages. Four of these are suggested. In Stage I, 
the River Yarmuk would be diverted to a canal 
70 kilometres long on the east side of the Jordan 
plain. This proposal, if carried out, would presum- 
ably deprive Israel of any use of the water of the 
River Yarmuk. This stage is estimated to cost 
6,800,000/.P. It does not provide for any storage 
and in dry years some curtailment of the summer 
crop would be necessary, but there would be ample 
water in the winter both for irrigation and washing 
saline land. This latter point is of importance. 
Much of the land in -he valley is saline, but experi- 
ence has shown that it can be made suitable for 
agricultural production by leaching. At the Jewish 
settlement, Beit Harava, north of the Dead Sea, 
lands of high salinity, after leaching, are now success- 
fully farmed. 

It is estimated that Stage I would provide 
irrigation water for an area of 47,000 acres. This 
would permit of the establishment of some 6,000 
holdings, each of 7$ acres. There are at present 





* Report on the Proposed Extension of Irrigation in the 
Jordan Valley. Government of the Hashemite Kingdom 
of Jordan. Crown Agents for the Colonies, 4, Millbank, 
London, 8.W.1. [Price 30s. sterling.) 








some well-established holdings in the area, supplied 
from wadis; these would not be disturbed. From 
what has been said about the configuration of the 
valley, it is clear that the higher upthesloping banks 
the main canal can be placed, the greater the area of 
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land that can be served with irrigation water. It is 
stated in the report, however, that the configuration 
of the country allows little choice in determining 
the position of the canal. It would, in any case, 
have to traverse very varied types and levels of 








terrain. A large number of small dry ravines, ag 
well as a number of perennial wadis would have to 
be crossed and various forms of syphons and aque. 
ducts would have to be built. Extensive detail 
surveys would be necessary before the precise 
location of the canal could be determined. 

Although it has apparently not been examined in 
detail, it is suggested that areas lying above the 
canal, which could not be watered by gravity flow, 
might be served by pumping. At some points on 
the main canal it would be necessary to introduce a 
vertical drop of some metres, and small hydro. 
electric plants at such points might furnish power 
for pumping. Similar plants might possibly be 
built on some of the permanent wadis. All these 
proposals in connection with power development are 
made only in broad outline ; no details have been 
worked out. The main canal would feed a series of 
open laterals which in turn would supply field 
channels, effectively covering the farming area, 
Head regulators at the canal end of the laterals 
would be necessary, together with control arrange- 
ments for the field channels. Lateral drains dis- 
charging to the river also form part of the proposals. 
This matter of final distribution of the irrigation 
water to the land is treated in considerable detail 
in the report, which puts forward an alternative 
schemé with piped laterals. 

The work which it is proposed should be carried 
out in Stage IT of the whole scheme is estimated to 
cost 1,900,000/.P. This is a relatively small part 
of the total. Stage II would in effect be an exten- 
sion of Stage I. The main canal would be lengthened 
by 26 kilometres and an additional 27,500 acres on 
the east side of the Jordan in the Dead Sea region 
would be served. Again, no arrangements would 
be made for water storage and supplies could be 
furnished only during the winter. Stage III, 
costing 1,300,000/.P., represents, in part, an 
extension of the two earlier stages. It would add 
14,000 acres to the area served and would complete the 
distribution system on the east side of the Jordan. 

Stage III, however, also covers work which would 
possibly raise international difficulties. The work 
already described in connection with Stages I to III 
could presumably be carried out by Arab interests 
without reference to Israel, but Stage III also 
includes arrangements for water supplies which 
could be used for the irrigation of the Jordan- 
Yarmuk triangle which lies in the State of Israel. 
Although development in that area would clearly be 
of benefit to the inhabitants of that country, the 
consultants were apparently not permitted to make 
detail inspection. Toserve this area and to increase 
the supply to the eastern canal, to permit of peren- 
nial irrigation in the eastern Ghor, a canal 
would be constructed on the east side of 
the River Jordan diverting that river to the 
eastern canal. This connecting canal is indicated in 
Figs. 3 and 4. There is a dam at the Jordan outlet 
from Lake Tiberias and it is anticipated that the 
existing arrangements would permit of storage 
enabling the flow of the Jordan to be regulated and 
the supply of irrigation water to be controlled. 
This connecting canal would have to run through 
Israel territory and it is presumed that compensa- 
tion would have to be paid for this easement and 
for the use of the Lake Tiberias dam and reservoir. 

Stage IV, estimated to cost 9,440,000/.P., is the 
most expensive of all. It covers the construction 
of the western canal 110 km. long and envisages the 
conversion to perennial irrigation of the whole of 
the Jerico plain. The first 38 km. of this canal 
would be in the territory of Israel. Some 50,000 
acres in the Jerico area would be irrigated and 
about 500 established holdings would be furnished 
with a permanent supply. To give an all-the-year- 
round supply to the whole area commanded by the 
two main canals, it would be necessary to arrange for 
the storage of the winter flow of the River Yarmuk. 
It is suggested, however, that even with this provi- 
sion the supply might possibly have to be cut by 
25 per cent. in dry years. One method of storing 
the winter flow of the Yarmuk would be to divert 
that river into Lake Tiberias. If this were done, 
the existing dam at the outlet of the lake would 
have to be remodelled to permit of a total variation 
of 5 m. in the level of the lake. It is stated that 4 
large volume of water could be impounded by 4 
relatively small increase in the water level. 
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This proposal to use Lake Tiberias as a main 
storage reservoir for the whole scheme raises the 
question of international relations in an acute form. 
Itis not considered that there would be any practical 
difficulty in raising the level of Lake Tiberias, but 
the extent to which it could be raised without 
incurring heavy liabilities has not been determined. 
The consultants were not able to inspect the lake. 
Working on figures given in the Ionides report, the 
consultants considered that by increasing the 
height of the existing dam to permit of a variation 
of 5 m. in the level of the lake, sufficient storage water 
would be provided, except in unusually dry years. 
Lake Tiberias has in the past been used as a 
storage reservoir for the Ruthenberg power station 
of the Palestine Electric Corporation, the winter 
flood waters of the Jordan being stored for use 
during the summer, and the waters of the Yarmuk 
being used to run the station in the winter. It is 
stated in the report that the station is now wrecked, 
but the Electric Corporation’s concession still has 
many years torun. It would appear, however, that 
even if the station were rebuilt it could not be 
efiectively operated without the consent of the 
Kingdom of Jordan, as that country is in a position 
to control the flow of tae River Yarmuk. A mere 
glance at the map given in Fig. 3 will suggest that 
the use of Lake Tiberias as a main reservoir and 
the diversion of the River Yarmuk into it is the 
most obvious way of providing an all-the-year-round 
water supply and the report states that this pro- 
posal is “recommended as being the most satis- 
factory.” 

In view, however, of the political situation and 
the unfriendly relations existing between Jordan 
and Israel, the consultants have put forward two 
alternative schemes. The first of these is for the 





construction of a dam across the River Yarmuk at 
Baqura. This would form a reservoir with a live 
storage of about 300 million cub. m. The reservoir 
is shown in the map reproduced in Fig. 4, herewith. 
The advantage of this scheme from the point of 
view of the Kingdom of Jordan is that the head- 
works would be under its direct control. A dis- 
advantage would be that about 1,500 acres of the 
best cultivated and well-irrigated land existing at 
present in the eastern Ghor would be flooded. 
Some land lying on the north bank of the Yarmuk, 
and presumably in Israel, would also be flooded, 
but it is understood that the international boundary 
has not yet been delineated in this area. The 
proposed reservoir could probably be arranged for 
a variation in level up to 20 m. An earth or rock- 
fill dam is proposed with a height above the river 
bed of about 45 m. The actual arrangements would 
naturally depend on borings and tests of available 
material. 

It is suggested that surplus flood water from the 
Baqura reservoir should be diverted into Lake 
Tiberias. The spill channel is shown at the north 
of the reservoir in Fig. 4. It is thought that the 
useful life of this proposed reservoir might be 
limited by silting and this aspect of the matter 
would require careful study before final decisions 
were taken. It is considered that the existing dam 
at the outlet from Lake Tiberias is sufficiently high 
to provide storage for the winter flow of the River 
Jordan, and the purpose of the Baqura reservoir 


would be to provide similar arrangements for the | po 


River Yarmuk, failing agreement to increase the 
height of the Tiberias dam. It will be clear, how- 
ever, from Fig. 4, that the alternative proposals 
would still require some form of agreement between 
Israel and Jordan. Both the spill channel and the 





feeder to the eastern canal would cross Israel 
territory. 

The second, alternative proposal is that a concrete 
gravity type dam should be built across the Jordan 
Valley at the mouth of the Wadi Malih, about 
15 km. south of Beisan. A dam about 50 m. high 
to the spillway would form a reservoir with a storage 
capacity of about 450 million cub. m. and a live 
storage range of 15 m. The extent of the reservoir 
formed is indicated by a dotted line in Fig. 3. The 
dam would be situated in Jordan territory, but, 
as will be seen from this figure, a large part 
of the area which would be- flooded lies in Israel ; 
much of this area is rich land. This Jordan Valley 
reservoir is not recommended as a substitute for the 
storage of the winter flows of the Jordan and Yar- 
muk in Lake Tiberias. It is only recommended if 
the raising of the Tiberias dam could not be carried 
out. It could, however, be considered as a com- 
plement to the Lake Tiberias scheme, serving as 
storage for the combined spill of the Tiberias 
reservoir and the winter flows of the Yarmuk. 

In case no arrangement could be reached with 
the State of Israel, some alternative arrangements 
are suggested for consideration by the Kingdom of 
Jordan. The River Yarmuk could be diverted to 
feed the eastern canal. If no storage was provided, 
it would appear that this project could be carried 
out entirely in the territory of Jordan. For storage, 
the Baqura reservoir would be necessary. This 
would presumably result in the flooding of some 
land in the Tiberias-Yarmuk triangle, but, as men- 
tioned above, the position of the frontier in this 
area has not been determined. As an alternative, 
the Kingdom of Jordan might build the Wadi 
Malih dam, as it would be situated in its territory. 
It would, however, lead to the flooding of some 
land in Israel. Actions of this kind by Jordan 
alone are not recommended by the consulting 
engineers. 

The relations between Jordan and Israel are so 
strained at the present time that it is possible that 
schemes for the better irrigation of the Jordan 
Valley will not even be discussed. The matter is of 
such great social and economic importance to both 
countries, however, that sooner or later something 
must be done. The report of Sir Murdoch MacDonald 
and Partners is a valuable contribution towards the 
ultimate solution of a problem which in many 
aspects is of international interest. 
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Travaux Maritimes. Vol. III.—Ouvrages Intérieurs 
et Outillagée des Ports. 
By Proressors G. DE JoLy, OC. Larocue, P. H. 
WatTreR and A. DE RovuvititE. Second edition. 
Dunod, 92, rue Bonaparte, Paris, 6me. [Price 
3,500 fr.) 
THE publication of this monumental] treatise on 
dock and harbour works has been dogged by a 
certain amount of misfortune. The appearance of 
the original edition was retarded by the death of 
Professor de Joly, as long ago as 1919; and his 
successors, Professors Laroche and Watier, also 
did not live to see the completion of their work. 
Professor de Rouville—who is, like his predecessors, 
associated with |’Ecole des Ponts et Chaussees, and 
is also the head of the French lighthouse service— 
managed to complete it by 1939; a date which 
requires to be borne in mind, as it implies (as an 
editorial note confirms) that references to “ the 
war” in the main body of the text refer to the 
war of 1914-18. To bring the work up to date for 
a second edition would have involved such an 
extensive rewriting (and resetting of type) that the 
alternative has been adopted of adding a new section 
of 106 pages to the 693 pages of the original text, 
to cover the principal developments since 1940 in 
the internal arrangements and the equipment of 
ports. The previous volume, it should be mentioned, 
dealt with the exterior works and the approaches to 
rts. 
To attempt to describe all that the present volume 
contains would be to list every type of port equip- 
ment, including wharves and quays, docks, floating 
pontoons, cranage, etc., etc. ; and the list would 
extend even to such administrative matters as the 
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organisation of police surveillance. It would appear 
preferable, therefore, to confine present attention 
to the “addendum” describing recent practice. 
This deals briefly with a number of schemes for 
post-war reconstruction of damaged harbour works, 
new developments of existing ports, up-to-date 
dredging plant of various kinds—this is, perhaps, 
the most important section—and the provision of 
such facilities as special harbours for handling 
bulk oil traffic, and for fishing fleets. Most of the 
sections are fairly well illustrated, though some would 
be improved by a more liberal treatment in this 
respect; and, unfortunately, many of the line 
diagrams and drawings have been so much reduced 
that a great deal of the detail is lost. For example, 
even a powerful lens fails to reveal the dimensions 
in the “coupe transversale d’un bollard,” on 
page 171. This particular instance is of small 
moment, but there are others of more importance. 
As a general survey, however, the work is a useful 
guide, which may be supplemented, if more detail is 
desired, by the reports of the periodical Navigation 
Congresses and papers read before the professional 
institutions. 





Mathematical Solution of Engineering Problems. 

By J. JENNINGS, B.Sc., M.I.Mech,E. E. and F. N. Spon, 

Limited, 22, Henrietta-street, London, W.C.2. [Price 

258.) 

TuE name of Mr. J. Jennings will be recognised by 
many readers of ENGINEERING as that of a com- 
mentator on various matters of engineering design 
particularly in connection with centrifugal pumps, 
sundry references to which appear in the course of 
this book. As he explains in the preface, the pur- 
pose of the work is to provide a practical text for 
the practical engineering designer, intermediate 
between the elementary text-book, covering the 
field from plain arithmetic to the calculus, and 
“the advanced book, treating higher mathematics, 
with which only the research worker is likely to be 
concerned.” The mathematical knowledge assumed 
in the reader is merely that required for the Ordinary 
National Certificate, plus some acquaintance with 
differentiation and integration, from which the 
author proceeds to a discussion of approximations, 
nomograms, dimensional analysis, the mathematics 
of periodic phenomena, statistical methods, etc. ; 
subjects which, as he observes, he has himself 
‘found to be of great practical utility and, at the 
same time, to be familiar to very few.” 

An engineer’s out!ook on mathematics, as the 
author truly remarks, is different from that of a 
mathematician, for whom the subject is a sufficient 
end in itself and its practical utility of secondary 
interest. By contrast, an engineer, being con- 
cerned almost invariably with practical applications, 
is generally prepared—and, indeed, must be pre- 
pared—to accept the truth of much of the mathe- 
matics he employs without rigid proof. This does 
not alter the fact, however, that most engineers 
know and use too little mathematics and could with 
profit learn more. It is obvious from a reading 
of this book, that the author has given considerable 
thought both to the subject matter of his book and 
to its presentation. The material has been judici- 
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ously selected, although 





there may be some who pte \” 
will cavil at the author’s (995) 

allocation of the longest 

chapter to the subject of nomography which, despite 
many attempts to popularise it, has never really 
caught on. Possibly, if the basic theory were more 
widely studied—and the book contains an excellent 
introduction to it—nomograms would prove more 
popular, but we suspect the aversion from them lies 
deeper. Nevertheless, the author gives several 
examples of nomograms having considerable utility. 

The chapter on approximations is very well done 
and merits close study, as does the chapter on 
dimensional analysis. In the chapter on periodic 
phenomena, it appears that the author is really 
concerned with the vibration of elastic bodies or 
systems but, even with this restriction, it is surely 
too sweeping to say, as he does, that vibrations are 
caused by the application of a sudden, or shock, 
force or a periodically varying force unless the latter 
term is intended merely to imply a force varying 
with time. Elsewhere in this chapter, there is 
evidence of somewhat hasty writing or revision 
in the section headed “free damped vibrations” for 
instance. An important slip occurs on page 170, 
where the omission of the factor 4 from a term under 
a square root—which, incidentally, ought to be 
bracketed—invalidates both the formule and Fig. 
69, on the succeeding page ; and the statement, on 
page 169, that, when the vibration is undamped and 
the disturbing force has the natural frequency of 
the system, the vibration is 90 deg. out of phase 
with the external force, is incorrect, as may easily 
be shown by solving the original equation when 
c= 0. 

The penultimate chapter contains an introduc- 
tion to statistical methods which are finding increas- 
ing application in mass-production engineering. 
In his discussion of simple sampling, the author 
departs from current parlance by referring to the 
binomial distribution of Bernoulli as the Poisson 
Binomial distribution, whereas the latter term 
is usually confined to the special case where the 
probability varies between successive samplings. 
On the other hand, the limiting form of the Bernoul- 
lian distribution when the probability of the occur- 
rence is small—which was deduced by Poisson and 
is generally known as Poisson’s distribution—is 
correctly attributed to him. Such slips as occur 
however, are minor blemishes in a book which has 
much to commend it and which is likely to be in 
considerable demand among both students and 
teachers. A word of praise must also be given for 
the printing and general lay-out of the book, which, 
in these days when a number of unattractively 
printed works on mathematics are appearing on the 
market, are wholly excellent. 





THE INSTITUTION OF SANITARY ENGINEERS.—The next 
half-yearly examination for the associate membership 
of the Institution of Sanitary Engineers will be held in 
London and at other centres, as may be found necessary, 
on November 22, 23 and 24. The closing date for entries 
is November 8. Subsequent examinations will be held 
in May and November, 1952. Further particulars are 
obtainable from the secretary of the Institution, 118, 
Victoria-street, London, S.W.1. 
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THE FORM OF TOOTH 
SURFACES OF CREEP-CUT 
HELICAL GEARS. 


By W. A. Tuptty, D.Sc., M.I.Mech.E.* 


THE creep principle, introduced into hobbing- 
machine design some 40 years ago, was so successful 
in producing quietly-running helical gears (as then 
understood) that for a long time it was unnecessary 
to consider any niceties in its application. Since 
then the demands on high-speed gearing have 
become more and more exacting and the utmost 
refinement in design and construction has become 
essential. Various opinions have been held as to 
what value should be given to what has been called 
the “ creep fraction ” but a need arose for a rational 
analysis. Early steps in this direction were taken 
by the late Dr. G. A. Tomlinson, of the National 
Physical Laboratory, and further work, recorded 
in this article, was carried out by the Admiralty 
Vickers Gearing Research Association. 

The ideal form of the flank of a tooth of an involute 
helicoidal gear with a large number of teeth is a 
smooth surface which, over limited areas, approxi- 
mates toa plane. Because of the nature of the cuts 
made by the separate teeth of a hob, the gear-tooth 
form produced by hobbing on a perfectly accurate 
machine is a system of shallow depressions the lower- 
most points of which lie on a surface of the ideal 
form. The depressions are of approximately 
elliptical form and their lines of intersection define 
the “high-spots”” of the actual tooth flank. The 
height of a high-spot above the surface defined 
by the low-spots is determined by the radii of curva- 
ture of the surfaces of the depressions in the vicinity 
of the high-spot and by the distances between the 
centres of curvature. In practice, unavoidable 
errors in certain parts of the hobbing machine 
cause the cuts of different hob teeth to be of different 
depths, and the sweeping action of the teeth causes 
“low-cuts” to obliterate the surfaces left by 
adjacent “ high-cuts ” and “ medium-cuts.” Thus 
the finished surface tends to be defined by the inter- 
sections of low cuts and, as these constitute perhaps 
only one-sixth of the total number of cuts, the 
surface is rougher than that which would be pro- 
duced by a perfect machine in that the high-spots 
are higher and the pitch of the irregularities is 
greater. 

As in any particular gear, the radii of curvature 
of the depressions are defined by the dimensions 
of the hob, the heights of the high-spots produced 
by intersection of depressions can be conveniently 
reduced only by reducing the distance between 
adjacent depressions. In other words, the surface 
of the tooth may be made smoother and more 
closely approximating to the ideal form by increasing 
the number of hob-tooth cuts in any given area, 
provided that the cuts are uniformly distributed 





* Professor of Applied Mechanics, University of 
Sheffield. 
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over the area concerned. With this last proviso, an 
exceedingly fine feed during the finishing cut could 
produce much more accurate tooth surfaces than is 
possible with a coarse feed on the same machine. 
Although the number of cuts in a given area of 
tooth can be increased by reducing the feed of the 
hob saddle per revolution of the gear blank during 
the final cut, the general nature of the distribution 
of the cuts cannot be so altered as it is determined 
by the kinematics of the gear-cutting machine. In 
designing the machine it is desirable to bear this 
in mind. 

During the passage of a single tooth of the gear 
through the zone of contact with the hob, the 
effective teeth of the hob make cuts the deepest 
points of which lie on a line A B (Fig. 1, opposite) 
inclined at an angle of about 30 deg. to the tip of the 
tooth (See Appendix I.) A periodic error in the 
motion of the dividing worm results in the produc- 
tion of high-spots and low-spots on the line A B. 
Two adjacent low-spots are indicated by circles ; the 
distance between them depends on the circum- 
ferential movement of the gear at the pitch circle 
during one revolution of the worm. During the 
next passage of the tooth through the zone of 
contact with the hob, similar cuts are made on a 
straight line CD parallel to AB and separated 
from it by a distance depending on the feed of 
the hob saddle during the revolution of the work. 
On the line C D there will be (in general) the same 
number of low-cuts as on A B and it is important 
to know how they are situated in relation to the 
low-cuts on AB. If the gear-cutting machine is 
of the non-creep type, low-cuts during successive 
revolutions of the table are located as shown in 
Fig. 1 on lines such as P Q inclined at about 11 deg. 
to the tip of the tooth. (See Appendix I.) A section 
of the surface through any line such as A B therefore 
shows two deep depressions corresponding to the 





low-cuts (shown in full lines in Fig. 2) with an 
intervening ridge left by the overlapping of inter- 
mediate not-so-low cuts (shown dotted in Fig. 2 (a)). 
If the distance between adjacent low-cuts is small 
compared with their radii of curvature, the low-cuts 
tend to overlap and thus to obliterate the effects 
of the other cuts, as shown in Fig. 2 (5). 

In either case, low-cuts closely spaced on parallel 
lines leave, on intervening parallel lines, high-spots 
that form corrugated ridges. The height of such 
ridges depends qn (a) the difference, g, in depth 
between high-cuts and low-cuts ; (b) the pitch, k, of 
the low-cuts ; and (c) the radius of curvature, R, of 


2 
the cuts. The height is equal to — , if that is much 


2 
less than g, or equal to g if a is much greater than g. 


An important point to note is that if the low-cuts 
are sufficiently closely spaced (i.e., if k is small 
enough) the height of the ridges is independent of 
the magnitude of the machine-error that produces 
the difference in depth of cuts. (See Appendix IT.) 

On teeth cut by a “non-creep” machine, the 
direction of the ridges is precisely the same as that 
of the contact line between the tooth if it were 
perfect, and a perfect mating tooth. In the follow- 
ing, the ideal contact line is referred to as “the 
generator.” As mating gears rotate, the generator 
sweeps the surface of the tooth, and the impacts 
of the generator on irregularities determine the 
intensity of noise and vibration produced. In a 
“non-creep” gear, the setting of the ridges parallel 
to the generator is the worst possible one from the 
point of view of noise production because it means 
that the generator strikes each ridge over its full 
length at once and afterwards may fall right into 


the succeeding trough. 
It may be noted that finish-cutting with a speci- 





ally-fine feed does little or nothing to improve 


matters as it merely spaces the low-cuts more closely 
on lines such as P Q (Fig. 1) but does not reduce the 
spacing on lines such as A B. It thus has the effect 
of smoothing the bottoms of the troughs and the 
tops of the ridges but it makes no appreciable 
difference to their effective height. The smoother 
nature of the ridges means that the teeth “ bed” 
together more closely and the tendency to local 
stress concentration is reduced. This is advantage- 
ous to load capacity, but makes no difference to 
the tendency to noise production. It may also be 
noted that while alteration of the ratio of the 
number of teeth in the work to the number of revolu- 
tions made by the worm per revolution of the table 
alters the number of ridges that intersect a line 
perpendicular to the tip of the tooth, it makes no 
difference to the direction of the ridges. Adoption 
of a fine-pitch table gear improves smoothness of 
operation of the gears by reducing the pitch of the 
ridges and (probably) their heights but introduces 
no possibility of any “overlapping” of generator 
and ridges; they still remain parallel to each 
other. 

It is natural to consider possible means of avoid- 
ing the unfavourable low-cut distribution that is 
characteristic of gears cut on the conventional 
hobbing machine in which the worm makes an 
exact whole number of revolutions during one revo- 
lution of the table. One way is to build the machine 
so that the wormwheel is not attached to the table 
but drives it through gears that lack the proneness of 
the worm gear to periodic errors of high frequency, 
and that have such a velocity ratio that the worm 
does not make an exact number of revolutions during 
one revolution of the table. Such a machine is a 
“creep machine” and its essential kinematic 
characteristic is that during one revolution of the 
table the dividing worm makes a whole number of 
revolutions plus a fraction gq called the “creep 
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fraction” or more properly, the “worm creep 
fraction.” The distinction is made because every 
rotating part of the machine has its own creep frac- 
tion and each machine therefore has several creep 
fractions. Where a creep fraction is specified 
without qualification, it may usually be taken to 
refer to the worm, but the point should really be 
made clear. 

A creep fraction may have any value between 
0 and 1. For a non-creep machine the creep frac- 
tion is 0 or 1 whichever way one cares to regard it. 
Since 8 + g = (S — 1) + (1 + q) any creep fraction 
q means the same thing as (1 + q) and 80 any creep 
fraction quoted as negative is at once convertible to 
the equivalent positive quantity; for example, 
q=-—0-4 means the same thing as g=1+ 
(—0-4) = 0-6. The velocity ratio of any com- 
ponent of the machine relative to the work table is 
denoted by S+ q where S is a whole number and 
q is a fraction less than unity. It is the creep 
fraction for the component concerned. Broadly, 
the purpose of the creep mechanism is to spread 
low-cuts in a less unfavourable manner than does 
the non-creep machine. For a given rate of feed 
during the final cut, the number of low-cuts on 
any given area of tooth is fixed, but their distribu- 
tion depends on the creep fraction. A suitable 
value will not only improve the distribution of a 
given number of cuts, but will permit the use of a 
feed finer than usual to offer much greater advan- 
tage than is possible with zero creep fraction. 

Referring to Fig. 1 it will be clear that no possible 
variation in creep fraction for the worm can make 
any appreciable difference to the spacing of low-cuts 
on a line such as A B because all the cuts on such a 
line are made while the hob completes two or three 
revolutions, whereas the complete effect of the 
creep fraction is shown only after a complete 
revolution of the table, corresponding (usually) to 
several hundred revolutions of the hob. The effect 
of creep is shown, however, in the positions of the 
low-cuts on C D in relation to those on A B, because 
a whole revolution of the table takes place between 
the production of cuts on those lines. Now if the 
creep effect is very small, the positions of the low- 
cuts on C D will differ but little from those produced 
without creep. Consequently, the effect of a small 
creep fraction is slightly to displace the low-cut 
lines similar to PQ. This is shown in Fig.'3, page 
484, where the direction of the generator (i.e. of the 
low-cut lines without creep) is indicated by a dotted 
line. 

The tooth action of this creep-cut gear will be 
smoother than that of the corresponding non-creep 
gear because the generator, in traversing the tooth 
surface, strikes each ridge at one end only and 
finally loses contact with it at the opposite end ; 
the full-length impact with the ridges of the non- 
creep-cut tooth is avoided. But although the creep- 
cut tooth shown in Fig. 3 is an improvement, it 
leaves something to be desired, inasmuch as the 
generator does “drop” between losing contact 
with one ridge and establishing it with the next. 
If a somewhat greater creep-fraction is used (see 
Fig. 4) the angle between ridges and generator 
becomes large enough to allow the leading end of the 
generator to reach one ridge before its trailing end 
has left the preceding one. In that case, the 
generator is always touching a ridge: it therefore 
suffers no rise and fall beyond that associated with 
the relatively small corrugations on the tops of the 
ridges. The noise effect is therefore very small. 
The determination of a creep fraction that shall 
produce an effect of this nature on any number of 
ridges is considered in Appendix IV. 

Application of a creep fraction of the opposite 
sign to that required to move the lines of low-cuts 
from the non-creep position in the direction indicated 
by Fig. 4, causes the low-cut lines to become more 
nearly parallel to the tip of the tooth than is the 
generator. A particular value of qg (see Appendix 
ITT) will cause the low-cut lines to lie parallel to the 
tip of the tooth as shown in Fig. 5, page 484. This 
clearly causes the generator always to lie across at 
least one ridge and therefore leads to low noise-effect. 
Along any line parallel to the tip of the tooth there 
is no surface irregularity comparable in height with 
the ridge between the lines of low-cuts. A test 
confined to this direction might therefore suggest 





that the tooth surface was much smoother than was 
actually the case. This is a particular example of 
the general fact that on a tooth surface, however 
rough, it may be possible to draw a straight line 
that misses the greatest irregularities and gives a 
false impression of smoothness. 

Fig. 6A, page 485, shows the distribution of low- 
cuts on a tooth cut with g = Oandfeedf=1. The 
low-cuts are closely set on lines parallel to the 
generator, and between them lie intervening high- 
spots forming a ridge the crest of which is indicated 
by a chain-dotted line. Noise-effect is great, 
but, owing to the relative smoothness of the 
crest of the ridge, local stress concentrations are 
low, although impact loading is high. In Fig. 6B 
conditions are the same as for 6A except that f has 
been reduced to one seventh of its original value. 
To produce Fig. 6B each of the low-cuts in Fig. 6A 
is moved in the direction Q B so that its distance 
from A B is reduced to one-seventh of its original 
value. The result is that the low-cuts are placed 
very close together, but they are on the same lines 
as before and the intervening ridge is unaltered, 
except that it has smoother slopes and crests. 

Fig. 6C shows the effect of cutting with worm- 
creep fraction }. The low-cuts on each of the lines 
1, 2, 3, 4, etc., have the same pitch (measured 
parallel to B Q) as in Fig. 6A but they are staggered 
in the direction of A B by one-seventh of the length 
BC. The low-cuts on the tooth as a whéle are 
situated on well-defined lines inclined to the direc- 
tion of the generator and separated by parallel 
ridges the height of which is comparable with that 
for Figs. 6A and 6B because the pitch of the ridges 
(measured from trough to trough perpendicular to 
their direction) is about the same in all three cases. 
A generator in any position in Fig. 6C lies across at 
least one ridge and so noise will be produced only 
by the finely-pitched small corrugations on the 
crests of the ridge, but local stress concentrations 
at the points of contact with the ridges may be 
severe. 

Fig. 6D shows 6C modified by the reduction of 
the feed rate to one-seventh of its original value. 
It will be noted that (a) the direction of the ridges 
is altered, (b) the pitch of the ridges is reduced, 
(c) the height of the ridges is reduced because of (5), 
(d) a generator always crosses at least five ridges, 
(e) there is no perceptible tendency to ridging 
parallel to the generator, and (f) the spacing of the 
low-cuts in the direction B Q is about the same as in 
Fig. 6A. Because of (a), (b), (c) and (d), very quiet 
running may be achieved and because of (f), local 
tooth loading is about the same as for Fig. 6A. 
Thus a reduction in feed rate produces a great 
improvement in Fig. 6C but not in 6A. In Fig. 6E 
the effect of g = 3 is recorded. Again the direction 
of the ridges is changed and a generator crosses at 
least two of them in any position. 

Reduction of feed rate to one-seventh of its original 
value (Fig. 6F) causes the low-cuts.to be distributed 
in a remarkably even manner quite unlike any of 
the preceding cases. Each “ high-spot ” in Fig. 6F 
is adjacent to four low-cuts which may be expected 
to be effective in reducing its height considerably. 
A method of calculating the extent of this effect is 
given in Appendix II. In Fig. 6G the effect of 
q = # is indicated. A generator in any position 
crosses three ridges as against two for Fig. 6E. 
As the low cuts are situated in approximately 
rectangular formation, a second system of “ ridges ” 
may be discerned, but these also are not parallel to 
the generator. The surface represented by Fig. 6G 
is composed, of depressions separated by crests that 
run to peaks in the centres of the parallelograms 
defined by the depressions, so that the term “ ridge ” 
is not strictly applicable to it except in so far as it 
may be accepted as describing a chain of peaks. 
Attention is drawn to this surface as one in connec- 
tion with which the term “ wave-length” is obvi- 
ously meaningless unless a direction is specified. 
Fig. 6H represents Fig. 6G modified by division of 
the feed-rate by 7. Again the distribution of 
low cuts is notably even and there is little to 
choose in this respect between Figs. 6F and 6H. 
The effects of the creep fractions +, § and § are 
shown in Figs. 6I to 6N. It will be seen that 
for f = 1, the low-cuts occur in roughly rectangular 
formation and in each case two ridge systems may 





be distinguished. For f = 4, however, q = + and 
q =, produce inferior results to that of q = 3, 
but qg=§ shows a recovery towards uniform 
distribution. 

An important point made clear by Figs. 6A to 
6N is that the distribution of low-cuts varies very 
considerably with change in creep-fraction or in 
feed-rate. The creep fraction is (usually) unalter- 
able in any given machine (apart from extensive 
reconstruction) but the feed-rate is easily changed 
and it would seem advantageous to select its value 
very carefully for each particular job. It must 
be emphasised that Fig. 6 is diagrammatic, in that 
the relation between the spacing of successive low 
cuts and the spacing of adjacent lines of cuts does 
not necesssrily represent any practical case. Conse- 
quently, it must not be concluded (for example) 
that because the value q = 3 gives the most favour- 
able low-cut distribution of those depicted in Fig. 6 
it is necessarily a specially advantageous value of q 
to adopt in designing hobbing machines. As is 
shown later, that is not the case. What Fig. 6 
does show is the great effect of variation of feed-rate 
on the distribution of low-cuts. 

In Figs. 6A and 6B a generator in passing from 
C to B crosses one ridge. In all cases in Figs. 6C 
to 6N the low-cuts crossed by the generator during 
the corresponding motion are situated on seven lines 
parallel to it. The generator therefore encounters 
seven “ high-spots ” and the rise (proportional to the 
square of the pitch of the “ high-spots,” see Appendix 
II) from the highest to the lowest position is only 


about a times that for the non-creep tooth. The 


impacts are therefore greatly reduced in intensity 
although their frequency is multiplied by 7. It 
seems reasonable to suggest that the noise effect 
(using the term in a rather vague general sense) 
may be proportional to the product of the rise at 
each impact and, the frequency of the impacts. On 
that basis, use of any creep fraction with denomina- 
tor 7 multiplies the noise effect by - = 

In general, noise effect may be expected to be 
inversely proportional to the denominator of the 
creep fraction. There are exceptions to this rule, 
as, for example, s4%%, which although having a 
large denominator is practically equal to 4. The 
effectiveness of a creep fraction is clearly affected 
by its proximity to any fraction with a much 
smaller denominator. 


(To be continued.) 





EXHIBITION OF PERMANENT-WAY EQUIPMENT.— 
British Railways are arranging a public exhibition of 
permanent-way mechanical equipment, to be held at 
Marylebone goods depot, Rossmore-road, London, 
N.W.1, from 1 p.m. to 4 p.m. on Wednesday and Thurs- 
day, October 31 and November 1. 





INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaNp.—At their general meeting on October 9, 
the Council of the Institution of Engineers and Ship- 
builders in Scotland made a number of awards in respect 
of papers read before the Institution during the 1950-51 
session. These comprise the W. W. Marriner Premium 
to Mr. N. V. Pestereff for his paper ‘‘ Alternating-Current 
Supplies for Auxiliary Plant on Board Ship,” and 
Institution Premiums to Mr. G. Laing for his paper, 
““'Theory and Practice of Thermal Insulation,’’ and to 
Dr. J. F. Shannon for his paper, ‘‘ Research, Design and 
Development Problems in Gas Turbines.” 





THe LaTE Mr. G. F. Ross.—Mr. George Frederick 
Ross, who died on September 20, at Maidenhead, Berk- 
shire, was on leave of absence at the time, prior to retire- 
ment from the works managership of the Regents Park, 
New South Wales, factory of Babcock & Wilcox of 
Australia, Pty., Ltd. He was born in Melbourne and 
took a diploma of engineering at Melbourne Technical 
College. Subsequently, he was engaged as the assistant 
electrical engineer at that city’s electricity supply station. 
In 1911 he was injured in a railway accident, and it was 
when he was recovering from his injuries that he obtained 
a post with Babcock & Wilcox, Ltd., in Sydney. During 
the first World War he came to this country, where he 
was offered a position in the parent company’s tube 
mills at Dumbarton. From 1918 to 1921 he was engaged 
on the construction of a new works for the firm at Bilbao, 





on the Bay of Biscay. After that work was finished, 


he was similarly engaged on the erection of the Regents 
Park works in Australia. Later, he became works 


manager there. 
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DYNAMOMETER FOR TORQUE AND THRUST DUE TO DRILLING. 


fig. 1. DYNAMOMETER UNIT. 
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DYNAMOMETER FOR 
TORQUE AND THRUST DUE 
TO DRILLING. 


By R. C. Bratn, B.Sc. (Eng.) G.I.Mech.E., 
and H. J. Hutr, Grad. I.E.E. 


Tas article describes the “Sunbury” drill 
dynamometer which has been designed and con- 
structed at the Sunbury research station of the Anglo- 
Iranian Oil Company, Limited, by whose permission 
these particulars are published. It is used for 
measuring torque and thrust loads exerted by twist 
drills, and has proved to be of considerable value in 
research into the behaviour of cutting fluids during 
drilling operations. The dynamometer has a working 
capacity of 4,000 lb. thrust and 100 lb.-ft. torque, 
but the system of measurement is adaptable to any 
loads. Strain gauges are used as the load-sensitive 
elements. They were chosen because they per- 
mitted accurate compensation for . changes in 
ambient temperature and the construction of a 
unit with a high natural frequency of vibration. 

forces exerted by the drill are separated 
mechanically by the dynamometer into their com- 
ponents of torque and thrust. The torque is resisted 
by two tension links, and the thrust by a strut. 
The strain gauges fixed to these loaded members 
are subject to changes in resistance which are pro- 
portional to the applied loads. These changes in 
Tesistance are utilised to produce voltage signals 
which are ampli and applied to meters cali- 
bratec in units of torque and thrust. 





Thrust 
Meter 
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The instrument consists 
of a dynamometer unit, 
and a power-supply, amp- 
lifier and meter unit. 
The dynamometer table 
(Fig. 1) on which the test 
material is clamped is 
104 in. in diameter. The 














table is fixed to an inner 
sleeve which is located in 
the main body of the 
dynamometer by two ball 
bearings. These bearings are lightly pre-loaded by 
a ring, as shown, and the whole assembly is ar- 
ranged to be an easy sliding fit within the body. 
Fixed also to the table is a taper-roller bearing which 
is supported by the central thrust member to which 
drill thrust loads are transmitted. The two torsion 
members resist the rotation of the tabie, and in 
doing so become loaded in tension. The thrust 
and torsion members, constituting the measuring 
unit, are mounted on a central block which is bolted 
to the dynamometer base plate. The torsion and 
thrust members are made of aluminium alloy to 
specification D.T.D. 683, having an elastic modulus 
of 10 x 10° Ib. per square inch. This material 
allows strains of 0-002 at stresses within the elastic 
limit, and permits the use of sections of substantial 
size. 

Electrical strain gauges are fixed with a Bakelite 
cement to the flat sides of the thrust and torsion 
elements, and the complete assembly with its 
terminal block and temperature-compensating 





Fie. 4. AMPLIFIER UNIT. 
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gauges is wired as a unit, as shown in Fig. 2. It can 
be seen from Fig. 3 that the gauges are connected 
as two Wheatstone-bridge circuits for thrust and 
torque, respectively. Each load-sensitive arm of 
each bridge is made up of two identical strain gauges 
cemented to opposite sides of the loaded members, 
so as to compensate for any bending which would 
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result from an eccentric loading of the members. 
Temperature-compensating elements e and f in the 
thrust circuit are cemented to a piece of aluminium 
alloy which, although arranged to be in close thermal 
contact with the thrust member, is not subjected 
to strain when the dynamometer is loaded. Tem- 
perature-compensating elements / and m in the 
torque circuit are similarly mounted, and located 
close to the central block. These can be seen in 
Fig. 2. 

The total resistance of the gauges in each arm of 
the bridge is 10,000 ohms, and each gauge has a 
sensitivity of 2-2. Gauge sensitivity is the change 
in unit resistance per unit strain, i.e., gauge sensi- 
tivity P = = where 8R is the change in resistance 
of a gauge of R ohms caused by the application of 
a Strain e. The change in resistance for the maxi- 
mum strain of 0-002 is therefore 5R = PeR= 
44 ohms, in each sensitive arm of the bridge. 
Therefore, with the supply of 85 volts from the 
power pack (lig. 6) applied across the bridge cir- 
cuits, an approximate out-of-balance of 120 milli- 
volts results. As the dynamometer was to be used 
in the presence of soluble cutting fluids, where the 
humidity would be likely to affect the insulation 
resistance of the strain gauges and cause electrolytic 
corrosion of the gauge wires, steps were taken to 
protect the gauge assembly against the ingress of 
moisture. The gauges, connecting wires and ter- 
minals were coated with a cellulose-acetate cement 
and a protective wax. A nine-core cable connects 
the strain gauges to their power supply, amplifiers 
and meters. 

The amplifier unit, which is shown in Fig. 4, 
contains a voltage-stabilising power pack and two 
separate but identical amplifiers with their separate 
indicating meters. Fine and coarse rheostats are 
provided for balancing each bridge circuit. The 
unit has been designed for maximum stability and 
freedom from inherent noise signals. For each 
amplifier circuit, a four-position range switch is 
provided on the front panel, giving ratios of voltage- 
from-bridge to voltage-to-amplifier of 1:2:4:8. 
The amplifiers have been designed to give a full 
scale reading of 1 milliampere alternating current 
on the indicating meters when only 15 millivolts 
direct current (one-eighth of the maximum out-of- 
balance voltage) is produced by the bridge. The 
overall gain of the amplifiers is approximately 
2,000 with the first two stages stabilised to a gain 
of 600 by negative feed-back from a gain of 7,000 
without degeneration. A variable potentiometer in 
the input circuit to the amplifier gives the control 
of gain required for calibration purposes. 

Fig. 5 shows the circuit diagram of one amplifier 
and Fig. 6 the common power-supply unit. The 
direct-current out-of-balance voltage from each 
bridge is converted into an alternating-current signal 
by a Carpenter relay which connects the amplifier 
input alternatively to each side of the bridge 
(i.e., to points Q and §S, Fig. 5) at mains frequency. 
The rectangular alternating-current waveform pro- 
duced is then applied to the three-stage linear and 
stabilised amplifier, consisting of valves V,, V, and 
V, with their associated circuits. The output from 
the anode of valve V, is coupled to the indicating 
meter, which is a rectifier moving-coil instrument, 
calibrated directly in units of thrust or torque. The 
meter reading is directly proportional to the varia- 
tions in strain-gauge resistance, which in turn is 
directly proportional to the torque or thrust loads 
applied. The meters are graduated from 0 lb.-ft. 
to 12} lb.-ft. torque and 0 Ib. to 500 lb. thrust, 
respectively, and are read in conjunction with the 
four-position range switch multiplying factors of 
1, 2, 4 and 8, giving maximum capacities of 100 lb.-ft. 
torque and 4,000 Ib. tarust. 

Initial calibration of the indicating meters was 
carried out by applying equal increments of voltage 
through a load equivalent to that of the valve 
circuit in which the meters operate. The gain of 
each amplifier circuit is set to give a meter scale 
reading equivalent to an applied static load. In 
practice, maximum working torque and thrust loads 
are applied lever systems and the gain of 
the amplifiers adjusted to give full-scale deflection 
of the indicating meters on the least sensitive range. 
For thrust calibration, a 40 : 1 lever is used, so that 





a total load of 100 Ib. gives a full-scale deflection of 
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CHAPMAN’S LOCOMOTIVES, 
pastor. | nm. | si 1812-1815.* 
R.1, R21 7-5 x 10° | + 10 per cent, cracked carbon By E. A. Forwarp, A.R.C.S., M.I.Mech.E. 
R.2, B.3 2x 10* | + 10 percent. cracked carbon (Concluded from page 458.) 
R.4, R.5 33 x 10% | + 10 per cent. carbon ; 
R.6 be 60 x 10 | + 1 per cent. cracked carbon| Untit recently, the foregoing was the total knowledge 
+ rr Sok ER EF penser on carbon | of Chapman’s chain-engine, but, in 1934, the visit of 
-—. Ai@ttVPliit—a<«« this Society to Derby brought to light, in the Derby 
tty R.20 $s = + 10 per cont. cracked carbon Library, a set of drawings of a design for ern 
. 4. BS . + 10 per cent, cracked carbon | emanating from the Butterley Company. e descrip- 
R.13, R.14, R.25 10* + 10 per cent. carbon tion accompanying the drawings is headed, «“ Bx. 
R15... —_..|_ 10 x 10% | + 10 percent. carbon ¥ yes : . 
R.16, R.19, R.27 150 + 10 per cent. carbon planation of Plans of Locomotive Machine, Feb. 3rd 
eH 3k . * x 10° | + 10 per cent. carbon - 1813.” These hitherto unknown drawings were 
0 Oe 1 Pepe nt Cracked carbon | recognised by the late C. F. Dendy Marshall as showing 
R.22 15 x 10% | + 10 percent. carbon a Chapman chain-haulage engine, and are our only 
ey saat 4 * a - oe = — evidence of what such an engine may have been like. 
R.28 3-3 . 108 . Saar anak’ aus wound | Dendy Marshall thought the drawings represented the 
(6 watt) Heaton engine, as built, but when critically ¢xamined, 
“a 4:7 x 10° | + 10 per cent. wire wound) they reveal difficulties which incline the author to think 
aan that they represent a design only. Slaten 
The date, February 3, 1813, on the description, is very 
near that of the patent application, and before the 
Potentiometers. Ohms. enrolment of the specification. Buddle was obtaining 
stationary engines and cast-iron rails from the Butterley 
Pl, P4 500 Company shortly before this, so that he may have 
"PQ" 5 x 108 asked them to consider the making of an engine com- 
P.3 100 x 10° bining Chapman’s chain-haulage arrangement with the 
six-wheeled bogie frame shown in the patent. Buddle, 
in his letters, writes as though William ee was 
, then in charge of the firm’s engine department, so 
cocci ‘siimamaam ei that the proposed Chapman engine would demand his 
attention, and this circumstance may have led the 
C.1, C.4, C.8, C.9 8-0 500-volt working electrolytic | Jatter to invent the “ leg-propelled ”’ locomotive which 
03,06 2. . i he patented in May, 1813. Pt 
C5, €.7 0-1 Waxed paper The drawings illustrate a six-wheeled bogie engine, 
with a cast-iron return-tube boiler, made in two lengths 





4,000 lb. on the maximum thrust range. For 
torque calibration, the dynamometer is mounted 
with its axis in an horizontal position, and loads are 
applied to the end of a lever mounted on the dyna- 
mometer table. The lever is 2 ft. long, and a total 
load of 50 Ib. is required to give a full-scale deflection 
of 100 lb.-ft. torque on the maximum torque range. 
The levers, load carriers and weights used in these 
operations have themselves been accurately cali- 
brated. At the time of writing, the dynamometer 
has been in constant use for about six months. 
Periodical checks on calibration have revealed only 
very small drifts, and operation has been entirely 
satisfactory. 





HIGH-VOLTAGE ArIR-BLAsT Crrcurr BREAKERS: 
ERRATUM.—We regret that the illustrations in the article 
on “ High-Voltage Air-Blast Circuit Breakers,’ which 
appeared on page 417 of our issue of October 5, were 
wrongly described. Fig. 1 shows one phase of a 165-kV 
four-break air-blast circuit breaker, and Fig. 2 a 220-kV 
circuit breaker of the same design installed on a Finnish 
network. In the oscillogram reproduced in Fig. 3, the 
circuit breaker was operating with only two of the four 
interrupters in circuit. 





bolted together, and with two vertical cylinders, both 
on the same half of the boiler and sunk into it in the 
same manner as practised by Trevithick and his 
followers. No valves or valve gearing are shown, but 
the cylinders are stated to be 8 in. diameter by 24 in. 
stroke ; the boiler pressure was 60 Ib. per square inch. 
Each cylinder has a long transverse crosshead, without 
guides, and from their ends pendent rods connect with 
the ends of two pairs of horizontal side levers pivoted 
near the end of the boiler, at the level of its centre. 
A crankshaft is mounted above the chain-wheel, in 
bearings attached to wooden pillars rising from the 
main frames. It has quartered cranks which should 
be connected by rods with the outer ends of the side 
levers, but these rods are not shown. The truck or 
“ bogie ” has two side frames connected together by & 
massive cross-member which has at its centre an iron 
pot provided with a steel plate at the hetiem on 
which the spherical-ended pivot, cast on the boi ate 
rests. The axles themselves are square iron bars ; 
into and bolted to the side frames, while the wheels 
run loose on their turned ends. The engine 1s shown 
mounted on iron edge-rails 2 in. wide, and ns Sa 
gauge of 53 in. Although it would appear that 








Society at 4 
* Paper read before the Newcomen 
meeting held in London on October 10, 1951. Abridged. 
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whole load on the truck was intended to come on the 
central pivot, yet the conical rollers between the truck 
and main frame are retained. The chain wheel is 
38 in. diameter, and its rim is shaped to fit an ordinary 
link chain. A notable point about the design is that, 
while the general views are sketchy, the drawing of the 
chain-wheel and its binding wheels gives considerable 
detail and is dimensioned. 

When the drawings are closely examined, however, 
it is found that the driving gear shown would not be 
workable, because the levers of the end cylinder would 
foul the axle of the chain-wheel. This could be cor- 
rected by placing the chain-wheel some 10 in. fartber 
from the boiler. At the end of the description of the 
engine there is a schedule of weights which reads as 
though the figures given refer to something actually 
made, but they do not agree with the engine as drawn. 
The schedule includes only four ‘“‘ waggon wheels,” 
which from their weight would have been about 30 in. 
in diameter, instead of 40 in., as on the drawings. The 
dimensions of the boiler agree nearly with those of 
the drawings, but its weight is given as 34 cwt., whereas 
the calculated weight, with the thickness of 1-5 in. 
shown, would be 55 ewt. The weight of water is given 
as about 26 cwt., as against a calculated figure of 
about 16 cwt., but the 26 cwt. appears to be a figure 
adopted to make up the total weight to 6 tons. The 
weight of wood is said to be at least 2 ewt., but the 
calculated weight of the timber framing shown would 
amount to 13 cwt. 

It would thus seem that the scheduled weights relate 
to an entirely different four-wheeled engine, with, 
perhaps, some kind of iron framing to carry the chain 
mechanism. This suggests that before February, 1813, 
or even before the patent application, Chapman was 
having constructed, probably at Phineas Crowther’s 
foundry, a four-wheeled chain-haulage engine sub- 
stantially like that shown on the revised patent drawing. 
Also, that he or Buddle had sent to the Butterley 
Company the design for the proposed six-wheeled 
engine, with its descriptive matter, and including the 
schedule of weights belonging to the four-wheeled 
engine, the chain-wheel of which was probably incor- 
porated in the design. 

Referring again to the revised patent drawing, 
it is found that a scale of 1 to 100 would make 
the chain-wheel 38 in. in diameter, as in the Butterley 
design, while the running wheels would be 30 in. 
diameter, in agreement with the schedule. The boiler 
would be somewhat larger, that is, 50 in. external 
diameter by 9} ft. long, instead of 42 in. diameter by 
7 ft. The cylinders and driving gear would, no doubt, 
be similar to those of the six-wheeled design. The use 
of two cylinders to drive cranks at right-angles on a 
single shaft was an important improvement in engine 
design, and Trevithick had included such an arrange- 
ment in his patent of 1802. The Butterley design would 
appear to be the earliest contemporary evidence of its 
use on a locomotive, and, if the attribution of that 
design to Chapman is correct, then we might expect the 
same plan to have been used on the original Heaton 
engine. 

Although load equalisation on the wheels was an 
important part of Chapman’s invention, yet it does 
not appear in the four-wheeled engine of the specifica- 
tion. That drawing shows the boiler mounted sym- 
metrically over the axles, so that its weight would be 
evenly distributed, but the chain-haulage mechanism 
overhangs so much at one end that the axle nearest to 
it must carry more load than the other. This drawing 
shows the rims of the chain-guiding pulleys close to the 
under-side of the main frame. The chain from the one 
nearest to the boiler passes above the axles of the 
running wheels, and would rest on them when slack. 
It then passes over a small pulley mounted on the 
opposite end of the frame, at the same height as the 
other, and thence passes down to the road forks. 

When the engine was moving with the chain-wheel 
in front, there would be a downward component of 
the chain drag tending to tilt the engine forward, and 
still further overload the front axle. When travelling 
in the reverse direction the downward chain-pull 
would act on the leading end of the frame, so in i 
the load on the axle at that end, so that the axle | 
would be both variable and unequal. If the engine 
weighed something like the schedule amount of 6 tons, 
an adverse effect on the wooden rails at Heaton colliery 
could be understood. To equalise the axle loads in 
the Butterley design would require the axle at the 
chain-wheel end to be placed at the end of the frame, 
and the middle axle to be moved in the same direction 
until under the centre of gravity of the whole. This 
would involve a lengthening of the total wheelbase by 
some 6 ft., which was perhaps more objectionable than 
the defects of the designed arrangement. 

Even if the chain-engine at Heaton was soon aban- 
doned, the locomotive, as such, was not, as William 
Losh, writing to Edward Pease on November 3, 1821, 
tecommending the use of Losh and Stephenson’s cast- 
iron rails on the Stockton and Darlington Railway, 

stated that the large engine at Heaton broke the ordin- 





ary cast-iron rails, but not those made under their 
patent of 1816. It would thus seem probable that 
the original chain-engine at Heaton was a four-wheeled 
one, and that it was rebuilt as a six-wheeled or eight- 
wheeled adhesion engine, which was still in use in 1821. 
From Losh’s letter it may also be inferred that the 
wooden rails had been replaced by cast-iron rails 
before 1816. The line was relaid with Birkinshaw 
wrought-iron rails in 1821. 

A recent discovery has a possible bearing on this 
subject. In February, 1931, the late R. N. Appleby- 
Miller found at Newcastle an early mining plan, 
adjudged to date between 1821 and 1846, bearing a 
vignette picturing a six-wheeled geared locomotive, 
which he considered might be a hitherto unknown 
George Stephenson engine. Appleby-Miller described 
this vignette in The Engineer for September 18, 1931, 
and Dendy Marshall discussed it in his Harly British 
Locomotives. The latter was of opinion that the 
vignette represented an actual engine, as certain 
peculiarities in it could hardly have been invented by 
the artist; he also agreed with Appleby-Miller’s 
attribution of the engine to Stephenson. While the 
present author agrees in thinking that an actual engine 
is illustrated, he thinks it probable that it was the 
Heaton engine of 1813, rebuilt as a six-wheeled bogie 
engine, and was, in fact, the “large engine ” spoken 
of by Losh in 1821. 

The drawing shows a six-wheeled engine, seemingly 
running on an edge-railway. The three axles are 
equally spaced and placed symmetrically under the 
boiler. Each axle carries a spur wheel, while between 
each pair there is a layshaft carrying a smaller spur 
wheel which engages with those on each side of it. 
The central spur wheel also serves to keep the cranks 
on the ends of the two layshafts at right angles to one 
another. Two cylinders are sunk in the boiler on the 
centre line, in the Trevithick manner, with return 
connecting rods from long transverse crossheads, 
reaching down to the cranks on the layshafts. The 
most striking peculiarity of the engine is that each 
main frame is composed of a pair of overlapping beams, 
placed one on top of the other. This double frame 
suggests that the drawing might represent a Chapman 
bogie engine, the rear part of the lower beam being 
really the frame of a bogie. 

On close examination a peculiar feature appears. 
The rear cylinder has its crank on the top centre with 
the connecting-rod in line, the cylinder being directly 
over the crankshaft, as would be essential if a bogie 
was applied at that end. At the front end, however, 
although the centres of the crankshafts must be 
4 ft. 3 in. apart, yet the crosshead guides are 5 ft. 
apart, so that its connecting-rods have an oblique 
drive with an offset of 9in. That this offset was real 
is shown by the fact that the crosshead guides rise from 
the boiler barrel, and not from lugs on the cylinder top 
flange, as was usual with this cylinder arrangement. 
Still more peculiar is the position of the axis of the 
front cylinder, which is 6 in. forward of the crosshead 
and 15 in. ahead of its crank. These features suggest 
that the engine as shown was arebuild. Ifit was a new 
engine, both cylinders would naturally be placed 
vertically over their crankshafts. 

Another point about this engine is that the two 
crankshafts appear to be hung on brackets fastened 
to the upper frame member. This feature confirms the 
view that this is really a bogie engine, as such an 
arrangement would be unnecessary with a rigid- 
framed engine, but would be essential for the driving 
crankshaft of a bogie. The cranks 2 to be outside 
the wheels. It is easy to see that if the original four- 
wheeled Heaton chain engine had the same cylinder 
arrangement as the Butterley design, but with a longer 
boiler, as indicated by the revised patent drawing, 
moving the second cylinder to the opposite end of the 
boiler, over the bogie pivot, might well produce the 
peculiar features noted. Seeing that there is consider- 
able evidence for the view that the Appleby-Miller 
engine was really a six-wheeled Chapman adhesion 
engine, and probably a rebuild of the four-wheeled 
chain-engine of 1813, it might reasonably be identified 
with the large engine at Heaton mentioned by William 
Losh in 1821. Such rebuilding might have taken place 
between 1813 and 1816. 

The first news of the trial of Chapman’s second loco- 
motive appeared in the Newcastle Chronicle of Decem- 
ber 24, 1814, and the T'yne Mercury of January 3, 1815, 
in identical phs. These included the statement 
that the engine was built by Phineas Crowther. These 
paragraphs formed the first part of a more complete 
account which was published in the Repertory of Arts 
early in 1815, except that Crowther’s name is omitted. 
This reads as follows :— 

“ Account cf a locomotive engine, executed by 
Messrs. Chapman of Newcastle-upon-Tyne, accordi 
to their Patent, dated December 30th, 1812, contai 
in a letter to the editor. 

* On the 21st of December, 1814, a locomotive engine 
was set to work on the waggon or hen George 
Lambton, Esq., leading from his collieries to the river 


Wear. It drew after it eighteen loaded coal-waggons 
(weight about fifty-four tons) up a gentle ascent, rising 
five-sixteenths of an inch to a yard, or at the rate of 
forty-six feet in a mile, and went nearly at the speed 
of four miles an hour. The engine was mounted upon 
eight wheels, by means of which the weight is so far 
reduced as to avoid the great expense of relaying ways 
with stronger rails, which in many instances has been 
done to obtain the vast annual saving between the use 
of locomotive engines and horses. The cast-iron rails 
of Mr. Lambton’s way were only calculated to carry 
waggons of three tons weight, inclusive of their loading ; 
and the locomotive engine, with its water, was nearly 
six tons; so that upon four wheels this way could not 
have borne it. 

“The acting power of the engine was applied to the 
wheels supporting it, and their resistance to slipping 
upon the way was the utmost it could exert in drawing 
waggons after it which, in this instance, was carried 
to the extreme ; for although the friction was equal to 
the driving forward the train of eighteen waggons 
after they were fairly in motion, it did not overcome 
their vis inertia in drawing them from a state of rest 
until after a considerable slipping of the wheels of the 
locomotive carriage. The power of the engine was 
sufficient to take more waggons after it ; but it could 
not have moved the present number up a greater 
ascent without having recourse to the second part of 
Messrs. Chapman’s invention, which consists in having 
a chain laid along the way, where the steepness of ascént 
requires it, which is then laid over a sprocket wheel, 
like that of a chain-pump, and this wheel (receiving a 
similar degree of motion with that of the carriage wheels 
of the engine) draws it forward without slipping ; 
and when arrived at the head of the ascent the chain 
disengages itself by being hauled or lifted off the iron Y 
in which it was inserted. 

“The method is simple and useful, and the charge 
for the use of it very moderate. In their Specification 
they explain the use of the stretched chain, and in 
describing the outline of their mode of reducing the 
ill effects which, prior to their invention, simple as it is, 
had been laboured under from the great weight of loco- 
motive engines . . . It appears highly probable that 
this invention must prove a great saving, both in 
public and private railways, from the great number of 
horses and men which one single engine may be sub- 
stituted for. It is obvious that in ways formed of 
very light rails for smaller ns, engines of propor- 
tionately less power and weight may be used.’ 

This description shows that the Lambton engine 
worked by simple adhesion, and was tested on a 
gradient of lin 115. Its eight wheels were presumably 
arranged in two pivoted trucks, if made in accordance 
with the patent. It would seem that the drive adopted 
in the six-wheeled Appleby-Miller engine would apply 
equally well here, though it would involve the addition 
of two axles with their accompanying running and 
toothed wheels. There would thus be a train of seven 
toothed wheels connecting the axles and crankshafts. 
William Hedley’s patent specification of March, 1813, 
appears to claim the coupling of engine wheels by 
such gearing, but this claim could hardly be valid, as 
Trevithick had used the system in 1804-5. 

An eight-wheeled double-bogie locomotive with 
two vertical cylinders, sunk in the boiler as usual, 
would necessitate placing the cylinders over the bogie 
pivots, or about 8 ft. apart, thus entailing a boiler 
length of at least 10 ft. As in the six-wheeled engine, 
the crankshafts and the central gearwheel shaft would 
be mounted in bearing brackets pendent from the 
main frame, so that the trucks could turn on their 
pivots between them. Objection has been made by 
some writers to this toothed-wheel coupling arrange- 
ment as being impracticable, but this view is discounted 
by the long existence of the eight-wheeled Wylam 
engines, and by the fact that the Neath Abbey Com- 

y, some years later, built some successful double- 
gie engines with the wheels so coupled. The chief 
objection to this system would arise from the train of 
fine-toothed wheels connecting the two crankshafts. 
A similar connection, but with only three spur wheels 
between the had been used by John 
Blenkinsop in his rack locomotives, in 1812, where it 
seems to have given no particular trouble. 
Stephenson applied the same arrangement to his first 
Killingworth engine of 1814, having no doubt copied 
it from Blenkinsop. Seeing that Chapman had a free 
hand in the design of his eight-wheeled Soabten engine, 
and had already adopted the single driving shaft with 
quartered cranks in the Butterley design, and presum- 
ably in the Heaton chain-engine also, we might expect 
that its manifest advantages would lead him to con- 
tinue its use. In this case, however, the drive to the 
axles would involve a transverse carrying 
the central toothed wheel of the gear train, while the 
cylinders would have to be taken out of the boiler and 
mounted beside it. The central gearwheel shaft of 
each truck would be mounted on its own frame, instead 





of on the main frame. This t is much like 
that arrived at in the eight-wheeled Wylam engines. 
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There are three known varieties of Wylam engine 
illustrations. The earliest appeared in the first edition 
of Nicholas Wood’s Treatise on Railroads, in 1825. 
About it, Wood said that he had “ been favoured with 
a drawing of one of the engines at present used upon 
the Wylam Colliery railroad, previously noticed, which 
in its construction is different from the Killingworth 
engines, and ada for a plate railway, and also 
ners ight wheels.” Wood had previously 
dealt with the work of Blackett and Hedley at Wylam, 
as well as with Chapman’s chain-engine, and continued : 
“ Mr. Chapman, in his patent for the application of a 
chain, described a plan of placing the weight of the 
engine upon two frames, supported by six or eight 
wheels; and the Wylam engines, being heavier than 
the rails would bear, were placed upon eight wheels ; 
but the complication attendant on so many wheels, 
and the unwieldly nature of such a length of framing, 
formed altogether so many objections, as to render 
them almost useless, as a species of moving power.” 

The second variation appeared in C. F. Partington’s 
Historical and Descriptive History of the Steam Engine 
(2nd ed., 1826), where he describes it “as a view of a 
steam carriage employed at Wylam Colliery, Newcastle, 
for which we are indebted to Mr. Hedley, an extensive 
coal viewer and mineral surveyor in that district.” This 
drawing differs from Wood’s in details, particularly in 
the form of its wheels. The third illustration appeared 
in Alexander Gordon’s Journal of El tal L ti 
in 1832. This drawing was almost certainly copied 
from Wood, but includes variations and some definite 
errors. so that, in itself, it is valueless. Gordon 
attributes this engine to the Chapman brothers. Wood 
omitted the engraving of the eight-wheeled engine, and 
its description, from his second edition of 1831, which 
encourages the supposition that the drawing was not 
a true representation of the actual Wylam engines. 
There is no doubt that the drawing shows Chapman’s 
patented method of providing an engine with eight 
wheels mounted on independent, and pivoted, four- 
wheeled trucks. 

What is thought to be an independent description of 
a Wylam engine was given by the two Prussian mining 
engineers, H. von Decken and K. Von Oeynhausen, 
who visited England early in 1827, as follows : [Trans- 
lation] “ The locomotive engine at the Wylam colliery 
near Newcastle, runs upon a plate railway of cast-iron ; 
its wheels are without flanges. It has eight such wheels 
and a wooden frame, on which the cylinders stand 
upright beside the boiler. The engine wheels are 
coupled together by a train of toothed wheels which 
are set in motion by a toothed wheel on whose axle 
the cranks are fixed. It is probably the only loco- 
motive engine which runs on such a railway. The 
eight wheels distributed the weight of the engine over 
more points of the railway, which, otherwise, would 
have been too weak to mapas it.” This description 
does not appear to have copied from Wood’s 
treatise, but we cannot be = oe they were 
speaking of an actual engine, or of Wood’s engravings. 

hey do not seem to have noticed whether the wheels 
were mounted on two independent trucks, but, knowing 
the eye for detail generally displayed by these two 

i , this omission suggests that they were writing 
of an actual engine in which this feature was present 
in a less noticeable form. 

The eight-wheeled Wylam engines continued to work 
down to 1828, in which year Robert Stephenson and 
Company supplied to Wylam some cast-iron edge rails 
of the Losh and Stephenson type, as patented in 1816, 
which indicates that the line was then being, or about 
to be, relaid as an edge railway. We do not know 
who was responsible for the new cylinder arrangement, 
but it is possible that Phineas Crowther, who built the 
Lambton engine and was an engine maker of repute, 
was the author of the whole design of the engine. 

The trucks should, according to Chapman’s patent, 
be pivoted at their centres, while the two central 
hatte, shown one above the other, would have to be 
mounted on the main frame. The drawing shows the 
shafts so mounted, which indicates that some relative 
motion between the trucks and main frame was 
definitely envisaged. 

After considering the available evidence, the author 
concludes that the firs; useful engine produced by 
William Hedley, for Wylam, was a single-cylinder one, 
and that it comm regular working about March, 
1814, on the evidence of Christopher Blackett. William 
Hedley, in his oft-quoted letter to Dr. Lardner, of 
1836, made no mention of any two-cylinder engines in 
describing his early Me mee ae When sending this 
letter to the Newcastle Chronicle for publication, Hedley 
added that: “‘ Several of the engines constructed at 
first were upon four wheels ; but in consequence 
of the plate-rails being too slight, they were afterwards 
placed upon eight-wheels. The railroad is now laid 
with edge rails, and the same engines may be seen on 
four wheels at this day.” In view of the latter state- 
ment, it has been difficult to reconcile the existing 
Wylam engines, which ceased work about 1862, with 
the Wood plate of 1825. 





Apart from the wheel arrangement there are some 
obvious differences between the 1825 drawing and the 
existing engines. First, the 1825 drawing has the Watt 
parallel motion, whereas the existing engines, and the 
1839 sketch, have the Freemantle parallel motion, 
patented in 1803. Secondly, the cylinders of the exist- 
ing engines are placed nearer to the spherical end of the 
boiler, so displacing the pair of boiler supports at that 
end. They are also supported in pockets formed on the 
sides of the boiler, so as to be steam-jacketed, instead 
of being hung on the boiler barrel. Such a difference 
could hardly arise unless the boiler was an entirely new 
one, fitted when the engine was rebuilt as a four- 
wheeler. The parallel motion might reasonably have 
been altered at that time. Thirdly, the valves of 
Wood’s drawing appear to be driven by unseen eccen- 
trics on the crankshaft, but on the existing engines 
they have tappet motion, worked from the engine 
beams. With these changes it could hardly be said, 
in 1836, that the engines then running were the same 
as the eight-wheelers used up to 1828. 

The author had much discussion in 1942 with 
Dendy Marshall on the Wylam engine problem. The 
latter then concluded that the Wood drawing of 1825 
did not represent the Wylam engines as actually built, 
but was only a design which might have been used as 
a basis for their construction. While now agreein 
with this view, the author is inclined to think that 


,| the 1825 drawing was more probably based on Chap- 


man’s eight-wheeled Lambton engine of 1814. 

Although Buddle had sponsored Chapman’s inven- 
tion, and recommended the use of locomotives 01 new 
or altered railroads with which he was connected, we 
know of no other definite examples. The rebuilt 
Heaton engine was probably still in use in 1821, and 
there is some reason to believe that the Lambton 
engine was still running in 1827. The more extensive 
use of Chapman’s engines during the life of the patent 
may have been prevented by the growing tendency to 
strengthen the tracks so that heavier simple-adhesion 
locomotives could be used thereon. 

Some remarks made by Robert Stephenson to Zerah 
Colburn, however, make it appear likely that there 
were other bogie engines of which there is no record. 
Colburn wrote, in 1869: “In 1828 the engineers of 
the Baltimore and Ohio Railroad visited England, and 
the late Robert Stephenson once informed the author 
that he suggested to them, what is now the chief 
distinguishing feature of all American railway rolling 
stock, viz., ‘ Bogie,’ to be applied to the engines 
intended to work round curves of 6 chains radius, 
at that time proposed to be adopted. The bogie, 
which had grown out of William Chapman's invention 
of 1812, was then Mr. Stephenson stated, in regular 
use upon the quays of Newcastle.” If this statement 
is correctly reported, it would imply that, in 1828, 
there were other engines besides those at Wylam and 
Heaton incorporating Chapman’s bogie. If his remarks 
included the Wylam engines, then it would confirm 
that those were definitely bogie engines. The firm of 
Robert Stephenson and Company, founded in 1823, 
did not build any bogie locomotives until 1833. 

This close examination of Chapman’s locomotives 
leads fairly to the conclusion that his special contri- 
butions were the invention of the “ Bogie,” now in 
world-wide use; load-equalising arrangements, now 
rendered redundant by the use of springs; and, with 
Crowther, the application to the locomotive of two 
cylinders to drive a single shaft with quartered cranks, 
now universal. 





DEVELOPMENTS IN GERMANIUM TRIODES: ERRATUM. 
—In an article on developments in germanium triodes, 
which appeared on page 329 of ENGINEERING (September 
14), a reference was given in the first line to a previous 
article on the Transistor amplifier. This reference 
should have read ‘‘ page 630 of our 166th volume 
(1948).” 





Heavy-Duty ENGINE Ous.—The Ministry of Supply 
have set up an advisory panel on heavy-duty engine oils, 
which will be responsible for recommending approval of 
oils submitted under a new specification governing the 
quality of such oils for the Services. Engine tests will 
be carried out and the panel will make its assessments 
after studying reports of these tests and of inspections. 
The new Heavy Duty Oil Specification issued by the 
Ministry of Defence (DEF /2101) will soon be on sale at 
H.M. Stationery Office. The members of the panel are 
as follows: Dr. F. T. Barwell, chairman (Department of 
Scientific and Industrial Research), Mr. D. I. Baddeley 
(War Office), Mr. J. Calderwood (British Internal Com- 
bustion Engine Manufacturers’ Association), Mr. A. 
Larkin (Vauxhall Motors, Limited), Mr. G. R. Oliver 
(Motor Industry Research Association), Mr. R. Stansfield 
(Institute of Petroleum), Lt. A. E. Urell (British Internal 
Combustion Engine Association), Mr. A. T. Wilford 
(London Transport Executive), and Mr. G. Kinner, 
secretary, Dr. P..J. Udall and Mr. A. Watson (Ministry 
ef Supply). 








TWENTY YEARS OF OIL-ENGINE 
DEVELOPMENT.* 
By C. B. Dioxsee, M.I.Mech.E. 


Tue credit for originating the development of the 
automobile oil engine in Great Britain belongs to the 
late Lord Ashfield, chairman of what was then the 
London General Omnibus Company and of its manu- 
facturing subsidiary the Associated Equipment Com- 
pany, who, realising the immense saving in fuel cost 
which would follow the production of a successful com- 
pression-ignition engine suitable for vehicle work, gave 
orders in October, 1929, that every possible effort was 
to be expended in that direction. 

Several systems showing promise were already in 
existence in Germany. Some preliminary experiments 
at the A.E.C. during 1928, with a converted petrol 
engine, had given encouraging results when using the 
Acro system, sponsored by the Robert Bosch A.G., and 
a licence for that system was secured. Those early 
experiments had shown that the way to success did 
not lie in the direction of converted petrol engines, and 
it was decided to produce an entirely new engine. That 
engine, which it was the author’s good fortune to be 
called upon to design, was the first high-speed oil 
engine, intended specifically for road transport work, 


&| to reach the production stage in this country. 


Six of these engines were made in the experimental 
department, and the first had been running for only a 
very short time when Lord Ashfield, realising that a 
satisfactory engine would emerge only from extensive 
service experience, ordered, in May, 1930, one hundred 
of these engines, to be produced as quickly as possible 
as an extended experiment, and distributed as widely as 
possible over the road transport field so as to obtain 
experience under all conditions of service. Unfor- 
tunately, those two important words “extended 
experiment ” seemed to get forgotten and the engine 
was expected to behave as if it had already undergone 
a prolonged period of development; this, plus the 
inexperience of the users, caused a good deal of dis- 
appointment. 

On the other hand, the instructions to distribute the 
batch widely over the transport field was obeyed all 
too literally. In the enthusiasm of the moment several 
were sold to a firm in the east of the United States of 
America, whence they were sent even farther afield 
to the Pacific coast. One engine, at least, went to the 
Phillipine Islands. One reached the Land of the Rising 
Sun, whence it reappeared a few years later in an article 
entitled “Oil Engine Development in Japan,” its 
description and photograph appearing in company with 
those of a number of its contemporaries, both British 
and Continental, all under Japanese names but easily 
recognisable. By the time this happened the original 
combustion system of our engine had long been changed 
for a more efficient one. 

The design was, of necessity, based upon current 
commercial-vehicle petrol-engine practice, but, al- 
though stiffened up and more generously proportioned 
in many directions, it was soon found to be anything 
but adequate for oil-engine conditions. In preparing 
the design it was felt that, if the oil engine was to 
become the successful rival of the petrol engine, it had 
to be equal to it in speed range. The engine was 
therefore ungoverned as to maximum speed, only an 
idling governor being provided, and the design was 
based upon a maximum of 2,750 r.p.m. This figure 
was reached and even exceeded under service conditions, 
but it very quickly seemed that if we were to avoid, 
or at least minimise, bearing and other troubles, the 
maximum speed had to be reduced. The limit was 
therefore placed at 2,000 r.p.m. and remained at this 
figure until the time arrived when, the petrol engine 
having been virtually driven from the heavy-vehicle 
field, the different types of oil engine were competing 
against each other in respect of fuel consumption. 

During the early period of development the mechani- 
cal troubles were numerous but, fortunately, the saving 
in fuel cost was so great that the operators were pre- 
pared to persevere in the hope that, ultimately, the 
engine would prove as reliable as its rival. In this the 
fact that petrol alone was taxed was a great help and 
this state of affairs remained just long enough to allow 
the worst troubles to be overcome. In some quarters 
much opposition was experienced from prejudice and 
ignorance, and a favourite habit was to attribute to 
the engine every fault on the vehicle, but, in the end, 
the enormous saving in fuel cost put an end to all this. 

The first real troubles were with the connecting-rod 
bearings, both at the crank-pin and gudgeon-pin end ; 
the latter was more easily put right. The original 

ent was that the gudgeon pin was clamped in 
the eye of the rod and worked directly upon the 
aluminium of the piston. Both seizures and excessive 
wear in the piston bosses took place, but these were 
cured by using a fully-floating gudgeon-pin with no 


* Chairman’s address to the Automobile Division, 
Institution of Mechanical Engineers, delivered in London 
on October 9, 1951. Abridged. 
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OIL-ENGINE DEVELOPMENT. 





change in dimensions. This arrangement has proved 
as nearly trouble-free as anything mechanical can be, 
despite loadings which to-day reach a figure of 6,000 Ib. 
per square inch, with splash lubrication only. Curi- 
ously enough, the fully-floating pin arrangement had 
been deleted from the petrol engine because of difficul- 
ties in locating the pin. Meanwhile, however, a really 
satisfactory proprietary Circlip had appeared. 

Not all of the prc blems were solved as easily, the 
troubles at the other end of the rod being a case in 
point. The big-end bearing was made in babbit, run 
directly into the connecting rod. Unlike the petrol- 
engine rod, which was made in a medium nickel steel, 
the oil-engine rod was made, for lightness, in a nickel- 
chrome steel. It soon appeared that there is a material 
difference between the adhesion of babbit to a nickel- 
chrome steel and that of babbit to a less highly alloyed 
steel, and, after a relatively short period of service, the 
babbit left the steel completely without leaving the 
least sign of the original tinning on the surface of the 
steel. At first the factory was blamed, but the most 
careful work and various changes to the surface finish 
of the steel failed to produce any real improvement, 
about 16,000 miles being the maximum life obtained 
from this type of big-end bearing. The rod was then 
provided with separate bearing shells. Experience 
with aircraft engines during the 1914-18 war having 
shown that babbit and mild steel had a much better 
adhesion than babbit and cuprous alloys, the shells 
themselves were made in mild steel. 

This change produced some improvement, but the 
results were still far from being a commercial proposi- 
tion. Every avenue was explored, and different types 
of white-metal were tried (lead base as well as tin) in 
addition to different methods of applying the lining. 
As it seemed likely that the manufacturing methods 
which produced bearings capable of standing up to the 
big-end loading of a radial aircraft engine should be 
of some advantage to an oil engine with only a single 
piston load on the crankpin, an appeal was made to 
the Bristol Engine Company, who, besides generously 
allowing us to study their method, actually trained 
one of our men, putting him through a course of instruc- 
tion and retaining him until he had acquired the degree 
of proficiency necessary for their work. Even this 
availed little, and the life that could be depended upon 
from white-metal big-end bearings never exceeded 
about 24,000 miles. Extreme accuracy and care in 
fitting the shells, both the shell and the rod being 
ground to fine limits, gave some improvement, but did 
not provide a solution. Among the devices tried was 
that of making the big-end bearing as a floating bearing, 
but as it was, of necessity, in two halves it refused to 
float with any degree of certainty, and as failure to 
float meant no improvement in life, this expedient was 
abandoned. 

Much discussion took place on what actually caused 
the failure. In every case, this took the form of 
cracking of the babbit, accompanied by the separation 
of the white-metal from the steel, the latter almost 
invariably being free from any signs of the original 
tinning. Two lines of thought were put forward, one 
that it was owing to a flexure of the rod end and the 
other that it was owing to shock. The trouble always 
started at the crown of the shell and quickly extended 
across the whole width of the bearing, spreading farther 
and farther around the circumference. 

To determine which of the two theories was correct, 
an interesting experiment was tried; the web of the 
rod was machined away at the point where it joined the 
bearing housing, leaving the big end attached to the 
rod by the flanges of the H section only, as shown in 
Fig. 1, herewith. It was argued that, if flexure was 
the cause, the trouble would be accentuated by the 
teduction in rigidity at the crown; but if shock was 
Tesponsible, the springiness introduced at the crown 
of the housing should suffice to eliminate the shock and 
help to spread the load more evenly over the surface. 

experiment proved shock to be the culprit. The 

. failed after about the same mileage, but in a 
different place, the failure taking place beneath the 
two points, one each side, where the flanges of the 
H section joined the bearing housing. At the crown, 





where the flexure was a maximum, the bearing was 
perfect. 

At this point, copper-lead bearings became available 
and instantly provided a solution. The first set fitted, 
when examined at 80,000 miles, was found to be in perfect 
condition. The original source of supply for these 
bearings was one of the aero-engine firms, but as they 
naturally did not wish to supply them as a regular 
thing, nor did we wish to pay aircraft prices, we set 
about developing our own method of manufacture. 
This has proved highly successful, and although the 
bearings are relatively expensive they have given 
excellent service on a normally heat-treated nickel- 
chrome steel shaft having a Brinell hardness number 
between 275 and 300. Service mileages running to 
250,000-300,000 miles are not unknown. 

At first the connecting rods themselves gave a 
certain amount of trouble. As initially designed, they 
were provided with D-headed bolts, which were more 
or less orthodox at that time, with the flat of the D 
fitting against a check machined on the rod, as shown 
in Fig. 2, herewith. This check really constitutes a 
notch in the rod, and although this arrangement had 
never previously given any trouble, some fatigue 
failures, starting at the corner of the check, were 
experienced with the oil-engine rod. The nickel- 
chrome steel used for these rods was rather more 
notch-sensitive than the medium-nickel steel previously 
used, and, although the failures were not numerous, 
the large amour:t of incidental damage following a 
rod failure made it necessary to make an alteration. 
As many stampings were in hand, it was desirable to 
make use of them if at all possible, and studs were 
substituted for bolts, the need for the check being 
thereby eliminated and the section at the critical point 
increased, as shown in Fig. 3. 

The new arrangement proved even less satisfactory 
than the original one had been, as failures of the studs 
themselves took place and these were not only more 
numerous but also occurred after an even shorter 
period of service. These failures also were due to 
fatigue. Wisdom after the event suggested that to 
use a stud where there was a chance of bending coming 
on to it was to court failure owing to the notch effect 
of the thread producing a heavy stress concentration 
at the very point where the combined bending and 
tensile stress would reach its maximum. On paper, 
there was no bending stress; but the original failures 
of the rod indicated that some bending must be taking 
place and would certainly be transmitted to the studs 
or bolts securing the bearing caps. 

A solution was found in the use of a bolt having a 
circular head of relatively small diameter, with the 
head fitting into a counterbore machined in the con- 
necting rod. This not only eliminated the notch effect 
of the original check, but enabled the existing stamping 
to be used. There was still a more or less square cover 
at the bottom of the counterbore, but this did not 
extend all the way across the rod, and it varied in 
distance from the centre of the rod. The turning of 
the bolt during the tightening of the nut was pre- 
vented by giving the head a coarse knurl and driving 
it into the counterbore. The fit obtained was such 
that not only was the bolt stopped from turning while 
the nut was being tightened, but it was held firmly in 

lace when the cap was being over the bolts. 
This ement, which is illustrated in Fig. 4, 
has on so satisfactory that it is still in use. 
To allay any doubts on the point, it is well to add that 
the knurl does not cut into the rod material, so there 
is no swarf to get between the bolt head and the rod. 
The knurl serves really as an easy way of producing 
what amounts to a drive fit. 

(To be continued.) 





THE LATE DR. ANTON Puiips.—The president of the 
board of directors of Philips Electrical Industries, 
Eindhoven, Holland, Dr. Anton Frederik Philips, died 
on October 7 at the age of 77. Dr. Philips had been 
with the firm since the time when he took charge of its 
commercial side a few years after it had been founded, 
in 1891, by his brother, the late Gerard Philips. 





_ FROTH FLOTATION OF COAL. 


One result of the extension of mechanised coal- 
mining within recent times has been the production of 
greatly increased quantities of coal in the form of fines. 
Much of this coal is removed in the process of coal 
washing—a practice which is much commoner now 
than it was formerly—and finds its way into washery 
slurries, where it is mixed with a high proportion of dirt 
and has often been regarded as practically valueless. 
It has long been known, however, that coal, in 
common with other minerals, can be separated from 
dirt by froth flotation, a process which is commonly 
employed in ore-mining. As normally practised, this 
involves agitating and aerating slurry to which a small 
amount of one or more chemical agents has been added. 
The air bubbles in the liquid have a considerable 
affinity for the coal particles, but almost none for the 
dirt which, in consequence, remains in suspension or 
sinks to the bottom, whereas the coal is borne upwards 
by the air and held in the froth which forms on the 
surface of the liquid. Subsequently, it is collected, 
filtered and dried. 

At present, only some 5 per cent. of coal-washeries 
in Great Britain are equipped with froth-flotation 
plants for up-grading slurries, but, with the spread in 
the practice of coal-washing and the paramount 
importance of obtaining the maximum yield of coal 
from the mines, increasing attention is being given to 
the mechanism of the flotation process and the number 
of froth-flotation plants is growing rapidly. In the past, 
the cost of the process has proved a deterrent to its use, 
but the present situation in the coal industry is such 
that it may prove economic to spend several shillings a 
ton on slurries if, by so doing, a product having a good 
market value for briquette making or boiler fuel can 
be produced. In 1945, no fewer than 2,395,000 tons of 
fines were recovered at 32 froth-flotation plants in 
Britain and, in recent years, froth flotation has found 
a limited but important application in the production 
of the super-clean coal used in the production of elec- 
trode carbon. There are two plants in operation in 
Britain for this purpose, one at Dumbreck in Scotland 
and the other at Crook, Co. Durham, which have a 
combined capacity of 20,000 tons annum. 

The application of froth fictation to coal-cleani 
dates from about 1918. The equipment, which 
been used since the beginning of the century for the 
similar treatment of mineral ores, was adapted to the 
purpose without any major modification in its design, 
and, since then, the process has remained largely 
empirical in spite of its simplicity and the fact that 
coal is more suited to froth flotation than most mineral 
ores. Lately, however, it has been studied on an 
experimental scale by the scientific staff of the Scottish 
Division of the National Coal Board, and, as a result, 
plant of improved design has been evolved, the opera- 
tion of which was demonstrated to us recently at the 
Board’s laboratories in Leith. A description of the 
research is also to be found in a paper entitled “ Froth 
Flotation of Coal,” which was read by Mr. E. Hind- 
march and Dr. P. L. Waters, Area Chief Scientist and 
Divisional Analyst, respectively, at a meeting of the 
Mining Institute of Scotland held in Glasgow on 
September 19. 

he “ floatability ” of a coal particle, or other sub- 
stance, which is denser than water and, therefore, 
does not float naturally by buoyancy, depends on its 
resistance to wetting. This is a property determined by 
the physical and chemical nature of its surface and by 
the particle’s internal structure; in particular, whether 
it is porous or not. Substances which resist wetting 
are termed “ hydrophobic” and are chemically non- 
polar. A powder of such a substance sprinkled on a 
water surface will remain there. contrast, 
chemically-polar compounds are hydrophilic, that is, 
they have an affinity for water and are easily wetted, 
Clays belong to this class, so that a clay powder spri 
on a water surface will not remain dry but will become 
wetted and sink. Many substances, including coal, 
have intermediate properties. Owing to their complex 
structure, they are partly polar and partly non-polar, 
and their floatability is variable. The hydrocarbons 
in coal are non-polar and give the substance a natural 
floatability which, however, varies considerably with 
the rank of the coal. Low-rank coal contains a higher 





proportion of hydrophilic matter than -rank coal 
and is, therefore, less readily floatable. The degree of 
porosity, which varies considerably in coals, also affects 


the floatability, since many coals contain clay minerals 
colloidally dispersed within them. 

The angle of contact which an air or gas bubble, 
attached to the surface of a particle in a liquid, makes 
with the s is a convenient measure of the force of 
adhesion between the bubble and the solid and, there- 
fore, of the floatability of the solid in the liquid. The 
angle in question is that between the tangent planes to 
the surface of the solid and the bubble at each point 
of the contour of contact. For a homogeneous element 
of surface, the bubble, which may be considered small, 
has axial symmetry and the csadiniens ions approximate to 
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FROTH FLOTATION OF 


Fig. 2. EXPERIMENTAL LABORATORY 
FROTH - FLOTATION UNIT. 


Fig. 1. 
ANGLES OF CONTACT OF AIR BUBBLES 
IN. WATER ON COAL, WAX AND CLAY. 
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those shown diagrammatically in Fig. 1, on this page. 
It will be seen that the angle in question is smaller for 
low-rank coals in contact with air and water than for 
those of higher rank, and that in the case of clay or shale 
icles, it is practically zero. For paraffin wax, 
owever, it is almost 90 degrees and, in consequence, 
this substance is strongly hydrophobic. Clay and 
shale, on the other hand, are strongly hydrophilic ; 
bubbles of air never become strongly attached to them 
and they are not floatable. 

As has been mentioned already, the froth-flotation 

involves aerating a liquid containing a mixture 
of icles having varying degrees of floatability, as 
defined above. e air bubbles tend to attach them- 
selves to those particles which are strongly hydrophobic 
and these, in consequence, are lifted to the surface, 
while the hydrophilic constituents remain in suspension 
or sink to the bottom. Although coal is naturally 
hydrophobic, its affinity for air must be increased 
artificially before it can be floated satisfactorily. This 
is done by adding to the slurry mixture a small amount 
of oil, or other suitable agent, which coats the surface 
of the coal particles with a water-repellent film, but 
leaves the dirt and clay unaffected. Although, in 
theory, it would be necessary to add only sufficient 
agent to cover the particles with a monomolecular 
layer, in practice, the amount must be many hundred 
times more, ibly because much of the additive is 
absorbed within the interstices of the coal. Even so, 
the quantity is comparatively small and inexpensive. 
The floatability of any particular coal is somewhat 
variable and may be reduced considerably by weather- 
ing and storage which result in oxidation of coal 
surface. In such cases, it may be nec to increase 
the amount of additive to secure a satisfactory yield 
from the froth-flotation plant, but the trouble does 
not occur regularly as flotation plants normally work 
continuously on rn coal. 

In practice, a small amount of a frothing agent is 
added to the slurry in addition to the coating agent 
or “collector” mentioned above. Its purpose is to 
a the formation of fine bubbles and a stable 

th. Cresols, cresylic acid and pine oil are common! 
used for the purpose and, in the case of higher-ran 
coking coals, may be employed as collectors as well as 
frothers. Other agents, known as d ts, 
sometimes used to promote wetting of undesirable 
constituents, such as pyrites, which would otherwise 
float with the coal. Les. Sas Seen ied See. tie 
oe a although it tends to inhibit the floation of the 

. The main considerations in the choice of addi- 
tives are cost and availability. Gas, Diesel, paraffin 


of their good and low viscosity, 
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emulsify readily. Since these are obtainable 
from coke-ovens and gasworks, which are often 
close to washeries, they are commonly employed 
in flotation plants. 

There are various types of plant which may be 
classified on the basis of the method employed 
to aerate the slurry. In the open type of 
cell, which is the one commonly used, the air is drawn 
down a central pipe into the eye of an impeller rotating 
in a horizontal plane at the base of the cell. The 
impeller agitates and circulates the slurry, and the 
amount of air entrained depends on the speed of 
rotation. The froth which forms on the liquid surface 
is discharged over a weir. One objection to this type 
of cell is that the unstable vortex created by the 
impeller terminates on the surface of the liquid, where 
it causes constant commotion and disturbs the froth. 
In the closed type of cell, a reduced pressure is main- 
tained over the liquid and results in the release of 
dissolved air from the latter and gas from the porous 
interior of the coal. Another process, still in the 
experimental s as applied to coal-flotation, is the 
pneumatic one. this case, air under pressure enters 
the liquid through a porous membrane in the bottom 
of the container. 

The experiments made in the Leith laboratories of 
the National Coal Board have been aimed at improving 
the process, and, in a at making it suitable 
for the treatment of low-rank coals. To achieve the 
maximum yield and efficiency, it is obviously necessary 
to be able to control accurately the quantities of air and 
additives and to ensure efficient mixing and aeration. 
Moreover, the time factor is important, since it has 
been established that there is both a minimum time 
necessary for efficient conditioning and mixing, and a 
maximum beyond which an excessive amount of 
additive is absorbed in the coal with a consequent 
reduction in efficiencv. 

There are several ways in which the air and additives 
may be introduced. If the slurry is pumped to the 
cell, a Venturi contraction may be installed in the pipe 
and the air taken in there directly from the atmosphere. 
Alternatively, an arrangement similar to that used in a 
vacuum filter-pump may be adopted, the air being 
drawn in at the contraction through a pipe fixed 
centrally within the other. This method was tried at 
Leith and found to give good mixing, the Reynolds 
number in the pipe being above the critical one for 
turbulent flow. The arrangement adopted finally 
was that shown in Fig. 2, on this page. The slurry is 
circulated by means of a centrifugal pump, and the 


are} air and reagents are drawn in at a point of low static 


in the fluid, the turbulence arising in the 
impeller resulting in good mixing. The inlet to the 
cell is half-way up one side and, since the vorticity 
introduced at the pump is damped out by the time the 
flow has reached this point, the coal-laden bubbles 
are able to rise to the surface through a zone free from 
disturbance. 


The cell, which was demonstrated to us in operation, 





and also because they are insoluble in water and 


has given hang | promising results. By comparison 
with orthodox laboratory cells, it is more efficient in 
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many ways and gives better yields with less than half 
the amount of reagent normally necessary. The con- 
ditioning time is also reduced as a result of the more 
efficient mixing, and almost the maximum theoretical 
yield is obtainable in a short time, the product being 
also cleaner and more consistent in quality. Apart 
from the improved efficiency, the cell is of simpler 
design and easier to control than earlier types. The 
results obtained in the course of tests of the cell on 
low-rank coals (Group code numbers 800 and 900) 
derived from the Lothians coalfield are compared with 
those obtained using an orthodox cell in Table I, and 
in the graph, Fig. 3, on this page. It must be remem- 
bered, however, that the quantity of reagents required 
and the percentage yield depend not only on the coal 
but also on the average particle size, the range of sizes, 
the pulp density, and the pH value of the water, 
which must be strictly controlled. 





TABLE I.—Oil Required for Flotation. 




















Oil Required Group Code 
Coal. Ib. per ton. Number. 
Anthracite .. ‘is a 1 24 100 
Low-volatile . . a _ — 200 
Medium-volatile Py 2 300 
High-volatile, coking _ — 400 
High-volatile, medium rank 14 5 500, 600, 700 
High-volatile,low rank .. 4a 10 800, 900 














It will be seen, from Fig. 3, that the yield is very 
sensitive to the amount of reagent added, particularly 
in the case of the Leith cell. It was shown that, in 
either case, the process could be divided into three stages 
In the first, the addition of a relatively large amount of 
reagent gave only a small yield of very fine coal. 
Then, when only a very little more reagent was added, 
a heavy middle fraction of low-ash coal was obtained 
which constituted the bulk of the yield. The addition 
of greater amounts of nt gave only a small addi- 
tional yield of r-sized particles which were floated 
with difficulty. ichever cell was employed, it was 
clear that a high yield of coal of less than 10 per cent. 
ash-content could be obtained by flotation methods 
from the slurries of the coals examined, and that the 
cost of reagent would not exceed ls. 6d. per ton. The 
additional plant required for preparing the fine cosl 
and disposing of the tailings, however, might prove 
sufficiently costly to make the whole process un- 
economic. 

As previously mentioned, flotation methods are also 
employed to produce super-clean coal of one per cent. 
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STANDARD 12-TON _COVERED GOODS VAN. 
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or less, ash content. Relatively few coals, of course, 
are suitable for cleaning to this degree, and the process 
inevitably involves podlioslaney grinding of the coal to 
the stage where the interbanded dirt is liberated. It 
is also important, however, that the particles should 
be of a size suitable for flotation, if froth flotation is 
to be employed for cleaning purposes. Milling down 
to very fine sizes is undesirable, since it consumes con- 
siderable power and results in the formation of a slime 
during frothing. In order to determine the optimum 
particle size and the point at which the interbanded 
dirt, as distinct from the inherent mineral matter in 
the coal, is liberated, the laboratory referred to under- 
took tests on a sample of the coal used in Scotland 
for the production of super-clean coal, namely, Kilsyth 
coking coal from Gartshore, Dunbartonshire. This 
had an ash-content of 9-2 per cent. and it was found 
that yields of coal exceeding 50 per cent. of the maxi- 
mum possible and having an ash-content of less than 
one per cent. could be obtained by grinding the coal 
to sizes less than 20 mesh. Crushing the coal to very 
fine sizes did not greatly increase the yield. 
Although the research has shown that most, if not 
all, ranks of fine coal can be up-graded satisfactorily 
by flotation methods and that the efficiency of the 
Process, as practised at present, can be greatly im- 
proved, there are other factors to be considered. The 
economic one has already been mentioned. The 
authors of the paper, above referred to, think that 
if fines are required for briquetting, and a good 
- can be obtained for the briquettes, it may 
worth spending 5s. to 10s. a ton to produce a 
coal having an ash-content less than 8 per cent. On 
the other hand, if the fines are merely to be used in a 
hand-fired Lancashire boiler, the cost of improving the 
coal can be set against the reduced boiler availability 
and the increased ash-handling when the untreated 
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fines are used directly, The water-content of the 
froth-flotation product is slightly less than that of the 
untreated slurry, but the quantity and properties of 
the ash are more important considerations. 

The authors hope to continue their experiments on 
a larger scale and, meantime, have prepared a sketch- 
plan of an improved flotation plant for the production 
of super-clean coal, 





IRON AND STEEL PRODUCTION IN GREAT BRITAIN.— 
Statistics issued by the British Iron and Steel Federation, 
Steel House, Tothill-street, London, 8.W.1, show that the 
production of steel in the United Kingdom, during Sep- 
tember, was at an annual rate of 15,749,000 tons, com- 
pared with 13,855,000 tons in August and 16,964,000 
tons in September, 1950. The output of pig iron was at 
an annual rate of 9,854,000 tons in September, compared 
with 9,409,000 tons in August, and 9,712,000 tons in 
September, 1950. 





PacKING Ratway TRACK BaLiast.—Electric ham- 
mers have been used for some time on the Western 
Region of British Railways for consolidating ballast 
under the timbers of points and crossings. It has been 
found that this method is superior to the normal use of 
shovels, as the spaces between the timbers are narrow 
and there is not much room between the rails. The 
regional authorities have therefore decided to obtain a 
further 60 hammers, which are made by Kango Hammers, 
Ltd. The tamping tool used in the hammer is a §-in. 
diameter steel shaft with a cranked end and a tamping 
head, the purpose of the cranking being to reach under 
the timbers. The ballast around the timbers is first 
removed ; the track is then raised by jacks, and the 
ballast underneath is consolidated, usually by pairs of 
hammers, one on each side of the timber. 


STANDARD 12-TON COVERED 
GOODS VAN, BRITISH 
RAILWAYS. 


Onz of the first types of British Railways standard 
wagons to appear is that shown in the accompanying 
illustrations—a 12-ton covered ventilated goods van 
for normal merchandise traffic. It has been designed 
at the Western Region offices at Swindon, and 3,000 
vans of this design are to be built at the Wolverton 
works of the London Midland Region this year. 

Though there was not much standardisation of 
wagons as between the railway companies before 
nationalisation, wagon details were standardised to a 
considerable extent under the gis of the Railway 
Clearing House and there was also a limited range of 
standard vehicles, mainly for private owners. Thirty- 
four new designs for complete wagons, incorporating 
the best practices of the former companies, have been 
prepared to the requirements of Mr. R. A. Riddles, 
member for mechanical and electrical engineering of the 
Railway Executive, in conjunction with the Wagon 
Standards Committee. 

The general layout and chief dimensions of the new 
wagon are shown in Figs. 2 and 3. It is 17 ft. 6 in. 
long over the headstocks and, like most of the earlier 
wagons of this type, has a 10-ft. wheelbase. The tare 
weight is 7 tons 11 cwt., the cubic capacity is 940 
cub. ft., and the load is, of course, 12 tons. The van 
is mainly of riveted construction ; the underframe and 
body members are of B.S. rolled-steel sections, and the 
body ends are of steel plate pressed to a corrugated 
section and formed with a wide flange which is bolted 
to the side “ quarters.” Each end plate is in two 
parts, the upper } in. thick and the lower ¥ in. thick, 
which are riveted together horizontally. Spindle-type 
buffers of the standard type are fitted; they are 
provided with either rubber or steel coil springs behind 
the headstocks. The short drawgear embodies either 
rubber or rubber-and-steel springs. “ Instanter” 
couplings are fitted, allowing either long or short 
connections; this type of coupling has now been 
standardised for almost all vacuum-brake stock for 
future construction, in place of screw couplings. 

The brake gear consists of an 18-in. diameter vacuum- 
brake cylinder for fast freight working and a Morton 
hand-brake actuated from either side of the wagon ; 
both hand and power braking applies one brake 
block per wheel. Solid-rolled steel wheels, 3 ft. 1} in. 
in diameter, are fitted on axles with 9-in. by 4}-in. 
journals, which run in either cast-iron axleboxes of 
the spigot type or open-fronted axleboxes of fabricated 
construction. The bodies are sheeted in softwood, a 
double layer of $-in. boards on the quarters, with a 
single-thickness lining inside the steel ends, Hardwood 
rails are fitted on the side quarters on top, bottom 
and intermediate portions. The floor is of 2}-in. 
boards, and the roof, of j-in. boards covered with 
roofing canvas, is laid on hardwood hoop-sticks bolted 
to the steel carlines. As an alternative to the {-in. 
roof boards, }-in. resin-bonded plywood, scarf-jointed 
to form one panel, may be fitted over the whole roof. 
A hooded ventilator is provided at each end. 





“THE OLD N’Ions.”—The Northampton Engineering 
College (Clerkenwell) Past Students’ Association, known 
as “The Old N’Ions,” are to hold their 24th annual 
dinner and reunion on Friday, November 30, at the 
Connaught Rooms, London, W.C.2. The guests of 
honour will be Dr. W. G. Radley (engineer-in-chief, 
G.P.O.) and Mr. C. I. Orr-Ewing (technical director, 
Messrs. A. C. Cossor, Ltd.). Past students of the college 
can obtain tickets from Mr. R. W. C. Gilbert, 6, Ella- 
road, London, N.8. 





ACCIDENT TO DAKOTA AIRORAFT AT MANCHESTER.— 
On March 27, a Dakota transport aircraft operated by 
Air Transport (Charter) (C.I.), Limited, on a night 
newspaper service between Manchester and Belfast, 
crashed immediately after taking off; the aircraft did 
not catch fire. The pilot and first officer, the only 
occupants, were both killed. At the time of take-off, 
snow was falling, the air temperature was 34-2 deg. F., 
and the relative humidity was 97 per cent.—conditions 
favourable to rapid ice formation in the carburettor. 
In his Report on the Accident to Dakota (C.47) G-AJVZ 
which Occurred on 27th March, 1951, near Ringway 
Airport, Manchester, published recently by H.M. Station- 
ery Office, Kingsway, London, W.C.2 (price Js. 6d, net), 
the Chief Inspector of Accidents concludes that the air- 
craft was unable to gain height after becoming airborne ; 
this is attributed to loss of engine power caused by ice 
formation due to the aircraft captain’s failure to use the 
carburettor heat controls (which, when operated, direct 
hot air to the carburettor intake from a duct behind the 
cylinders into which snow cannot enter), It is also 
suggested that the facts that the undercarriage was not 
retracted and that snow had not been cleared from the 
wings before take-off might have been contributory 





factors. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ScotrisH STEEL PRropvucTion.—Steel production in 
Scotland is still seriously handicapped by an insuffi- 
ciency of scrap, and makers have difficulty in main- 
taining ingot outputs at the 80 per cent. standard 
introduced in May of this year. Pig-iron production 
has been improved, however, as a result of better imports 
of iron ore. Few steel consumers have now any appre- 
ciable reserve stocks at their disposal as a result of the 
cut in supplies, despite a reduction in exports during the 
past two quarters. Some apprehension exists among 
those not participating as fully as others in rearmament 
work as the time approaches for the introduction of the 
new rationing scheme on December 3. 








Gas AND ELEcrrRiciry ConsumMPTION.—The mild con- 
ditions this autumn were reflected in an appreciable drop 
in the consumption of gas in Scotland recently, as com- 
pared with 1950. The decline amounted to 2 per cent. 
in the last week of September and to 1 per cent. in the 
subsequent week, as opposed to an average increase of 
some 4 per cent. since the beginning of the year. Elec- 
tricity generation was similarly affected, and, for most 
of September, was just under last year’s level. This 
contrasted with an average increase of around 9 per cent. 
since January. 





ELEcTRICITY-SuPPLY DiFFICULTIES.—“ Teething trou- 
bles” at the new generating stations of Clydesmill, 
Braehead, and Portobello were forecast by Mr. Charles 
Murdoch, chairman of the Scottish Board for Industry, 
presiding at a meeting of employers and trade-union 
representatives, held in Glasgow on September 29, in 
connection with electricity supplies during the winter. 
He emphasised that if industry made the 20 per cent. 
reduction of consumption asked for between November 
and February it did not necessarily mean there would 
be no load shedding or cuts. There was every reason to 
believe that November and December were going to be 
difficult months in Scotland. 





EXTENSION TO HOOVER WorkKs.—A second factory 
extension at the Cambuslang works of Hoover (Electric 
Motors), Ltd., is planned to come into operation towards 
the end of this year. Output, which rose by 50 per 
cent. with the first extension 18 months ago, is expected 
to increase again at about this same rate. Home sales, 
this year, are so far about 85 per cent. above the corre- 
sponding sales of 1950, and exports, which are about 
60 per cent. of production, have risen by more than 
150 per cent. The Cambuslang factory now also supplies 
the motors for the firm’s output of washing machines 
built in Wales. 

THE PRODUCTION OF STYRENE.—Forth Chemicals, Ltd., 
who are constructing a plant at Grangemouth for the 
production of monomeric styrene, have decided to pro- 
ceed with an extension to increase substantially the 
production of this material, for which there is a large 
potential demand in the plastics industry. The original 
plant is expected to come into production next year, and 
the extension about two years later. Ethylene, one of 
the raw materials of monomeric styrene, will be supplied 
from the new cracking plant recently commissioned by 
British Petroleum Chemicals, Ltd. 





Dunoon-Gourock FERRY.—It has been announced 
that a new ferry boat proposed to be built for service 
between Dunoon and Gourock will be able to handle 
vehicles of 7} tons weight, instead of 6 tons as proposed 
at first. The future of Dunoon, Cowal and the West 
Highlands would depend on the successful operation of 
this ferry, it was stated at a meeting of Dunoon Town 
Council. The question of ferries is to be discussed at 
the Clyde Coast conference at Gourock at the end of this 
month. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


TEES-SIDE IRON AND STEEL InDUsTRY.—Iron and 
steel producers in the Tees area are still seriously ham- 
pered by the scarcity of raw materials and of cast iron 
and sheet-steel scrap. Present conditions maintain 
outputs of pig iron and of semi-finished and finished iron 
and steel much below customers’ current heavy require- 
ments and an early material improvement in the unsatis- 
factory position is not yet in sight. On the other hand, 
stocks of foreign iron-ore are accumulating at a rate that 
promises to provide ample supplies over the winter 
months, when imports are usually smaller. 


A. REYROLLE & Co., Ltp.—Nearly 500 employees of 
A. Reyrolle & Co., Ltd., having 25 or more years service 














with the company, were entertained to dinner by the 
directors on Wednesday, October 10, at the Old Assembly 
Rooms, Newcastle-on-Tyne, when the chairman, Sir 
Claude D. Gibb, C.B.E., D.Sc., F.R.S., presented gold 
wristlet watches to 38 employees who had completed 
over 40 years service. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


Mrintnc Man-PowrerR SHORTAGE.—The recruitment 
of miners in Yorkshire is now approximately counter- 
balancing wastage. The man-power target set for York- 
shire mines is another 3,500 before the end of the year, 
but even if this is achieved there will be fewer miners 
in the county than there were two yearsago. The lowest 
total for many years was reached in November, 1950, 
when numbers fell to 134,000. Now the total has risen 
by 2,000 only. The big disappointment is the continued 
opposition, in many parts of the coalfield, to the entry 
into the pits of Italians, who have been specially trained 
at Maltby, South Yorkshire, at considerable expense. 





CONTINUED SHORTAGE OF STEEL.—Many users of steel, 
in Sheffield, Rotherham and elsewhere, are still short 
of supplies, and the output of melting materials is not 
increasing sufficiently to justify the restarting of open- 
hearth furnaces which were shut down some little time 
ago. It is understood that Belgium has been asked 
to send to this country an additional 50,000 tons of steel. 





LoaD-SHEDDING PLan.—The deputy chairman of the 
Yorkshire Electricity Board, Mr. F. Newey, states that 
the Board hope‘to operate a very much better load- 
shedding system this winter than last, when power was 
cut on 142 days. There will be, however, no lessening 
of the shortage of generating capacity at peak periods ; 
as during last winter, the demand is expected to exceed 
the supply by 20 per cent. The Board may have to 
refuse additional industrial loads and the provision 
of supplies to some mining villages where an adequate 
supply of gas is available. 





TREES TO Mask a Tip.—As a result of discussions 
between the Sheffield and Peak District branch of the 
Council for the Preservation of Rural England and 
representatives of Samuel Fox & Co., Ltd., steelmakers, 
Stocksbridge, near Sheffield, trees are to be planted to 
mask the southern end of a tip which extends along 
the Don Valley to Morehall, near Deepcar. The neces- 
sary arrangements have to be made with land-owners. 
The trees will hide the tip from the roadway and from 
the entrance to the Ewden Valley, a noted beaoty spot. 





NoOvEL Pir LOADER.—A new type of underground 
power loader is operating up and down a shallow seam 
having a gradient of 1 : 4, at Silverhill Colliery, Notting- 
hamshire. It is known as the multi-disc loader and is 
built on a normal coal cutter, so that coal is cut and 
loaded simultaneously. 





TELEPHONE EXCHANGE AT MANCHESTER VICTORIA 
SraTion.—The combined manual and automatic tele- 
phone exchange at Victoria Station, Manchester, has 
been renewed and modernised at a cost of 27,0001. The 
new equipment includes a 10-position manual switch- 
board and a 450-line automatic exchange, and has been 
made and installed by the General Electric Co., Ltd., 
Coventry, with the assistance of British Railways staff 
and under the supervision of Mr. S. Williams, signal and 
tel ications engineer of the London Midland 





Region. 


THE MIDLANDS. 


STUDY OF AMERICAN INSPECTION METHODS.—A pro- 
ductivity team of eight, which left England on October 9 
to study American inspection methods, contains four 
members from the Midlands. They are Mr. A. Heward, 
of W. and T. Avery, Ltd., Soho Foundry; Mr. 8. W. 
Nixon, of the Rover Co., Ltd., Solihull; Mr. F. J. Mills, 
of James Booth & Co., Ltd., Nechells, Birmingham ; and 
Mr. P. R. Snadden, from the Rugby works of the British 
Thomson-Houston Co., Ltd. 





Tue INSTITUTE OF VITREOUS ENAMELLERS.—Dr. H. 
Hartley, chairman of Radiation, Ltd., Birmingham, 
has been elected to succeed Dr. J. E. Hurst as President 
of the Institute of Vitreous Enamellers. He will take 
office next year when Dr. Hurst retires from the office of 
President. 





THe TALYLLYN Ratway.—The Talyllyn Railway 
Preservation Society, which was formed by a Birmingham 
group of light-railway enthusiasts to prevent closure of 
the railway, has issued its first annual report. The 
report shows that, though it was only possible to run trains 
on five days a week, because maintenance and repair 
work carried out by volunteers occupied the week-ends, 


358 trains had been run, and 15,628 passengers carried, 
The line has been put into repair for its whole length, 
from 'Towyn, Merionethshire, to Abergynolwyn, a distance 
of seven miles. Traffic has now been suspended for the 
winter months, during which further maintenance work 
and improvements will be effected. 





BIRMINGHAM CITY AIR TERMINAL.—A new building 
has been erected in Birmingham for a city air terminal, 
and will be opened on October 30. It is adjacent to the 
Civic Centre, in Cambridge-street, and will act as a centre 
for passengers travelling to and from the City Airport 
at Elmdon. Representatives of the three air lines using 
the Airport—B.E.A., K.L.M., and Air France—will 
be accommodated at the terminal. 





AN UNUSUAL PIPE-LAYING OPERATION.—The prepara- 
tion of a trench for an 18-in. diameter gas main across 
the River Neath, in Glamorgan, was accomplished on 
October 9 by simultaneous detonation of two lines of 
explosive charges laid in the river bed. Site conditions 
made conventional methods either impracticable or too 
expensive, and the instantaneous blasting of the trench, 
to accommodate a pipe-line nearly 300 ft. long, was 
decided upon as an alternative. The explosion took 
place at low tide, and about 1,000 lb. of explosive were 
used. Some 120 separate charges were laid, the weights 
of individual charges being varied according to the 
nature of the ground, which was partly mud and gravel, 
and partly rock. 


Tue LATE Mr. W. B. ParRKER, F.R.I.C.—We regret to 
record the death, on October 12, of Mr. William Bayley 
Parker, who was chief chemist and metallurgist of the 
British Thomson-Houston Co., Ltd., from 1902 until 
1943, when he was appointed consultant chemist and 
metallurgist. He was 77 years ofage. Mr. Parker, who 
was a native of Smethwick, received his technical train- 
ing at the Birmingham Central Technical School, where 
he was awarded a Priestley Scholarship in 1897, which 
enabled him to continue his studies at Mason’s University 
College (now the University of Birmingham). He spent 
seven years with the Patent Borax Company before join- 
ing the B.T.H.staff. Hewasa Fellow of the Royal Institute 
of Chemistry and of the Chemical Society, and was one 
of the oldest members of the Institute of Metals and the 
British Institute of Foundrymen. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


Coat Output STATISTICS.—Man-power in the South 
Wales coalfield on September 29 was 101,099, a drop of 
155, according to official statistics. The output of coal, 
in the week ended October 6, was 471,247 tons, compared 
with 463,324 tons in the previous week, and 463,935 tons 
in the corresponding period of last year. 





REGIONAL COLLEGE OF TECHNOLOGY, SWANSEA.— 
Following consultations with the Ministry of Education, 
Swansea is to establish a regional college of technology, 
to be built in the centre of the town, at an estimated 
cost of 250,0007. It was reported at a meeting of the 
town education authority that work would be started 
soon and that the Ministry had stipulated that the 
work should be carried out by a private architect. 





RE-OPENING OF WHITFORD WorkKs.—The Whitford 
Works, Briton Ferry, of Richard Thomas and Baldwins, 
Ltd., which became redundant last July, have been 
converted for light-alloy production. The plant will 
become a fabricating works, similar to the group’s 
Cwmfelin press and fabricating works at Swansea. Work 
has begun, according to an official, “in a modest way ” 
by training employees. 





PusBiic WorKS IN CARDIFF.—Tentative estimates of 
next year’s expenditure on capital works already in pro- 
gress or planned for 1952-53, presented to Cardiff Corpora- 
tion public works committee, included a total of more 
than 248,9001. for road improvements and street works 
in the city. A sum of 18,0007. has been earmarked for 
the widening of Hill’s-terrace, in the centre of the town, 
by filling in a stretch of the old Glamorganshire Canal. 





Tae LATE ALDERMAN G. WILLIAMS, C.B.E.—Last 
year’s Lord Mayor of Cardiff, Alderman George Williams, 
C.B.E., who was one of those who suggested the format ion 
of the Treforest Trading Estate as a means of attracting 
new industry to South Wales, died in Cardiff on October 7, 
at the age of 71. He was the author of the scheme for 
financing light industries which led to the formation, 
by the Government, of the Special Areas Reconstruction 
Association. He was chairman of the National Industrial 
Development Council of Wales and Monmouthshire 
from its inception in 1931. On the City Council he 
had been chairman of the estate committee (responsible 
for the building of Corporation houses), the development 








committee, and the airport committee. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Institution : 
Monday, October 22, 5.30 p.m., Savoy-place, London, 
W.C.2. Informal Discussion on “‘ The Place of Elec- 
tricity in a National Fuel Policy,” opened by the Presi- 
dent. North-Eastern Centre: Monday, October 22, 
6.15 p.m., Neville Hall, Westgate-road, Newcastle-upon- 
Tyne. “ The Performance of the British Grid System 
in Thunderstorms,” by Dr. J. S. Forrest. Mersey and 
North Wales Centre: Monday, October 22, 6.30 p.m., 
Town Hall, Chester. ‘“‘ Electrical Control of Dangerous 
Machinery and Processes: Part II—Electrically Inter- 
locked Guards on Machines,” by Mr. W. Fordham 
Cooper. Measurements Section: Tuesday, October 23, 
5.30 p.m., Savoy-place, London, W.C.2. Chairman’s 
Address, by Mr. F. J. Lane. North Midland Centre: 
Tuesday, October 23, 6 p.m., Lighting Service Bureau, 
24, Aire-street, Leeds. Discussion on “‘ Visual Aids— 
Help or Hindrance ? ” opened by Mr. D. Polak. LZast 
Midland Centre: Tuesday, October 23, 6.30 p.m., 
Gas Department Demonstration Theatre, Nottingham. 
“The Planning of an Electricity Board’s Distribution 
System,” by Mr. G. O. McLean. Scottish Centre: 
Tuesday, October 23, 7 p.m., Institution of Engineers 
and Shipbuilders, 39, Elmbank-crescent, Glasgow. 
“The Protection of Electrical Power Systems— 
A Critical Review of Present-Day Practice and Recent 
Progress,” by Messrs. H. Leyburn and C. H. W. Lackey. 
South Midland Centre: Tuesday, October 23, 7.15 p.m., 
Winter Gardens Restaurant, Malvern. ‘“‘ The Determina- 
tion of Time and Frequency,” by Mr. Humphry M. 
Smith. Southern Centre: Wednesday, October 24, 
6.30 p.m., Dorset Technical College, Weymouth. ‘“‘ The 
Sutton Coldfield Television Broadcasting Station,” by 
Messrs. P. A. T. Bevan and H. Page. Utilisation Section : 


Society OF CHEMICAL INDUSTRY.—Chemical Engi- 
neering Group: Tuesday, October 23, 5.30 p.m., Geo- 
logtcal Society, Burlington House, Piccadilly, London, 
W.1. “Some Sulphur Recovery Processes in Refining 
Operations,” by Mr. G. M. Rowell. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAND.—Tuesday, October 23, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘Marine Developments in 
Aluminium,” by Mr. J. Venus. 

INSTITUTE OF METALS.—Sheffield Local Section : Tues- 
day, October 23, 7 p.m., Grand Hotel, Sheffield. Joint 
Meeting with SHEFFIELD METALLURGICAL ASSOCIATION. 
Lecture by Dr. P. A. Taylor. Manchester Metallurgical 
Society: Wednesday, October 24, 6.30 p.m., Engi- 
neer’s Club, Albert-square, Manchester. ‘“‘ Recent De- 
velopments in Electrically Welded Chains,” by Dr.-Ing. 
H. O. Smerd. Birmingham Local Section: Thursday, 
October 25, 7 p.m., James Watt Memorial Institute, 
Great Charles-street, Birmingham. Debate on the 
motion “ That in the Opinion of this House Further 
Encroachment of Metal Physics into the Sources of 
Instruction would be Detrimental to Training in Metal- 
lurgy,”’ opened by Dr. J. W. Jenkin and Mr. H. W. G. 
Hignett. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North 
East Centre: Tuesday, October 23, 7 p.m., Dunelm 
Hotel, Durham City. ‘“‘ The Repair and Maintenance of 
Vehicles by Oxy-Acetylene Processes,” by Mr. J. Lewis. 

JUNIOR INSTITUTION OF ENGINEERS.—Wednesday, 
Thursday and Friday, October 24, 25 and 26, 9.30 a.m. 
to 7.30 p.m. (last day to 8.30 p.m.), 39, Victoria-street, 
London, S.W.1. Exhibition, further particulars of which 
are given in a paragraph on page 500, in this issue. 
Friday, November 2, 6.30 p.m., 39, Victoria-street, 
London,S.W.1. Film evening, ‘‘ Concrete ” and “‘ Moving 
Earth,” introduced by Mr. H. E. Hodgson. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
October 24, 3 p.m., Whitehall, London, S.W.1. Lecture, 
** The Land Campaign in Korea,” by Major-General B. A. 


Thursday, October 25, 5.30 p.m., Savoy-place, London, | Coad. 


W.C.2. Chairman’s Address, by Mr. A. H. Young. 
Scottish Centre: Thursday, October 25, 7.15 p.m., 
Temperance Hotel, Lint Riggs, Falkirk. ‘‘ Lightning,” 
by Professor F. M. Bruce. 

INSTITUTION OF PRODUCTION ENGINEERS.—Man- 
chester Section: Monday, October 22, 7.15 p.m., College 
of Technology, Sackville-street, Manchester. ‘‘ Some 
Tapping Experiments—Accurate Thread Production 
and Breakage Elimination,” by Mr. E. Johnson. Coventry 
Section: Tuesday, October 23, 7 p.m., Geisha Café, 
Hertford-street, Coventry. ‘‘ Factory Layout,” by Mr. 
R. Gore. South Wales Section: Thursday, October 25, 
6.45 p.m., South Wales Institute of Engineers, Park- 
place, Cardiff. ‘‘The Craftsmanship of jOutput as 
Applied to the Processing of American Brassfoundry 
Work,” by Mr. F. E. Rattlidge. 

CHEMICAL. SOCIETY.—Ozford Section: Monday, Octo- 
ber 22, 8.15 p.m., Physical Chemistry Laboratory, 
South Parks-road, Oxford. Alembic Club Lecture, 
“Some Equilibria and Reactions of Sulphur,” by Dr. G. 
Gee. Liverpool Section: Thursday, October 25, 4.30 
p.m., Chemistry Lecture Theatre, The University, 
Manchester. Joint Meeting with RoyaL INSTITUTE OF 
CHEMISTRY, SocieTyY OF CHEMICAL INDUSTRY and 
BRITISH -ASSOCIATION OF CHEMISTS. “Some Recent 
Work on Large Ring Compounds,” by Professor Wilson 
Baker. Hull Section.: Thursday, October 25, 6 p.m., 
Science Lecture Theatre, University College, Hull. 
“Some Methods of Measuring Reaction Velocities in 
Solution,” by Mr. R. P. Bell. Aberdeen Section: Thurs- 
day, October 25, 7.30 p.m., Chemistry Department 
Marischal College, Aberdeen. Joint Meeting with 
Royal INSTITUTE OF CHEMISTRY and SOCIETY oF 
CHEMICAL INDUSTRY. ‘“ Applications of Electric Dipole 
Moments to the Determination of Structure,” by Dr. 
L. E. Sutton. Glasgow Section: Friday, October 26, 
3.30 p.m., Chemistry Department, The University, 
Glasgow. Joint Meeting with ALcHEMISTS’ CLUB and 
ANDERSONIAN CHEMICAL SocIETY. “Chemicals as a 
Source of Energy, with Special Reference to Industrial 
Applications and to Jet Propulsion,” by Dr. J. Taylor. 
Birmingham Section. Friday, October 26, 4.30 p.m., 
Chemistry Lecture Theatre, The University, Edgbaston. 
Joint Meeting with the UNIVERSITY CHEMICAL SOCIETY. 
“Some Aspects of Oxidation and Corrosion,” by Dr. 
U. R. Evans. 

INSTITUTION OF CIVIL ENGINEERS.—Public Heulth 
Engineering Division: Tuesday, October 23, 530 p.m., 
Great George-street, London, S.W.1. “ Relation Between 
Daily Rainfall and Flow of the River Shin,” by Mr. 
R. 2. MacDonald. Midlands Association : Wednesday, 
October 24, 7 p.m., Loughborough College, Loughborough. 
Chai:man’s Address, by Mr. Vincent Daviss. 

I) STITUTE OF REFRIGERATION.—Tuesday, October 23, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s 
Gate, St. James’s Park, London, 8.W.1. ‘‘ Some Aspects 
of the Problem of Reciprocating Compressor Design,” by 


¥oe.-Commander W. R. Sinclair, R.A.N., and Mr. C. E. 
ace. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Wednes- 
day, October 24, 5.55 p.m., 11, Upper Belgrave-street, 
London, 8.W.1. ‘“‘Some New Developments in Pre- 
stressed Concrete,” by Dr. P. W. Abeles. Midland 
Counties Branch: Friday, October 26, 6 p.m., James 
Watt Memorial Institute, Birmingham. Chairman’s 
Address, by Mr. W. H. Veal. 

LIVERPOOL ENGINEERING SOCIETY.—Wednesday, Octo- 
ber 24, 6 p.m., 24, Dale-street, Liverpool. ‘“‘ The Gerrit- 
sen Gear,’’ by Mr. J. J. Gerritsen. 


Roya STATISTICAL SOCIETY.—IJndustrial Applications 
Section, Birmingham Group: Wednegday, October 24, 
6.45 p.m., Chamber of Commerce, 95, New-street, Bir- 
mingham, “Statistics in Trouble Shooting,” by Dr. 
E. A. G. Knowles. Sheffield Group: Thursday, Octo- 
ber 25, 6.30 p.m., Cavendish Room, Grand Hotel, Shef- 
field. ‘‘ A Comparison of Different Methods of Inspec- 
tion,” by Mr. B. H. P. Rivett. 


INSTITUTE OF INDUSTRIAL ADMINISTRATION.—London 
Centre: Wednesday, October 24, 7 p.m., Management 
House, 8, Hill-street, Berkeley-sqhare, London, W.1. 
** Management in Practice: No. 2. Attitudes,” by Mr. 8. 
Waugh. 

INCORPORATED PLANT ENGINEERS.—South Yorkshire 
Branch: Thursday, October 25, 7.30 p.m., Grand Hotel, 
Sheffield. ‘‘ Steelmaking from the Plant Engineer’s 
Viewpoint,” by Mr. F. Hinsley. Birmingham Branch: 
Friday, October 26, 7.30 p.m., Imperial Hotel, Birming- 
ham. ‘“ Feed Water Treatment,” by Mr. B. Pocock. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
October 26, 5.30 p.m., Storey’s Gate, St. James’s Park, 
London, S.W.1. Distussion on “‘ The Principles of Con- 
tinuous Gauge Control in Sheet- and Strip-Rolling,” by 
Messrs. W. @ F. Hessenberg and R. B. Sims. 

NortTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 26, 6.15 p.m., Stephen- 
son Building, King’s College, Newcastle-upon-Tyne. 
“‘ Photography at Sea of Ship-Propeller Cavitation,” by 
Dr. J. W. Fisher. 

INSTITUTION OF MINING ENGINEERS.—Saturday, Octo- 
ber 27, 11.15 a.m., Prince of Wales Hotel, Harrogate. 
*‘ Strata Control and the Influence on Underground and 
Surface Damage,” by Major N. E. Webster. 





Propvuctiviry TEAMs.—A productivity team on the 
technique of production control, and another on metal- 
working machine tools, have recently sailed to the 
United States. The 12 members of the first-mentioned 
team are led by Mr. G. H. Way (Dunlop Rubber Co., 
Ltd.); the deputy leader is Mr. T. L. Nuttall (Ford 
Motor Co., Ltd.), and the joint secretaries are Mr. 
F. Kay (Forestal Land, Timber & Railways Co.) and 
Mr. E. J. Thomas (A.E.C., Ltd.) The team which is 
to study metal-working machine tools consists of 15 
members, of whom Mr. R. D. G. Ryder (Thos. Ryder & 
Son, Ltd.) is the leader and Mr. F. H. Harris (B.S.A. 





Toois, Ltd.) is the secretary. 


PERSONAL. 


H.R.H. THE DUKE oF Epinsures, K.G., F.R.S., has 
accepted honorary membership of the British Institution 
of Radio Engineers, 9, Bedford-square, London, W.C.1. 

BRIGADIER P. LE M. S. STONHOUSE-GOSTLING, military 
commanding officer and deputy chief engineer, Armament 
Design Establishment, Ministry of Supply, has been 
appointed vice-president of the Ordnance Board, with 
the temporary rank of Major-General. The appointment 
takes effect in February, 1952. 

Mr. J. A. ORIEL, C.B.E., M.C., B.Sc., M.A., F.R.L.C. >» 
M.1I.Chem.E., recently general manager of Shell Refining 
& Marketing Co., Ltd., and Mr. G. OrmMsBy PEARCE, 
M.C., recently managing director of African Explosives & 
Chemical Industries, Ltd., have joined the board of 
W. J. Fraser & Co., Ltd., chemical engineers, Dagenham, 
Essex. 

Mr. H. P. Porrs, M.I.Mech.E., has been appointed 
managing director of the B.S.A. Tools Group of Com- 
panies in succession to the late Mr. James E. MacLAREN. 
Messrs. J. D. and D. M. Watson, 18, Queen Anne’s- 
gate, Westminster, S.W.1, have now taken into partner- 
ship Mr. G. Martin Swan, B.Sc., A.C.G.I., A.M.L.C.E., 
M.A.San.I. 

Mr. C. F. CLEAVER, M.I.C.E., M.I.Mech.E., M.I. 
Loco.E., having reached the retiring age, has relinquished 
the office of manager, railcars, but remains a director of 
A.C.V. Sales, Ltd., Southall, Middlesex. 

Mr. Donatp Kine has been appointed chairman of 
the Globe Pneumatic Engineering Co., Ltd., 58, Victoria- 
street, London, 8.W.1. OOoLoNEL J. H. ANDERSON, 
R.E., has also been appointed to the board. 

Mr. RALPH CREDLAND, assistant managing director of 
the Widnes Foundry & Engineering Co., Ltd., for the 
past four years, has been appointed joint managing 
director. 

Mr. F. W. Cooper, A.M.I.Mech.E., M.I.P.E., who is 
at present head of the engineering department at the 
Chance Technical College, Smethwick, Staffordshire, has 
been appointed Principal of the College, in succession to 
Mr. H. Garratt, B.Sc., who retires in December, 1951. 

Mr. Ivor W. SHELLY, M.I.Mar.E., has joined the 
staff of the marine sales department of J. Stone & Co. 
(Charlton) Ltd., Oceanic House, 1a, OCockspur-street, 
London, 8.W.1. 

Mr. 8. A. GHALIB has been appointed assistant chief 
engineer, electronic control department, Metropolitan- 
Vickers Electrical Co., Ltd., Trafford Park, Manchester, 
17. 

Mr. 8S. M. LAWRENCE has been appointed assistant 
sales manager, unwrought and special products, the 
British Aluminium Co., Ltd., Salisbury House, London 
Wall, E.C.2, in place of Mr. R. M. WARRINGTON, who is 
relinquishing his appointment with the company on 
October 31. Mr. O. M. Bruce Payne has taken over 
responsibility for the technical-service section of the 
development department, under the development mana- 
ger, in place of Mr. Lawrence. 

Mr. BE. J. Wison, until recently assistant engineer 
to the Port: of London Authority, has been appointed 
London office manager to Richard Sutcliffe Ltd., Hor- 
bury, Wakefield, at 235, Vauxhall Bridge-road, 8.W.1 
(Telephone : VICtoria 0844). 

Mr. A. T. Gray, secretary, and Mr. H. C. Leaca, 
works manager, have been appointed to the board of 
directors of Seagers Ltd., Dartford, Kent. 

Mr. W. N. Dourry has been appointed publicity 
manager of Ferranti Ltd., Hollinwood, Lancashire, in 
succession to Miss H. 8S. O’B. HOARE. 

Miss RoseMARY GARLAND has been appointed pub- 
licity officer to the Glass Manufacturers’ Federation, 17, 
Manchester-street, London, W.1. 

Mr. J. M. DrumMMOND has been appointed a deputy 
chief accountant of the British Hlectricity Authority. 

Mr. J. L. VAUGHAN has been appointed director of the 
process engineering department of the National Research 
Corporation, Cambridge, Massachusetts, U.S.A. 

The new address of RUBBER-STICHTING is Oostsingel 
178 (Postbus 66), Delft, Holland. 

The firm of FLEXIBLE NoN-METALLIC Conpu!ts LTD., 
of Tottenham Court-road, W.1, has been reorganised for 
increased production, with a change of name to GILFLEX 
Conpurts Ltp. A trade counter is being set up at 41, 
The Parade, High-street, Watford, and the main offices 
are also being moved to this address. 

JoHNSON & PHILLiPs, Lrp., Charlton, London, S,E.7, 
are transferring their Ipswich branch, on Monday, 
October 22, to larger premises at 17, St. Nicholas-street. 
(Telephone: Ipswich 3417.) 

Sunvic Conrrors Lrp., 10, Essex-street, Strand, 
London, W.C.2, have made arrangements to manufacture 
and sell, throughout the British Commonwealth with the 
exception of Canada, the range of pneumatic provess- 








control instruments made by Moore Propvucts Co., 
Philadelphia, U.S.A. 
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DIESEL-ENGINED 50-FT. GENERAL-SERVICE LAUNCH. 


JOHN I. THORNYCROFT AND COMPANY, LIMITED, LONDON. 








DIESEL-ENGINED LAUNCH. 


For a number of years, the lack of a suitable marine 
Diesel power unit combining high performance with 
low weight has been a handicap to builders of small 
fast craft. As a result, however, of work by Messrs. 
John I. Thornycroft and Company, Limited, Thorny- 
croft House, Smith-square, London, 8.W.1, in colla- 
boration with the Rover Company, Limited, and the 
Self-Changing Gear Company, Limited, a power unit 
has been evolved which suitably fills the gap. The 
first of the new units has been installed in the 50-ft. 
launch illustrated in Fig. 1, above, and the craft 
recently underwent trials and demonstration runs in 
Southampton Water. The engine is the Rover Com- 
pany’s eight-cylinder Meteorite Diesel, which was 
described previously in ENGINEERING, vol. 169, page 341 
(1950), and is illustrated as part of the complete 
propulsion unit in Figs. 2 and 3, on this page. This 
engine drives the propeller shaft through an oil- 
operated reverse-reduction gearbox manufactured to 
Messrs. Thornycroft’s specification by the Self-Changing 
Gear Company, Limited. The engine, which is flexibly 
mounted, develops 275 brake horse-power at 2,300 
r.p.m., at maximum output, and has the low weight-to- 
power ratio of 11 lb. per net shaft horse-power. The 
overal] dimensions of the unit, as installed, are 7 ft. 5 in. 
long, by 3 ft. 1 in. wide, by 3 ft. above and 1 ft. 1} in. 
below the propeller-shaft line. The width between the 
engine bearers is 2 ft. 1 in. 

The cylinder skirts, cylinder head and exhaust 
manifold are cooled by fresh water, flowing in a closed 
circuit. A heat-exchanger, employing sea-water as 
the cooling agent, and mounted at the forward end of 
the engine, dissipates the waste heat. Water circulation 
is by centrifugal pumps, and, in the case of the sea- 
water circuit, part of the water passes through the 
oil cooler of the gearbox. A thermostatic control in 
the fresh-water circuit by-passes water entering the 
heat exchanger to permit rapid warming up and 

1 control of temperature. A bilge pump is also 

tted which is identical in design and completely inter- 

changeable with the sea-water pump, should it be 

required in an emergency. Both units are slow-speed 

gear pumps of large capacity, constructed of sea-water 
resisting materials. 

The engine is started eléctrically by means of two 
24-volt motors mounted on the gear casing. The 
batteries which supply the motors are charged from 
the dynamo, which is a 24-volt 830-watt machine, 
mounted on top of the reverse gear. A small petrol- 
engine-driven auxiliary charging set, housed in the 
box just visible in Fig. 3, aft of the engine, is intended 
for use in port. The main engine is controlled remotely 
from the steering cabin by the movement of a single 
lever, which also controls the clutches of the oil-operated 
reverse gear. The system incorporates an oil servo 
which not only simplifies control, but also protects the 
engine against abuse, since the throttle will not open 
until either the ahead or astern clutch is fully engaged. 
An additional hand throttle and emergency gear lever 
are mounted on the engine. The maximum speed of the 
craft is 17 knots. 
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Fie. 2. Rover “Merrorire’ Dreset ENGINE, WITH GEARBOX. 
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ELECTRICAL HAZARDS. 


SraTep in broad terms, the business of the Fire 
Research Board is the investigation of the fire- 
resisting properties of materials, of the influence of 
building methods on the spread of conflagrations, 
and on methods of extinguishing fires. Some 
account of its work on these matters, as recorded 
in its report for the year 1950, appeared on page 315, 
ante. The Board is not a statistical agency, and it is 
hardly its concern to investigate the relative import- 
ance of, say, gas, electricity and solid fuel as causes 
of fires. Still less is it its business to relate the 
respective influence of these agents on the accident 
rate. The report for 1950, however, contains a 
table which bears on the subject of electrical hazards 
and records that, of 42,792 fires in buildings in 1949, 
7,228 had an electrical origin. This is not an 
alarming figure, but it is a substantial one. 

It may be held that the 129 fatal electrical 
accidents in domestic and industrial premises in 
1949 were of more importance and gravity than 
the 7,228 fires. Some of these latter were of a 
minor nature, but so also, no doubt, were some 
of the 771 reportable electrical accidents in factories. 
It would not be correct to assume that a majority of 
electrical atcidents are a by-product of fires, but 
some are. In the course of the year, a little girl aged 
seven years came into contact with the unguarded 
element of an electric radiator. She received burns 
from which she died and two adults received burns in 
their endeavours to extinguish the flames. Whether 
this was an,electrical accident or a fire accident must 
be left to those who compile statistical tables to 
decide. The fatality might have occurred with a 
gas or a coal fire, but neither of these appliances 
has the convenient property of being portable. 

The causes of fires are recorded by fire brigades ; 
there are many of these bodies and it may be 





that there is no common basis on which returns are 
based. Electrical accidents in factories, however, 
are reported to the factory inspectors, so that 
they can be compared and listed on a common 
system, and a report* dealing with their incidence 
during 1949 has recently been published. There is 
no organisation corresponding to the factory inspec- 
torate of the Ministry of Labour and National Ser- 
vice which is concerned with domestic accidents. 
The reason for this is obvious ; an inspection system 
covering every house or flat in the country would 
be an economic and administrative impossibility. 
As a result of this, many domestic electrical acci- 
dents are probably never recorded. None the less, 
an attempt is made to compile a list of such events. 
There is no difficulty in obtaining information 
about accidents which result in death, and the 
relative importance of the domestic and industrial 
fields in this matter is shown by the fact that, of the 
129 fatal electrical accidents in 1949, 70 occurred 
in domestic or similar premises and 59 in industrial 
premises. 

The natural explanation of the leading position 
occupied by domestic fatalities is that most of the 
electrical apparatus used in the home is handled by 


508| people who are ignorant of electrical matters. This 


explanation is probably correct, but it is a little 
weakened by the fact, as recorded in the factory 
report, that a pilot survey showed that 50 per cent. 
of the electrical accidents in factories occurred to 
members of the electrical staff, nearly all experi- 
enced working electricians. This suggests that 
over-confidence plus carelessness, as causes of 
accidents, are just about equal to ignorance. In 
fairness to domestic users, moreover, it should be 
recorded that, of the electrical fatalities last year, 
somé six or more deaths were due to apparatus 
being wired with the switch in the neutral conductor 
so that it was alive even when switched off. This is 
entirely a wireman’s fault and accidents due to it 
cannot be attributed to the ignorance of the general 
public. Furthermore, many domestic electrical 
accidents are due to faults in the connecting arrange- 
ments, as in the case of a vacuum cleaner in which 
the live connection had been stripped back, allowing 
the bare portion to touch the spiral-wire cable entry 
and thus make it alive; in addition, the neutral 
conductor passing down the centre of the handle 
was pierced by the lower fixing screw of the cover. 
As a consequence, there was full mains voltage 
between the cable spiral and the screw. A woman 
using this appliance was killed, but the accident 
was due to a careless wireman, not to her ignorance. 
Before leaving the question of accidents due to burns 
caused by the ignition of clothing from inadequately- 
guarded electric fires, it should be recorded that, 
in the opinion of experienced fire officers, the ratio 
between fatal cases and those which do not result in 
death is not less than five to one. 

The pilot survey, mentioned above, which showed 
that 50 per cent. of industrial electrical accidents 
occurred to experienced workpeople, was restricted 
to the Sheffield area. The record for the whole 
country is, however, much the same. A table in 
the report gives the percentage figures for the years 
1944 to 1949, inclusive. These show a fall in the 
accidents to youths and women from 27 per cent. 
of the total in 1944 to 8 per cent. in 1949. Inter- 
mediate years showed variations, but all were well 
below the 27 per cent. of 1944. This is very satis- 
factory; it may be interpreted as indicating 
increasing electrical knowledge and judgment on 
the part of the women and young persons con- 
cerned, or it may be taken to indicate that greater 
attention is being paid by managements to safety 
and protective arrangements. This latter explana- 
tion is the more likely. The table also gives figures 
for fitters, erectors, crane drivers, etc. This group 








* Electrical Accidents‘and their Causes, 1949, H.M. 
Stationery Office. [Price 2s. 6d. net.) 








498 


ENGINEERING. 





Oct. 19, 1951. 





apparently represents workpeople who use or 
operate near electrical apparatus, but who are not 
themselves electricians. The percentage of acci- 
dents occurring to this class of artisan is relatively 
steady, the figure for 1944 being 46 per cent. and 
that for 1949, 42 per cent. 

The third group listed in the table covers super- 
visory staff, testing staff and electricians, and its 
record is highly unsatisfactory and not easy to 
explain. The percentage of total electrical acci- 
dents to instructed workers of these grades in the 
six years from 1944 to 1949 were 27, 30, 36, 36, 41 
and 50. This does not mean that the number of 
accidents rose at this rate, as the total reportable 
electrical accidents in factories in 1944 was 1,072, 
and in 1949 it was 771. The actual numbers of 
accidents to this class of employees were 289 in 1944 
and 385 in 1949. This rise might be explained by 
increasing use of electrical plant and apparatus in 
factories, but this does not explain why an increasing 
proportion of accidents should occur to those who 
should be in the best position to look after them- 
selves. It is not to the credit of trained personnel 
that the percentage figures for electrical accidents 
in 1944 and 1949 were for women end young persons 
27 and 8; for non-electrical workmen 46 and 42; 
and for electrically-trained men, 27 and 50. 

It is presumably one of the purposes of the 
report to explain this unsatisfactory state of affairs, 
and details are given of a large number of accidents 
of various types. The records should be studied by 
those responsible for the electrical installation in 
any factory and at the present day “ any factory ” 
may almost be read as “all factories.” It is, 
naturally, not possible here to reproduce the details 
of the large number of incidents which are dealt 
with, but further reference may be made to -the 
type of over-confidence, or carelessness, to which 
many accidents are due. It is stated that there is 
a “notable persistence” in working on live con- 
ductors or operating switchgear with the covers 
open, although investigation shows that such prac- 
tices are usually quite unnecessary, even where 
production considerations are important. It is 
suggested that many maintenance men, including 
experienced electricians, have never seen a flash- 
over on a heavy power circuit and carry on work 
on live circuits of that type under the idea that if 
there is a flash-over it will be the sort of thing they 
have seen on a lighting sub-circuit. They are also 
inclined to think of the risk in terms only of possible 
shock, and as they may previously have experienced 
a 230-volt shock without serious inconvenience, do 
not consider a low-voltage shock of great importance. 
Actually, of the six fatal accidents on switchgear 
in 1949, five were on apparatus below 650 volts, 
and only one on gear above that voltage. 

In connection with switchgear generally, the 
report states that before vesting day, when the 
British Electricity Authority took over, the Inspec- 
tors knew many of the supply officers in their areas 
and where to find them. Under the new régime, 
they have had to spend much time in locating the 
executives whom they wished to see. When found, 
however, these officials showed a greater tendency 
to agree with any criticism of existing arrange- 
ments. As the new officials were, in many cases, 
not responsible for the design and layout of gear, 
they were not disturbed by adverse criticism. The 
point mainly concerned is that “some of the 
smaller self-contained undertakings delayed atten- 
tion to their switchgear both by the retention of 
obsolete designs and the improvisations which were 
probably unavoidable during the war years.” There 
is no question that gear entirely adequate for 
a small self-contained area may be the opposite 
when tied in to a large system. The criticism 
implied in the report would appear to be justified 
by a table giving details of 23 switchgear failures. 
In 19 of these, circuit breakers, presumably of the old 
type, either exploded or failed to operate properly. 


RESEARCH ON RIVER 
POLLUTION. 


Tue Rivers (Prevention of Pollution) Bill, which 
became an Act last summer, gives additional powers 
to the River Boards set up under the River Boards 
Act of 1948. In the introductory section of the 
report* of the Water Pollution Research Board 
for last year, Mr. H. W. Cremer, the chairman of 
the Board, states that seventeen river boards 
had held their first meeting by November, 1950. 
In due course, if may be assumed that the boards 
will lay down standards of quality for liquid 
discharged to rivers and streams, although doubtless 
these will be variable in terms of local conditions. 
The matter is of importance both to sewage-works 
authorities and to industrial firms. In the past, 
apart from exercise of their restricted powers by 
Fishery Boards, the only method of taking action 
in case of serious river pollution lay through the 


\law courts. 


A well-known example of action of this latter kind 
was furnished by the injunction laid on the Luton 
Corporation to improve the quality of the effluent 
discharged from their sewage works to the River Lee. 
The original injunction called for improvement 
within a year. From the first it was obvious that 
this was too short a time to carry out investigations 
and install treatment plant, and a number of exten- 
sions have been granted by the Courts. The 
Luton case arose from the action of an aggrieved 
riparian owner, but as the new River Boards come 
into action it may well be that other municipalities 
will find themselves faced with demands of the 
same type as those which have been directed at 
Luton. 

The report of the Board for the year 1949 dealt 
in some detail with the use of micro-strainers and 
of closed pressure filters, for the treatment of 
sewage effluent. The report for 1950 deals mainly 
with experiments carried out with open rapid gravity 
filters, although some information is given about 
the relative performances of graded sand and 
graded anthracite in the closed pressure filters. 
At rates of treatment from 150 to 180 gallons per 
square foot per hour the treated liquid from the 
two materials was of about the same quality, but 
when the rate was increased to a maximum of 
270 gallons per square foot per hour, although 
there was little change in the quality of the effluent 
from the filter containing anthracite, that from the 
sand filter showed progressive deterioration. Com- 
parative experiments with anthracite and sand 
were also made with the open rapid gravity filters, 
which had arrangements for blowing air through the 
bed of filtering medium before back-washing. At 
first, effluents of good quality were obtained with 
both materials, but after a time the quality deterio- 
rated and it was found that particles of medium had 
become coated with a gelatinous film. This was 
removed by filling each filter with a solution con- 
taining 0-05 per cent. available chlorine. Up till that 
time the period during which air was passed through 
the filters before back-washing was 3 minutes. 
It was thereafter increased to 10 to 15 minutes 
and since then chlorination has not been necessary. 
Later work has covered investigations on the effect 
of increasing the depth of the bed of filtering 
medium. 
| The Water Pollution Research Laboratory has 
investigated and devised methods of treatment for 
many types of works effluent, and information of 
‘importance to various industries has appeared in 
earlier reports. Two types of industrial waste 
water are dealt with in the latest report. The 
two activities covered are the manufacture of paper 





* Report of the Water Pollution Research Board, with the 
Report of the Director of Water Pollution Research for the 
Year 1950. H.M. Stationery Office, York House, Kingse 
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and the testing of rocket motors. Some information 
about the treatment of waste water from paper 
manufacture was given in the 1949 report and the 
investigation now referred to represents a further 
stage in a comprehensive study of the whole matier, 
In the experiment described, all the waste waters 
of the mill, mixed in the proportions in which they 
were produced, were treated in a pilot plant. The 
mixture included waste water from bleaching and 
washing pulp, and waste water from the paper 
machines. After treatment, described in detail in 
the report, the dechlorinated, aerated and settled 
waste water was passed to a percolating filter, 
The final result suggested that an effluent of satis- 
factory quality could be obtained. 

The work on waste waters from testing rocket 
motors had some reference to the effect of objection- 
able constituents on fish, and although it is not 
stated, it may be surmised that these waste waters 
are being discharged to a river or stream in which 
the maintenance of reasonable purity is of import- 
ance. The waste waters contain hydrogen peroxide, 
hydrazine hydrate and methyl alcohol, nitric acid 
and a certain amount of fuel oil immiscible with 
water. The nitric acid can be dealt with by 
neutralisation and the fuel oil removed by mechani- 
cal methods, but hydrogen peroxide and hydrazine 
presented more difficult problems and experimental 
investigation was necessary. Provided there is an 
excess of hydrogen peroxide, hydrazine could be 
removed by catalytic oxidation and, by changing 
the conditions, the excess of hydrogen peroxide 
could be decomposed. It is added that no simple 
chemical method is available for the removal of 
methyl alcohol from dilute solutions and if the 
concentration of this compound, or its oxidation 
product, formaldehyde, was too high to permit 
discharge of the chemically-treated liquid to a river, 
biological treatment would have to be used as a 
final stage. 

One of the most extensive investigations now 
being carried out by the Water Pollution Research 
Laboratory staff is the survey of the Thames Estuary 
which is being made for the Port of London 
Authority. The object of the survey is to deter- 
mine, as far as possible, the causes which lead to 
the deposition of silt in the central reaches. The 
\Port of London Authority has provided a surveying 
‘vessel and a laboratory at Tilbury. Records of the 
condition of the water of the Thames have been 
collected by the London County Council during the 
past 55 years; the records include data on tem- 
perature, pH value, concentration of dissolved 
oxygen, absorption of oxygen from potassium 
permanganate, and concentration of suspended 
solids, chlorine, ammonia, nitrate and nitrite at 
various positions from Teddington seawards. The 
systematic collection of samples of deposits from 
the bed of the estuary between Teddington and the 
seaward limit of the Port of London Authority was 
completed in the spring of 1950. In general, there 
is a fairly regular gradation in the constitution of 
the deposits throughout the length of the estuary. 
Samples in the central reaches were composed of 
comparatively fine particles having a low content 
of silica and a high content of sesquioxides and 
containing a large proportion of organic matter and 
sulphide. Samples taken off the Isle of Sheppey 
contained a high proportion of fine material but 
low concentrations of organic carbon and nitrogen. 
As one of the objects of the investigation is to 
identify the source of the materials which are 
continually being deposited in the central reaches, 
a thorough study will have to be made of the 
composition of the deposits which may be eroded 
from the bed of the estuary, or the sea, and carried 
into these reaches by the tide. It is clear that 
progressive changes are taking place in the river 
and records show that since 1945 its temperature 
has increased and its content of dissolved oxyg‘? 
decreased. 
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NOTES. 


THe Lonpon Motor SHow. 


TuE 36th International Motor Exhibition, which 
opened at Earl’s Court, London, on Wednesday, 
October 17, can only be of academic interest to 
British visitors, as the chances of obtaining a new 
car in the near future are, to say the least, remote in 
the extreme. Nevertheless, the Society of Motor 
Manufacturers and Traders are right in their decision 
to hold the Show as it affords an excellent oppor- 
tunity to focus the attention of motorists on the 
latest British products and, being truly inter- 
national in character, permits a comparison to be 
made with the products of overseas competitors. 
In general, the Show follows closely the pattern 
of previous functions of this type and, once 
again, innovations are scarce. At the present time 
there is much to commend this lack of novelty in 
external appearance, as before the war there was a 
tendency, mainly at the behest of salesmen, to 
introduce new models for novelty’s sake, with the 
result that many firms manufactured a prodigious 
number of different types. Although new models 
are scarce at Earl’s Court, this does not mean that the 
industry has become complacent, as many technical 
improvements are visible to the discerning eye. 
There is, however, one outstanding new car, namely, 
the Austin Seven, which, although the latest of a 
famous series, bears little resemblance to its pre- 
decessors. Basically, it is a smaller version of the 
firm’s Hereford car. It is a roomy four-door saloon 
providing comfortable accommodation for four 
adults, but, unlike other Austin cars, it is of unit, or 
“ chassisless,”” construction. In other respects, 
however, the new Seven, which actually has an 
R.A.C. rating of 8 h.p., is of straightforward design 
and follows accepted practice. The European con- 
tribution includes cars from such famous French 
firms as Panhard and Levassor, Delage, Hotchkiss 
and Delahaye, the exhibits on the stand of Panhard 
and Levassor including variations of their well- 
known two-cylinder light cars. Germany is repre- 
sented by Porsche and Italy by Lancia, Fiat, Ferrari 
and Alfa Romeo. American and Canadian firms 
are well represented, exhibits from this quarter 
including the Rambler, a small car made by Nash 
of America. As in previous years, the Show includes 
sections for component parts and garage-equipment, 
caravans and motor boats. 


Tue Instrrvution oF Crvi, ENGINEERS. 


On Tuesday, October 16, at the Dorchester Hotel, 
London, W.1, the Institution of Civil Engineers 
held their first annual dinner since the war. The 
President, Dr. W. H. Glanville, occupied the chair. 
Professor E. D. Adrian, O.M., F.R.S., who proposed 
the toast of “The Institution,” said that civil 
engineers had certainly left their mark on the face 
of Nature, damming great lakes, levelling mountains, 
and constructing roads and harbours and airports. 
“We may complain sometimes,” he said, “that we 
prefer the mountains and lakes as they were before, 
but we can scarcely deny the ‘ use and convenience’ 
to man of all these activities.” Civil engineers in 
these days, he continued, hada heavy load to carry. 
They had to know with great accuracy the deflec- 
tions which their structures could tolerate, but they 
had many other and different types of burdens to 
consider ; they could scarcely move without having 
first obtained the “ All Clear” from the experts on 
the shortage of materials and man-power, on 
economic pressures, on the needs of national 
defence and on the beauties of the countryside. 
Dr. Glanville’s work on transport problems was 
another aspect of “directing the great sources 
of power in Nature to the use and — convenience 
of man.” The Institution had now a Division 
to look after airport engineering, and so the 
enlargement of mechanical philosophy took it into 
fields of which its founders could scarcely have 
guessed. The President, in reply, said that the 
character of the Institution had changed and was 
changing with the times. It had been founded by 
enthusiastic young men in their twenties, but he 
could remember the time when the average age of 
members of the Council appeared to be beyond the 
allotted span of three score years and ten, and the 
Institution seemed to be a body quite remote from 


the young engineer. The professional engineers of 
those days were largely from Victoria-street, but a 
great proportion of the members to-day were em- 
ployed by public bodies, by large firms and by 
contractors. The emphasis had changed ; younger 
men had been elected to the Council, which was 
now fairly representative of the structure of the 
profession. Since that change began, special Divi- 
sions had been formed and the meetings had 
increased in number. Close co-operation had been 
established with many other engineering institutions, 
the Institution had taken a more direct interest in 
research, and more attention was being paid to the 
younger engineers. In collaboration with the sister 
Institutions, the Mechanicals and the Electricals, 
they now had a joint branch in Buenos Aires, and, 
until recently, a very active one in Abadan, which 
he hoped was only temporarily out of action. “‘ The 
whole Abadan affair,” the President remarked, “is 
an engineering as well as a national tragedy.” The 
volume of civil engineering work waiting to be done 
was greater than it had ever been. At home, the 
tasks were immense; in the backward countries 
they almost defied the imagination. Social advances 
could hardly begin in many cases until the civil 
engineer had provided the essential background for 
civilisation. In dealing with all these difficult 
problems, the professional Institutions had a real 
part to play. Marshal of the Royal Air Force 
Lord Tedder, responding to the toast of “The 
Guests,” proposed by Mr. V. A. M. Robertson, said 
that all engineering was concerned with develop- 
ments for the benefit and welfare of humanity as a 
whole, which should be as much for the moral as 
for the physical well-being of humanity. If engi- 
neering were to develop into mere technology, he 
could see danger ahead. There was much talk 
about the crying need for technicians, but it was to 
be hoped that the Institution would do all in its 
power to ensure that the education of the younger 
men was not debased into mere technical training 
or the nation would be flooded with technicians and 
mechanics, and would have no engineers. 


Smneie-PuasE Execrric TRacTIon at 50 Cycrzs. 


A conference (Journées d’Information) was 
held at Annecy (Haute-Savoie) from Friday, 
October 12, to Monday, October 15, at which a 
considerable amount of information was given about 
an interesting experiment in the field of electric 
railway traction. Of the two most widely used 
methods at present used for this purpose, direct 
current, whatever the voltage, has the disadvantage 
of requiring expensive substations and transmission 
lines, while the 15-kV single-phase system at a 
frequency of 16% cycles necessitates the erection of 
special transmission lines and frequently of separate 
generating plant. As the cost of conversion, 
especially of lightly-loaded sections, may therefore be 
prohibitive, Mr. Louis Armand, directeur-général de 
la Société Nationale des Chemins de Fer Francais, 
therefore initiated investigations into the possi- 
bility of using single-phase alternating current at 
50 cycles. The section of railway chosen for this 
purpose lies between Aix-les-Bains and La Roche 
sur Foron in Savoy, a distance of 484 miles. It 
rises steeply from Aix to Evires, nearly 40 miles, 
whence it falls to La Roche. Power is at present 
obtained from the three-phase network of the 
Electricité de France at 42 kV and is transformed to 
two-phase at 20 kV by a 12-MVA Scott-connected 
transformer group. This group is installed in a 
substation at Annecy, about half-way between the 
terminals. One phase of the Scott connection is 
taken to the overhead collector line running towards 
Aix and the other to that running towards 
La Roche, the two being separated by a short 
neutral section opposite the substation. The 
rolling stock consists of a 4,000-h.p. Alsthom loco- 
motive, which has been designed so that it can also 
be run at a reduced speed on 1,500-volt direct cur- 
rent; and a 2,800-h.p. locomotive, made by the 
same firm, which is equipped with rectifiers for the 
same reason. A third 4,300-h.p. locomotive has been 
constructed by the Oerlikon Company, who have 
also provided two sets of 1,560-h.p. multiple-unit 
stock. Finally, there is a French Westinghouse 
rail coach. All this equipment was made available 





for inspection during the conference and, in addition, 
full details of its design and of the experience gained 


during its operation were presented in 30 papers. 
As Mr. Armand said, in opening the proceedings, the 
installation provides a contribution to the solution 
of the problem of railway modernisation ; and the 
French engineers are to be congratulated on the 
enterprise they have shown in dealing with the 
matter so exhaustively. 


CENTENARY OF THE Roya ScHoot or Mrnzs. 


Founded on November 6, 1851, the Royal School 
of Mines, South Kensington, London, is about to 
celebrate its centenary. The School is now one of 
the three constituent colleges of the Imperial College 
of Science and Technology, the other two being the 
Royal College of Science and the City and Guilds 
Engineering College. The Imperial College, which 
is now one of the colleges of the University of 
London, was built on land acquired from the Royal 
Commissioners of the Exhibition of 1851. The 
Royal School of Mines comprises departments of 
mining, metallurgy, mining geology and oil tech- 
nology, and in these departments there are 159 
undergraduates and 19 post-graduate students in 
the current session. The department of mining, 
under Professor J. A. 8. Ritson, D.S.O., O,B.E., 
M.C., gives instruction in the technological branches 
of the subject and is more particularly identified 
with metalliferous mining. It owns a mine in 
Cornwall, which is used for teaching mine surveying, 
but during the long vacation students can obtain 
practical experience in mines, including coal mines, 
in this country and overseas. Travelling scholar- 
ships provide increased facilities for gaining mining 
experience overseas. Professor C. W. Dannatt 
conducts the department of metallurgy, which deals 
with the extraction of metals from their ores and 
with the refining and subsequent fabrication pro- 
cesses. This covers foundry work, thermal and 
mechanical treatment and welding, as well as 
chemical analysis, metallography, mechanical 
testing, spectroscopy and X-ray investigations. 
An important aspect of both the above-mentioned 
departments is now known as mineral dressing, 
which comprises the preliminary treatment of the 
material as mined to render it suitable for sub- 
sequent metallurgical operations. The department 
of mining geology, of which Professor David 
Williams is in charge, provides the knowledge 
required in the search for and subsequent develop- 
ment of new mines. The department of oil 
technology is under the general direction of Professor 
V. C. Illing and is concerned mainly with the prob- 
lems of oilfield exploration and exploitation. 
Research is in progress in all departments of the 
School, as an example of which we may mention a 
special research group in extraction metallurgy, 
recently set up in the metallurgical department by 
the generosity of the Nuffield Foundation. To enable 
those interested to see something of the work in 
progress, a conversazione will be held at the School 
on Thursday, October 25, at 8 p.m., when the 
guests will be received by the Rt. Hon. Viscount 
Falmouth, chairman of the Governors of Imperial 
College, Sir Roderic Hill, K.C.B., Rector of Imperial 
College, Mr. Vernon Harbord, and Mr. D. Griffiths. 
A booklet giving some notes on the history of the 
School has been prepared. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
mx ScorLaND. 


The James Watt Dinner of the Institution of 
Engineers and Shipbuilders in Scotland, an annual 
event at which engineers from Clydeside, and 
beyond, meet to honour the memory of their great 
predecessor, was held in Glasgow on Friday, 
October 12. Were any testimony needed to the 
vigour of the Scottish institution—which we need 
hardly add is not so—this annual gathering surely 
provides it. Once again, the banqueting hall of 
the Grosvenor Restaurant was filled to capacity 
when the chair was taken by the President of the 
institution, Sir Andrew McCance, following the 
piping in of the platform party. In accordance 
with custom, the toast of James Watt was proposed 
by the President and honoured in silence, . The 
principal guest was the Earl of Home, who, in 
proposing the toast of ‘‘ Engineering and Ship- 
building,” recalled that the day was the anniversary 





of the discovery of America by Columbus in 1492, 
and went on to compare and contrast the adventur- 
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ous spirit and obstinate self-assurance of the Genoese 
mariner with the studious disposition but insatiable 
curiosity of the mathematician-turned-engineer 
from Greenock. The discovery of the former 
brought a mighty continent within the orbit of the 
Christian world, and Watt’s invention made possible 
the rapid communication by which the wealth of 
the world was brought quickly to the aid of human- 
ity. It seemed that history was largely determined 
by the actions of a few men of genius possessed of 
that modicum of extra energy and determination 
which spurred men to action. James Watt’s 
discovery of steam-power had enabled a great 
civilisation and immense industrial power to be 
built up. Steam power was also the basis of the 
British Navy, and he thought it was still true to 
say—though some disputed it—that the security of 
Great Britain lay in her Merchant Navy and warships, 
which should be a first concern of her people and 
government. There was no doubt that British 
influence abroad was in proportion to her power 
and her will to use it. At the present time, there 
were many who were covetous of British possessions 
and envious of British authority, but, of late, there 
seemed to have been some reluctance among British 
statesmen to exercise that authority. It was worth 
recalling that, for 100 years, Britain had used her 
power with discretion and high purpose to keep the 
peace of the world. If she now declined to use her 
authority in support of law and order, legal contracts 
and treaty obligations, she would cease to deserve 
to lead a great empire and would deserve to be 
finished as a great Power. Lt.-Col. Lord Dudley 
Gordon, who responded, recalled that, in the past 
150 years, serious inroads had been made into the 
world’s store of raw materials for energy, which had 
taken millions of years to accumulate. Atomic 
energy, however, had emerged as a new source of 
power of great potential value. Just as fire, 
originally the destroying agent, had been harnessed 
to the service of man, so, also, atomic energy, which 
had first been used for destructive purposes, might 
find its peaceful applications and benefit mankind. 
There was a great opportunity for the young men of 
to-day to apply the new discoveries in invention, as 
James Watt and his successors had done. The 
toast of ‘‘ The Guests ” was proposed by Mr. T. A. 
Crowe, vice-president of the Institution, and 
acknowledged by Sir Amos Ayre, chairman of the 
Shipbuilding Conference. 


Metat Economics. 


A general meeting of the Institute of Metals was 
held at the Park Lane Hotel, Piccadilly, London. 
W.1, on Wednesday, October 17, to discuss the 
subject of “ Metal Economics.” The morning ses- 
sion was devoted to the presentation of three short 
papers followed by a general discussion on “ Primary 
Resources of Ferrous and Non-Ferrous Metals.” 
Similarly, the afternoon session was given over to 
the presentation of five papers and a discussion on 
“Scrap Reclamation, Secondary Metals and Sub- 
stitute Metals.” In an introductory address on 
the objects of the meeting, delivered at the outset 
of the proceedings, the chairman, Professor A. J. 
Murphy, President of the Institute, welcomed the 
visitors and stated that the metallurgists present 
hoped to hear the opinions of geologists, economists 
and manufacturers on the matter under discussion, 
and long-term as well as short-term views would 
be most acceptable. As he had stated in his presi- 
dential address at the spring meeting of the Insti- 
tute, a movement of the balance between the supply 
and the demand of the principal non-ferrous metals 
had been manifest since the commencement of the 
present century. The basic forces sprang from 
three elements, the first being the increasing popula- 
tion of the world, the second the essentially ex- 
haustible, non-renewable characteristic of mineral 
resources, and the third the world-wide demand for 
higher standards of living. Of the commonly-used 
metals, lead, zinc and copper were gradually moving 
into the class of the relatively scarce materials, while 
iron, aluminium, magnesium and titanium were 
likely to remain plentiful for a much longer period 
of time. The situation could be summed up by 
posing three questions. In the first place, what 
could be done to improve available supplies ? 
Secondly, how could better use be made of the 
present resources ? Thirdly, what substitutes could 





be used in the place of metals which were becoming 
difficult to supply ? It was to be hoped that the 
discussions would help to clarify some of the prob- 
lems. 


LAUNCH OF THE TANKER “ WoRLD Unity.” 

The tanker World Unity, now under construction 
at the Barrow shipyard of Messrs. Vickers-Arm- 
strongs Limited for the North American Shipping 
and Trading Company (London), was launched on 
Tuesday, November 16, by Mrs. J. W. Platt, wife 
of Mr. J. W. Platt, a managing director of the 
Shell Petroleum Company, Limited, and of the 
Anglo-Saxon Petroleum Company, Limited. The 
World Unity is the largest tanker ever launched in 
the United Kingdom and is the first of six tankers 
of this size and larger, now being built for the same 
company by Messrs, Vickers-Armstrongs Limited. 
In addition, there are four smaller tankers of 
20,000 tons deadweight under construction at their 
Naval Yard, Newcastle-on-Tyne. The dimensions 
of the World Unity are: length, 653 ft. overall 
and 625 ft. between perpendiculars; breadth, 
moulded, 86 ft. ; and depth to upper deck, 45 ft. 9 in. 
She is designed for carrying petroleum and, when 
completed, will have 30 cargo tanks, arranged three 
abreast in the width of the hull. Longitudinal 
framing has been adopted for the shell and also on 
the upper deck from the forepeak bulkhead to the 
engine-room bulkhead, with transverse framing and 
beams at the ends. With the exception of the 
upper-deck stringer bars and the seams of the 
bilge strakes, the hull is of all-welded construction. 
She will be propelled by a set of geared turbines of 
the Parsons type and to Pametrada design, driving 
a single screw ; these will develop a service power 
of 12,500 s.h.p. at 100 r.p.m., and a maximum 
output of 13,750 s.h.p. at 103 r.p.m. Steam will be 
supplied by two Foster-Wheeler type “D” water- 
tube boilers at a pressure of 450 lb. per square inch 
and a temperature of 750 deg. F. at superheater 
outlet. The cargo will be discharged by three 
turbine-driven pumps, each capable of delivering 
850 tons an hour. These will be installed in the 
after pump room, and the forward pump room will 
accommodate the fuel-oil transfer pump and the 
ballast pump. 





OBITUARY. 


MR, V. W. BONE, M.B.E. 


WE regret to record the death on October 12, in 
a nursing home in Lincoln, of Mr. V. W. Bone, 
formerly chairman and managing director of Messrs. 
Ruston and Hornsby, Limited, and their associated 
companies. Mr. Bone, who was 68 years of age, 
retired in June, 1949, owing to ill-health, and, though 
he made a partial recovery, had been an invalid for 
the past two years. 

Victor William Bone, who was born on Feb- 
ruary 17, 1883, received his general education in 
Ipswich, and his technical education in Ipswich 
evening classes, while serving his apprenticeship 
with Messrs. Ransomes, Sims and Jefferies, Limited, 
from 1900 to 1905. On completion of his appren- 
ticeship, he remained with this firm, who became 
associated with Messrs. Ruston and Hornsby, 
Limited, about 30 years ago. His abilities brought 
him rapid promotion, and in 1911, after some years 
as a travelling technical engineer on the Continent, 
he was appointed manager of the company’s Park- 
side Works. He held this position until the end of 
1915, by which time the firm had branched out into 
aircraft production as a a war-time development. 
Throughout 1916 and 1917, Mr. Bone managed 
their aircraft works, for the design and layout of 
which he was personally responsible; and was 
then made managing director of the Orwell Works, 
which was employing at that time a personnel of 
over 4,000. 

On the fusion of interests between Messrs. Ruston 
and Hornsby, Limited, and Messrs. Ransomes, Sims 
and Jefferies, Limited, in 1922, he went to Lincoln 
as works director of the former firm ; and in 1930, 
on the formation of Messrs. Ruston-Bucyrus, 
Limited, he became the managing director of that 
associated company, with whom he continued until 
1944, when, on the retirement of the late Mr. G. R. 


Sharpley from the managing directorship of Messrs. 
Ruston and Hornsby, Mr. Bone succeeded him. 
Mr. Sharpley continued as chairman until his death 
in January, 1948, when Mr. Bone assumed thet 
responsibility also. He remained a director of 
Messrs. Ruston-Bucyrus, Limited and of Messrs, 
Ransomes, Sims and Jefferies, Limited, and up to 
the time of his retirement was chairman, in addition, 
of Messrs. F. H. Lloyd and Company, Limited, of 
Wednesbury, and their associated undertakings in 
Burton and Derby; and a director and vice- 
chairman of Messrs. Davey, Paxman and Company, 
Limited, Colchester, of which firm his son, Mr. 
G. W. Bone, is now a director. 

Mr. Bone was a member of the Institution of 
Mechanical Engineers, to which he contributed 
several papers on the development of excavators 
and other contractors’ plant, the last being one of 
the series of special lectures arranged to mark the 
centenary of the Institution in 1947. He was also 
active in the support of local engineering societies, 
being the founder of the Lincoln Engineering 
Society (of which he was President for three years) 





and intimately concerned, in 1919, with the re- 
organisation of the Ipswich Engineering Society, 
of which he was elected President in the same year. 
He was also largely instrumental in the formation 
in 1917 of the East Anglian Employers’ Association, 
and had served on the Board of Management of the 
Engineering and Allied Employers’ National Federa- 
tion for over 20 years prior to his retirement. 





“CEMENT-MORTAR LINING OF WATER MAINS.”: 
ADDENDUM.—Since publication of our article, with the 
above title, on the “‘ Centriline ” system of lining water 
mains with cement, which appeared in our issue of 
October 5, on page 432, ante, we have been informed 
that, though the demonstration that we witnessed was 
arranged by Messrs. John Mowlem & Co., Ltd., as was 
stated in the article, the 75-in. tunnel main referred to 
was constructed by Messrs. Kinnear Moodie & Co., Ltd. 
London, 8.E.13, with Sir William Halcrow and Partners 
acting as consulting engineers to the Metropolitan Water 
Board. 

THE JUNIOR INSTITUTION OF ENGINEERS’ EXHIBITION. 
—As we mentioned on page 403, anie, the Junior Insti- 
tution of Engineers are arranging an exhibition to be 
held in their rooms at 39, Victoria-street, Westminster, 
S.W.1, from Wednesday to Friday, October 24 to 26. 
It will be open from 9.30 a.m. each day, and will close 
at 7.30 p.m. on October 24 and 25, and at 8.30 p.m. on 
October 26. The exhibits will cover items of historic 
interest to the Institution, models and apparatus macle 
by members, etc., and a special section dealing with 
Henry Maudslay (1771-1831), the inventor of the screw- 
cutting lathe, in whose works the Junior Institution 
began in 1884 as an association of apprentices, and in 
whose memory was founded the Maudslay Scholarship, 
which is awarded annually by the Institution in colla- 





boration with the Maudslay Society, who established it. 
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THE PARIS MOTOR SHOW. 


A BriEF report of the Paris Motor Show, which 
closed on Sunday, October 14, after having been 
open from October 4, was given in ENGINEERING on 
page 467, ante. This show was probably the largest 
of its type to be held, as it covered not only cars 
but commercial vehicles, motor cycles and bicycles 
as well, the cars together with some commercial 
vehicles being exhibited at the Grand Palais, 
Avenue de Champs Elysées and the remainder of 
the commercial vehicles, the motor cycles and cycles 
at the Pare des Expositions, Porte de Versailles. 
As pointed out in our earlier review, it is doubtful 
whether such a comprehensiv? show is quite desir- 
able, as the effect on those interested in all sec- 
tions was, to say the least, wearisome. Matters 
were not improved by showing some of the com- 
mercial vehicles in the Grand Palais as it must 
have proved irksome for the commercial operators 
to have had to visit both places. Be that as it may, 
there can be no doubt that the Grand Palais pre- 
sented a colourful spectacle particularly at night 
when the neon lighting installed for the occasion 
was switched on. Perhaps the outstanding impres- 
sion gained was the international character of the 
show, since exhibitors from France, America, 
Germany, Italy, Czechoslovakia and Great Britain 
had stands in all three sections of the salon. 

Broadly speaking, there was little in the way of 
startling innovations and it would appear that the 
continental motor industry generally, like ours, is 
going through a period of consolidation, placing 
faith in well tried and proven designs. Probably 
the extensive rearmament programme has had a 
damping effect on the production of new designs 
but, whatever the cause, the phase can do no harm 
as before the last war there was too much striving 
after novelty for novelty’s sake and new designs 
were introduced, largely at the behest of salesmen, 
before their predecessors were fully developed. 
Inevitably it added to the cost and with the present 
need for economy there is much to be said for con- 
centrating on existing designs. It should not be 
assumed however, that the European motor industry 
has reached a position of stalemate, as the Grand 
Palais contained many cars of outstanding design. 
Any novelties present were to be found in the 
collection of miniature cars, for in France, as in most 
European countries, there is at present a great 
demand for economical personal transport. As a 
consequence, a considerable number of ultra-light 
cars has been evolved, some of which are powered 
with engines having a capacity as low as 125 c.c. 
They are a heterogeneous lot, some very good and 
others not so good and it is doubtful whether many 
of them will withstand the competition from the 
manufacturers of conventional vehicles once the 
need for desperate measures of economy has passed. 
Quite a few provide transport in a most inconvenient 
form, comfort being at a minimum and no real 
attempt being made to give protection from the 
elements. Although there are one or two single-seat 
machines, the majority are of the two-seat type. 
One of these ultra-light vehicles seats the two 
occupants in tandem, the upper part of the vehicle 
body being hinged along one side so that it can be 
folded back to permit entry, this being gained by 
stepping over the side of the body. As can well be 
imagined, entry is accomplished with a certain 
amount of difficulty, coming within the realms of 
gymnastics ; how it is accomplished in an emergency 
does not bear contemplation. Nevertheless, it does 
provide more comfort and certainly more weather 
protection than a motor cycle and may prove 
popular with those who prefer four wheels to two. 


In some cases, the finish of the ultra-light cars 


left much to be desired ; on one chassis, for example,. 


it was noticed that the Bowden cables to the 
brakes, accelerator, etc., were loose and if this 
happens on machines prepared, presumably, speci- 
ally for the show, then anything may happen on 
production models. This criticism, however, can 
only be levelled at a few and at the opposite end of 
the scale there were several fine examples of really 
light cars. Régie Nationale des Usines Renault, for 
instance, were exhibiting a small car, with the engine 
in the rear, which accommodates four passengers in 
comfort and has a performance and road-holding 








qualities comparable in every way with its larger 
contemporaries. It is, in fact, as near to perfection 
as a miniature car is likely to reach, being provided 
with a four-cylinder water-cooled engine of 4 h.p., 
French rating. A conventional three-speed gear- 
box is used and a notable feature is the employment 
of independent suspension for all four wheels. The 
coachwork has not been skimped in any way and 
four doors allow easy entry to its comfortable 
interior. Panhard and Levassor also were showing 
a full four-seater miniature saloon car combining 
comfort with high performance. Known as the 
Dyna, it is powered by a flat-twin air-cooled engine 
situated forward and arranged to drive the front 
wheels through a four-speed gearbox. Here again 
independent suspension is employed all round and 
comfort, performance and road holding are equal 
to, if not better, than some of its larger brethren. 

What might well be termed an austerity car was 
being shown by Société Anonyme André Citroén ; 
slightly larger than those just referred to, it has a 
full four-seater saloon body from which frills have 
been entirely eliminated. In fact, almost every- 
thing has been sacrificed to cheapness and the 
result is an austerity vehicle ne plus ultra which 
makes no pretence towards good looks. Canvas 
seats similar in form to deck chairs are provided 
for the driver and three passengers, and all luxuries 
such as interior trimmings and unessential instru- 
ments have been disregarded. It is powered by a 
two-cylinder air-cooled engine of 2 h.p., French 
rating, and, in common with other Citroen models, 
employs front-wheel drive and independent suspen- 
sion. By modern standards it is cheap both to 
buy and operate, the petrol consumption being in 
the neighbourhood of 60 miles per gallon and 
although austere from all viewpoints it fulfils a 
long-felt need for cheap utilitarian transport. 
British manufacturers might well ponder over its 
design and see if something similar could be done to 
help the car-hungry populace here. 

In what might well be termed the medium field, 
there were several excellent examples of French 
cars on view. Fortunately, Continental designers 
have largely resisted American trends in body design 
and have kept a sturdy individualism. As a conse- 
quence, their cars are not covered with useless 
masses of chromium and do not bulge in the most 
unexpected places but have modern and pleasing 
appearances. An outstanding vehicle in this class 
is the Salmson Randonnée, a comfortable four- 
seater saloon car with most attractive lines. It has 
a four-cylinder engine with a bore and stroke of 
82 mm. and 108 mm., respectively, employing 
overhead valves operated by twin overhead cam- 
shafts. These are driven through skew gearing 
by a vertical shaft situated at the forward end of 
the engine, the gears fitted to the camshafts being 
of the silent type. This form of construction 
permits the use of a hemispherical combustion 
chamber and centrally located plugs, a design 
much favoured by the manufacturers of high-per- 
formance cars and one that gives a high output. 
The front wheels are independently-sprung by means 
of torsion bars and associated linkages but con- 
ventional cantilever springs are fitted at the rear, a 
system long favoured by Salmson. The Peugot 203 
is another medium-size four-seater saloon car 
having attractive lines. It differs considerably 
from the Salmson in that the body and chassis are 
of unit construction while the suspension system 
employs a leaf spring at the front and coiled springs 
at the rear. It has a four-cylinder overhead-valve 
engine having a bore and stroke of 75 mm. and 
73 mm., respectively, and the transmission assembly 
comprises a four-speed over-drive gearbox and a 
conventional transmission, the gearbox being 
designed to form a single unit with the engine. 

One of the most popular cars at the show proved 
to be the Simca Aronde, a family saloon which 
already is being produced in quantities of the order 
of 200 a day. It is a full four seater of unit con- 
struction employing independent suspension through 
coil springs and swinging links at the front and 
conventional springing with leaf springs at the rear. 
The engine is a four-cylinder unit having a bore and 
stroke of 72 mm. and 75 mm., respectively, and 
developing nearly 45 h.p. at 4,500 r.p.m. Over- 
head valves are fitted and these are operated in the 
normal manner by push rods and rocking levers. 











Transmission is by means of a single-plate clutch to 
a four-speed gearbox and then by an open propeller 
shaft to a conventional rear axle. The car is, in 
fact, of straightforward design and yet the pet- 
formance is quite outstanding, a speed of over 70 
miles an hour being well within its capabilities while 
the average petrol consumption is approximately 
30 miles a gallon. This undoubtedly is a good 
performance and one obtained largely by attention 
to detail ; it seems fairly certain that a great deal 
will be heard of the Aronde in the near future. 
Before turning to the larger cars, mention should 
be made of the four- and six-cylinder Citroén stan- 
dard models. These cars, of course, are familiar in 
this country and it reflects great credit on the 
designers that, although existing models are virtu- 
ally the same mechanically as those introduced 
before the late war, they are in many respects still 
ahead of their contemporaries. 

Most of the larger cars on view, with the exception 
of such models as the Peugeot family saloon, were of 
the luxury or semi-luxury class. The Ford V-8 
Vedette was another exception ; this is a handsome 
car which is available either in its standard form or 
as a utility model in which the back lifts to permit 
the carriage of goods. There is also the Ford 
Cométe which basically is the same as the Vedette 
but is fitted with a more luxurious body. The more 
expensive cars included the Type 235 Delahaye, 
the type 101 Bugatti, the Hotchkiss Anjou and the 
Lago-Talbot. The Bugatti 101, however, was’ some- 
what disappointing as basically it was the same as 
the pre-war type, differing only in detail. It has 
a 3-3 litre straight-eight supercharged engine of 
outstanding design and finish, being fitted with twin 
overhead camshafts and reputed to develop more 
than 180 h.p. But little has been done towards 
modernising the chassis, which is still fitted with a 
beam-type front axle connected to the chassis by 
half-elliptical leaf springs. 

As previously mentioned, other Continental 
countries were well represented. The exhibits from 
Germany included the Volkswagen, originally intro- 
duced under the Hitler régime as the people’s car, 
the Mercedes 3008, the Auto-Union D.K.W. and 
the Porsche type 356. The Volkswagen has im- 
proved in looks but otherwise remains much as 
it was. The Mercédés 3008 is fitted with an over- 
head-camshaft six-cylinder engine having three 
carburettors and reported as being capable of 
developing 150 brake horse-power. «lt retains the 
traditional Mercédés form of radiator which, by 
skilful design, has been blended neatly into the 
general lines of the car. The Porsche 356 is par- 
ticularly interesting in that it has a flat four-cylinder 
air-cooled engine mounted over the rear axle. 
Two sizes of engine are available, namely, the 
1-3 litre and 1-1 litre and these develop 44 h.p. 
and 40 h.p., respectively, sufficient, it is claimed by 
the manufacturers, to give speeds exceedi 
80 miles an hour. On the Auto-Union D.K.W. a 
two-cylinder two-stroke water-cooled engine is 
employed to drive the front wheel through constant- 
velocity joints. The engine is mounted across the 
chassis and the drive is transmitted to the road- 
wheels through a multiple-plate clutch running in 
oil, a three-speed gearbox and the usual form of 
differential, the engine, gearbox and differential 
forming a single assembly. Italy was represented 
by Lancia, Alfa-Romeo and, Ferrari, to mention 
but three. The Ferrari has done exceptionally well 
in Grand-Prix racing and one of the cars on view 
was fitted with a twelve-cylinder engine which, in 
racing trim, is capable of developing 220 brake 
horse-power. Alfa-Romeo are another firm who 
have achieved many successes in Grand-Prix racing 
but the cars on view were fitted with four-cylinder 
twin overhead-camshaft engines and not the racing 
engine. A newcomer to the show which attracted 
considerable attention was the Pegaso, a high- 
performance car manufactured by the E.N.A.S.A. 
Company, Limited, of Madrid, This car is fitted 
with an eight-cylinder engine in which the cylinders 
are arranged in two banks of four in V formation, 
each bank being provided with twin overhead cam- 
shafts. The transmission assembly is unusual as the 
gearbox is located behind the final-drive assembly, 
an arrangement which increases the weight on the 
rear wheels and improves the factor of adhesion. 
There seems to be little doubt that this car has been 
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designed with competition work in view and possibly, 

at a later date, Grand-Prix racing, although the 

nt design will not be suitable for the new 
ormula shortly to be introduced. 

The outstanding exhibit in the commercial- 
vehicle section of the motor show was, undoubtedly, 
the Laffly gas-turbine driven 10-ton lorry. Details 
of the power unit were not readily available but it is 
understood to comprise a single-stage compressor 
running at 30,000 r.p.m. and a two-stage turbine 
operating at between 20,000 r.p.m. to 24,000 r.p.m., 
the primary turbine driving the compressor and the 
secondary turbine the road wheels through a 
conventional transmission assembly. The unit is 
arranged over the front.axle and below the floor of 
the driving cab, air entering the compressor through 
a full-width intake situated just forward of the 
front chassis cross member. The transmission 
assembly incorporates a two-speed gearbox, the 
lower ratio of which is used for starting from rest in 
difficult circumstances, and, to simulate the retarding 
force of a normal piston-type engine during over- 
run, a disc brake is incorporated in the transmission 
line which comes into operation when the accelerator 
pedal is released. Reduction gearing is, of course, 
interposed between the power-turbine output shaft 
and the transmission assembly and the gearbox 
incorporates a reverse ratio. This vehicle is very 
much in the prototype stage and as a heat exchanger 
is not fitted, the fuel consumption is high, being in 
the neighbourhood of 1 lb. per brake horse-power 
per hour; considerable improvements will have to 
be made, therefore, if the vehicle is to compete with 
existing Diesel-engine designs. 

Apart from the Laffly turbine lorry, there was 
little of an outstanding nature in the commercial- 
vehicle section of the show. It would seem that 
French designers have not gone so far as their 
British and American counterparts in the develop- 
ment of underfloor-engine chassis, and of the few 
vehicles shown, it was sometimes difficult to obtain 
technical information, mainly because the vehicles 
were in the prototype stage and, it appeared, were 
being shown to ascertain the reactions of the opera- 
tors. Some firms were showing long-distance 
coaches with engines mounted in the rear boot ; 
Saurer, for example, were exhibiting such a vehicle 
with the engine arranged across the chassis and the 
drive transmitted to the rear axle in much the same 
way as on the Foden passenger vehicle. Isobloc, on 
the other hand, were showing a range of rear-engined 
coaches in which the engines were in line with the 
chassis, either in the vertical or horizontal position, 
according to the type of unit fitted. As in this 
country, most French commercial vehicles of any 
size are fitted with compression-ignition oil engines, 
some of which are, of advanced design. One of the 
heaviest vehicles on show, namely, the Willeme 
six-wheeler, was fitted with an eight-cylinder engine 
of this type. In general, however, the design of 
French heavy vehicles does not differ a great deal 
from their British counterparts, but owing to the 
freedom from restrictive legislation on size, etc., tend 
to be of heavier construction. Some of the heavy 
trailers exhibited at the Parc des Expositions were 
of an interesting design. One of these, a semi- 
trailer, was provided with independent torsion-bar 
springing for the trailing wheels, while an eight-wheel 
full trailer was designed so that all wheels are 
steered by means of Ackerman linkages operated by 
the drawbar. This trailer can be hauled from either 
end and the wheels, in addition to being steered, are 
independently sprung on transverse leaf springs. 

The exhibits in the bicycle and motor-cycle 
sections were far too numerous to describe in detail 
here. So far as the motor cycles are concerned, the 
emphasis seemed to be on the lighter machines, most 
of the heavier types being shown by Great Britain, 
Italy and Germany. The number of bicycles on 
show was remarkable. Design was of a high standard 
throughout and careful attention has obviously 


been paid to details; most brakes, for example, | based 


were of the caliper type and some of these are 
designed so that they are fully compensating. 
Autocycles have gained great popularity in France 
and on some of these, dérailleur gears have been 
incorporated in the drive to give three speeds. In 
fact. the original conception of the autocycle seems 
to have been forgotten and they gradually are 
growing into light motor cycles. 


THE INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS IN SCOTLAND: 
PRESIDENTIAL ADDRESS.* 


By Sm Anprew MoCanog, D.L., D.Sc., LL.D., 
F.R.S. 


Srimvu.aTep by the urgency of war demands, engi- 
neering progress has disclosed a hitherto unsuspected 
behaviour of steel under conditions created by the 
increasing application of welding to shipbuilding. 
Problems connected with states of toughness or brittle- 
ness have been sharply defined, indicating clearly that 
they are not yet understood. Intensive investigation 
has disclosed many new facts, and techniques for 
avoiding serious consequences have been defined for 
practical use, but we are still ignorant of a funda- 
mental and scientific understanding of the effects that 
we see. Let me, therefore, review what is known of 
this subject. 

Do not think that disturbing experiences with brittle 
behaviour are something that has been reserved for 
this generation alone ; similar occurrences were known 
in the earliest days of steelmaking. Bessemer relates 
how he established his own steelworks at Sheffield in 
order to demonstrate to a sceptical world that steel 
made by his process was ductile and tough in the 
highest degree. Clients came to see for themselves, 
and, being convinced, took out licences to operate the 
process in their own districts. Among the first three 
to do so was a company still well known in the west of 
Scotland—Messrs. Wm. Dixon, Limited—who erected 
a converter at Govanhill. Unfortunately, the results 
were far different from what they had expected and 
after many attempts, and even with the assistance of 
Bessemer himself, they produced nothing but the most 
brittle and useless material. So their scheme to pro- 
duce steel was abandoned and Bessemer, to his credit, 
repaid them their licence fees and the expenses of their 
fruitless efforts. It was Percy, then Professor of 
Metallurgy at the School of Mines, who showed that 
this failure was due to the presence in the steel of 
phosphorus. Many years later, this embrittling effect 
was studied in detail by Stead, who drew attention to 
the influence of phosphorus in promoting large and 
well-defined crystals in iron, which possessed a strong 
tendency to fracture along their cleavage faces, this 
being the main cause of embrittlement. 

Contemporaneously Hadfield was examining in the 
most comprehensive way the properties of a wide range 
of alloy steels and, in addition to his famous manganese 
steel, he discovered the improvement in the magnetic 
properties brought about by silicon when added to the 
extent of 3 or 4 per cent. to low-carbon steels. Like 
phosphorus, silicon in such amounts produces exception- 
ally well developed crystals, and accompanying this 
growth in crystalline habit is a great increase in 
brittleness of the cleavage type. Silicon steels also show 
a very sharp transition from the brittle to the ductile 
state as the silicon content is increased, and a great 
increase in the temperature at which this transition 
takes place. Whereas a very low carbon steel may 
become brittle below a temperature of — 100 deg. C., 
a similar steel containing 6 per cent. silicon only loses its 
brittleness above 400 deg. C., a difference of 500 deg. C. 
This is an extreme example, but has been chosen to 
illustrate the fact that the brittleness which certain 
elements can bring into evidence when they are added 
to steel is an indirect effect caused by their influence in 
promoting a more perfect crystalline habit in the iron 
itself. The more perfect the iron crystals are as 
crystals, the more orderly are the atoms arranged in 
rows parallel to the crystal faces and the more readily 
can these planes be separated in consequence. 

The invention of the basic process by Gilchrist and 
Thomas enabled deleterious amounts of phosphorus 
to be removed from steel during the course of manufac- 
ture. In consequence, there was no longer any restric- 
tion on the use of ores from deposits whose high phos- 
phorus content had hitherto prevented them from 
having any commercial value, and the development of 
steel production throughout the world progressed at a 
rapid rate. On the continent of Europe, particularly 
where extensive ore fields containing high phosphorus 
existed, it led to great e ion of steelmaking by the 
basic Bessemer process, but in this country the con- 
tinued use of low-phosphorus ores from Spain retarded 
such a change for some considerable time. 

No doubt contemporary metallurgists thought that, 
with the control of phosphorus, the troublesome 
failures due to brittleness would disappear, but this 
did not prove to be so. There grew up a tradition, 
on experience, that basic Bessemer steel as 
made on the Continent was unreliable and that it was 
sometimes inclined to fracture unexpectedly even 
when the phosphorus content was well below the limit 
known to * safe. The result was that, in this country 
and elsewhere, such steels were debarred from use 
for shipbuilding and boilermaking, and also from other 
uses where reliability was essential. For many years 
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this behaviour remained mysterious, and I think the 
credit for tracking down the cause belongs to Stromeyer, 
whom many remember as chief engineer of the Man. 
chester Steam Users’ Association. From his extensive 
inspection experience, he surmised that steel was 
subject to ageing, particularly after shearing and 
punching operations, and later he associated this ageing 
property and the brittleness that went with it to the 
nitrogen content of the steel. 

With our later knowledge, we can now understand 
why people were slow to accept nitrogen as the cause, 
since it is only under specified conditions that brittleness 
arises from nitrogen. The development and study of 
age-hardening alloys like duraluminum has enabled 
the mechanism of what takes place to be understood. 
Nitrogen exists in steel as a nitride, Fe,N, which 
dissolves in ferrite or pure iron, and the amount dis- 
solved increases rapidly with the temperature. The 
nitride solution reaches its maximum concentration 
about 590 deg. C. and, since movement is sluggish 
in solids, the nitrides do not always separate out from 
the solution when the steel is cooled at all quickly from 
higher temperatures. In such instances, they are 
held as an enforced solution at the lower temperature, 
but, given time and particularly if warmed up, they 
come out of solution gradually. In doing so, they 
have to find room for themselves in a space that 
is already well filled with iron atoms ; so they find the 
space they require by forcing aside those iron atoms, 
and in this way create centres of intense local strain and 
hardening. This causes the phenomenon of ageing. 
It is easier, no doubt, to find room in certain directions 
than in others, and it has been found that there are 
certain preferred locations for the nitrogen atoms and 
that these regions are the cleavage planes of the iron 
crystal. 


. 1. EFFECT ON STEEL OF NITRIDE PRECIPITATION. 
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The process has been followed in detail by measuring 
in the same specimen the electric resistance to determine 
the amount of nitrogen in solution and also the hard- 
ness, and it is clearly shown that the maximum hard- 
ness coincides with the condition when all the nitrides 
have been deposited inside the crystal planes—the 
condition of maximum dispersion and therefore of 
distortion (Fig. 1). Thereafter, the minute particles 
begin to coagulate into larger aggregates with less 
general distortion of the lattice, and the hardness begins 
to fall. At the period of maximum distortion, and 
therefore maximum hardness, the cleavage planes are 
already forced apart in some degree by these foreign 
atoms, so that it now takes much less force to complete 
the process of separating them altogether. In other 
words, steel containing nitrogen in excess of 0-006 to 
0-007 per cent., allowed to cool somewhat rapidly after 
rolling, will, after the lapse of time, have a strong 
chance of becoming brittle and of breaking unexpect- 


edly. Unlike phosphorus-bearing steels, steels con- - 


taining nitrogen are not necessarily brittle. Properly 
treated, they can be made quite tough, but proper 
treatment is costly. 

Nitrogen merely intensifies the cleavage brittleness 
of the iron itself and makes it evident. There are 
many elements that act in a similar manner, but, with 
the exception perhaps of hydrogen, they are not usually 
found in steel in amounts likely to cause trouble. Even 
in the case of hydrogen, the brittleness to which it 
gives rise is not found in the mild steels used for con- 
structional purposes. It only makes itself evident in 
high-tensile alloy steels possessing some degree of sel*- 
hardening, since it is only in such instances that the 
conditions for enforced solution with the accompanying 
lattice distortion in the cleavage planes exist. Nor- 
mally, the amounts of hydrogen present in commercia! 
steels are very small. Indeed, owing to its very light 
weight when expressed as a percentage, it is necessary 
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to use units of 10-5 and open-hearth steels contain 
only 5 to 10 such units. To make steel fully brittle, 
however, requires about 70 units, so it would be quite 
unusual to find the amounts required to cause brittle- 
ness in ordinary practice. In alloy steels possessing 
self-hardening properties, segregation effects, which 
are not found in mild steels, come into play, and the 
hairline cracks which are found in high-strength steels 
result from this combination of causes. 

It will be observed that the effect of these embrittling 
elements is similar. They facilitate the separation of 
the crystal cleavage planes, either by helping to grow 
large crystals or by causing a partial displacement of 
the planes due to their presence in between. 

To answer the next question—in what way final frac- 
ture is brought about by an externally applied stress— 
we have to turn to the work of the metallurgists and 
physicists who have st.died the behaviour of single 
metal crystals. In such crystals the behaviour under 
stress can be studied under simplified conditions not 
possible with a polycrystalline material. A metal 
possessing some exaggerated characteristic can throw 
much light on the general behaviour of all materials. 
For instance, cadmium and zinc crystallise in the 
hexagonal system, and the — parallel to the base 
has a most strongly marked cleavage, peculiarly con- 
venient for study. Bismuth and antimony are inher- 
ently brittle, so that single crystals of these metals 


Fig. 2. FRACTURE STRENGTH OF BISMUTH. 
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enable the degree of brittleness pertaining to each 
crystal plane to be pin-pointed and examined. 

One of the earliest ideas to explain how fracture 
takes place on cleavage faces was the normal stress 
law, put forward by Sohncke more than 80 years ago. 
He arrived at it through studying the fracture of rock 
salt under stress. It postulates, as its name implies, 
that when the stress at right angles to any crystalline 
face exceeds a certain value, separation and fracture 
take place. Schmid submitted this theory to a most 
careful test, using single crystals of bismuth. In 
bismuth the octahedral plane is the determining plane 
for cleavage and the exact inclination of this plane 
can readily be found. If @ is the angle which this 
plane makes with the direction of tension, the resolved 
normal stress is P sin @ and, since the area of the plane 


is ae where a is the cross section, the tension 


required to cause separation, if the normal fracturing 
: ‘ : af 
stress is constant, will be proportional to aant The 


experimental results of Schmid for his bismuth crystals 
are shown in Fig. 2, together with the full-line curve 
for a stress based on aes kg. per square millimetre. 
There is no doubt that, for brittle materials, this law 
is obeyed, and it has been found that the normal 
breaking stress is independent of the temperature at 
which fracture takes place and that the separation of 
the cleavage faces is accompanied by practically no 
extension or contraction of area. It is now fully 
accepted that brittleness is a condition which is made 
evident by the separation of a crystalline material across 
& cleavage face which is parallel to one or other of the 
crystal faces. The crystalline ap of a brittle 
fracture is a necessary consequential characteristic. 

If the simple behaviour exhibited by single crystals 
of the bismuth type had been followed by A oe 
materials, which are made up of crystals of many 

erent sizes, there would have been a reasonable 
hope that the general problem of fracture might by 
this time have been solved. Unfortunately, in ductile 
solids under stress, complications arise because plastic 
extension is an im t part of the total extension 
and the relative proportions of the two modes of 





extension, plastic and elastic, are not yet known. All 
that can be said is that, at small stresses, elastic exten- 
sion predominates almost exclusively, and with large 
stresses the predominance is practically wholly that 
of plastic extension. 

Ever since the days of Hooke, the elastic behaviour 
of solids has been an important and extensive problem 
for engineers and mathematicians. The theory of 
elasticity, indeed, was one of the main preoccupations 
of mathematicians during the Nineteenth Century and 
it may well be that the mathematical theory of plasti- 
city with all its ramifications will become, if it is not 
already, one of the important occupations of mathe- 
maticians during the remainder of this century. 

It is usual to recognise two ranges—the elastic and 
the plastic range—but it would be more correct to split 
up the elastic range into two stages. In the first, 
Hooke’s law is accurately obeyed until the elastic 
limit is reached, and the second covers the extension 
between the elastic limit and the yield point, where 
Hooke’s law is not obeyed. This part of the extension 
curve is frequently confused with the plasticity curve, 
but a reference to Fig. 3 shows there is a sharp demar- 
cation between the two. It gives an extension curve 
for a very pure sample of aluminium, where the stress 
was allowed to remain until extension was complete. 
The straight and the curved portions of the elastic 
extehsion are clearly shown as merging continuously, 


Fig. 3. LOAD EXTENSION: ALUMINIUM, 
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but there is no doubt that the plastic extension belongs 
to an entirely independent curve, which is not merely 
an extension of the elasticity curve, but represents a 
new set of conditions initiated at the yield point. 

To engineers the interesting question has always 
been, on which of these limits should design stresses 
be based? Some have advocated the elastic limit, 
though they are restrained by the doubt that arises 
from the observation that, the more accurate the 
instrument used, the lower is the elastic limit found. 
There have been those who supported a yield-point 
basis, but it is evident from Fig. 3 that, when this is 
used, knowledge of the effect of non-linear extension 
on engineering structures is very necessary. This, of 
course, is fully realised at the present time and experi- 
mental work is being carried out by Professor J. F. 
Baker at Cambridge for the British Welding Research 
Association. On the mathematical side, the work of 
Hill is extending our theoretical ideas on the behaviour 
of materials under conditions of non-linear extension. 

These developments show a disposition to depart 
from the time-honoured practice of basing design 
stresses on the tensile strength. As materials become 
more expensive there is a natural desire to make more 
efficient use of them and the obvious way is to stress 
them more highly. Future development will tend more 
and more to use the yield point as a basis; not the 
yield point as ordinarily determined, but the yield 
stress as determined from the intersection of the 
elasticity and the plasticity curves. For structures 
involving steady loads it seems the logical and correct 
basis. This view implies that, under all stresses less 
than that at the point of intersection, extension ceases, 
no matter how long the stress is applied. For stresses 
above this limit, it must be recognised that continued 
extension by creep is possible. It may be so small at 
ordinary temperatures as to be quite negligible in itself. 
On the other hand, if it takes place in one member 
only of a built-up structure it may throw additional 
stress on the other members and lead to the develop- 
ment in them of an undesirable stress. 

The need for steels which possess high yield points 
in relation to their maximum tensile strength, in order 
that proper economy in design can be practised, has 
led to the development in recent years of many speci 
qualities with the appropriate properties. In Seat 
mild steel, the ratio of yield to tensile sti is 
generally in the neighbourhood of 50 per cent. the 
special qualities now available, this ratio has been 
raised to 75 per cent. without any sacrifice of ductility 
or toughness ; indeed, so far as toughness is concerned 
there is some added gain, since they are able to retain 
their tough state at temperatures which are much 
lower than usual. For fluctuating and live loads, of 
course, the dependence of the fatigue stress on the 
tensile strength is so well established that I cannot see 


existing practice being changed with any degree of 
justification. 

The question why yielding should take place at all 
has puzzled physicists for some time. Calculations of 
the inherent strength of metals, based on the inter- 
actions of their atoms, have shown that strengths 
should exist many hundred times greater than those 
observed. The calculated yield stress required to make 
a regular array of atoms move by gliding, when each 
atom nests within the hollows formed by its near 
neighbours, was much greater than the known tensile 
strength. To overcome this difficulty, G. I. Taylor 
suggested that the arrangement of the atoms in a 
metallic crystal was not as ar as was imagined. 
Certain rows of the atoms might stop abruptly inside 
the crystal, the rows on either side closing in on the 
gap to become a regular lattice again further on. Such 
gaps were called “ dislocations” and the suggestion 
was regarded somewhat doubtfully, until Bragg showed 
that small bubbles, formed on the surface of a liquid, 
imitated most successfully in two dimensions the 
behaviour of a three-dimensional lattice, and that 
bubble dislocations of the nature postulated by Taylor 
were very definitely formed. This gave new life to 
the conception and much work has been devoted to 
studying the changes in properties to be expected from 
the presence of suck Ghhosatedi in crystalline materials. 

The hypothesis gave a simple explanation of the 
relatively low yield stress found in practice compared 
with theoretical calculations. The forces between atoms 
fall off very rapidly with their distance apart and, 
the binding forces across the wider dislocation gap 
being much less than normal, give a start to the shearing 
glide at correspondingly reduced external stresses. 
Once started, it is, of course, easier to maintain the 
glide movements which together make up the effects 
visible as plastic flow. This problem of plastic flow is 
not only an intriguing one in itself, but it is also of 
great practical importance. In the manipulation of 
metals into their finished form, almost every known 
process makes use of plastic deformation. 

It ts nearly 50 years since Ewing and Rosenbaum 
found that polished specimens of metals showed, under 
the microscope, very definite lines or striations on their 
surfaces when strained beyond the yield point. These 
slip lines or slip bands were identified with the trans- 
lational movement or glide which followed the shearing 
stresses accompanying the yield point tension. A cross- 
section showed them as minute steps or serrations on 
the surface. These slip bands have been studied 
extensively since then, but still little is known about 
them. Measured in millionths of an inch, they are 
two to four units broad and their glide movements are 
20 to 30 units long, and that just about sums up our 
knowledge to date. In many instances, plastic glide 
movement takes place in jerks, so that a closer exami- 
nation of the plastic strain-extension curve shows it up 
as a series of steps and not as a continuous movement. 
This is particularly the case in hexagonal metals like 
zine and cadmium, but it is by no means unknown in 
steel and it gives rise to a characteristic “ orange peel ” 
type of roughness on the surface of sheets used for deep 
stamping—for example, those used for motor-car 
bodies—if steps to correct it are not taken. What is 
occurring is that gliding takes place first on the most 
favourably situated planes and then, when the ability 
to glide in these planes is exhausted, the task is handed 
over to the second-best planes and so the process goes 
on in a series of steps. 

In pure metals, the gliding planes are so closely 
8 - that the steps are imperceptible. When 
discontinuous gliding occurs, some of the normal glide 
planes have been put out of action, so that the spacing 
of the planes increases and a correspondingly greater 
increase in effort is required to progress a one 
plane to the next. When it occurs in steel, this 
locking or immobilising of the glide planes is due to 
small quantities of carbon or nitrogen dissolved in the 
pure ferrite. Other elements may also cause the same 
effect, but these two at least are known. To counteract 
their influence, small amounts of vanadium or titanium 
are added to the composition—generally to the extent 
of 0-03 to 0-05 per cent. By combining to form 
insoluble carbides or nitrides, they remove the offending 
elements from solution and restore the ability of the 
sheets to make smooth and satisfactory pressings. 

Very small quantities of other elements sometimes 
have the most profound effect on the properties of the 

t metal. Damping capacity is a case in point. 

a steel bar is set vi ing, the amplitude of 
movement slowly dies down owing to the ehergy 
absorbed by a lack of elasticity in the steel. The 
ratio of the movement in successive swings is constant, 
and the logarithm of this ratio is the damping capacity. 
Puzzling differences occurred in the behaviour of 
different samples of steel and these have now been 
traced to small quantities (0-005 to 0-02 per cent.) of 
carbon and nitrogen. When in solution in iron at 
ordinary temperatures, the atoms of these elements 
find a resting place in the lattice between the iron 





atoms. There are two alternative spaces available— 
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one of which has plenty of room to hold them but which 
they do not seem to like, and another which they 
prefer but which has not sufficient room. When the 
lattice starts vibrating, it stretches and the second 
space widens. The carbon and nitrogen atoms imme- 
diately slip into their favourite spots, only to be 
squeezed out again on the return swing. Atoms cannot 
move about in this way without absorbing energy and 
it is this energy absorption which is the cause of damp- 
ing. The energy variation with temperature has been 
calculated by Snoek and Dijkstra and the course of 
this curve follows exactly the variations in damping 
capacity with temperature found experimentally. 
These variations are quite large and they can be used 
to calculate the percentage of carbon and nitrogen 

resent in the state of solution in any given specimen. 

he development of exact physical methods of this 
nature is bringing to our knowledge most useful and 
practical information concerning peculiarities in the 
properties of metals which for long have been a puzzle. 

In test pieces under experimental conditions, there 
is nothing to prevent the free movement of the large 
displacements involved in plastic deformation. In 
large structures, where the incidence of stress is far 
from being uniform, very different conditions often arise. 
In the hull of a large vessel moving through the sea, 
the stresses are varying rapidly with time and also 
varying in their distribution. A peak stress in some 
a may well attain a value above the plastic limit. 

ut if the material on either side of the peak is well 
below this value, deformation will be constrained by 
the rigidity on either side. A condition of enforced 
elasticity then exists. An insight into such conditions 
is given by considering a test-piece to which, in addition 
to a longitudinal tensile stress, side stresses are applied. 
This is equivalent to a constraint which prevents side 
movement and has the advantage that the degree of 
constraint is under control. A stress can be applied 
to opposite pairs of faces of a square bar which will just 
keep the cross-sectional area unchanged. When the 
bar is extended along the axis by x the sides contract 
by an amount oz, Poisson’s ratio being ¢. They.can 


be pulled back to the original size by a side stress of —7~ 


l-o 
times the longitudinal stress. In this way, side move- 
ment and shearing glide are prevented and the external 
stress is balanced against the internal cohesion forces 
of the atoms without any other complication. These 
cohesion forces have an extremely short range and it 
takes little movement to out-range their effect. Sepa- 
ration of the cleavage planes will take place rapidly and 
without evidence of elongation or toughness. In other 
words, such fractures will be of the brittle type. 

No doubt it was some such action as this that Haigh 
had in mind when he suggested that brittleness arose 
from the conditions which gave rise to a triple tensile 
stress. A triple tensile stress is a volumetric tension 
under which all the atoms in a sphere would be displaced 
radially. Haigh’s theory is equivalent to postulating 
@ maximum volumetric strain energy as the criterion of 
fracture, and I am in full sympathy with such a view. 
It will be recognised, however, from the example given 
of the square bar, that uniform volumetric stresses are 
by no means necessary. In steel with a Poisson’s 
ratio of 0-285, the intensity of the side stress for 
constant cross-section need only be 40 per cent. of the 
1 h stress for brittle fracture to result. 

he chances of finding the required degree of cofi- 
straint in practice are much greater in large structures 
than in small. These chances depend on a lack of 
uniformity in the stress distribution, so that the reason 
for this statement will be obvious. For example, at 
sharp corners, as in hatchway openings, there will be 
peak stresses which, in the absence of corrective 
measures, can be two to three times the average for 
the rest of the plating. The peak stress is severely 
localised, so that the more lightly stressed material 
on either side of the peak acts as a constraint which 
revents any relieving movement from taking place. 
he reason why brittle cracks have so often started at 
such corners is due to this combination of conditions. 
Make the stress more uniform by suitable thickening at 
the corners, and the area will be able to withstand 
successfully stresses which can be actually higher than 
those which previously started a crack. Looked at 
from this angle, the question whether internal stresses 
are dangerous or not msy become clearer. The advent 
of welding, with its intensely localised heat input, has 
the consequential effects of such internal stresses 
a matter of practical importance. It is impossible to 
weld two pieces of metal together by arc welding 
without introducing strong temperature gradients in 
the vicinity of the weld. The thermal expansion 
creates thermal compressive stresses under which the 
highly heated metal creeps, always moving in such a 
way that the heat stresses are reduced. When the arc 
has passed and the metal cools, the residual stresses 
are always reversed stresses. If the steel has been 
subjected to compression, the residual stresses are 
tensile stresses and vice versa. 
(To be continued.) 








LABOUR NOTES. 


OvTSPOKEN comments on unofficial strikes, especially 
the recent strike at Manchester docks, are contained in 
the October issue of Man and Metal, the journal of the 
Iron and Steel Trades Confederation, which was pub- 
lished on Monday last. The journal refers to the issue 
of the official report on the strike, which lasted from 
April 25 to June 7, and states that that report provides 
clear evidence that there was an organisation in 
existence, long before the strike occurred, ready to 
take whatever opportunity was offered to it of making 
trouble. The chance came when two men defied an 
agreement freely negotiated by the joint negotiating 
committee for the dock industry and refused to work 
overtime. The strike which resulted ‘‘ was due to no 
spontaneous outburst of feeling on the part of the 
dockers when these two men were suspended, and there 
is no record of bad feeling between the management 
and men at the Manchester docks such as might have 
accounted for the dockers taking such strong, though 
misguided, action in a mood of discontent and irrita- 
tion.” 





The dockers “ were plainly duped ” into coming out 
on strike, the journal considers, by an organisation 
which had not the slightest interest in them or in the 
two individuals whom the dockers imagined that they 
were supporting by the stoppage. The strike leaders 
““ were concerned only with disrupting the work of the 
docks for their own purposes,” proof of which lay in 
the fact that long after the original cause of the strike 
had ceased to be a real issue, the strike was prolonged 
by demands that could not possibly be met without 
undermining trade-union authority, invalidating the 
joint agreement on overtime, and repudiating the 
appeal machinery of the dock labour scheme. When 
the dockers “‘ belatedly began to show that they were 
not completely devoid of common sense,” and became 
increasingly reluctant to continue the strike, the 
journal states, pressure and even intimidation were 
brought to bear upon them. 





Nothing was gained from the strike by the dockers, 
who lost 150,000/. in wages and, in spite of their 
eventual repudiation of their unofficial leaders, the fact 
that “‘ some 2,500 dockers should have allowed them- 
selves to be led like sheep for so long by a group of 
irresponsible saboteurs is a matter for grave concern,” 
the journal comments. Unofficial strike action of this 
kind deals a blow at the very foundation of the trade- 
union movement and could, if allowed to spread, 
weaken the whole movement or even destroy its influ- 
ence completely. The journal feels that this is exactly 
what persons who organise unofficial strikes would like 
to accomplish. They are out to create as much dis- 
content and misery as possible and so to clear a path 
for the extreme left-wing opinions which thrive in 
those conditions. ‘It is fortunate,” the journal con- 
cludes, “that the great majority of workpeople are 
not as gullible as some dockers appear to be.” 





A policy of working to rule and a ban on all overtime 
were decided upon at a meeting of dock employees at 
Tilbury on October 4. These restrictions, which have 
been in force since the following day, have resulted 
in a steadily increasing degree of congestion. All 
accommodation for ships at Tilbury has been fully 
occupied during the past fortnight and the long delays 
which have taken place in the handling of cargoes has 
led to some vessels leaving the docks, in order to dis- 
charge their freights at continental ports and else- 
where. The trouble has arisen as part of a protest by 
the dockers against the engagement of additional men 
on a permanent basis by one of the leading firms of 
master stevedores. In the early days of the dispute 
numbers of men refused to report for work, but there 
has since been some improvement in the situation in 
this connection. Members of the Watermen, Lighter- 
men, Tugmen and Bargemen’s Union in the London 
area agreed at a meeting early this week that their 
working-to-rule arrangements should remain in force. 





The total working population of Great Britain 
increased during August by 84,000, of whom 47,000 
were men and 37,000 were women. According to 
Ministry of Labour statistics, made available on Monday 
last, the increase reflects the large intake of young 
— leaving school, which is usual in that month. 

he estimated total number of persons in Great Britain 
aged 15 and over who work for pay or gain, or who 
register themselves as available for such work, was 
23,449,000 at the end of August, and comprised 
16,012,000 men and 7,437,000 women. This total 
compares with one of 23,180,000 (15,891,000 men and 
7,289,000 women) at the end of December, 1950, and 
with one of 22,904,000 (15,810,000 men and 7,094,000 
women) at mid-1948. The working population of 
Great Britain comprises the Armed Forces, men and 
women on release leave not yet in employment, the 
registered unemployed, and all persons—employers, 





self-employed persons and employees—in civilian 
employment. Private indoor domestic servants and 
gainfully-occupied persons over pensionable age are 
included. Part-time workpeople are counted as ful] 
units. 





The strength of the Armed Forces was increased by 
3,000 during August last to a total of 835,000 persons 
at the end of that month, of whom 812,000 were men 
and 23,000 were women. These figures do not include 
the number of Z-class reservists recalled for 15 days 
military training. At the end of December, 1950, the 
armed Forces numbered 752,000, of whom 730,000 were 
men and 22,000 were women. Some seven thousand 
ex-Service men and women were on release leave 
seeking employment at the end of August last. The 
number of persons registered with the Ministry of 
Labour as unemployed at the close of that month 
totalled 205,000, against 195,000 at the end of July, 
1951, and represented about 1 per cent. of the number 
of employees in Great Britain. In comparison, there 
were altogether 328,000 registered unemployed persons 
at the close of December, 1950. Persons in the various 
branches of civil employment numbered 22,402,000 
at the end of August last. Some 15,060,000 of these 
were men and 7,342,000 were women. At the end of 
December, 1950, there were 22,100,000 persons in civil 
employment, 14,934,000 men and 7,166,000 women. 





Of the 22,402,000 persons in civil employment at 
the end of August last, 4,194,000 were engaged in the 
basic industries, an increase of 7,000 on the total for 
July last. The figures for the end of August comprised 
1,790,000 workpeople employed in the transport and 
communications industries, 1,190,000 persons engaged 
in agriculture and fishing, 364,000 persons occupied in 
gas, electricity and water undertakings, 770,000 persons 
employed in the coal-mining industry, and 80,000 
persons engaged in other kinds of mining and in 
quarrying. The number of wage earners on colliery 
books, included in the total of 770,000 for the coal- 
mining industry, mentioned above, was 697,000. In 
the same month, 8,725,000 workpeople were engaged in 
the manufacturing industries, including no fewer than 
4,130,000 in the engineering, metals and vehicles group. 
The textile industry employed 1,032,000 persons and 
the food, drink and tobacco trades a total of 828,000 


persons. 





Miscellaneous industries and services were respon- 
sible for the employment of a total of 9,483,000 persons 
during August. Of this total, 3,962,000 persons were 
engaged in professional, financial and similar services, 
2,661,000 workpeople were employed in the distributive 
trades, and another 1,453,000 men and women were 
employed on building and contracting work. Public 
administration claimed the services of the remaining 
1,407,000 persons; 770,000 being engaged on local 
government service and 637,000 being employed in the 
various Departments and agencies of the national 
Government. The number of persons employed in 
Government Departments, given above, does not 
include individuals in the service of the various national- 
ised undertakings, the numbers of these employees 
having been included in the totals of the respective 
industries and services. Altogether, employment in 
the basic industries increased by 7,000 persons and, in 
the manufacturing industries, by 42,000 persons, 
during the month of August. Employment in the 
professional and financial services, distributive trades, 
building and contracting work, and in public adminis- 
tration, rose by 21,000 persons during the month. 





The supplementary pension scheme for employees in 
the coal-mining industry, which was developed jointly 
by the National Union of Mineworkers and the N: ational 
Coal Board, has now been accepted by an overwhelming 
majority of the union’s branches and is due to come into 
operation on January 1 next. It was announced at 
the close of a delegate conference of the Scottish area of 
the N.U.M., which met in Edinburgh on Monday last, 
that the area representatives had decided to reverse 
a former decision and accept the scheme. Mr. A 
Moffat, the President of the Scottish area, stated that 
the N.C.B. had expressed its willingness to pay & 
contribution on behalf of miners who were ill, up to 
@ maximum period of three months. 





Another concession granted by the Board dealt with 
deferred retirement. In view of the fact that the 
present scheme made no provision for a pension pay- 
ment to miners who had retired since vesting day, the 
Scottish area delegate conference authorised the 
executive committee for the Scottish area to ascertain 
how many miners had retired to date since the m:nes 
were taken over by the State. In this connection, 
Mr. Moffat reported that the Scottish executive had 
been empowered to consider the possibility of granting 
small pensions or gratuities to retired miners who were 
not covered by the scheme. 
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Fic. 2. LaNncasHtRE Borer with SMOKE-ELIMINATOR Doors. 


BRITAIN’S FUEL PROBLEMS AND 
THE WORK OF THE FUEL 
RESEARCH STATION.* 

By A. Parker, C.B.E., D.Sc. 

(Concluded from page 477.) 


Wirx large industrial boiler installations, such as 
those at electricity generating stations, there should 
be no great difficulty in burning bituminous coal 
efficiently and with the emission of little or no smoke, 
provided that the equipment is kept in order and 
properly operated. If arrangements can be made for 
regular supplies of coal of the type and size-grading to 
suit the installation, conditions can soon be found to 
give the maximum efficiency and the minimum quantity 
of smoke; but, if the fucl varies in quality and size 
from day to day, frequent adjustment of conditions is 
necessary, and maximum efficiency cannot be expected. 

Though there has been experience over a long period 
of years with the main types of hand-fired boilers in 
use in industry and on merchant ships, the problem 
of firing them efficiently and without the discharge of 
large quantities of smoke still provides great scope for 
the fuel technologist. The difficulties have been due 
partly to inadequate arrangements for controlling the 
amount of secondary air admitted to burn the com- 
bustible gases and vapours, and partly to inadequate 
training of the boiler operatives. Far too many of these 
boilers are inadequately equipped with such instru- 
ments as draught gauges and CO, recorders, and many 
of the instruments that have been installed are not 
maintained in full working order. As a result, there 
are in every large industrial area numerous factory 
chimneys periodically emitting great quantities of 
smoke and boldly advertising waste of fuel. 

During the recent war, smoke from coal-fired mer- 
chant ships disclosed their position to enemy aircraft 
even well beyond the horizon. In consequence, ships 
and their crews were unnecessarily lost. The Research 
Station was accordingly asked by the Admiralty to 
mMvestigate the possibilities of eliminating or greatly 
reducing the emission of smoke from hand-fired marine 
boilers. The problem was studied under the conditions 
on merchant ships, and series of experiments were 
undertaken with the Scotch marine boiler at the Station. 
It was important that any equipment devised should 
be simple to make and to fit to ships’ boilers, and easy 
to operate. Equipment meeting these requirements 
was developed and was fitted to the boilers of more than 
1,000 ships with satisfactory results. It provides at 
the right time and in the right way the extra air 
Tequired for the necessary period after firing to burn 
the smoky volatile matter evolved from the fresh charge 
of coal. Designs were introduced for both natural- 


* Paper presented at the autumn general meeting of 
the Institution of Heating and Ventilating Engineers, 
held in London on October 10, 1951. Abridged. 





draught and forced-draught marine boilers. Tests on 
the full-scale marine boiler at the Research Station, 
and tests by the research staff on the boilers of a 
merchant ship during a voyage of several weeks, have 
shown that not only is smoke almost eliminated, but 
the quantity of coal consumed for the same amount of 
steam is reduced with average bunker coal by 5 or 6 per 
cent. With some coals the saving of fuel is as high as 
10 per cent. 

The work was then extended with the object of 
applying the same general principles in controlling the 
supply of secondary air to natural-draught hand-fired 
boilers of the shell type (e.g., Lancashire), thousands of 
which are in use in industry. As a result of a long 
series of experiments and trials with the full-scale 
Lancashire boiler at the Research Station, a new type of 
fire-door has been introduced. This smoke-eliminator 
door, shown in Fig. 2, is simple to construct and to fit 
in place of the usual doors, and its operation is easy 
and calls for no special skill on the part of the fireman. 
It is just as effective as the device for marine boilers 
in reducing smoke emission and saving fuel. In the 
tests to determine the effect of the smoke-eliminator 
door under different operating conditions, data were 
obtained on the effects of smoke, excess air, and load 
on efficiency. With increasing smoke there was little 
change in the percentage of carbon dioxide in the flue 
gas, but there was a steady rise in the percentages of 
the combustible gases—carbon monoxide, hydrogen, 
and methane. This caused a drop in thermal efficiency 
roughly proportional to the optical density of the smoke. 
The reduction in efficiency caused by the invisible 
combustible gases was many times greater than that 
due to the visible suspended matter or smoke. 

Smoke eliminators of F.R.S. design are being manu- 
factured commercially by several firms, and are now in 
use on several hundred boilers. Further work is in 
progress with the object of applying the same principles 
to vertical boilers. There is no doubt that, on average, 
the efficiency cf hand-fired boilers in industry could be 
improved without great difficulty to raise the same 
amount of steam with a reduction of 5 per cent. in the 
quantity of fuel now consumed. As these boilers use 
at least 20 million tons of coal a year, the saving could 
be at least 1 million tons a year. In addition, by 
cutting down waste, there could be economies in many 
instances in the quantity of steam required for various 
processes. Better insulation of buildings and equip- 
ment would also lead to a saving of fuel. 

The thermal efficiency of the large water-tube boilers 
at modern power stations is now very high—over 
80 per cent.—so that there is not great scope for 
improvement in this respect. With many of these 
boilers raising steam at high pressures and tempera- 
tures, however, there has been serious trouble from the 
deposition of solid matter on the external side of the 
heating surfaces and from corrosion of the equipment 
for preheating the air supplied for the combustion of 





the coal. With some boilers, the amount of solid 





matter deposited has been so great that the boilers 
have had to be shut down for extensive cleaning after 
having been in continuous operation for only a few 
weeks. Without this difficulty, it should be practicable, 
if needed, to keep the boilers in continuous operation for 
a year—say 8,000 hours—before shutting them down 
for annual inspection and cleaning. Operation for 
8,000 hours in the year is considered to be 100 per cent. 
“ availability.” The effect of this trouble with deposits 
on heating surfaces has been particularly important 
during the last few years, with the great increase in the 
demand for electricity and the shortage of generating 
lant. 

. At the request of the boiler-makers and the electricity- 
supply industry, through their Boiler Availability 
Committee which was set up some rs ago, the Fuel 
Research Station and the British Coal Utilisation 
Research Association are co-operating with the industry 
in investigating the problem. The task allotted to the 
Station has been to ascertain the effect of the type and 
compositicn of the coal used in relation to the design 
and method of operation of the boiler installation. It 
has already been proved that there is a relationship 
between the severity of the trouble, the nature and 
amount of the inorganic substances in the coal, and the 
conditions of operation. For example, coals containing 
relatively high amounts of alkali chlorides, sulphur, or 
of phosphorus, give marked trouble when fired with 
mechanical stokers of the coking type. Though coals 
considered to be rich in phosphorus contain only about 
0-05 per cent., equivalent to less than 1 per cent. of 
the ash of the coal, deposits collected have contained 
as much as 10 per cent. of phosphorus. There has been 
relatively little trouble of this kind with boilers fired 
with pulverised coal. Much work lies ahead, but the 
results so far have shown how the difficulties can be 
greatly reduced by modification in the allocation of 
coals and by changes in conditions of operation. 
Improvement in the availability of the boilers at 
generating stations has already been achieved. Work 
is also being carried out on the effects of conditions of 
combustion and on the amounts of sodium chloride, 
sulphur, vanadium, and other constituents of fuel oil 
on the formation and character of external deposits in 
boilers fired with oil. 

Within the past 30 years there has been steady 
development in the use of pulverised coal for firing 
boilers and furnaces, and the proportion of coal used in 
pulverised form at power stations is increasing rapidly 
as new power stations are brought into operation. One 
reason for this development is that, when burned under 
suitable conditions, pulverised coal gives to the coal- 
fired furnace some of the advantages of flexibility 
usually associated with oil firing. Another reason is 
that small coal, which is necessarily produced in con- 
siderable quantity, particularly with mechanised 
mining, has been sold at a much lower price than coal 
of larger size. The Fuel Research Station has always 
taken a prominent part in work cn pulverised-fuel 
firing; the first Fuel Research Special Report, pub- 
lished in 1919, was on this subject. Experiments have 
covered methods of pulverising, so-called “ grindability”’ 
of different coals, and conditions and mechanism of 
combustion, from individual particles in laboratory 
equipment to burners of special design, each using 
several hundred pounds of coal per hour. F.R.S. 
“ grid ” and “ multi-jet burners have been developed 
and are in use in a variety of furnaces in industry. 

A special “ vortex ” combustion chamber, shown in 
Fig. 3, page 506, was designed before the war and was 
used in experiments, burning up to 500 Ib. of pulverised 
coal per hour, with the high heat release at atmospheric 
pressure of 500,000 B.Th.U. per hour per cubic foot of 
combustion space. In this system, the aerodynamic 
conditions are so arranged that the particles of coal 
move in a balanced vortex, with the air passing around 
and across the particles. As the particles burn to 
ash and become smaller in size, they move towards 
the centre of the vortex and away with the gaseous 
products of combustion. The initial object was to 
develop a new type of combustion chamber for boilers 
and other furnaces. 

Tests have been carried out continuously over a 
period of six months on six representative types of 
COQ, recorders (Fig. 4, page 506), under conditions 
similar to those to be expected in the boiler-house of a 
small works. The recorders were given no more skilled 
attention than could be made available in such works, 
and 10 to 20 minutes were spent daily in adjusting and 
servicing each instrument. With this amount of 
attention, all six recorders were satisfactory and con- 
sistently gave readings within | per cent. of the correct 
value. If a recorder is required for special conditions, 
some care is n in selecting the most suitable 
type, particularly if a quick response to rapid fluctua- 
tions in gas composition is required. At the start of 
the tests, condensation and dust deposition caused 
blockages in the pipe-line leading from the boiler flue 
to the instruments, demonstrating the importance of a 
correct layout of the pipe-work and filters. ; 

Before the last war progress had been made in 
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experiments on the use of powdered coal in place of 
oil for Diesel engines. Five or six years ago it was 
decided not to continue this work, but to investigate 
the more promising possibilities of using powdered coal, 
and producer gas from coal and coke, to provide the 
energy for gas turbines. Considerable progress has 
been made in developing combustion chambers based 
on the F.R.S. vortex chamber and on the grid and 
multi-jet burners for pulverised fuel. Each chamber 
of the two experimental units at the Research Station 
has been designed to burn up to 500 Jb. of coal per 
hour at atmospheric pressure, and includes cooling air 
to protect the equipment from overheating and for 
mixing with the product gases to give a mixture at a 
temperature (about 700 deg. C.) suitable for gas tur- 
bines. Combustion efficiencies of 92 to 95 per cent. 
have so far been achieved. When a suitable stage 
has been reached in these experiments at atmospheric 
pressure, the work will be extended to the combustion 
of coal at a pressure of several atmospheres. It is 
hoped that in equipment of about the same size it will 
be possible under pressure to burn about 2,000 lb. of 
coal per hour to give a heat release of the order of 
2 million B.Th.U. per hour per cubic foot of combustion 
space. This should be sufficient for a turbine of about 
2,000 kW. In both systems, the ash is carried as 
particles of solid matter in the product gases. There 
is the problem, therefore, of removing these solid 
particles to an extent sufficient to avoid damage to 
the turbine. This problem is being investigated. There 
is also required a really satisfactory method of feeding 
the coal under pressure to the combustion chamber. 
A third combustion chamber of the cyclone type is 
being developed by the British Coal Utilisation Research 
Association for the Fuel Research Station. In this 
chamber, designed for operation with granular fuel, a 
large proportion of the ash is fused and leaves as 
molten slag, thereby reducing the quantity of solid 
particles carried forward with the gaseous products. 

Close co-operation is maintained with the Ministry 
of Fuel and Power and with the various industrial 
firms working under contract to the Ministry on the use 
of solid fuel for gas turbines. Design data for com- 
bustion chambers have been provided and assistance 
has been given in dealing with some of the associated 
problems, such as grinding and feeding the fuel. In 
addition, various fuels, including peat, have been tested 
in the combustion chambers at the Research Station ; 
and experiments have been made on the influence of 
dust in the combustion products on the performance of 
heat exchangers for turbine equipment. It is worthy 
of mention that the only open-cycle gas turbines that 
have been run on coal have used burners based on 
F.R.S. design; though much work lies ahead before 
entirely satisfactory systems will be developed for coal 
and other solid fuels. 

Another branch of this programme includes experi- 
ments on the production of producer gas under condi- 
tions suitable for providing the energy for gas turbines. 
In addition, the Station is participating in an investi- 
gation on the damage to turbine blades by the products 
of combustion of heavy fuel oils, which usually contain 
alkali chloride, sulphur, vanadium, and nickel. 

Extensive explorations have failed to reveal any 
appreciable reserves of natural oil in Great Britain. 
World reserves of oil may be large, but it is fairly 
certain that they are equivalent to not more than a 
few per cent. of world reserves of coal. That is why 
several countries are interested in processes of obtaining 
oils as main products from coal. The Fuel Research 
Station has been interested for a long time. Coal 
carbonisation is one way of obtaining tar oils and ben- 
zole as by-products, with coke and gas as the main 
products. In this way, up to 20 gallons per ton of coal 
can be obtained. Other by-products include ammonia 
and sulphur. 

There are two types of process, however, in which 
oils are the major products. In the first, coal is treated 
with hydrogen at temperatures in the region of 450 
deg. C. and at pressures from 200 to 700 atmospheres. 
This process was introduced in Germany, where the 
first commercial plant was started at Leuna in 1927. 
By 1944 there were 18 large plants in Germany pro- 
ducing oil at a combined rate of 3-5 million tons a year. 
At that time most of the German aviation spirit was 
made by hydrogenation of coal or coal-tar oils. Experi- 
ments on this type of provess were begun at the Fuel 
Research Station in 1923, using British coals, and they 
were continued for about 15 years from fundamental 
work in the laboratory to the stage of treating one or 
two tons of coal or tar per day. Experiments were 
also undertaken by Imperial Chemical Industries, 
Limited, who have had a commercial plant in operation 
since 1935 producing between 75,000 and 150,000 tons 
of oil a year, mainly from coal-tar creosote. There 
has also been much experimental work at the Fuel 
Research Staticn on the hydrogenation of coals from 
other parts of the Commonwealth. 

In the second main type of oil-from-coal process, 
known as the Fischer-Tropsch process, coal is converted 
by various methods into a mixture of the two gases, 





carbon monoxide and hydrogen. The mixture is 
purified to remove sulphur compounds and is then 
passed over catalysts containing cobalt or iron at a 
temperature of 200 deg. to 300 deg. C. to synthesise 
hydrocarbon oils and waxes. In the synthesis reaction 
a considerable amount of heat is generated, and one 
of the main chemical engineering problems is to carry 
away this heat rapidly, otherwise the temperature of 
the catalyst rises unduly and the main product is 
methane. The process, with cobalt catalysts, was 
developed in Germany to the scale of production in 
1944 at a rate of about 600,000 tons of product a year. 
Since 1934 the process and various modifications of it 
have been under continuous investigation at the 
Station in laboratory equipment and on a somewhat 
larger scale (Fig. 5), using both cobalt and iron cata- 
lysts. Much useful information has been obtained on 
the mechanism of the synthesis reactions and on various 
techniques. Recently, the work has been extended to 
include two small pilot plants each of a size to produce 
30 to 50 gallons of product per day. In one plant the 
“ fluidised-solids ” technique is employed, whereby the 
synthesis gas is passed upwards through a bed of small 
icles of catalyst at such a rate as to keep the bed 
in motion and give it properties resembling those of a 
liquid. This has the effect of greatly increasing the 
rate of heat transfer and thus of simplifying the equip- 
ment. In the other pilot plant the catalyst is sus- 
pended in high-boiling oil from the process and the 
suspension is kept in motion by the synthesis gas. 


In 1943 the U.S. Bureau of Mines became interested 








in the possibilities of obtaining oil from coal and were 
rovided with all the information available at the Fuel 
h Station. Since that time, the processes of 
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hydrogenation and hydrocarbon synthesis have been 
investigated on a considerable scale by the U.S. Bureau 
and by commercial undertakings in the United States, 
and there has been regular exchange of information 
with the Fuel Research Station. 

There is no doubt that the technique adopted in the 
commercial plants in Germany for the synthesis of 
oil from carbon monoxide and hydrogen could be 
greatly improved. No commercial plant for hydro- 
carbon synthesis has been erected in Great Britain. 
Under conditions in Germany before the war, the cost 
of producing oils by either hydrogenation or hydro- 
carbon synthesis was greater than the price of petroleum 
oils, but Germany used the processes on a commercial 
scale largely with the object of being less dependent 
on imported petroleum. With coal at its present price 
in Great Britain, the oils from these processes, as sO 
far developed, would cost 2s. to 2s. 6d. a gallon at the 
plant. The major part of the cost, at least 70 per cent., 
is incurred in the production of the synthesis gas from 
coal. There are parts of the Commonwealth, however, 
where coal of certain types can be produced at a price 
as low as 5s. to 10s. per ton ; and a decision has recently 
been reached, for example, to erect a commercial plant 
in South Africa for synthesis of oil from cheap coal. It 
may be that in the not far distant future there will be 
a serious shortage of petroleum oils in some areas. 
It is for this and other reasons that it has been decided 
to extend and intensify the work at the Station. 

On average, British coals contain approximately 
1-5 per cent. of sulphur, with a range from somewhat 
less than 1 per cent. to 4 per cent. or more in a few 
instances. Part of the sulphur as brought up with the 
coal from underground is in the form of pyrites, which 
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can be separated to some extent by coal-cleaning pro- 
cesses. During the last war the Station co-operated 
in work on the recovery from coal of pyrites for the 
manufacture of sulphuric acid, thus reducing the 
quantity of pyrites that had to be imported. As a 
result of these efforts, the quantity of pyrites recovered 
reached 50,000 tons per annum. 

When coal is carbonised for the manufacture of coke 
and gas, some of the sulphur from the coal appears in 
the gas as hydrogen sulphide, which is removed before 
the gas is distributed for town supply. By the usual 
system of purification the gas is passed through iron 
oxide, which is eventually converted to “‘ spent oxide ” 
containing 50 per cent. of sulphur by weight. This 
spent oxide can then be used for making sulphuric 
acid. At the present time more than 200,000 tons of 
spent oxide are produced annually. In the past, the 
price obtained for the spent oxide, on the basis of the 
sulphur content, has been less than the cost of producing 
it, but the gas industry is under legal obligation to 
purify the gas before distribution. It would be prefer- 
able to recover the sulphur in elemental form of fairly 
high purity, if this could be achieved efficiently at 
reasonable cost. Several processes with this object 
have been suggested and some have been tried. In 
view of the acute shortage of sulphur at the present 
time, the Research Station is studying these processes 
and advising the Government Departments interested. 

Coke usually contains about the same proportion of 
sulphur as the coal from which it is made. On com- 
bustion of coal or coke, most of the sulphur is converted 
to sulphur dioxide to be discharged with the chimney 
gases. With the object of reducing atmospheric pollu- 
tion, there have been efforts to devise satisfactory 
methods of removing the sulphur from the flue gases 
of installations, such as power stations, burning large 
quantities of coal. Two processes have been used on a 
large scale, one at Battersea and the other at Fulham. 
In the Battersea process, the sulphur is removed as a 
solution of calcium sulphate, which is discharged as a 
waste liquid into the River Thames. In the Fulham 
Process, the sulphur is removed as a wet sludge of 
calcium sulphate, which has been of no value. At 
Present prices, the overall cost of these processes is 
equivalent to adding 7s. to 10s. to the cost of each ton 
of coal burned under the boilers. The problem is a 

cult one to solve economically, because each ton 
of coal gives rise to about 400,000 cub. ft. of flue gas 
Containing only about 0-1 per cent. of sulphur dioxide 
by volume. During the past two or three years, pilot- 
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— experiments have been carried out at the Research 
tation on a Fulham-Simon Carves process designed to 
recover the sulphur mainly as ammonium sulphate and 
partly as elemental sulphur. The pilot plant is illus- 
trated in Fig. 6. Technically, the experiments have 
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been successful, though further work is necessary to 
bring the process to full-scale operation ; but the net 
cost, after allowing for the value of the products, is 
very high. Other possible processes have also been 
considered. 

Under the guidance of the Atmospheric Pollution 
Research Committee, which is now a committee of the 
Fuel Research Board, methods of measuring different 
forms of atmospheric pollution have been improved and 
new methods devised. Fig. 7 shows a deposit gauge 
used in the City of London for measuring atmospheric 
pollution. Systematic records of the extent of pollution 
in many parts of the country have been obtained over 
a long period of years, with the assistance of local 
authorities and others interested. The number of 
organisations co-operating by making regular observa- 
tions in their areas is now more than 100; and since 
the work came under the Fuel Research Station five or 
six years ago, the total number of instruments in 
regular use has increased from about 200 to about 900. 

In addition, there are special investigations by the 
research staff. For example, over a period of three 
years, there was an intensive survey of pollution in a 
selected area. Leicester was chosen for this work, 
which provided valuable information on the factors 
affecting the movement and dispersal of pollution. At 
the present time, there are in progress intensive surveys 
of pollution by sulphur in several areas with the objects 
of finding the effects of discharges from the high chim- 
neys of installations, such as power stations, burning 
large quantities of coal. A beginning is also being 
made in a fundamental investigation of the effects of 
various factors on the dispersion of polluting substances 
from a single source, such as a high chimney in an area 
some distance from other sources of pollution. All these 
activities on measurement and dispersion of pollution 
are closely linked with other work at the Station on 
methods of improving fuel efficiency and of reducing 
the emission of polluting substances. 

There have been numerous miscellaneous investi- 
gations, some on an extensive scale, to meet the needs 
not only of this country but also of Commonwealth 
countries overseas. They have included work on the 
winning and utilisation of peat; production of oil 
from shale; extraction of special waxes from lignite 
and peat ; use of waste materials such as sawdust and 
waste wood, flax shives, and ground-nut shells as 
fuels; orchard heating to prevent damage by frost ; 
and many other items. 

There is a comprehensive information and library 
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service at the Research Station to assist all who are 
interested in fuel problems. The service includes the 
preparation of bibliographies and summaries of the 
literature on topics of special interest, and the publica- 
tion of the monthly periodical Fuel Abstracts, which 
includes 8,000 or 9,000 abstracts a year and covers 
every significant paper in the field of fuel science and 
technology. In the preparation of Fuel Abstracts the 
Station works in close co-operation with the fuel 
industries and their research associations. 

Unless there are great advances towards the better 
utilisation of our fuel resources, it will be difficult for 
this country to maintain her position in world affairs, 
and industry and to keep up the standard of living of 
the people. Our estimated reserves of coal are no 
more than 6 per cent. of the coal reserves in the U.S.A. 
We have practically no indigenous petroleum and 
relatively very little oil shale and pctential water 
power. Even our peat resources are equivalent to 
only about 5 per cent. of our coal reserves, and so far 
the utilisation of this peat has not been economic. 
It is of the very greatest importance to Great Britain, 
therefore, that improvements in the utilisation of fuels 
should be pressed forward as rapidly as possible. 








THE WORK OF THE ELECTRICITY 
SUPPLY INDUSTRY.* 
By Sm Joun Hacxine. 


THE first object of an electricity-supply industry is 
to supply electrical energy. Table I has been prepared 
to indicate how the consumer in Great Britain has 
fared in this respect in comparison with consumers in 
other countries. It shows the energy supplied to con- 
sumers from the public systems in a number of coun- 
— in 1939 and in 1949, and the increases during this 

e. 


TABLE I.—Energy Supplied to Consumers from Public 
/ Systems, 1939 and 1949. 





























Amount, kWh, Increase, 
Country. 
1939. 1949. kWh. |Percentage. 
x 109 x 109 |} x 10% 
United States 105-8 248-5 142-7 135 
Sweden én 5-2 10-9 5-7 110 
Switzerland .. 3-3 6-4 3-1 94 
Great Britain 22-6 41-4 18-8 83 
Norwa cs 4-1 7-5 3-4 83 
Netherlands 2-4 4-2 1-8 75 
Belgium ° d 2-5 4-3 1-8 72 
France ais a 13-2 20-2 7-0 53 
Western Germany .. Not 20-8 
available 
Italy .. Not 13-5 
available 
| 











It will be seen from this table that the growth in 
public supply in Britain during the ten-year period 
1939-49 represented an increase of 83 per cent., a 
figure exceeded only by Switzerland, Sweden and the 
United States. The figures refer only to the public 
supply, but in many countries a considerable proportion 
of the national electricity supply is provided from 
private industrial power stations directly to the works 
which they serve. A better picture of the rate of 

wth in the various countries is therefore given by 

able II, which shows the total energy supplied from | 
both public and private systems. 


TABLE II.—Energy.Supplied to Consumers from Public | 
and Private Systems, 1939 and 1949. 














! 
Amount, kWh. Increase, 
Country. 

1939. 1949. kWh. |Percentage. 

x 10° x 10° | x 10° 
United States 139-5 302-7 | 163-2 117 
Sweden oe 7:9 13-9 ¢ 6-0 76 
Great Britain 29-0* 47-6¢ / 18-6 64 
Switzerland .. 5-0 8-0 3-0 60 
France - 17-6 26-6 9-0 51 
Netherlands 8-6 5-4 1-8 50 
Belgium. 5-3 7-7 2-4 45 
Norway . 9-6 13-7 4-1 43 
Italy .. ro .-| 18-8 17-2 1-4 9 
Western Germany .. Not 32-3 

available 














* Includes an estimate of 6-4 x 10° kWh from private 
generation, 

t Includes an estimate of 6-2 x 10° kWh from private 
generation. 

From this second table it will be seen that the true 
growth in total electricity supply in Britain between 
1939 and 1949 was about 64 per cent., a figure similar 

* Presidential address delivered to the Institution of 


Electrical Engineers on Thursday, October 11, 1951, 
Abridged. 








to that for Switzerland and not much greater than the 
figures of 45 to 50 per cent. for the Netherlands, 
France, Norway and Belgium, though substantially 
greater than those for Italy and Western Germany. 
The British 64 per cent. was, however, rather less than 
Sweden’s 76 per cent., and considerably less than the 
figure of 117 per cent. for the United States. In order 
to indicate the relative growth of requirements of 
different classes of consumer, Table III has been 
prepared and it will be seen that there has been a 
marked increase in most countries in the proportion of 
the total consumption attributable to the group 
“agriculture, shops and offices, domestic, public 
lighting and small power.” The proportional consump- 
tion in 1949 of this group in Britain at 40-0 per cent. 
of the total was, for that year, among the highest in 
any of the countries listed and was similar to the 


Fig. 1. AVERAGE WEEKDAY 
PLANT=LOAD CONDITIONS DURING DAILY PEAK. 
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figure of 40-2 per cent. for the United States, though 
lower than that of 44-1 per cent. for Switzerland. It 
was very much greater than the figures of 23-6 per cent. 
for Western Germany, 20-0 per cent. for France, 
19-7 per cent. for Italy, and 14-6 per cent. for Belgium. 
While the figures which have been quoted give a picture 


TABLE III.—Proportion of Total Supply from Public and 
Private Systems Taken by the Various Consumer Groups in 


1939 and 1949.* 























Agriculture, 
Shops aud 
Total 
Offices 
Trac- Indus- . consum p- 
Country. Year. tion. try. —— “a tion, 
Lighting and kWh. 
Small Power. 
Per Per 
cent. cent. Per cent. x 108 
Belgium 1939 4-4 83-3 12-3 5,327 
1949 4-0 81-4 14-6 7,714 
France 1939 5-3 77-6 17-1 17,588 
1949 6-3 73-7 20-0 26,565 
Great Britain | 1939 4°3 64-9 30-8 29,001 
1949 3-0 57-0 40-0 47,574 
Italy 1939 Not available 
1949 8-5 71-8 19-7 17,207 
Netherlands | 1939 6-8 67-5 25-7 3,580 
1949 4-2 64-9 30-9 5,437 
Norway 1939 1-1 74-7 24-2 9, 
1949 1-3 63-9 34-8 13,695 
Sweden 1939 9-0 75-6 15-4 7,861 
1949 9-1 62-7 28-2 13,91 
Switzerland. .| 1939 6-0 57-6 36-4 4,951 
1949 6-3 49-6 44-1 8,017 
United States | 1939 4-1 60-8 35-1 139,468 
1949 2-0 57-8 40-2 302,66 
Western 1939 Not available 
Germany 1949 3-3 73-1 | 23-6 $2,271 





* Only in the case of the 1949 figures for Norway and Sweden 
is any analysis of the total supplies from private systems available. 
In other cases it has been assumed that the whole of such 
supplies is given to “ industry.” 


of the rate of growth of energy supply in Britain as 
compared with other countries, there still remains the 
question of the relative absolute rates of energy supply 
in the different countries. This is shown for 1949 in 
Table IV. 

In this country it is, however, the supply of power 





588 . 
or for peak-load operation. 


‘| against corresponding figures of 21-0 pe 


at time of peak load rather than the supply of energy 
over the year which has been, in recent times, the most 
serious problem. Here the position of Britain is not 
so favourable as that of other European countries, 
Shortly after the end of the Second World War several 
of the Western European countries such as Italy, 
France and Western.Germany, as well as Britain, had 
serious power deficits, amounting to as much as 500 to 
1,500 MW at time of peak load. By the winter of 


TABLE IV.—Energy Supplied to Consumers from Public 
and Private Systems per Head of Population, 1949. 





Supplied from 
Public and Private 
Systems. 


plied from 
e Public 
System. 


Su 
Country. tl 





kWh. kWh. 
Norway = 

» United States. . 
Sweden é 
Switzerland .. 
Great Britain 
Belgium be 
Western Germany 
France. . — 
Netherlands .. 
Italy .. 











* Excludes an estimate of 3-0 x 10® kWh from private 


generation. , 
+ Includes an estimate of 6-2 x 108 kWh from private 


generation. 


1950-51, however, it appears that in all parts of the 
mainland of Western Europe—except South Holland— 
these deficits had been eliminated or reduced to 
negligible proportions. Meanwhile, in Britain the 
position has grown worse instead of better, despite 
the efforts which have been made both to commission 
more plant and to reduce the peak load. This is illus- 
trated by Fig. 1, which shows the average weekday 
surplus or deficit of generating plant available at time 
of daily peak demand during the months of December 
and January for the winters 1941-42 to 1950-51. The 
reason for this deficit appears to be that at rate of 
construction after the end of the war lagged in Britain, 
as compared with other countries, until about, 1948, 
although since then it has accelerated until it is now 
level with what is being achieved elsewhere. Britain’s 
slow start is perhaps not unexpected in view of the 
restrictions on new generating plant which had neces- 
sarily to be imposed after Dunkirk and which produced 
its full effect only some years later. Furthermore, 
there is one factor which has undoubtedly been of 
assistance to some Continental countries. This is the 
use which they have made of Marshall Aid funds to 
purchase American power plant. Thus, for instance, 
in France an American 100-MW set was installed at 
the Gennevilliers power station in Paris, and the 
expansion of the industrial power plants was also to 
some extent aided from this source ; an example of the 
latter is the installation of two 60-MW American 
generating sets at the Déchy station of the French coal 
mines. Similarly, a proportion of the Marshall Aid 
allocated to Italy was used to increase the sources of 
electricity production in that country. The purchase 
in the United States of 12 thermal and hydro turbo- 
gencrators with a total capacity of 600 MW, together 
with boiler plant of a capacity of 120 MW, was financed 
from these funds between 1948 and 1951, and it is 
expected that further simi!ar purchases will be made. 
No part of the dollar funds made available under the 
Marshall Plan to the United Kingdom was used to 
assist in overcoming our serious power shortage. 

It is not the only object of the supply industry to 
make available adequate supplies of energy and peak- 
load power. It is also necessary to do this with 
maximum economy and efficiency. In this respect a 
comparison of British and oversea achievements 1s 
not easy, as many of the data 1equired are not available 
and the operating conditions in the different countries 
vary greatly. For instance, many of the European 
countries depend to a large extent—in some cases 
almost entirely—on water power, the thermal sta- 
tions being used only at certain seasons of the year 
Thus it is not surprising 
to find that the thermal efficiency of the coal-fired 
stations of Electricité de France—which derives about 
half its supplies from water-power plant—was only 
17-3 per cent. in 1948 and 17-7 per cent. in 1949, as 

r cent. and 
21-3 per cent. for the stations of the British Electricity 
‘Authority. A comparison with the United States, 
where only about one-quarter of the total output 's 
from water power, would be more useful; but overall 
figures of thermal efficiency are not available, as the 
published national statistics refer only to fuel con- 
sumption per kilowatt-hour sent out from pow re 
stations, and the average calorific value of the coa 
burned in these stations is not known. However, —_ 
complete data are available for a group of 200 ago 
stations located fairly representatively over the who e 
of the United States. & 1947—the latest year *or 
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which information is available—the coal burned by this 
group represented 72 per cent. of the total tonnage con- 
sumed in public-utility stations in the United States, 
and had a weighted average calorific value of 11,980 
B.Th.U. per pound. If this figure is applied to the 
national average coal consumption in public-utility 
stations in the United States in 1947 of 1-31 lb. per 
kilowatt-hour sent out, the resulting thermal efficiency 
is 21-7 per cent. For the same year the British figure 
was 20-7 per cent. Alternatively, a comparison can 
be made between the thermal efficiency of this group 
of 200 American base-load stations and a roughly 
corresponding group of 60 British stations. This com- 
parison shows that in 1947 the thermal efficiency of the 
American group was 23-3 per cent., and of the British 
group 22-4 per cent. In comparing these figures the 
appreciably higher load factor of the American systems 
should be borne in mind. This is indicated by the 
number of kilowatt-hours sent out per kilowatt of 
installed capacity, which in 1947 amounted to 5,379 
kWh for the American group of base-load stations as 
compared with 3,815 kWh for the British group. 

In 1950, the national average coal consumption in 
the United States had fallen to 1-19 lb. per kilowatt- 
hour sent out. In the absence of other information 
it may perhaps be permissible, for the purpose of a 
rough estimate, to apply the same figure for calorific 
value as in 1947. The resulting thermal efficiency in 
1950 would then be 23-9 per cent., which may be 
compared with the corresponding British figure of 21-5 
per cent. It thus appears that between 1947 and 1950 
the improvement in thermal efficiency in America was 
much greater than in Britain. It is not hard to find a 
reason for this difference: in Britain, owing to the 
enforced retention in service of old plant and to the 
long running hours required from that plant because 
of the virtual removal by load shedding of the shorter- 
term peaks, the average thermal efficiency of generation 
of a quarter of the total output in the year ended 
March 31, 1951, was as low as 16-3 per cent. It is 
estimated that, had it been possible to commission 
new plant according to programme and so to be in a 


position to meet demands in full, the output of the 
lower-efficiency plant would have been substantially 
reduced and the overall average thermal efficiency 
increased from 21-5 per cent. to 22-5 per cent., thus 
saving about 14 million tons of coal in the year. Had 
it been possible, in addition, to replace by new plant 
1,000 MW of the old plant of lowest efficiency, the 
average thermal efficiency would have been increased 
to 23-0 per cent., with a further saving of some 
800,000 tons of coal in the year. 

During the war, the programming of new generating 
plant in this country was brought practically to a 
standstill. Since 1945, however, the total installed 
capacity of new plant released has been about 13,000 
MW. This includes the installation of 9,700 MW in 
no less than 53 new generating stations, which, when 
fully developed, will accommodate plant with a total 
capacity of 12,500 MW. Of the plant programmed 
for the five years 1946-50, only some 47 per cent. had 
been commissioned by the end of the period. The 
reasons for the failure to achieve a greater proportion 
of the programme, or the measures which have been 
and are being taken to improve the rate of commission- 
ing will not be discussed, but it is suggested that with 
the increasing capacity of units, the overall effort on 
the part of all concerned in carrying out the generating- 
plant programmes is not necessarily proportional to 
the size of the programmes. Provided the necessary 
materials and labour can be made available, the 
sapped which are now in hand, and even larger 

ture programmes, are, therefore, well within the 
capacity of the manufacturers and of the design staffs 
of the Authority and the consulting engineers; but 
the rearmament programme is at present seriously 
increasing the difficulties in obtaining materials. It is 
essential that these difficulties should be removed if 
the generating plant programmes are to be achieved. 

Although the early programmes sanctioned after the 
war included a proportion of plants which were repeti- 
tions of existing designs, discussions with manufacturers 
indicated that there would be no difficulty in building 





straight condensing sets up to 60 MW at 3,000 r.p.m., 





and that this was economically desirable. The position 
was not so clear with regard to boilers, and at first it 
was deemed necessary to limit capacities to some 
360,000 lb. per hour, for which rating either fusion- 
welded or forged drums could be used for designs 
involving only one or two drums. A number of 
stations were therefore planned with 60-MW turbo- 
alternators each associated with two 360,000-lb. 
boilers. With the installation of several fusion-welding 
plents of increased size and the associated heavy 
plate-bending presses, larger capacities became practic- 
able, thus permitting adoption of the desirable unit 
layout—one boiler, one set—for capacities up to 60 MW, 
and later even up to 100 MW. More than one-third 
of the total 13,000-MW programme is being installed 
with the unit boiler arrangement. This comprises a 
total of 97 individual sets and boilers, including 50 of 
60-MW capacity and five of 100-MW capacity. Over 
70 per cent. of the total programme will employ 
pulverised-fuel firing. This is at present the only 
practicable method of firing the large boilers required 
in the unit arrangement. 

Three general standard steam cycles have been 
adopted and the development of the gas turbine is 
being encouraged. Its future may, however, depend 
on the possibility of using coal and much research is 
taking place at various manufacturers’ works on 
methods of doing this. In a variation of the normal 
closed gas cycle, it has been proposed to use steam 
as the working fluid with a large proportion working 
over about the same pressure ratio as in the closed 
gas cycle; and to obtain about the same temperature 
ratio by diverting the balance of the steam, after it 
has been passed through the gas turbine and exhaust 
heat-exchanger, to a low-pressure condensing turbine 
driving an additional generator. The condensate from 
the condensing turbine would be reintroduced in spray 
form to the main turbine and compressor circuit, 
either ahead of a number of compressors working in 
series or at their individual suction branches. The 
efficiency of the cycle will be influenced to a consider- 
able extent by that of the steam compressor, and 
separate experiments are taking place on this item of 
equipment before proceeding with further development. 
Great interest is also being taken in the possibility of 
combining the gas and steam cycles. The air passed 
through an open-cycle gas turbine is much in excess 
of that required for the combustion of the fuel, with 
the result that most of the oxygen is left in the exhaust 

It has been proposed that the exhaust flow 
from the turbine should be used as the combustion 
air supply to a steam boiler, which in turn would supply 
a normal turbine. Many combinations have been 
developed, in some of which the exhaust flow from the 
gas turbine is also used for inter-stage reheating of 
the steam turbine and for feed-water heating. Other 
schemes envisage using the open-cycle gas turbo- 
compressor system as a means of obtaining pressurised 
combustion in the boiler furnace, as originally exem- 
plified by the Velox boiler. With pressurised combus- 
tion, the heat-transmission rates through the boiler 
surfaces are materially increased, so enabling the 
dimensions of the boiler to be reduced. Overall 
efficiencies of around 40 per cent. might be obtained 
with these methods, but the practical development 
depends on correctly proportioning the gas-turbine and 
boiler components. 

The water-power resources in the northern half of 
Scotland have been developed to the extent of 165 MW, 
but it is expected that they will ultimately reach some 
500 MW. The only other major hydro-electric possi- 
bilities of an orthodox kind are in North Wales. Other 
hydro-electric possibilities lie in the direction of 

umped storage schemes, and several possible sites are 
Gabe examined. The Severn barrage scheme is being 
critically examined and research is also being under- 
taken on wind power. The possibility of yee 
using the heat from atomic piles is being kept in mind. 

As regards transmission developments, a matter of 
major importance is the co-ordination of the 132-kV 
grid and the main distribution systems, which has 
become possible since nationalisation. Many of the 
former undertakings obtained a financial advantage 
by restricting the number of points at which they took 
supply from the Central Electricity Board. It is now 
possible to consider the best method of meeting require- 
ments from the point of view of overall economy, 
irrespective of which party has to bear the capital 
expenditure involved. More than 40 new 132-kV 
supply points have therefore been established or agreed 
since April 1, 1948, compared with only seven—one of 
which was a temporary supply—during the previous 
five years. In all these cases the relative merits of 
extending the distribution system and of establishing 
a new 132-kV supply point have been compared, and, 
on technical and financial grounds, the new supply 
point has been preferred. 

The main object of the original 132-kV grid was 
the pooling of generating plant within defined areas. 
It was intended that each area would normally operate 
independently ; the few circuits linking adjacent areas 
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were intended only for occasional use, to facilitate 
maintenance or in emergencies. However, owing to 
the impossibility of accurately predicting the varying 
rates of load growth in the different areas and of 
matching local plant resources to local requirements, 
there arose a situation in which, although there was in 
total enough plant to meet the national load, its distri- 
bution was such that there was a deficit in some areas 
and a surplus in others. Interconnected operation of 
all areas was therefore tried experimentally in 1938 ; 
it proved successful and has since continued as the 
normal arrangement. Thus, for nearly 13 years the 
grid has been performing a function for which it was 
not designed, that is, national pooling—as distinct 
from regional pooling—of generating plant. The value 
of this during the war is already well appreciated ; but 
it is probably not so generally realired that, as the 
subsequent plant shortage has gradually developed, so 
the grid has been called upon to deal with increasing 
transfers of power from one part of the country to 
another in order to relieve areas where the shortage is 
greatest, and thus to spread the burden of load 
shedding as evenly as possible. To-day the grid is 
far more heavily stressed than during the war. 
Although a number of 132-kV lines have been added 
since the initial scheme was completed, the grid still 
retains its original character with relatively weak 
interconnection between the various areas. For 
example, only two circuits connect the north and south 
of the country, so that the power which can be safely 
transferred is limited to 90 MW in either direction. 
To make the maximum use of all available plant on 
every occasion and so to minimise load shedding, at 
least four times that capacity would be needed. 
Although many of our present difficulties in grid 
operation would not have arisen if new generating 
plant had been installed according to programme, it 
has long been realised that, for the continuance of 
operation as an integrated national system, there must 
ultimately be very substantial reinforcement of trans- 
mission capacity between the different parts of the 
country. To determine the form which the reinforce- 
ment should take, a comprehensive investigation was 
initiated by the Central Electricity Board and carried 
to a conclusion by the Authority. For this purpose, a 
study was made of the probable conditions when 
meeting a national load of 30,000 MW, which it was 
expected would be reached by 1965 or thereabouts, and 
an assessment was made of the transmission capacity 
likely to be required for interconnection of areas for 
the purpose of national pooling of generating plant. 
It was found that the only way to provide the required 
capacity was by superimposing an entirely new system 
which normally would form the sole means of connection 
between the various regional systems. Although the 
superimposed system could possibly consist of 132-kV 
circuits of higher capacity than those of the original 
grid, it was concluded that a system consisting of 
fewer circuits operating at a higher voltage would be 
more satisfactory and no more costly. A further 
advantage of the higher voltage was that it would 
enable provision to be made for bulk transmission of 
energy from the coalfields to the load centres, for which 
it appeared that there would be considerable scope in 
the future. Consideration was given to the alternative 
of ultimately abandoning national operation and 
reverting to the original conception of a number of 
areas operating independently. To provide the same 
security of supply in each area, however, it was esti- 
mated that at least 5 per cent. more generating plant 
would have to be installed and that the capital cost 
of this would be much greater than that of the super- 
im system. 
he higher voltage to be used required very careful 
consideration. On the Continent, 220 kV has been 
extensively developed during the last decade. At the 
upper extreme it seemed possible that 380 kV, the 
highest voltage at present being developed anywhere 
on a commercial scale, might be economically justified 
for future bulk transmission. With the difficult 
atmospheric conditions in this country, however, much 
research and development on insulation problems would 
be needed before a system could be designed for that 
voltage. For similar reasons it was considered that 
high-voltage direct-current was not practicable for the 
immediate requirements. | It was decided finally to 
design the new system for initial operation at 275 to 
300 kV. This voltage is one of the proposed inter- 
national standards and was considered the highest 
practicable for immediate adoption. Fig. 2, opposite, 
shows the 275-kV scheme proposed to meet require- 
ments up to 1960. The main features comprise a cen- 
tral ring embracing the East Midlands, the Midlands, 
Lancashire and the West Riding of Yorkshire, with a 
connection to Scotland, via the North-East Coast and 
Carlisle, and two lines direct to the London area. These 
connect to a horse-shoe round London, terminating at 
Tilbury on the north bank of the River Thames and 
Littlebrook on the south. A third connection between 
the Midlands and London is formed by a line via the 
Severn Valley. Altogether, about 1,100 miles of new 
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line construction will be required, the total estimated 
cost of the scheme being some 52/. million at the prices 
ruling at the time of its adoption a year ago. A sub- 
stantial part has been approved for completion by 
1955, and work is actively in progress. As with the 
existing grid, the new system will operate with solidly- 
earthed neutral at each transforming point. All the 
equipment will be designed for continuous operation 
initially at voltages up to 300 kV and an impulse test 
level of 1,050 kV. 

An experimental 40-mile section of line between 
Staythorpe and Sheffield is now nearing completion. 
This comprises single-circuit towers equipped with twin 
conductors of steel-cored aluminium on each phase, 
each conductor being of 0-175 sq. in. equivalent copper 
section. For the remainder of the scheme, double- 
circuit construction will be used, partly on account of 
the inherent economy in capital cost per kilovolt- 
ampere of transmission capacity and partly to make 
the best use of wayleaves. Experience with the existing 
132-kV system has proved the validity of both these 
reasons. Two sizes of conductor will be used: twin 
0-175 sq. in. per phase, having a thermal rating of 
about 375 MVA per circuit; and twin 0-4 sq. in. per 
phase, having a thermal rating of about 570 MVA per 
circuit, i.e., 1,140 MVA gross capacity per line of 
towers. Comparison of these figures with the 90-MVA 
rating of the original 132-kV single-circuit grid lines 
reflects the development in thought and practice in the 
field of electrical transmission over the past 20 years. 
The smaller conductor will provide sufficient capacity 
for interconnection pu only, and will be used for 
the connection from Yorkshire to Scotland. For the 
remainder of the scheme the larger conductor will be 
used, and the circuits proposed will provide for a 
total export of nearly 3,000 MW from Yorkshire, the 
East Midlands and Midlands to Lancashire, Merseyside, 
London and the southern counties ; of the total export 
capacity about half will be available for planned 
exports, the other half being required for inter- 
connection purposes, i.e., for the pooling of spare plant 
in the exporting and importing zones. 

Two ranges of tower design wil] be used, one for the 
twin 0-175-sq. in. conductors and the other for the 
twin 0-4-sq. in. conductors. The normal spans will be 
1,000 ft. and 1,200 ft., respectively. Both designs will 
follow the same general outline as the existing 132-kV 
towers and will carry a single earth-wire. Figs. 3 and 4 
show the towers for the 275-kV smaller and larger 
conductors, respectively, while Fig. 5 shows a standard 
132-kV tower for comparison. An important feature in 
the new tower design is the use of high-tensile steel. 
~ f using 60 per cent. of such steel the total weight 
of the smaller double-circuit tower will be about the 
same as that of the single-circuit tower which is 
employed on the Staythorpe-Sheffield experimental 
section, which is built wholly of mild steel. Extra 





clearances are being provided on the towers carrying 
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the larger conductors in order to permit the voltage to 
be increased possibly to 380 kV or 400 kV in the future, 
should developments show this to be a practicable and 
economic method of providing further transmission 
capacity. The lines will be equipped initially with 
suspension insulator strings of the conventional cap- 
and-pin type, and accommodation of all the additional 
units required for operation at 380 kV to 400 kV would, 
according to the present state of knowledge, necessitate 
lower cross-arm spacing than that shown. It is hoped, 
however, that by the time the need for a higher voltage 
is reached, advances in insulation technique will have 
led to an appreciable shortening of the string. Research 
on insulators of the rod type, and in the use of semi- 
conducting glaze, offers some promise of early progress 
in this direction. 

The switching and transforming stations, broadly, will 
follow present practice on the existing grid system, most 
stations being laid out on conventional double *bus-bar 
lines. Owing to the greater spacing and clearances 
needed, and in order to keep structure heights within 
the economic range of reinforced-concrete construction, 
the ground area required is very large. For instance, 
a station containing ten 275-kV bays, with transformers 
and associated 132-kV equipment, requires an area of 
about 12 acres. The 275-kV switchgear will have a 
short-circuit rating of 7,500 MVA and current ratings 
of 800 amperes and 1,200 amperes. Both air-blast 
and bulk-oil circuit breakers will be used, and provision 
will be made for high-speed automatic reclosing. The 
transformers to be installed initially will be 120-MVA 
three-phase units of the star-connected auto-trans- 
former type, stepping up from 132 kV to 275 kV. 
Voltage control will be provided by means of on-load 
tap-changing gear. The choice of 120-MVA three-phase 
units was governed largely by transport limitations, and 
the requirements of the scheme will involve double 
banking of these units at numerous points. For 
instance, it is envisaged that, in each of the main 
connecting stations for the London area, there will be 
six transformers in three banks to provide a gross 
transformer capacity of 720 MVA. 

Before the war there was little scope for bulk electrical 
transmission in this country, because London and the 
towns on the eastern and southern coasts could obtain 
coal cheaply by sea from the North-East Coast and 
South Wales, while most of the other major load centres 
could be supplied by rail from relatively nearby coal- 
fields. Since 1939, however, the coal consumption of 
the electricity supply industry has more than doubled 
and the combined contribution of the East Midlands 
and Yorkshire coalfields has increased from 30 per cent. 
to 39 per cent. of the total; this trend is expected to 
continue. Because of the relatively long initial rail 
haul from pithead to port, transport costs for coal 
from these sources delivered at coastal and estuary 
stations are considerably greater than for coal from 
the North-East Coast and South Wales, where the initial 
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660-VOLT AIR-BREAK 


SWITCHGEAR. 


GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 








2,000-AmMPERE CrrcuIT BREAKER WITH- 
DRAWN FROM CUBICLE. 


Fie. 1. 


rail haul is short. It was found that, by augmenting 
the capacity of a transmission system suitable for inter- 
connection purposes only, and thus enabling these 
transfers of energy to be made electrically, considerable 
net savings could be made as compared with trans- 
porting the coal. 

At a range of some 10 years ahead, a forecast must 
of necessity be speculative, but it is estimated that by 
then some 70 per cent. of the total energy exported 
from the Mid-East and Central zones will be handled 
electrically. 

Looking back 24 years to the presidential address 
of the late Sir Archibald Page,* we were then on the 
threshold of one of the major developments in the 
supply industry, namely, the establishment of the 
132-kV grid. In 1926, the year before his presidency, 
some 5,750 million kWh were sold by public-supply 
undertakings in Great Britain, excluding the North of 
Scotland district, and Sir Archibald mentioned that 
output during the last five years had increased by 
54 per cent. It is of interest to compare those figures 
with our latest figures. In the year ended March 31, 
last, over 46,500 million kWh were sold, an increase of 
50 per cent. during the last five years and eight times 
the 1926 figure. We are now passing another milestone 
with the establishment of the 275-kV grid, and further 
milestones are dimly in sight. These include the possi- 
bility of interconnection with the Continent and, on 
the horizon, the prospect of a revolution in electricity 
generation in the shape of gas turbines and nuclear 
stations. No end can yet be seen to the development 
of our methods of supplying electricity or to its ever- 
increasing part in the life of the community. 





CONFERENCE OF ENGINEERING LIBRARIANS.—The 
Library Association is holding an informal conference of 
librarians working in the field of engineering, on Friday, 
November 23, at 11 a.m., at Chaucer House, Malet-place, 
London, W.C.1. The conference will discuss the interim 
report of a working party on the “‘ Co-operative Provision 
of Books, Periodicals, and Related Materialin Libraries.” 
Copies of the report, and further particulars of the con- 
ference—to which all interested librarians are invited— 
may be obtained from the secretary. 





* See ENGINEERING, Vol. 124 page 531 (1927). 








Fie. 2. 800-AmpERE Crrcurt BREAKER. 


660-VOLT AIR-BREAK 
SWITCHGEAR. 


A RANGE of air-break switchgear recently produced 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, is designed for 
service at alternating voltages up to 660. It is avail- 
able in single-tier form for currents up to 3,000 
amperes, and a typical unit of this kind is illustrated 
in Fig. 1, in which the are chutes are shown raised 
and the 2,000-ampere circuit breaker is withdrawn 
from the cubicle. It is also manufactured in double- 
tier form for circuit breakers with capacities up to 
800 amperes and isolators of all ratings, as illus- 
trated in Fig. 2; and in four-tier form for fused- 
switches and for contactors. In all cases, the sheet-steel 
cubicles, which are designed to afford easy access to any 
part of the equipment, are of standard height and 
depth. The instrument panels are of corresponding 
dimensions, so that the various units may be assembled 
to form a complete switchboard. 

The circuit breakers are of the horizontal draw-out 
type with rupturing capacities of from 15 to 30 MVA 
at 400 volts and with max'mum current ratings of 
800, 2,000 and 3,000 amperes. They can be arranged 
for either electrical or manual operation and emergency 
hand closing is available on the former. Operation 
is effected by a lever which is attached to a shaft. 
This shaft projects through the door of the cubicle 
and is fitted with a pointer to show whether the breaker 
is “on” or “off.” The breaker is isolated by a 


~ 


s “o 
screw and nut racking mechanism, which is operated 
by a loose handle. This moves it forward in the 
cubicle thus operating the isolating contacts. As the 
breaker advances, the shaft moves with it and projects 
farther through the cubicle door until, when the fully 
withdrawn position has been reached, the fact that 
isolation has been effected is indicated by a mark. 
This arrangement enables enclosure to be preserved 
during isolation. Easy access to the bus bars, cable 
terminals and current transformers, which are housed 
in the rear section of the unit, is provided through a 
sheet-steel door at the back of the cubicle. 





INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS.— 
Eight candidates have been successful in passing the 
final examination for the National Diploma in Agricul- 
tural Engineering recently established by the Institution 
of British Agricultural Engineers, 24, Portland-place, 
London, W.1. Three candidates obtained a pass with 
distinction, namely, Mr. R. T. Stirling, of Lennoxtown ; 
Mr. C. J. Swan, of Campbeltown, Argyll; and Mr. 
W. C. Wilson, of Glasgow. The remaining five candi- 
dates secured a pass ; they are Mr. C. Cowley, of Coventry; 
Mr. P. King, of Danbury, near Chelmsford; Mr. K. E. 
Morgan, of Lichfield; Mr. J. A. Patterson, of Mid- 
Calder, Midlothian; and Mr. R. R. Robertson, of 
Newport, Salop. All the above are entitled to use the 
term N.D.Agr.E. as a professional qualification. 


LAUNCHES AND TRIAL TRIPS. 


M.S. “ WESTERN Ooast.”—Single-screw cargo vessel, 
built by the Goole Shipbuilding and Repairing Co., Ltd., 
Goole, for the Coast Lines, Ltd., Liverpool. Main dimen- 
sions: 220 ft. between perpendiculars by 35 ft. by 21 ft. to 
shelter deck ; deadweight capacity, about 1,235 tons on a 
mean draught of 13 ft. 11 in. British Polar seven- 
cylinder two-stroke Diesel engine, developing 1,140 b.h.p. 
at 250 r.p.m., constructed by British Polar Engines, Ltd., 
Glasgow. Speed, 12knots. Trial trip, September 25. 


M.S. “ NoTRE-DAME DE LA GARDE.”’—Single-screw 
trawler, built and engined by Chantiers et Ateliers 
Augustin Normand, Le Havre, France, for Mr. Engel- 
hardt, Lorient, France. Main dimensions: 105 ft. 
between perpendiculars by 23 ft. by 13 ft. 3in.; fishroom 
capacity, 4,450 cub. ft. M.A.N. six-cylinder four-stroke 
single-acting Diesel engine, developing 450 h.p. at 
207 r.p.m. and a speed of 104 knots. Launch, October 2. 


M.S. “ ATLANTIC DUKE.”—Single-screw oil tanker, 
built by Smith’s Dock Co., Ltd., South Bank-on-Tees, 
for Mr. Stavros G, Livanos, Pire@us, Greece. Main 
dimensions : 500 ft. between perpendiculars by 69 ft. 6 in. 
by 38 ft. ; deadweight capacity, 16,500 tons on a draught 
of about 29 ft. 9 in. Hawthorn-Doxford five-cylinder 
opposed-piston two-stroke airless-injection oil engine 
developing 5,500 b.h.p. at 112 r.p.m., constructed by 
R. and W. Hawthorn, Leslie & Co., Ltd., Newoastle- 
upon-Tyne, Speed in service, 13} knots, Launch, 
October 3. 


M.S. “ TIIBANTJET.”—Single-screw cargo vessel, with 
accommodation for four passengers, built by Bartram & 
Sons, Ltd., Sunderland, for Koninklijke Java-China- 
Paketvaartlijnen, N.V., Amsterdam, Holland. Main 
dimensions: 440 ft. between perpendiculars by 61 ft. 3 in. 
by 38 ft. 3 in, to shelter deck; deadweight capacity, 
8,900 tons on a draught of 26 ft. 2in. N.E.M.-Doxford 
six-cylinder opposed-piston airless-injection oil engine, 
developing 6,800 b.h.p. at 116 r.p.m. in service, con- 
structed by the North Eastern Marine Engineering Co. 
(1938), Ltd., Wallsend-on-Tyne. Loaded speed, 16} 
knots. Launch, October 3. 


M.S. “‘ TaBor.”—Single-screw cargo vessel, built by 
the Caledon Shipbuilding and Engineering Co., Ltd., 
Dundee, for the Moss Hutchison Line, Ltd., Liverpool, 2. 
Main dimensions: 360 ft. between perpendiculars by 
55 ft. by 32 ft. 6 in. to shelter deck ; deadweight capacity, 
4,800 tons on a draught of 21 ft. 6 in. Hawthorn- 
Doxford four-cylinder opposed-piston oil engine, develop- 
ing 4,400 b.h.p., constructed by R. and W. Hawthorn, 
Leslie & Co., Ltd., Newcastle-upon-Tyne. Speed, 15 
knots. Launch, October 3. 


8.S. “‘ SAXONGLADE.”’—Single-screw oil tanker, built 
and engined by Vickers-Armstrongs Ltd., Walker-on- 
Tyne, for the North American Shipping and Trading Co. 
(London), Ltd. (Mr. Stavros 8. Niarchos), London. 
First of a series of ten vessels: Main dimensions: 528 ft. 
between perpendiculars by 75 ft. by 40 ft.; deadweight 
capacity, about 20,000 tons on a draught of about 
30ft.6in. Double-reduction geared turbines, developing 
8,300 s.h.p., and two Babcock and Wilcox boilers. 
Speed, 144 knots, fully loaded. Launch, October 3. 





CONTRACTS. 


THE ENGLISH ELECTRIC EXPORT AND TRADING OO., 
Lrp., and METROPOLITAN-VICKERS ELECTRICAL Co., LTD., 
have successfully negotiated a contract, valued at 
1,000,0001., for the hydraulic, mechanical and electrical 
equipment for a new power station to be built by the 
Hidro-Electrica do Zezere, 8S.A.R.L., at Cabril, on the 
River Zezere, about 120 miles north-east of Lisbon. 
The power station will be equipped with two hydro- 
electric generating units, each of 73,000 maximum 
h.p., together with ancillary switchgear and transformer 
equipment, all of which will be manufactured in Great 
Britain. 


British TIMKEN LTD., Duston, Northampton, 
announce that British Timken 8.A. (Pty.), Ltd., have 
received a contract from the South African Railways 
and Harbours Administration for tapered roller bearings 
for sixty 4-8-4 steam locomotives ordered by the Adminis- 
tration from the NorTtH BrRiTIsH LOCOMOTIVE Co., LTD., 
Glasgow. The roller bearings which will be manufactured 
at the Aston, Birmingham, works of British Timken Ltd. 
will comprise tapered roller-bearing cannon boxes for 
the leading bogie and all coupled wheel axles, tapered 
roller-bearing axleboxes for the trailing bogies and 
tapered roller-bearing crankpin equipment. 


Tue Express Lirt Co., Lrp., 9, Greycoat-street, 
London, 8.W.1, have received orders from the London 
County Council for a total of 100 lifts for various housing 
estates in the London area. This brings the total 
number of lifts of this type ordered from the Express 
Lift Co. by housing authorities throughout the country 





to over 670. 
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National Building Studies. Research Paper No. 11. 
A Study of the Voussoir Arch. By Proressor A. J. 
Sutton Preparp and LetiT1a Cuitry. H.M. Sta- 
tionery Office, Kingsway, London, W.C.2. [Price 
2s. 6d. net.) 

The Teaching of Statistics in Schools. A Report of the 
Council of the Royal Statistical Society. Offices of 
the Society, 4, Portugal-street, London, W.C.2. 
[Price 1s.] 

The Craft of the Metalworker. By R.S. DUDDLE. The 
Technical Press Limited, Gloucester-road, Kingston 


Hill, Surrey. [Price 17s. 6d. net.] 
Atomic Physics. By PRoFEssoR Max Born. Fifth 
edition. Blackie and Son Limited, 16-18, William IV- 


street, London, W.C.2. [Price 35s. net.] 

The Fundamental Principles of Reinforced Concrete Design. 
By PROFESSOR W. T. MARSHALL. Blackie and Son, 
Limited, 16-18, William IV-street, London, W.C.2. 
[Price 20s. net.] 

Theory and Design of Valve Oscillators for Radio and 
Other Frequencies. By Dr. H. A. THomas. Second 
revised and enlarged edition. Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
(Price 36s. net.) 

Carburation. By CHARLES H. FisHer. Third revised 
edition. Volume One. Applied Carburation and 
Petrol Iniection. Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
36s. net.j 

Magnetic and Electrical Methods of Non-Destructive 
Testing. By D. M. Lewis. Report prepared for the 
Magnetic and Electrical Methods Sub-Committee of 
the British Iron and Steel Research Association. 
George Allen and Unwin, Limited, Ruskin House, 
40, Museum-street, London, W.C.1, [Price 35s. net.] 

Electroplating and the Engineer. By ALAN WHITTAKER. 
Mechanical World Monographs No. 64. Emmott and 
Company, Limited, 31, King-street West, Manchester, 
3. [Price 4s. net.] 

Untergrundbahnen und thre Einsatzgrenzen. By Dr.-ING. 
RvupoLF BERGER. Wilhelm Ernst und Sohn, Hohen- 
zollerndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 9-50 D.M.]; and Lange, Maxwell and Springer, 
Limited, 41-45, Neal-street, London, W.C.2. [Price 
168. 8d.) 

Die szweiseitig gelagerte Platte. By Dr.-Ine. Hvuao 
OLSEN and PROFESSOR FRITZ REINITZHUBER. Volume 
2. Anwendungen und Folgerungen. Wilhelm Ernst 
und Sohn, Hohenzollerndamm 169, Berlin-Wilmers- 
dorf, Germany. [Price 29 D.M. in paper covers; 
32 D.M. bound]; and Lange, Maxwell and Springer, 


Limited, 41-45, Neal-street, London, W.C.2. [Price 
50s. 9d. in paper covers ; 56s. bound.) 
Jahrbuch der Schiffbautechnischen Gesellschaft. 1950. 


Springer-Verlag, Reichpietschufer 20, Berlin W.35, 
Germany. [Price 30 D.M.] 

Ozford Junior Encyclopaedia, Edited by Laura E. 
SaLt and ROBERT SINCLAIR. Volume VII. Industry 
and Commerce. Oxford University Press (Geoffrey 
Cumberlege), Amen House, 12, Warwick-square, 
London,E.0.4. [Price 30s. net.] 

The Birmingham Exchange. Directory of Members, Sub- 
scribers and Representatives. 1951. The Secretary, 
Birmingham Exchange, Stephenson-place, Birming- 
ham 2. [Gratis.) 

Year Book of the Heating and Ventilating Industry. 
Technitrade Journals Limited, 8, Southampton-row, 
London, W.C.1. [Price 8s., post free.) 

Fuel Oil Manual. By PauLF.Scumipt. The Industrial 
Press, 148, Lafayette-street, New York 13, U.S.A. 
[Price 3-50 dols.]; and Bailey Brothers and Swinfen, 
Limited, 26-27, Hatton-garden, London, E.C.1. 
[Price 308.) 

Physical Chemistry of Lubricating Oils. By A. BONDI. 
Reinhold Publishing Corporation, 330, West 42nd- 
street, New York 18, U.S.A. [Price 10 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 80s. net.) 

Synchronous Machines. Theory and Performance. By 
CHARLES ConcorDIA. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 5-50 dols.); and Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
44s. net.) 

Positive-Displacement Pumps and Fluid Motors, By 
WaRREN E. Wurson. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 40s. net.) 

Electro-Plating. A Survey of Modern Practice. By 
SAMUEL FIELD and A. DUDLEY WEILL. Sixth revised 
and enlarged edition. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 20s. net.) 

The Measurement and Control of Temperatures in Industry. 
By R. Royps. Constable and Company, Limited, 
10-12, Orange-street, London, W.C.2. [Price 25s. net.) 

Vorausbesti ugen im Wirtschafisleben. By Dr.-ING. 
Kar DAEVES. Verlag W. Girardet, Gerswidastrasse 2, 
Essen, Germany. [Price 9.60 D.M., or 16s. 4d., bound ; 
8.40 D.M., or 14s. 4d., in cardboard covers.) 
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Tue illustration above shows a new twin-engine 
swept-wing fighter aircraft, the D.H.110, designed 
and constructed by the de Havilland Aircraft Company, 
Limited, Hatfield, Hertfordshire. It is propelled by 
two Rolls-Royce Avon axial-flow jet engines and is 
equipped with electronic navigation and combat aids 
for day and night operation in weather that would 
render an aircraft not so equipped ineffective. Further 
details are secret. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 


Galvanised-Steel Cisterns, Tanks and Cylinders.—A 
fourth revision of B.S. No. 417, covering galvanised 
mild-steel cisterns, tanks and cylinders, for domestic 
use for the storage of water supplies, has been issued. 
In the present edition consideration has been given 
to the sizes now in demand as the result of post-war 
conditions and some amendments have been made to 
meet these requirements. Twenty-one sizes of cisterns, 
having an actual capacity ranging from 4 to 740 
gallons ; eight sizes of tanks, varying from 17 to 53 
gallons in actual capacity, and eleven sizes of cylinders, 
ranging in actual capacity from 16 to 97 gallons, are 
now provided for in the specification. [Price 2s. 6d., 
postage included.] 

Hose Couplings.—A new specification, B.S. No. 1782, 
covers couplings for suction and delivery hose of 
nominal sizes from 1} in. to 8 in., other than fire-hose 
couplings. Two types are specified, namely, the screw 
type and the swivelling-ring swing-bolt type. The 
design of the couplings differs from those previously 
used in that they have ribbed instead of serrated tail 
ends. The screw type of couplings have a thread of 
coarser pitch. This more robust thread, coupled with 
the more substantial outer horns given to the couplings, 
confer ability to withstand rough usage and also lead 
to easier coupling of hoses. For any particular nominal 
size of coupling two diameters of tail end, yey 
full bore and reduced bore, are provided. The full- 
bore coupling has a waterway equal to its nominal size 
and also equal to the outside diameter of the appro- 
= standard pipe for attaching to hose with en- 
arged ends. The reduced-bore coupling is inter- 
changeable with the full-bore coupling, but has a tail 
end of outside diameter to suit canvas or other non- 
elastic hose of nominal bore. The couplings covered 
by the specification are intended for working pressures 
not exceeding 100 lb. per square inch. They have been 
designed primarily for use with water, but they may be 
utilised a other suitable liquids. The screw-type 
are also suitable for use with compressed air. [Price 
5s., postage included. ] 

Arc-Welded Construction.—The Council for Codes 
of Practice for Buildings, Construction and Engineeri 
Services, working under the egis of the Ministry of 





AIRCRAFT. 


HAVILLAND AIRCRAFT COMPANY, LIMITED, HATFIELD. 





Works has now issued, in final form, Sub-Code CP No. 
113.102, covering arc-welded construction. It is 
intended, at some future date, to amalgamate this 
sub-code with the head code, No. 113, relating to 
‘“The Structural Use of Steel in Buildings.” The 
present publication, however, has been arranged to be 
complete in itself, as far as possible. The Code con- 
tains recommendations for the design, fabrication and 
erection of metal-arc welded structural steelwork used 
in any part of a building but excluding the welding of 
steel tubes which will be dealt with in Sub-Code 
No. 113.201, now in preparation. It includes recom- 
mendations for the design of welded joints and also for 
the design of connections, plate girders, compression 
members and stanchion bases embodying arc-welded 
construction. Points of special interest include some 
recommendations for the qualification and testing of 
welding operators and examples of ‘‘ virtually flexible ” 
welded joints. [Price 48., postage included.] 


Wrought Aluminium-Alloy Forgings and Plate.—The 
series of specifications for wrought aluminium and 
aluminium alloys has now been completed by the issue 
of B.S. No. 1472, covering forgings, and including 
hot pressings, hot stampings, drop stampings and drop 
forgings, and B.S. No. 1477, which is concerned with 
plate. The forgings specification takes account of 
seven alloys and provides both for the forgings them- 
selves and for the bar material for the forgings. The 
specification for plate covers three purities of alumi- 
nium and six alloys. Both specifications include 
clauses on mechanical composition, condition and 
mechanical properties, as well as general clauses cover- 
ing freedom from defects, tolerances, the provision of 
test-pieces and mechanical tests, and an appendix on 
heat treatments. [Price of B.S. No. 1472, 4s., and of 
B.S. No. 1477, 5s., both postage included.] 


Steam Turbines.—A revision of B.S. No. 132, covering 
steam turbines and originally issued in 1930, has now 
been published. Although intended mainly for steam 
turbines for use in electric power stations, many of its 
provisions apply to steam turbines for other service. 
In view of the progress made during the last 20 years, 
particularly as regards size and advanced steam condi- 
tions, new material has been added to the specifica- 
tion. This refers chiefly to the provision of super- 
visory instruments, to operational requirements in 
respect of high steam pressure and temperature and to 
precautions to be taken with larger turbines in respect 
of falling vacuum. A table of recommended ratings 
(covering the range from 10,000 kW to 100,000 kW) 
together with steam pressures and temperatures, 
maximum feed-water temperatures, and number of 
extractions points, has also been added, the object 
being to create a small number of standard turbines 
which, in the long run, will reduce production costs 
and increase reliability and interchangeability to the 
benefit of the manufacturer as well as the purchaser. 
In view of the very great variations in output and 
operating conditions of the smaller turbines, particu- 
larly those used for industrial purposes, it has been 
found inexpedient to extend the range of “recom- 
mended standards ” below the 10,000 kW rating. The 
user of the smaller turbines, however, will find ample 
information covering his particular requirements. It 
is intended to continue to watch further progress and, 
whenever advisable, to issue additional information in 
the form of a supplement to the specification. [Price 
2s., postage included.] 
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PRELIMINARY INVESTIGA- 
TION OF HYDRAULIC LOCK. 
By D. C. Swzznry, Ph.D., G.I.Mech.E. 


Tue form of sticking in valves and pumps known 
as hydraulic lock is sometimes a source of difficulty 
to manufacturers and users of high-pressure hydrau- 
lic equipment. Its increasing frequency of occur- 
renoe is undoubtedly a consequence of the trend 
towards higher pressures and finer working clear- 


Fie. 1. ExpErRIMENTAL APPARATUS. Fic. 


ances. The following account describes an investi- 
gation carried out in the Mechanical Engineering 
Department of Birmingham University into the 
characteristics of the phenomenon, with the object 
of determining its origin and, if possible, means 
for its avoidance. The influence of hydraulic 


pressure on the locking force, the build-up of| 
the force with time and the radial movement | 


of a piston in a cylinder were studied. As an 
indication of the magnitude which the force required 
to free a locked piston may attain, it may be 
mentioned that values up to 17 lb. weight were mea- 
sured on a 2-in. diameter piston subjected to an 
oil pressure of only 100 lb. per square inch gauge. 
The results indicate the importance of macroscopic 
surface irregularities of the components in the form 
of slight deviations from parallelism, and an explana- 
tion is put forward based on the tapering fluid films 
in the clearances to which these irregularities give 
Tise. 

The phenomenon may occur whenever a piston 
or shaft slides in a cylinder or bush under condi- 
tions producing an axial pressure gradient in the 
fluid in the working clearances. It is manifested, 
when the piston is stationary, by a very considerable 
increase in friction over a period of time. Rapid 
movement is effective in freeing the locked parts, 
and a stationary period varying between a few 
seconds and several hours may be required for the 
force to build up again. Little information existe 
concerning this subject, and there appears to be 
no published work dealing with it specifically. The 
first reference traced by the writer is to F. H. 
Towler, who put forward a theory based on lack 
of concentric stability in a valve, arising possibly 











from distortion, in which the spindle was forced 
against the bore by excess pressure in part of the 
clearance.* The effect was also encountered by 
J. F. Alcockt in experiments dealing with the 
sticking of piston valves employed in gas-turbine 
fuel systems. He suggested that an out-of-balance 
pressure distribution in the clearances might occur 
with a plunger tilted across the cylinder bore, or 
with a displaced conical plunger. Circumferential 
grooving of the plunger was found helpful. 


The phenomenon came to the author’s notice 








Fig. 3. EXPERIMENTAL CYLINDER AND PISTON. 
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during an investigation into unbalanced axial 
reactions in hydraulic piston valves, an amount of 

* Discussion on “The Development of Ultra High- 
Pressure Hydraulic Systems,” by 8. M. Parker. Proc. I, 
Mech, E., vol. 156, No. 3, page 293 (1947). 

t Discussion on “ Fuel Systems for the Aero Gas 
Turbine,” by E. A. Watson. Proc. I. Mech. H., vol. 158, 
No. 2, page 203 (1948). 








sticking being found in preliminary trials which 
would have made accurate measurement of these 
reactions impossible. Experiment showed that the 
locking force was a function of the static oil pressure 
and was independent of the flow through the valve. 
As in the case mentioned by Alcock, circumferential 
grooving of the piston lands substantially reduced 
the force, and the original research was continued 
after treating the pistons in this manner. At this 
stage, it appeared reasonably certain that the 
locking could be attributed to an asymmetric 


2. Detram or CyLINDER. 


pressure distribution in the clearances between the 
piston Jands and cylinder bore, but the reason for 
such a distribution was not immediately apparent. 
It was considered that a more detailed investigation 
might be profitable, but, before proceeding with 
this, it was established that neither the wedging in 
the working clearances of small particles suspended 
in the fluid, nor distortion of the valve, were respon- 
sible for the effect. Measurements of the locking 
force were made, using pistons and cylinders of 
various materials, and the influence of oil pressure 
and the time of its application were observed. 
Erratic variation of the locking force with the 
relative positions of the components proved an 
unexpected difficulty and, as certain time and 
repetition effects also required more detailed study 
than was foreseen, it was necessary to curtail the- 
experimental programme. Although full confirma- 
tion of the suggested theory was not possible, it 
is felt that the information obtained helps towards 
a better understanding of the underlying causes of 
the phenomenon. 

The apparatus used for the experiments is illus- 
trated in Fig. 1, on this page; and, in Fig. 2, the 
mounting of the cylinder is shown on a larger scale. 
The internal arrangement and chief dimensions of” 
the experimental cylinders and pistons are shown, 
in Fig. 3. This form for the components was: 
decided on after a number of preliminary tests.. 
Initially, a plain cylinder was used, together with aw 
dumb-bell type piston similar to that in the hydraulic 
control valve in which the locking effect was first 
observed, but a change was made to the arrange- 
ment shown in Fig. 3 on account of the greater 





ease with which an accurate bore could be machined 
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in a short cylinder. The cylinder walls were of 
ample thickness to preclude any possibility of 
appreciable distortion, arising either from the 
clamping or from the internally applied oil pressure. 
Two tapped holes, communicating with the central 
pressure annulus, were provided for the admission 
and release of oil. A recess machined in the upper 
face of the cylinder collected oil leaking through the 
clearance. A hole drilled in this face formed a 
pocket into which a mercury thermometer could be 
dipped for temperature measurement. 

The piston was a plain spindle machined from 
solid bar. To allow it to be suspended from a cord 
a short link was provided which could be secured 
to it at either end. The cylinder was clamped to 
a vertical plate mounted on a channel-section beam, 
which was bolted to a substantial steel-framed 
table. Suspended from a cord passed over a pulley 
carried on ball bearings, the piston was counter- 
balanced by weights placed in a pan. The force 
required to free the locked piston was measured on 
a calibrated spring balance reading to 12 Ib. and 
graduated in 1 oz. divisions, an extension of the 
range to 30 lb. weight being possible by placing addi- 
tional weights in the balance pan. A handwheel 
controlling a threaded rod attached to the balance 
permitted smooth and gradual application of the 
load. The method of mounting the cylinder, pro- 
vided positive location for the latter while leaving 
it accessible for measurement and observation. A 
copper pad, having a suitable radius, formed a seat- 
ing for the cylinder, which was lightly clamped under 
a steel band. Axial movement of the piston was 
limited by two stops, the upper of which was 
adjustable for height and could be swung aside for 
withdrawal of the piston. 

A small gear pump, driven by a variable-speed 
direct-current motor, provided a supply of oil at 
pressures up to 200 Ib. per square inch, and an air 
vessel was incorporated to damp out pressure 
fluctuations on the delivery side. The oil pressure 
was recorded on a calibrated Bourdon-type gauge 
connected to a tapping close to the cylinder, the 
main flow from the pump being by-passed to the 
reservoir tank through a valve the regulation of 
which controlled the pressure at the cylinder. A 
filter of the felt-element type was fitted on the 
suction side of the pump. The oil employed, manu- 
factured by Price’s Lubricants, Limited, Belmont 
Works, Battersea, London, 8.W.11, under the name 
of “ Albaline,” was a light mineral oil with a 
viscosity of 32-3 centipnisés at 60 deg. F. Measure- 
ments of the locking force were made in the following 
manner, With the surfaces of the cylinder and piston 
well lubricated, the piston was accurately counter- 
balanced. The oil pressure was adjusted to the 
desired value and the piston, after being released by 
a rapid reciprocating movement in the cylinder, 
was set in the desired position. This was con- 
veniently determined by the upper stop, against 
which the piston was lightly held by an excess weight 
of about 0-01 Ib. placed in the balance pan. After 
maintaining the oil pressure for a known interval, 
the stop was withdrawn a short distance, the spring 
balance hooked on to the threaded tension rod, 
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measured. Generally, release was instantaneous 
and the force therefore clearly defined. A minimum 
of three readings was obtained at each setting. 
Measurements were carried out at room temperature 
with natural fluctuations from 55 deg. F. to 70 deg. F. 
The pistons, when not in use, were kept immersed 
in the hydraulic fluid. Beyond this, no precaution 
was taken to ensure specially clean surfaces, since 
it was desired to simulate as closely as possible con- 
ditions normally found in practice. 

Two cylinders, both of mild steel and with a 
nominal bore diameter of 2-15 in., were used in the 
investigation, one having a case-hardened bore and 
the other a soft bore. The former was ground and 
lapped and the latter fine turned and lapped. Trials 
were begun with the case-hardened cylinder, in 
conjunction with two pistons, of mild steel and 
brass, respectively, each having a nominal diametral 
clearance of 0-0005 in. When neither piston was 
found to lock in this cylinder, the soft cylinder, to- 
gether with a case-hardened piston having the same 
clearance, was constructed in order to determine 
whether the surface finish of the bore, or some other 
cause, was responsible. Ata later stage a fourth, 
mild-steel, piston with a diametral clearance of 
0-002 in. was made, primarily to facilitate observa- 
tion of radial movement within the cylinder bore. 
All pistons had ground and lightly lapped surfaces. 
In all, therefore, eight different combinations were 
available for test. Accurate measurements of the 
cylinder bores and piston diameters showed the 
cylinders to be highly uniform and their mean 
dimensions to be identical within 0-00001 in. The 
pistons, however, varied considerably, and the mean 
values of the clearance, nominally 0-0005 in., were 
found to lie between 0-00029 in. (case-hardened 
piston) and 0-00085 in. (No. 1 mild-steel piston). 
These deviations from the nominal size were not 
entirely disadvantageous, however, since they 
enabled some of the effects of variation of the work- 
ing clearance to be observed. 

The original intention was to obtain average values 
of locking force for each combination of piston and 
cylinder, and so to compare different materials, 
working clearances, etc. It became apparent at the 
outset, however, that an erratic variation of the 
locking force with relative position of the components 
would have to be accepted as an essential feature 
of the phenomenon. For this reason, the first 
measurements were made to obtain representative 
values of the locking force over a given range of 
movement with each combination. These were 
followed by measurements at selected positions, in 
order to investigate the influence of the time and 
pressure factors. Figs. 4 and 5, on this page, 
show values of the locking force obtained with 
each piston in five axial positions in the hard and 
soft cylinders, respectively. Piston displacement 
was measured from the axially central position, 
and, as in all subsequent tests (unless otherwise 
stated), readings were taken with an oil pressure of 
100 Ib. per square inch gauge. In general, an 
appreciable time was required for the force to 
build up; this was investigated later. imi 
measurements enabled a minimum time interval to 





and the force required to release the piston was 


be determined for each piston. 
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It will be observed that the trends in force 
variation were somewhat similar with a given piston 
in each of the cylinders. Such variation could be 
attributed only to dimensional irregularities of the 
components. The fact that, with the particular 
components employed, irregularities in the pistons 
had the greater influence on the locking force was 
demonstrated by reversing the pistons in the 
cylinders. Approximately the same force was 
measured with the same portion of the piston 
surface inside the cylinder, so that graphs for the 
normal and reversed positions were approximately 
mirror images of each other. The measurements 
were made at a constant angular setting of the 
piston relative to the cylinder but, in a number of 
cases, readings were also taken at four angular 
positions, spaced 90 deg. apart, at a given axial 
setting. Although never as extreme as those for 
axial movement, the observed variations in the 
locking force were considerable, being of the order 
of + 30 per cent. from the mean. Surface irregu- 
larities consisting of deviations from true roundness 
in both cylinder and piston would be necessary to 
account for this behaviour, since conditions would 
remain unchanged with relative rotation if either 
component were perfect. 

Tests to determine the influence of time on the 
build-up of the force were carried out with each 
piston in two axial positions, chosen, where possible, 
to give considerably different locking forces. 
Readings were obtained by measurirg the locking 
force a known time after releasing the piston by 
reciprocation in the cylinder and resetting it in 
porition. The results are shown in Figs. 6 and\7, 
on this and the opposite pages. A characteristic 
feature of the curves is an initial period during which 
the force is zero, followed by a rise, occupying vary- 
ing intervals, to a stable value. The total interval 
tends to increase with decreasing diametral clear- 
ance, and, with a given piston, is shorter at the posi- 
tion giving the greater locking force. In certain cases 
with the soft cylinder, there was a complication, 
eventually traced to a repetition effect, in the form of 
a continued, slow increase in the force, of which the 
curve for the No. 2 mild-steel piston at — } in. is 
an example. It was shown, during a series of 30 
readings taken at two-minute intervals with the 
No. 1 mild-steel piston in the —1 in. position, that a 
progressive increase in the force from 4 Ib. to « fairly 
consistent value of 6 lb. took place. After an idle 
period of 40 hours, a locking force of 5 Ib. was 
measured, but a value in the region of 6 Ib. was 
regained after about a dozen measurements. 

A likely explanation was that repeated rubbing 
of the areas of contact between piston and cylinder 
resulted in local breakdown of the contaminating 
surface films. The area of intimate metallic contact 
was then increased, with a consequent increase in 
the coefficient of friction. The time curves in this 
case and that of the No. 2 mild-steel piston at a 
displacement of + }in. were recorded after repeat- 
able values of the force were obtained. In the 
remaining cases, it was apparent that the number of 
readings had been insufficient for the effect to 
become appreciable, since trials, in which the hard 





cylinder was included, showed that, in general, an 
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Results plotted in Fig. 8, on this page, demonstrate 
a linear relationship between the locking force and 
the pressure difference across the working clearances. 
Although the pressure range coveted is compara- 
tively small, having been limited by the type of oil 
pump employed, there is no indication that the 
relationship might differ over a wider range. The 
influence of pressure on the force-time curves is 
illustrated in Fig. 9 for two pistons in the soft 
cylinder. The interval before commencement of 
force build-up at 50 Ib. per square inch is seen to be 
approximately double that at 100 lb. per square 
inch, and the total time of build-up, also, is 
increased. The measurements in the soft cylinder, 
which are plotted in Figs. 8 and 9, were repeatable 
values. It was observed that, on release of the oil 
pressure, a locked piston became free if allowed 
sufficient time. This was not investigated in detail, 
but some measurements with the case-hardened 
piston at the axially central position in the soft 
cylinder showed that the locking force of 9-4 lb. 
at 100 lb. per square inch had decreased to 1-3 lb. 
two minutes after pressure release and to 0-25 Ib. 
eight minutes after release, the rate of decrease 
becoming increasingly slow. A much more rapid 
fall was obtained with the No. 1 and No. 2 mild-steel 
pistons in the same cylinder, appreciably less than 
one minute being sufficient for a decrease to the 
almost negligible force of 0-06 lb. In general, it 
appeared that a long release-time was associated 
with a large locking force or small diametral 
clearance. 

At this stage, it was considered that a knowledge 
of the attitude of the piston relative to the cylinder 
bore would be useful. Some information could be 
obtained by measuring the rate of oil leakage 
through the clearance between piston and cylinder. 
It may be shown that the rate of leakage, Q, of a 
liquid of dynamic viscosity » through a uniform 
clearance-volume between two eccentric cylindrical 
surfaces is ss, 

aPr 

12 pL 
where P is the pressure difference between the ends 
of the clearance of length L, c is the difference 
between the radii of the surfaces, which is small 
compared with their mean radius r, and ¢ is the 
eccentricity of the surfaces defined as the ratio of 
the displacement of the cylinder axes to the 
Clearance, ¢. Since ¢« may assume any value 
between zero and unity, the rate of leakage may 
vary over a 2-5 to 1 range. Measurements were 
made with the No. 1 and No. 2 mild-steel pistons in 
various axial positions in both cylinders. In all 
cases, sufficient time was allowed for stable con- 
ditions to be attained, and readings were corrected 
for the variation of viscosity with temperature. 
Analysis of the results showed that the rate of 
leakage when sticking occurred agreed substantially 
with the theoretical value corresponding to the 
fully-eccentric position. On the other hand, in all 
non-sticking positions, reduced leakage was observed 


Q= c(2+S8e), . » (ld) 
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and its value lay between the theoretical extremes. 
All readings were closely reproducible, which 
indicated that, at a given setting, the piston always 
assumed the same attitude in the bore, though it 
was not necessarily in actual contact with the 
surface of the cylinder. 

While this method showed, fairly conclusively, 
that the piston was fully eccentric in the cylinder 
whenever sticking occurred, it did not give precise 
information about the non-sticking condition. This 
was because a reduction in leakege could occur in 
either of two ways, namely, by the piston being 
partly eccentric but parallel to the bore or by its 
tilting diagonally across the bore. The latter 
possibility, as will be apparent later, wasimprobable. 
However, on this account, and because it was hoped 
to throw light on the build-up of the locking force, 
an attempt was made to measure the piston move- 
ment directly. Dial gauges graduated in divisions 
of 0-0001 in. were employed, the arrangement being 
as illustrated in Fig. 10, on this page. Two brass 
rings secured to the upper and lower faces of the 
cylinder carried four gauges, mounted in radial 
positions separated by 90 deg., with their spindles 
in contact with the piston. The gauges were set to 
zero with the piston concentric in the bore, and it 
was possible from their readings to deduce the 
movement of the piston in any direction, a tilted 
position being indicated by lack of agreement 
between the upper and lower pairs. Pressure of the 
spindles on the piston was counterbalanced by a 
spring-loaded plunger located in each of the 
mounting rings. 

Measurements were carried out with the No. 2 
mild-steel piston in the hard cylinder at a pressure 
of 100 lb. per square inch. With the piston set at 
the — 4 in. axial position and placed in different 
angular and radial positions, it was found that 
application of oil pressure resulted in movement of 
the piston to a stable position in contact with the 


























(4u.a) Time, Minutes 


bore. Within the limits of accuracy of these 
measurements (probably + 0-00005 in.), the piston 
appeared always to remain parallel to the bore. 
In the first set of observations, the piston was placed 
in the bore centrally and was rotated through 
90 deg. between successive observations. In the 
second, the angular position was maintained at 
0 deg. and the piston was placed in fully eccentric 
positions at different points of contact with the 
cylinder. The zero for angular measurement was 
the same as that maintained in all previous tests. 
It was observed that, with the components in 
different relative angular position’, the nominal line 
of contact at equilibrium occurred within a limited 
arc of the piston surface, and that from a given 
position in contact with the cylinder bore, the piston 
rolled around the bore to virtually the same position 
as was reached from the initially concentric position. 
(It is not unlikely that friction in the dial gauges 
prevented completion of this movement.) The 
results indicated the existence of surface irregularities 
in the form of deviations from true roundness in the 
components, and pointed again to the greater 
influence of those on the surface of the piston. 

In tests with the piston initially tilted across the 
bore and making contact on opposite sides at top 
and bottom, application of pressure resulted in the 
piston quickly righting itself parallel to, and nearly 
central in, the bore. This was followed by move- 
ment to the normal equilibrium position. As nearly 
as could be estimated, the movements recorded 
occupied periods varying between 1} and 9 min. 
The piston movement, however, became increas- 
ingly slow near the stable position, rendering precise 
observation difficult. For the same reason, little 
could be learned about the build-up interval shown 
by the curves in Figs. 6 and 7, since release of the 
piston, subsequent to locking, by reciprocation in 
the cylinder, gave barely perceptible radial move- 
ment. Release of the oil pressure after allowing the 
piston to lock produced no visible movement. 
Observations were made next with the piston at 
the + }-in. position, at which (see Fig. 4) no locking 
effect was obtained. These established that the 
piston took up a position parallel to and displaced 
0-00045 in. from the centre line of the bore at an 
angle of 210 deg. for any initial radial placing. That 
a fully-eccentric position was not attained had been 
deduced from the measurements of oil leakage. 
With the knowledge that the piston and cylinder 
axes remain parallel, the value of the displacement 
appropriate to the observed leakage was found to 
agree with the above figure within 0-0001 in. 

In order to ascertain whether the differences in 
locking force exhibited by the various cylinder and 
piston pairs depended on differences in their co- 
efficients of static friction some measurements of the 
coefficients were made by placing the cylinder in a 
horizontal position and measuring the frictional 
force due to the weight of the piston. Ten readings 
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were averaged for each pair and measurements were 
made both with the surfaces flooded with hydraulic 
fluid and also with dry surfaces. For the latter 
measurements, the piston and cylinder were cleaned 
with a mixture of petrol and carbon tetrachloride. 
Values of the coefficient of friction lying between 
0-20 and 0-25 were obtained in all cases. 

The experimental work was concluded by making 
a set of measurements with the case-hardened piston 
in the soft cylinder, to demonstrate the effect of 
circumferential grooving as a means of reducing the 
locking force. Readings were taken at 100 lb. per 
square inch with the piston in the axially central 
position. The grooves, 4-in. wide and ;,-in. deep, 
were machined in the sections of the piston enclosed 
by the cylinder, and the first was situated mid-way 
in the clearance with the remainder added at 
equally-spaced intervals. The results are given in 
Table I. It will be seen that a substantial reduction 


TABLE I.—Effect of Grooves on Locking Force. 








Number of Grooves Locking Force, | Percentage of Initial 
in Each Clearance. Ib. wt. Force. 

0 9-35 100 

1 3-73 39-9 

3 0-59 6-3 

7 0-2. 2-7 











in the locking force was achieved with as few as 
three grooves in each of the upper and lower sections 
of the bore. The reduction may be different in 
other cases, but the results suggest that the treat- 
ment is beneficial. Which of the components is 
grooved should be immaterial ; in the present case, 
the piston was selected, since it was desired not to 
modify the cylinder. ’ 
(T'o be continued.) 
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Destins Industriels du Monde. 


By ALBERT Ducrocg. Editions Berger-Levrault, 5, 

Rue Auguste-Comte, Paris (VI°). [Price 560 francs.) 
THE continued expansion of industry makes pro- 
gressively increasing demands for energy to drive 
machines, and materials to feed them, and it is 
important that those responsible for its direction 
should have clear ideas concerning the present 
situation as well as of the future prospects not 
only in their own country, but throughout the 
world. This broad basic theme, involving incur- 
sions into geography, geology, engineering, econo- 
mics and politics, is the subject of Mr. Ducrocq’s 
timely survey. Primary consideration is accorded 
to sources of energy. Practically all derive ulti- 
mately from the sun, though some, e.g., coal and 
oil, represent capital, whereas others, such as 
water and wind power, constitute revenue. The 
mechanical equivalent of the energy available. per 
head of population affords a measure of the level of 
industrial development in a country. This M. 
Ducrocq expresses in terms of “‘ mechanical slaves,” 
of which each American has at his command 200, 
each Englishman 32, each Frenchman and each 
Russian 20, and each Chinese only one. 

Coal and oil are still the primary fuels, particu- 
larly for transport. During the Nineteenth Century 
the consumption of coal approximately doubled 
every 20 years, and at the beginning of the present 
century, that of oil roughly doubled every ten years. 
The increasing cost of extraction and the diminishing 
output from existing deposits has, however, stimu- 
lated an active search for alternative sources of 
energy. Those proposed include hydro-electric 
schemes, the gasification of poor coal seams in situ, 
the utilisation of solar heat and of the temperature 
gradients existing in the ocean and within the earth, 
the harnessing of tides and winds, and the applica- 
tion of nuclear energy to constructive ends. The 
principles of operation of each are outlined in the 
book, with accompanying details concerning their 
stage of advancement and of the heavy capital 
outlay involved in most of them. In the chapter 
devoted to electricity, mention is made of the 
feasibility of transmitting electrical power to this 
country from Norway with the aid of tubular conduc- 


and of the present approach to the perplexing pro- 
blem of an economical accumulator of electricity. 

The next section deals with the role of metals in 
industry, starting with the manufacture of iron 
and steel, which so largely determines the industrial 
potential of a nation. A chapter is devoted to the 
light metals now extensively incorporated in 
aircraft and for the extraction of which abundant 
electrical power is essential. A valuable summary 
follows, covering the sources, isolation and proper- 
ties of all the metals employed, either singly or as 








tors filled with very low-resistance organic liquids, 


alloy constituents, to satisfy the complex current 
requirements of industry. From metals, Mr. 
Ducrocq turns to the contributions of chemistry 
to civilised living and, in particular, to the part 
played by plastics, the consumption of which is 
already beginning to follow the familiar law of 
geometrical expansion. The special features of the 
chief synthetic high polymers are described and 
illustrated by significant instances of their applica- 
tion 

The remainder of the book is devoted to an 
appraisal of the repercussions of technical progress 
upon the economic, social and political status of 
nations. The factors singled out as contributing 
to increase the true wealth of a nation are expansion 
of its peacetime industrial potential, improvement 
in its manufacturing techniques, the employment 
of more individuals in production and of securing 
a greater output from each, together with a reduc- 
tion in the margin between cost of production and 
cost to the consumer. . Sections dealing with the 
two great and largely self-supporting comunities— 
the United States and Russia—contrast and com- 
pare their respective, and largely antagonistic, 
economic structures, though the absence of reliable 
statistical data for the latter make definite pro- 
nouncements difficult. The causes underlying the 
plight of England and the misfortunes of Europe are 
critically examined. Future developments in 
Africa and South America are reviewed, but pros- 
pects in the Far East are deemed too uncertain to 
merit consideration. Wherever possible, figures 
are given, and many are very revealing. There is 
much to provoke thought and stimulate action in 
this broadly planned, soberly written and clearly 
presented contribution on a subject of vital concern 
to all. 





The First Hundred Road Motors. 


By R. W. Kmner. Oakwood Press, Tanglewood, 

South Godstone, Surrey. [Price 9s. net.] 

Mr. KipneEr’s interest and activity in the collection 
and recording of the history of locomotion are well 
known to workers in this field, and the various 
little books on the subject that have emanated 
from the Oakwood Press—several of which have 
been noticed in our columns—must have inspired 
many amateur researches among the confused 
and often conflicting sources of information that 
remain. Railways, tramways, motor-’buses and 
steam navigation are, however, almost simple and 
straightforward in their documentation by com- 
parison with the mass of ex parte statements, garbled 
reports and flat contradictions that confronts the 
seeker after the truth about early steam locomotion 
on common roads, and it is no reflection on the 
author’s industry that the present volume raises 
almost as many queries in the mind of the critical 
reader as it presents established facts for a founda- 
tion on which other inquirers may build. Broadly, 
Mr. Kidner shows that one hundred British road 
motors, of which all but two were steam-propelled, 
had been constructed by 1871; and his text 
shows how widely his search has ranged for details 
of their construction and performance. Considering 
its modest price, too, the book is liberally illustrated ; 
and the bibliography and, still more, the appendix 
listing the 100 machines in chronological order, 
should be of some assistance to those who are 
moved to explore the subject., 

Whoever does so, however, is likely to wish that 
Mr. Kidner had gone much farther towards making 
this book a source of reference that would avoid 
the need to repeat much of his own industrious 
spade-work. In many instances, he does give the 
dates of newspapers, etc., from which he has quoted, 


the “first 100” are named in heavy type; but 
there are intermediate names, not numbered, which 
are in italic type, and others in ordinary rcman 
characters. The italicised names, it appears from a 
study of the list, are those of foreign inventors of 
mechanically-propelled road vehicles, and the 
introduction to the appendix seems to suggest that 
the others refer to traction engines, farm vehicles, 
etc.; but this is not entirely borne out by some of 
the entries. The Yarrow and Hilditch car of 
1861, incidentally, is described as having been built 
by “W. Cowan” at Greenwich. Possibly the 
author was not aware that this was the Dr. T. Ww. 
Cowan who, after a number of years of active 
and ingenious mechanical engineering, abandoned 
it to devote himself to other studies and eventually 
became an international authority on bees. He 
received a lengthy obituary notice in ENGINEERING, 
on page 670 of our 12Ist volume (1926), in which 
reference was made to his share in the Yarrow and 
Hilditch car. 

The omission of an initial from the name of 
Cowan is a small matter, but a careful reading of 
the book suggests that some other identities have 
not been quite clear in the author’s mind; for 
example, that he may have confused Joshua Field, 
F.R.S., who was concerned with Dance’s steam car 
of 1833, with Edward Field, who was associated 
with Merryweather and Sons, and who gave his name 
to the Field boiler-tube and to various forms of 
water-tube boiler in which such tubes were used. 
Most serious of all, however, are the repeated refer- 
ences (we counted eight) to Sir Frederick Bramwell 
as “‘ Bramall.” So elementary an error, escaping 
correction on so many occasions, exposes the whole 
book to a suspicion of inaccuracy which we believe 
to be generally undeserved, but which the average 
reader will probably have neither the time nor the 
means to disprove in detail. 





Chemical Engineering Operations. 

By Dr. F. RUMFORD. Constable and Company, 

Limited, 10, Orange-street, London, W.C.2. [Price 

30s. net.] 
Many of the processes in a chemical factory are of a 
specialised kind, and the apparatus employed has 
often to operate under conditions much more 
arduous than those commonly met with in engi- 
neering work. Hence a book like the present one, 
which reviews the types of plant developed for 
characteristic duties and explains the principles of 
their design, should be useful to young engineers 
and others entering the chemical industry. Its 
sub-title, “‘An introduction to the study of chemical 
plant,” is as apt an indication of its nature as could 
be given. The subject is treated from a practical 
point of view, with reasons for the methods 
employed and a good deal of information about the 
results obtainable. The plan adopted is to deal 
with each process in a separate chapter, of which 
there are 14 allotted to operations more or less 
peculiar to the industry, and three more concerned 
with heat transfer, metering, and automatic control, 
respectively. Methods of pumping corrosive and 
difficult liquids, distillation, gas absorption, leaching, 
evaporation, drying, mixing, crystallisation, gas- 
cleaning, crushing, grinding and screening, all have 
their share of attention, with a discussion of theor- 
etical considerations when this appears necessary. 
A number of worked-out examples, particularly in 
the chapter on heat transfer, are very helpful to the 
student. Within its 370 pages the book contains 
about 240 illustrations, including graphs and 
diagrams, though the drawings of actual plant are 
often rather too small and sketchy to give much 
more than a general idea of the object depicted. The 
author makes no claim to comprehensiveness, for, as 
he says, any one of the processes would require 4 
volume for its full treatment. Within his appointed 
limits, however, he has produced a most instructive 
and readable little book, well adapted to the needs 
of students. It contains much to praise and little 
to criticise, though, in stating the accuracy of @ 
Venturi meter to be within + 1 per cent., he might 
have pointed out that these instruments can give 
seriously misleading readings if used on a pulsating 
flow such as the discharge from a reciprocating 





but there are many more cases where this informa- 
tion is lacking. In the appendix mentioned above, 





pump, no matter how large an air-vessel may be 
provided. 
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THE FORM OF TOOTH 
SURFACES OF CREEP-CUT 
HELICAL GEARS. 

By W. A. Tupttn, D.Sc., M.I.Mech.E.* 


(Continued from page 486.) 


It has been pointed out that the effect of a creep 
fraction with a small denominator is to produce the 
effect of perceptible ridges parallel to the generator. 
A small change in creep fraction, although it may 
mean a very much larger denominator, clearly 
makes little difference to the physical conditions 
and it therefore becomes necessary to ask “ By 
how much must a creep fraction differ from one with 
a low denominator before the effect of the latter 
on noise is extinguished?” It is suggested, as 
an answer to this question, that slewing of the 
ridges of high spots corresponding to the simple 
fraction until any generator must always cross one 
of them may be regarded as neutralising the noise 
effect of the ridges. The change of creep fraction 
necessary for this purpose is shown in Appendix 
IV to be of the order of ——, where 6 is the 
denominator of the creep fraction and 0-033 is 
about the usual value of a factor that depends on 
the depth of tooth and on the feed of the hob per 
revolution of the work. 

_The noise effect produced by ridges of high spots 
distributed according to different creep fractions 
with denominators 1, 2, 3, 4, etc., may be represented 
by relative values 1, }, $, }, etc., and on each side 
of each of such points the severity may be regarded 
as falling abruptly to zero as g changes sufficiently 
to cause the generator always to cross at least one 
ridge. This is slightly pessimistic, as there is some 
reduction in noise effect as the overlap condition 
18 approached. A graph, Fig. 7, may then be con- 
structed to relate “noise effect” to creep fraction 


a ° . 
i“; by erecting ordinates proportional to ; at 


each of the points corresponding to values of g with 
denominator b, and numerators prime to 6 (see 
Table I), Each such ordinate is used as the vertical 


centre line of a rectangle of height 1 and width 
2 x 0-033 m . 
—>— . This procedure is repeated with 
increasing values of 6 until the whole base line from 
7=0 to g=0-5 is covered. The noise effect of 
any creep fraction may be taken as proportional 
to the height of the rectangle at the appropriate 
ordinate on Fig. 7. The diagram is drawn only for 
values of g between 0 and 0-5. For other values of g 
the noise effect is the same as for 1 — gq, e.g., for 
oy it is the same as for 1—0-6 =0-4. (Figs. 
to 6N (page 485, ante) show, however, that the 
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same is not necessarily true in respect of local tooth 
loading.) 

It will be seen that a creep fraction of 0-5 — 
0-0165 = 0-4835 is at the limit of the effect of 
q = 0-5 and gives the lowest noise effect. It will 
also be seen, however, that if the difference from 
0-5is doubled, leading tog = 0-5 — 0-033 = 0-467, 








TABLE I. 
b q Noise Effect. 
1 1 (or 0) 1 
2 + $ 
3 4,8 4 
4 2 # 3 
5 +, #24 $ 
etc. etc. etc. 











the noise effect is not greatly increased, and the 
generator always lies on two ridges corresponding 
tog=0-5. This may be expected to be a distinct 
improvement in respect of load capacity and 
suggests that g = 0-467 (and the complementary 
q = 0-533) are the most desirable worm creep 
fractions so far as noise production is concerned. 
It may be noted that a value of g near to 0-5 may 
produce ridges parallel to the tip of the tooth, 
thus causing the Tomlinson undulation instrument 
to show a very long wave, which in the limit, is 
no wave at all (see Appendix III), but that does 
not affect the validity of the foregoing analysis. 
It must be emphasised that the decimal fractions 
specified above are based on typical tooth-depths 
and feed rates ; they are not “ natural numbers,” 
It should be noted that a creep fraction of about 
0-5 has a special advantage indicated in Fig. 8. 
If g = 0-5 or thereabouts, the low-cut J on line 2 
lies about half-way between the nearest low-cuts 
G and H on line 1, and about half-way between 
the nearest low-cuts K and L on line 3. In other 
words, it is about as close as possible to the high- 
spots that separate G and H on line 1 and K and L 
on line 3. This creep fraction thus gives the low- 
cut J the maximum effect in reducing the heights 
of the adjacent high spots. It would seem, there- 
fore, that a creep fraction that differs from 0-5 
only sufficiently to ensure contact of the generator 
with two of the slightly displaced ridges corre- 
sponding to g = 0-5 is about the most useful that 
can be found. 
The width of any rectangle in Fig. 7 is propor- 
tional to the axial feed of the hob during each revolu- 
tion of the work. By adopting a finer feed, the 
widths of all the rectangles are proportionately 
reduced, and so an ordinate that originally stood 
within a certain rectangle may be outside its nar- 
rowed form when the feed is reduced. In that case, 
the noise effect corresponding to the ordinate con- 
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zero, for the narrowing of one rectangle always 
exposes shorter ones. The minimum possible noise 
effect for any creep fraction is proportional to the 
reciprocal of its denominator, but the attainment of 
that minimum effect demands a feed also propor- 
tional to that reciprocal. A very large denominator 
for the creep fraction has the advantage that if, 
in special circumstances, a very fine feed is per- 
missible, then teeth with very low noise effect 
combined with high load capacity may be produced. 
A large denominator may offer little advantage 
with a normal feed-rate, but it is never a dis- 
advantage. 

It is shown in Appendix I that a non-creep 
machine places the low-cuts on lines parallel to the 
generator and therefore inclined at about 11 deg. 
to the tip of the tooth. A small change of creep 
fraction from zero turns the low-cut lines through 
a small angle and if this occurs in the right direction 
and by the right amount (see Appendix III) the 
low-cuts and the intervening ridges become el 
to the tip of the tooth. A section of the tooth flank 
on any line parallel to the tip will therefore show 
no evidence of the alternations of low-cuts and 
intervening ridges, although it will have slight 
corrugations inseparable from hobbing even on a 
perfect machine. If, alternatively, the creep frac- 
tion is such that the low-cut line is not quite parallel 
to the tip, a section parallel to the tip will intersect 
low-cut lines at relatively long distances and will 
show a long wave. A similar effect tends to be 
produced by a creep fraction that differs by the 
appropriate small amount from any of the fractions 
1, 4, 4, ete. 

Now the Tomlinson undulation tester, which is 
commonly used in checking the regularity of helix 
of helical gears, records the undulations on a line 
parallel to the tip of the tooth. It will be seen, how- 
ever, that its record may be misleading because (a) 
it may show no wave at all on a tooth that is heavily 
ridged parallel to the tip, and (6) its record may 
suggest a long wave on a surface that is actually 
markedly furrowed on a short wavelength. It is, 
of course, inevitable that a record taken along a 
line should give an incomplete picture of the rough- 
nesses of a surface, but it is important to note 
that the picture may be not only inadequate, but 
positively misleading when the testing line has 
been chosen for convenience in measurement and 
not because it is really significant. 

In the case of a gear cut with a highly effective 
combination of creep-fraction and feed, the tooth 
surface may be expected to be an array of humps 
and hollows with no marked directional charac- 
teristic of its own. The only significant directions 
are then (a) that of the generator, because irregu- 
larity along it may afford some indication of inti- 
macy of contact with a perfect pinion ; (6) perpen- 
dicular to the generator, because irregularity in 
that direction may afford some indication of the 
vibration to which a perfect mating tooth will be 
subject in running; and (c) that of the generator 
of a tooth of a shaving cutter in mesh with the 
gear, because irregularity of the gear-tooth surface 
along it may afford some indication of the probable 
effectiveness of the shaving operation. 

It has been seen (for example, in Fig. 1, page 484, 
ante) that as the dividing worm may rotate through 
more than a revolution while a tooth of the work 
passes through the zone of engagement with the hob, 
there may be high and low cuts representing more 
than a complete cycle of worm error in a single line of 
cuts down the flank of a tooth of the work. Other 
cycles of error occur at much lower frequency. For 
example, the cycle of accumulated pitch error in the 
teeth of the table gear is repeated only after a revolu- . 
tion of the work. During the passage of a single 








* Professor of 
tiemae Applied Mechanics, University of 


cerned is reduced, but it can never come down to 


tooth of the work through the zone of engagement 








518 


ENGINEERING. 


Oct. 26, 1951. 








with the hob the angle of rotation of the table is that 
corresponding to about two pitches of the teeth of 
the work, and, when cutting a wheel with a large 
number of teeth, is usually so small that the variation 
in accumulated pitch error of the table gear teeth 
concerned is negligible. Thus the low “spot” in 
the accumulated pitch-error curve corresponds to a 
full line of low-cuts down the flank of a tooth of the 
work. The low spot on the work is thus a “low 
line ” in one tooth and the cuts made on adjacent 
teeth before and after it are very nearly low 
lines. 

In a hobbing machine of the conventional creep- 
cutting type, the gear that meshes with the table 
gear (here called the “ creep gear ”’) is of the same 
order of size as the table gear and the effects of its 
accumulated pitch error occur in a cycle that repeats 
itself while the table makes rather more, or rather 
less, than one revolution. In Fig. 9 is shown a 
developed view of the pitch cylinder of the work. 
The lines slightly inclined to the horizontal represent 
the “feed helix,” i.e., the path of the pitch point 
of engagement of work and hob. The lines inclined 
at about 7 deg. to the vertical represent the inter- 
sections of a set of tooth flanks with the pitch 
cylinder. The short thick lines represent ‘“‘ low- 
lines” produced by an extreme error in a cycle 
repeated in about two-thirds of a revolution of the 
work-table. This represents a velocity ratio of 
about § and a creep fraction of about 4. The 
dots represent the mid points of the intervening 
‘high lines.” It will be seen that on any tooth 
(for example, No. 1) low lines are repeated after 
slightly more than 11 convolutions of the feed 
helix and therefore that the distance (measured 
along the tooth helix) between adjacent low lines 
is about 11 seco times the feed of the hob per 
revolution of the work. This is the “‘ wavelength ” 
of the undulation of the tooth surface in the 
direction parallel to its tip. With other creep 
fractions, the distribution of low lines may be 
markedly different from what is shown in Fig. 9. 
For example, a creep fraction of 0-95 (see Fig. 10) 
causes the wavelength on each tooth to be about 
20 seco times the feed. 

A velocity ratio less than unity by the small 


amount i (where f is the axial feed of the hob per 


revolution of the work and L is the lead of the 
tooth helix) causes all the low lines to occur on 
the same tooth and all the high lines on another 
tooth (see Fig. 11). In this case, the wavelength 
of the undulation on any tooth is infinite, i.e., 
there is no wave at all, but each tooth is bodily 
“out of pitch” by an amount proportional to the 
cyclic machine error associated with it. So the 
freedom of the helix from “‘ wave ”’ is an advantage 
that is offset by the disadvantage of pitch errors 
between the teeth. The low lines due to accu- 
mulated pitch error in the table gear of a hobbing 
machine occur on a single tooth of a spur gear cut 
on the machine. Similarly, the low cuts due to 
accumulated pitch error in the creep gear of a 
hobbing machine occur on a single tooth of a helical 
gear cut on the machine if the velocity ratio of the 


creep gearis (1 _ £), A velocity ratio of 1-5 (1 _ t) 


causes all the low lines and high lines to occur in 
alternating sequence on three teeth of the work 
(see Fig. 12). With a feed of the usual small amount, 
the low lines overlap and obliterate the high lines 
and the resulting finish is the same as would be 
produced by twice the feed-rate on a machine with 
no creep-gear error. 

Every other tooth flank is similarly defined by the 
lower of two alternating lines of hob cuts corre- 
sponding to antiphased points in the cyclic machine 
error concerned. At points half way in the error 
cycle between high-spots and low-spots, the error 
is usually about the mean of the maximum and 
minimum errors and the corresponding teeth in the 
work are “high” teeth because the lower of the 
cuts on them are the highest low-cuts on the entire 
work. Consequently the difference in pitch error 
between the three “low ” teeth in Fig. 12 and the 
intervening high teeth (marked in the diagram by 
crosses) corresponds to the difference between the 
lowest pitch error and the mean pitch error in the 
machine cycle concerned and that is about half 
that between the high and low teeth in Fig. 11. 





A creep gear velocity ratio of about 1-5 (1-2) 


therefore makes use of the overlapping effect of 
the hob cuts to reduce pitch error in the teeth of 
the work and that is advantageous. On the other 
hand, the “high” teeth are so widely separated 
that each one has passed out of the zone of engage- 
ment with the mating gear before the next one has 
entered it. Comparison between Fig. 9 and Fig. 12 
illustrates this point. In the former a contact zone 
(two to three pitches wide) parallel to the axis must 
always contain at least one high line, whereas that 
is not the case in Fig. 12. 

If, however, the face width of the gear is so great 
that the upper end of a high tooth of the “ wave- 
less” type overlaps the lower end of the adjacent 
high tooth, the contact zone of wheel and pinion 
will always contain a “high line” and this is desir- 
able in the interest of quiet running. The condition 


Fig. 9. 








Fig. 10. R,= 0°95 





that lines of low lines as shown in Figs. 9 to 12 
are inclined at such an angle to the axis that the 
upper end of one overlaps the lower end of the next, 
The problem here is analogous to that concerned 
with the creep fraction of the worm and the solution 
is q =i- i. where A and B are integers. 

If, for example A = 1 and B = 2, the undesirable 


range of gis 3 $7. For ~ = 300, some of the 


undesirable ranges for the creep gear creep fraction 
are a8 indicated in Table II. It will be seen that 
it is permissible for the creep gear creep fraction to 
lie near to 0-5 and thus to give the advantage of 
obliteration of high lines by low lines in addition 
to that of causing one end of a line of low lines to 
overlap the opposite end of the adjacent line. 

The motion of the hob saddle in the direction 





parallel to the axis of the gear blank may differ 


Fig. ll. R,=1- 





Fig. 12. R.=1'5(1-4) 














(409.F) 


for waveless helices produced by alternation of 
equal high and low lines on each tooth is that 


Creep gear velocity ratio = (S + 4) (: - ) 


where § is a whole number (or zero) and if this is 
secured, the additional condition for the desirable 
overlap of high teeth is that the angular advance of 
each helix in an axial distance equal to the face- 
width is the angular spacing of the “ high” helices 
¥ = —, or face width =" 
aoe “35 +1 

This latter condition is not usually satisfied in 
large wheels cut on conventional creep machines 
for which § is less than 2. In that case, the feed 
may be adjusted to give either waveless helices or 
overlap of high teeth, but not both. It will be 
seen therefore that the adoption of a creep gear 


velocity ratio of 1-5 (1 -Z) may sacrifice an 


important advantage of “ creep,” as the advantage 
of waveless helices may be offset by the disadvantage 
of pitch errors between helices that are not long 
enough to overlap the corresponding helices with the 
same pitch errors. This velocity ratio certainly 
produces teeth that reveal no appreciable undula- 
tion to the Tomlinson instrument, but the impression 
of excellence produced by that result gives a mis- 
leading idea of the running characteristics of the 
gear. It may be noted that f is usually of the 
order of 0-05 in. and for a gear wheel, L is usually 


not less than about 50 in. Hence - is usually less 


than 0-001. 
It is desirable in the interest of noise reduction 
to choose the creep fraction of the creep gear 80 


i.e., 














(409.4) 


from uniformity by an amount that varies over @ 
cycle completed in every revolution of the feed 
screw. (This error may arise from “ wave” in the 
thread of the screw or from errors in the thrust 
bearings.) The result is that on each tooth of the 
work there are “ high ridges” in the A B direction 
(Fig. 1) at intervals equal to the pitch of the feed 
screw multiplied by the secant of the helix angle. 























TaS_eE II. 
a b Ranges to be Avoided. 
1 2 0-498 to 0-502 
1 3 0-332 to 0-334 
2 3 0-666 to 0-668 
1 4 0-249 to 0-251 
3 4 0-749 to 0-751 
1 5 0-199 to 0-201 
2 5 0-399 to 0-401 
3 5 0-599 to 0-601 
4 5 | 0-799 to 0-801 














This distance is, in all ordinary cases, small com- 
pared with the length of a generator between tip 
and root of the tooth and so these ridges are unlikely 
to be a cause of noise although they tend to cause 
high local surface s a ; - 
If the axial pitch of the gear teeth is a multip 
of the axial pitch of the feed screw, the ends of & 
ridge produced by feed-screw error on any tooth 
lie on the same axial lines as the corresponding ends 
of ridges on adjacent teeth and so the leading ends 
of the generators on different teeth encounter feed- 
screw ridges simultaneously. A very slight reduc- 
tion in noise effect may be expected if this condition 
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is avoided. The best possible result in this respect 
is achieved if no whole number of axial pitches of 
the gear teeth within the face width corresponds 
to a whole number of pitches of the feed screw. This 


Face width . : 
ixial pitch less than the denomina- 


. Axial piteh P 
tor of the fraction ora reduced to its 
lowest terms. Compliance with this condition is 
merely a refinement that will, at best, have a small 
effect on noise. It has no influence on the ten- 
dency of local load concentration, which is the 
more serious effect of periodic error in the feed 
screw. 

The following conclusions may be drawn from 
the foregoing : 

(1) A hobbing-machine error that varies in a 
cycle completed a whole number of times during 
a revolution of the work-table leads to work errors 
that tend to produce noisy running. 

(2) If the number of error completed during 
a revolution of the work-table is not a whole num- 
ber, the resulting work errors have an appreciably 
smaller tendency to produce noise than if the creep 
fraction were zero. 

(3) Every rotating part in a hobbing machine 
has its own creep fraction. 

(4) The denominator of a creep fraction should 
preferably be not less than 30. 

(5) In order to secure the most effective over- 
lapping action of hob cuts, the creep fraction should 
be approximately }. 

(6) The most useful creep fractions are about 
( + sy) and (} — sy) for average feed-rates. 

(7) Variation of feed in a non-creep machine 
makes no difference to the pattern of ridges on the 
teeth of the work and little difference to their 
height. 

(8) Variation of feed in a creep machine can 
make great differences to the pattern of high-spot 
distribution on the teeth of the work. If the 
denominator of the creep fraction is large, an 
exceedingly fine feed can lead to an exceptionally 
smooth finish. 

(9) Before finish-cutting any large helical gear 
on a “creep” machine the effect of a number of 
practicable feeds on finish should be calculated, so 
that use may be made of the one that gives the 
smoothest finish in an acceptable cutting-time. 

(To be continued.) 


is the case if 





METAL ECONOMICS. 


A GENERAL discussion on “ Metal Economics ” 
was held under the auspices of the Institute of 
Metals at the Park Lane Hotel, Piccadilly, London, 
W.1, on Wednesday, October 17. The chair was 
occupied by the President of the Institute, Professor 
A. J. Murphy, whose address was reprinted on 
page 500, ante. The meeting was divided into two 
half-day sessions, and at each session several short 
papers were presented, after which there was a 
general discussion restricted to the subject of the 
session, The first session dealt with “ Pri 
Resources of Ferrous and Non-Ferrous Metals,” 
and at the commencement of this, three papers were 
presented, by Mr. R. Lewis Stubbs, of the British 
Non-Ferrous Smelters’ Associatior ; Professor 8. 
Zuckerman, C.B., F.R.S., of the University of 
Birmingham ; and Dr. T. P. Colclough, C.B.E., of 
the British Iron and Steel Federation. The after- 
noon session covered “ Scrap Reclamation, Secon- 
dary Metals and Substitute Metals,” and, at this, 
five short papers were presented. 


Woruip Suppty or Non-Frrrovus Mzrats. 


The first paper at the morning session, that by 
Mr. R. Lewis Stubbs, was entitled “The World 
Supply of Non-Ferrous Metals, including the Light 
Metals.” The author began by examining the cur- 
Tent supply situation in the “free world” and 
showed the extent to which the present shortages 
Were due to stockpiling. He stated that if there had 
been no stockpiling in the post-war years, the supply 
and demand for copper and zine, in which the short- 
om were _ acute, would have been in reasonable 

alance, shortages were being further aggra- 
vated by unforeseen defence demands which most 
countries hoped to superimpose on the growing 





civilian consumption. Stockpiling and defence 
demands, however, would not continue indefinitely. 
The greatly increased consumption in the last 
decade had been due to the needs of war and 
rehabilitation, but the increasing importance of the 
light metals and their relative cheapness seemed 
likely to bring about an entirely new pattern of 
consumption. 

The quantity of metals used between 1900 and 
1949 had far exceeded the total consumption in the 

ing centuries and this had led to speculation 
that the world resources might soon be exhausted if 
consumption continued to increase. This theory, 
however, overlooked the fact that known reserves 
had increased faster than consumption. Further- 
more, the stimulus to prospecting, brought about 
by the present high prices, had already led to 
important new discoveries of ore during the last 
year or two, and declared reserves were now growing 
more rapidly than ever before. If the increasingly 
important role of the plentiful light metals were 
acknowledged, there would seem to be no cause for 
undue pessimism concerning the general future. 

The immediate future, however, was less clear. 
In planning the increases in production, which were 
undoubtedly necessary if the growing civilian con- 
sumption were to be met, industry had, at the 
same time, to take into account the fact that 
defence and stockpiling requirements might come 
to an end soon and that the disposal of stockpiles or 
of some of the defence material now being produced 
could supplement the supply of new metal. If, 
however, the non-ferrous metals industry were 
to continue to expand to meet rising demands, new 
ore bodies would have to continue to be brought into 
production and mears of overcoming the factors 
tending to restrict this expansion would have to be 
found. 


Merats as Natural RESOURCES. 


In the course of his paper on “ Metals as Natural 
Resources,” Professor S. Zuckerman stated that, 
although the demand for raw materials had always 
undergone short-term fluctuations, its general 
trend over the years had continued in an upward 
direction. The views of economists were divided 
about possible future recessions in industrial activity 
and demand, and about the continuation of the 
present inflation, which simply reflected the fact 
that the demand was in excess of the supply. 
There were certain features in the existing situation, 
such as rearmament and stockpiling, which we 
might hope were temporary. But, as an article 
“ Agenda for the Age of Inflation” in the issue of 
August 18 of the Economist showed, there were 
other good reasons for supposing that the demand 
for commodities would continue to outstrip supply 
for “as far as human wisdom can see ahead.” 

The particular feature of the present situation, 
which was of interest to this discussion on “ Metal 
Economics,” was the remarkably steep increase 
there had been’over the past ten years in the demand 
for both steel and non-ferrous metals. It was said 
that the United States were now embarking on 
plans to increase the capacity of their steel industry 
by some 20 million tons. This implied a collateral 
demand for non-ferrous metals, etc., approximately 
equal to the amounts we required to “ balance ” 
our own steel production. 

Although the distinction between the two cate- 
gories should not be drawn too finely, metals came 
into the category of non-creatable as opposed: to 
creatable resources. It was widely held by geclogiste 
and others that our own resources of the conven- 
tional base metals, as well as of iron-ore itself, were 
being depleted faster than new workable deposits 
were being discovered. At the same time the 
limiting factor on the output of such “newer” 
metals as aluminium and magnesium—cheap 
electric power—confined their production to North- 
ern America and to distant parts of the world, and 
precluded any major participation by ourselves in 
these developments. Although the optimistic view 
was that one did not know what new and rich 
minefields of ferrous and non-ferrous metals were 
about to be discovered (cf. the recent discovery of 
the new sulphur-dome in the Mississippi Delta), or 


what new technological discoveries were about to| planned 


be made, it was a safe assumption that the pattern 
of relative values of such metals as copper, zinc, tin, 





aluminium and magnesium would continue to alter 
as it had in the past, and that commodities such as 
the first three would go on diverging in relative cost 
from those like the latter two. 

While the price mechanism would help to correct 
shortages of the non-ferrous metals, it was essential 
that we took realistic steps to discover and develop 
new sources of non-ferrous metals, and to improve 
the efficiency of our production. Exploration needed 
to be increased, at the same time as improved 
methods of extraction of metals and of economy in 
use were elaborated. We should not turn our backs 
on possible domestic sources. In view of the fact 
that there was no obvious end to the rising trend 
of world demand, it was clear that unless these 
things were done, we should become increasingly 
aware of the fact that the rate of investment in 
manufacturing industry had outstripped the rate of 
investment in the raw materials industries of the 
world. 


Inon OnE: Wori~D DEMAND AND RESOURCES. 


In presenting the last paper of the morning 
session, entitled “Iron Ore: World Demand and 
Resources,” Dr. T. P. Colclough stated that the 
world uction of steel in 1949 had been about 
160 million tons. This steel had been made from 
scrap and pig iron. Scrap returns averaged about 
50 per cent. of the ingot, and the total metallic 
materials charged were about 110 per cent. of the 
ingot. Therefore, about 60 per cent. of the ingot 
weight must be supplied as pig iron. Other iron 
was used for castings, etc., and the total pig iron 
made in 1949 had been 110 million tons. For this 
iron production the iron ore mined had been practi- 
cally 220 million tons. 

This production could be divided into four groups, 
namely, the United States and Canada: iron and 
steel 46 per cent., ore 40 per cent.; Western 
Europe: iron and steel 30 per cent., ore 37 per 
cent; the U.8.S.R. and associates: iron and steel 
18 per cent., ore 17 per cent.; finally, “other” 
countries: iron and steel and ore 5-6 per cent. 
The data for the U.S.S.R. were estimated, and 
could not be discussed in detail. “ Other” 
countries were well supplied with ore. 

The United States and Canada had a combined 
capacity for over 100 million tons of steel per 
annum and required approximately 100 million 
tons of ore. The ore reserves were extremely large 
and, while enormous tonnages had already been 
extracted, further resources were being revealed. 
Experimental work on the beneficiation of the low- 
grade taconite had reached the stage of pilot-plant 
development and large-scale production was anti- 
cipated within a very few years. Meanwhile, 
developments on a large scale were in hand for the 
exploitation of the vast reserves of high-grade ore in 
Venezuela and the Quebec-Labrador border. The 
high cost of mining equipment and the long distances 
necessitated the planning of these enterprises on a 
large scale with mechanical appliances and large 
ships to reduce costs to a minimum. 

There was also a growing tendency to import ore 
from Sweden and West Africa. These increased 
imports of ore must be used mainly at seaboard 
locations, and a second large steel-producing plant 
was planned for the Atlantic coast. The known 
resources of iron ore were estimated to assure the 
life of the industry in the United States for over 
100 years. Canada, with her limited steel pro- 
duction of about 3 million tons per annum, had 
ample reserves of iron ore and would undoubtedly 
act as an exporter of ore to the United States and 
Europe, the strongest limiting factor being the 
severe winter. conditions and the confining of 
exports to about six months of the year. 

The Western Europe group of steelmakers had 
been responsible for the production of about 30 per 
cent. of the world tonnage as regards iron and steel. 
Owing to its relatively lower grade, the ore pro- 
duction had been about 37 per cefit. of the world 
production. The total ore production of Western 
Europe, including North Africa, had been, in 1949, 
over 80 million tons and of this about 95 per cent. 
had been consumed within the area. Large 
developments in iron and steel production were 
for the next three years, the increases being 
of the order of 15 million tons each of iron and steel. 
This would necessitate an increase in iron ore supply 
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from about 80 million to 120 million tons per 
annum. It was proposed to meet this demand by 
expansion of the existing ore producers, the increased 
use of ore fines as sinter, and the development of 
new ore properties in Sierra Leone, at 

(French Guinea) and in Mauritania (French West 
Africa). 

Each of these new developments, as in the United 
States, must be on a large scale and involved greater 
distance of transport, both inland and ocean, than 
had formerly been the case. The additional 
tonnage of ore to be transported involved the 
creation of new shipping capacity. The ships to 
be provided should be of special design, and of a 
size to give the most favourable conditions for 
economy in operation and for rapid loading and 
unloading. Provided that the plans already formu- 
lated were implemented, there should be adequate 
supplies of iron ore to meet the demand of the 
expanding steel market. 


Disovussion. 


Professor W. R. Jones, C.B.E., who opened the 
discussion, said that there was a great deal of 
difference between the connotation of the term 
“ mineral reserves ” to the geologist and the mining 
engineer, on the one hand, and to almost anyone 
else who was not closely associated with the mining 
industry, on the other. Thus, five years ago, 
Mr. G. F. Laycock, in his presidential address to the 
Institution of Mining and Metallurgy, had made 
this statement : “‘There would appear to be only 
sufficient known reserves of the ores of lead in the 
world at the present time to last about 14 years at 
the pre-war rate of production, and in the case of 
zinc probably about 21 years.” That statement 
had been quoted in the daily papers in this country 
and several others, and in several technical journals 
also. It had been quoted very widely, and as 
widely misinterpreted. It was assumed that at 
the end of two decades the world would be faced 
* with a very acute shortage of lead and zinc. The 
statement meant nothing of the kind. Mr. Laycock 
knew—no one knew better—that, in any mineral 
field, the known reserves were often only a small 
fraction of the mineral resources of that field. He 
knew perfectly well that there were many mines 
which, fifty years ago, had known reserves of four 
or five years and had been in constant production 
for the past fifty years. At the present time these 
mines had known reserves of from four to five years, 
and many of them, in twenty years’ time, would 
again have known reserves of from four or five years. 

It was true that in the decades preceding the war 
of 1914-18 there had been a spate of discoveries of 


enormous ore bodies which had supplied, and} On 


continued to supply, the world’s main production 
of the base and other metals. It was true that 
between the two World Wars there were some notable 
discoveries, but that they could not compare in 
magnitude or in diversity with the discoveries that 
preceded the First World War. It was also true that 
the demand and the diversity of minerals had been 
increasing greatly. What was not true, however, 
was the conception that it had been established, 
for any particular mineral, that in twenty years or 
in forty years or ever in a hundred years there would 
be a very acute shortage because of the exhaustion, 
not of the proved reserves of to-day but of the 
mineral resources of the world. Turning to the 
mineral reserves of zinc, Professor Jones stated 
that he had chosen zinc for the reason that it was a 
mineral which was in very short supply, and it was 
@ mineral which caused a tremendous “ flurry ” on 
the part of statisticians, economists and certain 
Government departments — 

There had been a number of genuine attempts to 
assess the mineral resources of zinc. Thirty years 
ago, W. R. Ingalls, a man of international reputation, 
had taken a great deal of trouble to estimate the 
reserves of zinc—actually he did not confine himself 
to the known reserves, but took all categories at that 
time; the proved reserves, the probable reserves 
and the possible reserves—and he had come to the 
conclusion that, on the consumption of that day, 
there were enough proved reserves to supply the 
world with 27 million tons of zinc metal. Twenty 
years later, in 1940, W. L. Shea estimated that the 
reserves would provide 43 million tons of the metal, 
and seven years later, as:a result of further informa- 





tion, he had changed the figure, and, instead of 
43 million tons for the whole world he had said 
20 million tons for the United States and 43 millions 
for “other” countries, bringing the total to 63 
million. That was 2} times Ingalls’s figure, but in 
the thirty years that intervened between Ingalls’s 
estimates and Shea’s estimates over 30 million tons 
of the metal had been produced, i.e., 3 million tons 
more than the total estimate of Ingalls for the world. 
These spectacular increases in these estimates might 
strike one as being very extraordinary, but they 
were not at all extraordinary to the mining engineer 
or to the geologist, who knew that a few bores put 
down in a few months might add hundreds of 
thousands of tons of ore reserves on a mining pro- 
perty. Thus, in this country, less than two years 
ago, a borehole or two increased our coal reserves by 
350 million tons. At the present time our known 
reserves of coal were far greater than they were 
fifty years ago. 

An increase in price of a metal at once increased 
the mineral reserves, because all the marginal 
reserves, those that did not come into the picture 
because they were too low grade, at once assumed 
importance with an increase in price. Moreover, 
high prices created an added incentive for the 
discovery of these deposits. It was true, as had 
been said that morning, that in the United States 
certain mineral reserves were being depleted more 
quickly than they were being added to, but that 
was not true in other parts of the world. 
Quebec, a province which, in 1935, had not produced 
a pound of zinc, was producing thousands of tons 
at the present time, and mines were being opened in 
numerous places. Whatever the factors were 
which had caused the present shortage of zinc, they 
did not lie with Nature, and the blame did not lie 
with geologists and mining engineers. For the 
five years ended 1939, zinc production had been 
1,750,000 tons; for the four years ended 1949 it 
had been 1,736,000 tons, a difference of 14,000 tons. 
That was just three months’ production of the 
Baldwin mines in Burma, which had not been 
producing zinc in late years, not because of the 
depletion of the reserves but because of the dominant 
political situation. 

Mr. L. Tarring said that, until recently, the 
centuries-old metal industry had progressed, under 
the economic influences of supply and demand and 
the price factor. When demand was large, in 
relation to supply, prices rose and new risk capital 
was attracted to the exploration and exploitation 
of metal deposits and more efficient collection of 
scrap. When demand was small, in relation to 
supply, prices fell and marginal production declined. 
occasion, it was true, new properties were 
developed on the crest, of a boom only to come into 
production in a subsequent period of depression. 
Nevertheless, since the general trend of world 
consumption of metals had been upwards, the booms 
conveniently served to develop production resources 
to meet the long-term increase in world demand, and 
price levels adjusted themselves to variations in the 
value of money, to metallurgical developments and 
to standards of living as reflected in production 
costs. 

With the more obvious, richer and most easily 
exploitable deposits developed, attention had been 
directed to the lower grade, less accessible and 
more complex deposits. Their development fre- 
quently involved lengthy exploration and develop- 
ment work and a large capital investment. The 
new and technologically improved methods of 
prospecting were also generally much more expensive 
than the older methods. In view of the huge sums of 
money required, considerable inducements were 
needed to attract them from the private investor. 
The present policy of attempting to stabilise prices 
at what might be levels adequately remunerative 
to existing mines, nevertheless might have a deter- 
rent effect on the search for, and development of, 
new mines to meet the requirements of the next 
generation. Coupled with the movement towards 
price stabilisation had been the more or less world- 
wide establishment of high rates of mining taxation 
—few more penal than in this country, where there 
was also now the additional threat of dividend 
limitation—with the result that the glittering 
rewards sometimes achieved by the mining industry 
in the past were practically impossible to-day. 





Nevertheless, it was the hope of such rewards that 
made a continuing flow of capital into mining 
possible, despite the many unprofitable “‘ holes in the 
ground” into which many millions of pounds 
of investors’ money have been poured. Price 
stabilisation schemes, whilst limiting the reward, 
offered little or nothing in the way of protection 
to the mining companies, should adverse economic 
conditions again develop. 

Another aspect of wmetal-price stabilisation 
which deserved attention was that, by regimentation 
of prices, the normal competitive influences as 
between one metal and another, or between a metal 
and a non-metal, were emasculated or temporarily 
suspended, and, in their place, were put arbitrary 
restrictions banning certain uses by governmental 
decree. If the excess of demand over supply was 
to be very prolonged, as Professor Zuckerman 
envisaged, and not confined to a temporary rearma- 
ment phase, it meant that the pattern of metal 
consumption would be decided by a small group, 
irrespective of personal predilection or normal 
economic pressure. We would be told whether 
we might have brass ash-trays or plastic ones ; 
the farmer might have to do without galvanised 
steel for roofing his barn, however suitable he 
might consider it. There would be regulations 
as to whether lead, zinc or titanium paints could 
be used, and so on, with the probability that, in 
the long run, the regulations would become complex 
and unworkable and the price factor would eventu- 
ally be called into play to solve the matter on 
ordinary economic grounds. The manufacturer 
was likely to be told what he might and might 
not export, 

Admittedly unrestricted commodity markets 
at times resulted in extremes of prices. But the 
more rapidly the extremes were reached the more 
rapidly the cures were brought into being. If the 
world would pay 4501. a ton for copper (as it was 
doing in places) such a price would more quickly 
bring new production into being than a price of 
2501., and would more quickly sort out the uses of 
copper which had become uneconomic and ascertain 
the places in which other materials could satisfac- 
torily be substituted. 

As far as this country was concerned, one inclined 
to the view that many of the arguments advanced 
in favour of bulk buying, controlled distribution 
and semi-stabilised prices, merely covered up 
weaknesses in other directions, notably the foreign 
exchange position, which had been the main stumbl- 
ing block to the re-opening of the London Metal 
Exchange. It was not without significance that, 
despite considerable American pressure, there 
seemed to have been little official attempt in this 
country to regulate the price of tin, which had been, 
and would be again, a substantial dollar earner, and 
was one of the mainstays of the economy of Malaya. 
Unilateral or bilateral price policies were no long- 
term substitute for the free evolution on an open 
commodity market (through the multifarious 
influences of the metal industry of the world) of a 
price that was a balanced judgment of all concerned 
and enabled everyone to buy or to sell at the same 
price. On an open market future developments 
were discounted in advance and their impact 
modified accordingly, whereas the present system 
tended to result in delayed price movements of a 
major character and the establishment of varying 
price levels in different parts of the world. At 
present, copper was quoted officially at 1961. and 
2201. in the United States, 227/. in the United 
Kingdom, 2381. (excluding taxes) in France, 235I. 
in Western Germany, and 4641. in Italy, which was 
something like the price ruling in the uncontrolled 
world market. a» 

War conditions and near-war conditions were 
economically unnatural and admittedly must call 
for economically unnatural practices. It was 
desirable to guard against measures necessitated 
by a nation’s emergency becoming the plaything of 
theorists. No consumer liked to pay extravagantly 
high prices for the material he fabricated or manu- 
factured, but he liked much less a condition of semi- 
permanent organised scarcity, which stultification 
of the normal economic influences seemed to 
engender. 

Mr. C. F. Carter said that one feature of the 
growth of production over many years past had been 
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its increasing complication. An aeroplane, for 
instance, embodied an immense amount of human 
labour on a comparatively light weight of metals. 
Thus, we could have a very large growth in what 
was called production without necessarily calling on 
a greater volume of raw materials. The kind of 
thing which was in the minds of some people when 
they became a little frightened about the future 
possibilities for raw-material production was this : 
First, the growth in world population was fairly 
considerable, and although it had been thought, 
some years ago, that it might be coming to an end 
in Western countries, this was by no means as 
certain as had been supposed. Secondly, the total 
amount of goods and services produced per head was 
rising fairly fast. In the last 45 years it had risen 
by 40 per cent. in this country, and by nearly 
60 per cent. in the United States. That was in 
terms of real income produced per head. Thirdly, 
industrial production grew faster than real income 
as a whole. In the United Kingdom, it had risen 
in the past 45 years by 85 per cent., and in the 
United States by 185 per cent. Fourthly, engi- 
neering production, in this period, had been rising 
very much faster than industrial production as a 
whole. In the United Kingdom, it had risen in 
the past 45 years by 260 per cent. The United 
States figures were not easy to interpret, but in the 
last half of the period it had risen there by 140 per 
cent. 

It did not, of course, follow that the demand 
for metals would increase as fast as engineering 
production and it certainly did not justify any 
assumption by the economist that these rates, which 
tended to proceed on a geometrical progression 
rather than on a declining curve would exhaust 
reserves, as far as one could see. What the economist 
was justified in saying was that this enormous rate 
of growth would soak up reserves at so great a rate 
as to lead to much more rapid moves, in producing 
areas, than had taken place in the past, and that these 
moves might very well be extremely adverse for the 
established producing countries. What would 
happen was that iron ore would be fetched over 
greater and greater distances, or that more and more 
remote areas might have to be opened up for the 
mining of non-ferrous metals, and they might be 
remote not only because they were so geographically 
but also because they were so politically. A very 
large part of the unexplored area of the world was 
no longer in a condition in which British or United 
States capital could enter it. Consequently, the 
costs—the real costs, not merely money costs—of 
providing the raw materials of British industry 
would tend to rise. But what would be interesting 
to know, and what was quite impossible to decide 
from the figures or from the other evidence put 
before the meeting that morning, was whether this 
meant that prices had to go even higher than they 
were now, or whether it could be hoped that the 
growth of production would for a short period 
proceed a little faster, so that raw-material prices 
would go back into some kind of relationship with 
prices in general. This applied particularly to 
those raw materials the prices of which were 
a te at four or five times the pre-war 
evel. 

Mr. E. H. Bucknall, in closing the discussion, 
referred to the meetings of the International 
Materials Conference, and in particular to the part 
of it with which he was connected, namely, the 
Joint Sub-Committee on the Utilisation of Man- 
ganese, Nickel, Cobalt, Tungsten and Molybdenum. 
The agenda covered by that Sub-Committee, said 
Mr. Bucknall, included a review of existing specifica- 
tions, the important problems of substitution and 
limitation, with special reference to “end” uses, 
and salvage and the use of scrap, in certain of the 
main fields of utilisation of the five metals involved. 
In its deliberations, the sub-committee had tried 
to adopt a practical outlook and to concern itself with 
measures which could be applied on the basis of 
existing technological knowledge. The discussion 
of the substitution of these five elements had been 
limited to cases in which it seemed likely to amelior- 
ate the present shortages. It had been found that 
great efforts were being made to increase the 
production of the metals. For example, the pro- 
duction of nickel was expected to be increased by 
over 30 per cent. in 1954. These steps, however, 





were thought to be not sufficient to remedy. the 
present supply deficiencies of the metals. 

It seemed that one of the most effective means of 
increasing the availability of these metals was 
improved scrap salvage. In that connection, it 
seemed also of interest to wonder whether there 
ought not to be special consideration of limiting 
the employment of these metals in circumstances 
in which they became completely unsalvable, as 
presumably was the case with the use of cobalt in 
vitreous enamelling. It was also the case with the 
use of lead in tetraethyl lead in petroleum, but, 
since there was no substitute known, there seemed 
to be no possibility of applying any restrictive 
decision. It seemed to the sub-committee that 
there were few fields of present application which 
could be regarded as non-essential, and none of the 
civilian fields of application which could be called 
frivolous. On the contrary, it was felt that even 
in the most favourable cases any substitution of one 
metal for another involved some sacrifice, and that 
there were many instances in which a reduction in 
the content of one of these elements in a steel alloy 
or other product would lower its efficiency in 
service to an extent which would be intolerable. 

(T'o be continued.) 





SINGLE-PHASE ELECTRIC 
TRACTION AT 50 CYCLES. 


Tue technical problems of single-phase electric 
traction when current at the industrial frequency of 
50 cycles is used were fully discussed in some 30 
papers which were presented at a conference 
organised, by the Société Nationale des Chemins de 
Fer Frangais and held at Annecy in Haute-Savoie 
from Friday, October 12, to Monday, October 15. 
As Mr. H. Parodi remarked in an introductory lec- 
ture at this gathering, it might seen strange to 
re-open the controversy on systems of electric trac- 
tion, since a decision on this matter, which ap 
to be definitive, had been reached after the 1914-18 
war. At that time, Germany, Austria, Switzerland, 
Sweden and Norway had chosen low-frequency 
single-phase alternating current for this purpose, 
while France, England, Belgium, Italy, Russia, 
Holland, Denmark and Spain (to mention European 
countries only) had selected direct current. This 
strangeness was not mitigated by the fact that in 
France direct current had given every satisfaction, 
and to quote Mr. Parodi again, had enabled heavy 
traffic to be hauled at speeds which have no equi- 
valent in other countries. It had also been highly 
profitable, a statement which, he felt, was not 
equally true of all the low-frequency single-phase 
systems. 

The reasons for this re-examination were, however, 
clearly stated by Mr. Louis Armand, Directeur- 
Général de la Société Nationale des Chemins de Fer 
Francais, who has been responsible for the experi- 
ments which were dealt with at the conference and 
which are described more fully below. In France, 
he said, the increasing use of electric traction was 
important, since the railways consumed about 
9 million tons of good-quality coal a year, a great 
deal of which could be saved by conversion, 
especially as such conversion would enable water 
power to be more fully employed. Electric traction 
would also lead to economies in personnel of all 
classes and to the elimination of unpleasant duties, 
such as firing. At present, only about 10 per cent. 
of the French railway mileage was operated electri- 
cally on the 1,500-volt direct-current system, 
although the electrified lines carried about 24 per 
cent. of the traffic, and every effort was being made 
to use them more fully so as to obtain the maximum 
return on the investment. The conversion of 
further lines could, however, only be justified where 
the traffic. was sufficiently dense to enable the 
necessary capital charges to be met. These charges 
were, unfortunately, particularly high as the use of 
the 1,500-volt direct-current system necessitated 
the installation of substations at intervals of 2 to 3 
miles compared with the 60 miles which was possible 
when single-phase current at 50 cycles was used, 
while the cross-section of the collecting wires had 
to be large, owing to the heavy current. Under 
the present conditions, electrification on the 1,500- 
volt direct-current system could therefore only be 


extended to some hundred further miles of track, 
although to comply with the Government’s fuel 
economy programme, it was necessary that from 
30 to 40 per cent. of the branch lines should be 
converted. 

The most attractive solution of this difficulty, 
which has been reached by the French engineers after 
investigations have been made on the Héllental 
line in Germany, is to use single-phase current at a 
frequency of 50 cycles, mainly on the grounds of its 
lower cost. The system is not new. It was, in 
fact, employed on the Seebach-Wettingen line in 
Switzerland as long ago as 1904. It has, however, 
been argued against its employment that while the 
cost of the fixed installations compared with that 
for direct-current, is low, that of the locomotives 
and multiple-unit stock is higher; also the cost of 
maintenance is greater. It is also argued that 
to take a large single-phase load from a three-phase 
industrial system may result in serious unbalance 
and harmfully affect the convenience of other con- 
sumers, while the liability to interference with 
communication circuits must also. be taken into 
account. The main difficulties of using single-phase 
current at 50 cycles are, however, those associated 
with the motors, although the conference showed 
that they are in process of being overcome. A 
possible alternative solution is to employ direct- 
current motors in conjunction with rectifiers or 
some other type of convertor. This solution would 
seem to be particularly worth consideration in 
France, as it would enable the same rolling stock to 
be used on bcth the alternating and direct-current 
sections of the railway system. 

French engineers have therefore reached the 
conclusion that, given co-operation between the 
railway, electricity-supply and telephone authorities, 
there need be no insuperable difficulty with regard 
either to out-of-balance on the general power system 
or to interference with communication circuits. As 
regards the economic aspects, two hypothetical 
installations, one operating on 1,500 volts direct 
current and the other on 25-kV 50-cycle single-phase 
alternating current, were chosen for comparison. 
Three cases were assumed: that 75 evenly-spaced 
trains would carry 32,000 tons-km. gross per day ; 
that the same number of trains would carry the 
same load with marked peaks; and that 50 trains 
would carry 22,000 tons-km. gross. It was found 
that the cost of the high-tension feeders and sub- 
stations with the single-phase system was only 
77 per cent., 68 per cent., and 76 per cent. of that 
for the direct-current system in the three cases. 
The corresponding figures for the overhead system 
were 69 per cent., 67 per cent., and 69 per cent., 
and for safety measures, 84 per cent,, 70 per cent. 
and 84 per cent. The overall economy obtained 
in installing single-phase traction was therefore 
nearly 40 per cent. 

It is admitted that the basic drawback is the alter- 
nating-current motor, and the difficulties under this 
head increase with the frequency. It is not felt, 
however, that this difficulty is insuperable. The 
results obtained during a year’s trial indicate, in 
fact, not only that the main role of 50-cycle trac- 
tion would be on lines with a low or medium 
traffic density, where the employment of 1,500-volt 
direct current would not be justified, but that it 
could be satisfactorily employed on sections where 
the traffic is heavy. This conclusion has recently 
been emphasised by the decision to convert one 
of the most heavily-loaded freight lines in France 
to this system. 

In addition to listening to the papers presented, 
those attending the conference were given the 
opportunity of inspecting the equipment of the 
section of railway between Aix-les-Bains and 
La Roche-sur-Foron, which has recently been 
converted from steam to single-phase electric trac- 
tion at 50 cycles. As will be seen from the map, 
Fig. 1, on page 522, this section runs from Aix-les- 
Bains, on the main line between Culoz and Modane, 
to La Roche-sur-Foron, a distance of 48} miles. 
At Aix-le-Bains, a connection is made with the 
1,500-volt direct-current system. As will be seen 
from the profile reproduced in Fig. 2, the gradients 
on the section are long and severe, reaching a 
maximum of 1 in 50 (é.e., 20 in 1,000). There 
are also numerous curves and tunnels. The con- 
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Annecy on September 16, 1950, and between 
Annecy and La Roche-sur-Foron in May last. 
Since that time, extensive trials have been carried 
out both with locomotives and with rail coaches. 
It is now intended to extend the electrification from 
La Roche-sur-Foron to Annemasse, about four 
miles from Geneva, as well as to Le Fayet-St. Ger- 
vais, whence a mountain railway leads to Chamonix, 
for Mont Blanc, and to Vallorcine. 

A supply of power for operating this section is 
being obtained temporarily at 42 kV from the 
three-phase substation of Electricité de France 
at Cran, a distance of about 30 miles. This supply 
is transmitted through conductors carried on 
wooden poles to a traction substation at Annecy, 
about midway between the terminals of the 50-cycle 
section. In this substation, which is of the out- 
door type, the incoming three-phase feeder is 
connected through a mechanically-operated triple- 
pole isolator and current and voltage transformers 
to a low oil-content circuit breaker. The isolating 
switch was made by the Société d’Installations et de 
Constructions Electriques et Mécaniques, and the 
circuit-breaker by Les Ateliers de Constructions 
Electriques de Deele, Villeurbane. From the 
circuit-breaker, connection is made to the primary 
of a Scott-connected transformer group which is 
indicated at a in Fig. 3. \ This group consists of 
two identical transformers manufactured by the 
Société Alsthom, Paris, the continuous rating of 
each being 6 kVA. The primaries of these trans- 
formers are provided with on-load tapping changing 
switches enabling the nominal voltage to be varied 
from — 2-5 to + 5 percent. The Scott connection 
thus provides two 20-kV secondary circuits, one 
side of which is connected to a separate section of 
the contact line through a circuit-breaker and 
isolators, and the other to earth. Both circuits are 
provided with voltage and current transformers for 
protection and measurement purposes and with 
lightning arresters. The 42-kV and 20-kV circuit- 
breakers are controlled from a switchboard in 
the Annecy signal box, a distance of about 100 yards 


of the arc, excluding the resistance between the foot 
of the support and earth, the relay operates at 
constant impedance, irrespective of the load. 

In constructing the substation, economy in first 
cost was obtained by placing the various items of 
apparatus as close together as possible. For the 
same reason, the connections, which generally 
consist of aluminium tubing, are mounted on wooden 
poles, although the supports for the feeder anchors 
and the 42-kV isolating switch are carried on steel 
joists secured to posts similar to those used on the 
contact line. The 42-kV circuit breakers are 
mounted on concrete plinths, and the lengths of 
the connections have been reduced to a minimum. 

As will also be seen from Fig. 3, the two “live” 
sections of the contact are separated by a neutral 
section, the length of which is sufficient to accom- 
modate a locomotive with both pantographs 
raised. The risk of connection between the two 
live sections is therefore reduced, while it is 
unnecessary to lower the pantographs when a 
neutral section is entered, although the current 
must be switched off. Special signals at the entry 
to the section indicate to the driver that this must 
be done. Switches are also provided so that the 
neutral section can be fed from either live section 
or so that both live sections can be fed from one 
transformer secondary. These switches are inter- 
locked so that they can only be closed when one of 
the 20-kV isolators is open. They are operated 
from the Annecy signal box. The substation is 
normally unattended, but the 20-kV isolators can 
be operated from outside the enclosure. 

Although Electricité de France have guaranteed 
a supply from Cran substation until 1953, it is 
expected that subsequently other arrangements will 
have to be made owing to the increase in the general 
demand for electricity in the area. It is therefore 
proposed to erect a 60-kV line from Angelefort to 
Annecy, as shown in Fig. 4, which will pass near 
Rumilly. This line will supply a traction sub- 
station at Rumilly containing a Scott-connected 
transformer from which the railway will be supplied. 














phase transformers, each of which will feed a 
section of the railway. When the electrification is 
extended to Annemasse and Geneva (Eaux-Vives) 
in one direction, and to St. Gervais-le-Fayet in the 
other, the single-phase transformers in the La Roche- 
sur-Foron substation will be replaced by two 
8-MVA three-phase units. The delta-wound prim- 
aries of these units will be supplied at 42 kV, while 
the star-connected secondaries will feed the Geneva, 
Rumilly and St. Gervais-le-Fayet sections, respec- 
tively. Owing to the length of the La Roche- 
St. Gervais section, it will be divided into two, one 
section of which will be supplied from two 3-MVA 
transformers in the Pacy substation. 


(To be continued.) 





SEVENTY-FIVE YEARS OF 
THE OTTO FOUR-STROKE 
ENGINE. 


As a vital step in the development of the internal- 
combustion engine, the successful realisation, in 
1876, by Nikolaus August Otto of the four-stroke 
cycle deserves to rank with that made, with the 
steam engine, by James Watt, when he arranged 
for the condensation of the steam to take place 
outside of the cylinder in a separate condenser. It 
was thus clearly desirable to mark 75 years of the 
existence of the Otto four-stroke engine, and cele- 
brations to this end took place at Cologne on Friday, 
October 19, 1951. The arrangements were made 
by the Verein deutscher Ingenieure, in collaboration 
with Messrs. Kléckner-Humboldt-Deutz, A.G., the 
present name of the company, which was 
founded as N. A. Otto and Company in 1864, and 
became, in 1872, the Gasmotorenfabrik Deutz, A.G.., 
and in the works of which Otto carried on his main 
development activities. The actual celebrations 
were preceded by three technical sessions, at which 
papers representing the present state of develop- 
ment of reciprocating internal-combustion engines 
were presented, followed by a visit to the works. 

Otto was born at Holzhausen, Nassau, in 1832, 
and died in 1891 at Cologne. He was the son of a 
small farmer who, however, arranged for him to 
obtain secondary education until he was 16 years 
old, when he became an apprentice to the grocery 
trade. He worked in several towns in West Ger- 
many, eventually obtaining a post in Cologne. He 
had had, so far, no contact with mechanical 
engineering. About 1860, when he was 28, he 
became interested in the Lenoir engine, which, based 
in its design on the steam engine, was already 
achieving some success. This engine, it will be 
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recalled, worked on a two-stroke cycle. During 
about the first half of the out-stroke a charge of 
gas and air was drawn into the cylinder behind the 
piston. Admission was then cut-off and the mix- 
ture was ignited, with a sudden rise of pressure. 
The charge expanded during the remainder of the 
out-stroke and was expelled, during the return 
stroke, from the cylinder. The chief drawback of 
the engine was its low thermal efficiency. 

In 1861, Otto, after he had already applied for 
patents covering the use of vaporised spirit instead 
of coal gas in the Lenoir engine and the application 
of the engine to driving a vehicle, had a small 
experimental Lenoir engine built. He observed 
that this engine gave improved results as the point 
of the cut-off was advanced, and, in his own words : 
““T came thereby to the right idea that the ignition 
and burning must take place at the beginning of the 
piston stroke. I drew in the explosive mixture 
during one half, and eventually three-quarters, of 
the stroke, and then, by turning the flywheel in 
the reverse direction, tried to force the piston as far 
back as possible, ignited at once and noticed that 
the flywheel, with great force, made several revolu- 
tions. That was the starting point for a four-stroke 
engine.” This pre-compression of the gases, is, of 
course, no longer a unique feature of four-stroke 
engines, since it is also used in two-stroke engines. 
With great optimism Otto had a four-cylinder two- 
stroke engine built. This proved a false step, since, 
owing to the heavy explosions, the engine smashed 
itself to pieces. Otto had learned a great deal, 
however, and to utilise the energy of these explo- 
sions he built his “ atmospheric gas engine,” which, 
mm some respects, resembled the Newcomen steam 
engine. He arranged the centre line of his engine 
vertical, with the cylinder below. The piston was 
free on its up-stroke but, through a ratchet mechan- 
ism, exerted force on its down-stroke. During the 
first small part of the up-stroke the explosive mixture 
was drawn in ; it was next ignited and brought about 
4 rapid rise of pressure; as the piston moved up, 
the gases expanded, producing a depression under 
the piston. In the return stroke, the piston, under 
the influence of its weight and of the depression 
formed beneath it, moved downwards, and drove 
the power shaft ; the burnt gases beneath the piston 
Were compressed and, as soon as the pressure 





exceeded atmospheric, were discharged through the 
exhaust port. An engine of this type was produced 
by the end of 1863. 

At this stage Otto was very short of money, but, 
fortunately for his further work, met Eugen Langen, 
a young well-qualified engineer. N. A. Otto and 
Company was established, Otto giving his engines, 
his patents and his experience, and Langen provid- 
ing the capital, and it was now possible for Otto to 
perfect his atmospheric engine. Langen was an 
experienced designer, and his contribution to the 
design of the mechanical parts was important, 
while Otto had made possible control of the point 
of ignition by inventing a gas-flame igniter. The 
engine was one of 15 types shown at the Paris 
Exhibition of 1867. A profusion of ideas was 
revealed by these types but, when Reuleaux, a 
German professor of engineering, was called on to 
measure the fuel consumption, that of Otto’s 
engine was found to be little more than one-third 
of that of the next most efficient engine, and was 
awarded the gold medal as the best engine. Orders for 
the engine followed, but the practical difficulties of 
manufacture were such that Otto and Langen 
actually thought of giving up. Reuleaux’s letter 
to Langen was decisive; he wrote: “‘The matter 
is so far forward that the engine has proved itself ; 
great success is achieved ; if you throw away your 
success you will miss the gain as well as the fame. 
. . . Think of the time 50 years hence with the 
gas engine in full flower as the steam engine now 
is: can you hesitate?” Reuleaux’s prophetic 
judgment was remarkable, and, under his influence, 
Langen took in a young merchant who found the 
necessary money; in 1872, the Gasmotorenfabrik 
Deutz, A.G., was formed. The association of 
Langen with Otto, which ended only at Otto’s 
death in 1891, was a happy one and recalls that of 
Boulton with Watt. In both cases, the inventor 
needed the help of a man with a severely practical 
outlook; and both collaborations led to great 
success. There is a further parallel in the lives of 
Watt and Otto in that both men had difficulty in 
connection with their patents, and both suffered 
severely in health from defending their inventions. 
In Otto’s case, the British Patent Office was more 
understanding than the then German Patent 
Office. 





As the atmospheric engine was produced in ever- 
increasing numbers, the two drawbacks of noise 
and a small output limited its application. Otto 
looked for ways of improvement and went back to 
his earlier idea of pre-compression of the charge: 
a “high-pressure” engine in contrast with the 
‘atmospheric’ one. He still feared the explosive 
shocks, and, to reduce them, thought of a stratified 
charge. He continued with his experiments, how- 
ever, and in October, 1876, the new four-stroke 
engine was on the test-bed. It was called the 
“silent ” engine on account of the great reduction 
in noise. Otto’s new engine was the talk of engi- 
neers at the Paris Exhibition of 1878. Other firms 
began to make his engines and contested the 
validity of his patent; in particular, the claim 
dealing with the four-stroke cycle. The description 
of the cycle in 1862 by Beau de Rochas, and a small 
engine produced by Reithmann, in Munich, were 
cited against him in the subsequent action. Even 
in France} the writings of Beau de Rochas had been 
forgotten and the real state of affairs may well be 
that expressed by the French engineer, Aimé Witz : 
**In truth, it is only Otto who is copied, but those 
doing so excuse themselves by talking of Beau de 
Rochas.” Whatever opinions may be held on this 
matter, there is no doubt that Otto produced the 
first successful four-stroke engine, and, by his 
contribution, deserves to rank with Watt and 
Parsons in the field of power production. 

At the commemoration meeting, there were pre- 
sent, in addition to the President of the Verein 
deutscher Ingenieure, the directors of the Kléckner- 
Humboldt-Deutz Company, and the Lord Mayor 
of Cologne, the President of the German Federal 
Republic, and the Rectors of the Technische Hoch- 
schule, Aachen, and of the Universities of Cologne 
and Wiirzburg. There were also present engineers 
from Austria, France, Great Britain, Holland, Swit- 
zerland and the United States. The German Presi- 
dent, Professor Heuss, who formerly held a Chair of 
the History of Science, pointed out in his speech that 
in the three cases of coal-gas, petroleum and elec- 
tricity, all were first applied to improve lighting 
and only later for the production of mechanical 
power. The Oberbiirgermeister announced that the 
station square at Deutz, on which the monument to 
Otto is erected, would henceforth be named Otto 
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Platz. The monument gives a representation in 


cast iron of Otto’s atmospheric engine. 


The progress made in internal-combustion engines 
in the 75 years since Otto’s first successful four- 
stroke engine was well brought out by the papers in 
Professor 
Ernst Schmidt, in his introduction, referred to 
certain changes in our space-time perceptions which 
result from progress in the internal-combustion 
engine: while the steam engine reduced the time 
of circumnavigating the world to one-tenth of its 
former magnitude, namely, about a month, the 
internal-combustion engine had again divided the 
time by ten. The broad subject of “Transport ” 
the 
first session was devoted to combustion and fuels, 
including one paper on a new engine combination, 
the second to problems of charging engine cylinders, 
and the third mainly to the supercharging of Diesel 


the technical sessions. The c 


was thus chosen for the technical sessions ; 


engines. 


The first paper was by Professor W. Jost, on the 
‘“* Mechanics of Combustion, with Special Reference 
He pointed out that the 
zone of burning is actually only about 0-1 mm. thick, 
a matter of little importance in connection with the 
propagation of combustion in an explosive mixture 
contained in a pipe of reasonable diameter, but 
vital in a capillary tube, in which the heat losses 
He took the 
view that flame propagation in turbulent gas, even 
when detonation occurs, takes place by a similar 
mechanical process. The speed of propagation is a 
maximum for the stochiometric, or chemically 
correct, air-fuel ratio. Even if the heat conductivity 
were independent of the composition of the mixture, 
the minimum energy of ignition coincides with the 


to Engine Conditions.” 


may lead to extinction of the flame. 


maximum speed of flame propagation. 


Professor F. A. F. Schmidt took as his subject 
“The Criterion of the Self-Ignition Characteristics 
He underlined the importance of the 
ignition properties in the engine, and the limits of 
power in the range of satisfactory fuel consumption 
as set by fuel properties. He discussed the influence 
of mixture ratios, the differences between fuels of 


of Fuels.” 


differing structure as regards their ignition beha- 
viour, and the limited possibilities of the octane 
number. He urged the advantages of fuel tests in 
a special compression apparatus over tests in special 
engines. The differing ignition lags of fuels of 
different structure is associated with their different 
behaviour during the lag and, in particular, with 
their rates of heat development. He proposed an 
intermediate solution related to the present methods 
of test in engines, and a long-term attack on 
improving methods of fuel testing. 

Professor O. Holfelder, in a paper entitled “ Ex- 
periences with the Exhaust-Gas-Oxygen System in 
an Otto Engine,” described an engine system, 
developed for torpedoes, which might also be 
applied to submarines. The system, —— 
during the First World War by Becker and Kauf- 
mann, was called the exhaust-gas-oxygen cycle 
system; it was revived during the recent war. 
The engine used had eight cylinders, arranged in 
V form, and itself was of normal design, but dimen- 
sioned to withstand very high pressures. While 
such a system is suitable only for special cases, the 
thermal and technical problems, and especially 
those of control, are not without general interest. 
Oxygen, instead of air, is supplied to the engine, 
and, as a carrier of this oxygen, the exhaust gases, 
which are normal in composition except for the 
absence of nitrogen, are used. The fuel, petrol, and 
the oxygen, together with a suitable proportion of 
exhaust gases, are supplied to the engine. The 
exhaust gases are cookd ‘by sea-water to about 
100 deg. C., and then passed to a governor in which 
the desired proportion for duty as carrier is separ- 
ated, while the remainder is allowed to escape. The 
gases can also be cooled by water-injection, the con- 
densate being removed afterwards by a centrifugal 

tor. The volume escaping is, of course, con- 
siderably less than would be the case if the oxygen 
for combustion were supplied in air; although 
nitrogen may be present at starting, the proportion 
rapidly decreases, and the exhaust gases consist 
almost entirely of CO,, H,O and CO. The track of 
the torpedo is thus much less easily seen than it is 
when normal methods of power production are used. 
To avoid back-firing of the new charge on coming 
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into contact with the hot exhaust gas remaining in 
the cylinder, the oxygen was limited to 28 per cent. 
by volume. 

The engine was highly supercharged by building 
up pressure in the exhaust system to about 3 atmos- 
pheres. The ratio of compression was 6-6 : 1, while 
the H,O from the exhaust gases, by its re-evapora- 
tion during the compression stroke, made it possible 
to reduce the index of compression to 1-25. The 
CO, reduced the ignition rate to about one-half. 
The combustion temperature was higher than in 
conventional engines and marked dissociation 
took place, which accounted for the presence of 
considerable hydrogen in the exhaust gases; the 
rich mixture supplied for ease of control also in- 
creased the CO content. An increase of oxygen 
led to a rate of increase in the maximum pressure 
relatively greater than that of the mean effective 
pressure. Increase of supercharge with constant 
m.e.p., on the other hand, led to lower maximum 
pressures. The output of the engine was conveni- 
ently effected by control of the back pressure. 

The second session opened with Professor H. 
List’s paper, “Investigations into the Charging 
of Two-Stroke and Four-Stroke Engines.” This 
covered the analysis of the flow of the gases through 
the elements of the complete charging and exhausting 
systems of the engines in question, a subject on 
which he is the author of two comprehensive books 
in the series: ‘‘ Die Verbrennungskraftmachine ” 
(Springer, Vienna). He was followed by Dr. M. 
Leiker who, in his paper “‘The Exhaust System of 
the Two-Stroke Engine,” described his experiments. 
The next paper, by Professor O. Kliisener and 
Dr. W. Schréder, was entitled “‘ Tests on Engines 
with Crankcase Compression.” The engines in 
question had a swept volume of about 500 cub. cm., 
and the tests substantiated the importance of the 
influence upon engine performance of the dimensions 
of the suction and exhaust-pipe systems. The 
volume of the air taken in is especially influenced 





by vibrations in the pipes. The vibrations in the 





Fia. 1. 


whole system—crankcase, transfer passage, cylinder 
and exhaust pipe—are important. An equation 
was derived which was found to be in good agree- 
ment with their test results. It is possible by 
observing the vibrations during the admission and 
exhaust processes, to control, within given limits, 
the air consumption with the speed. Since the 
heights of the diagrams taken from the crankcase 
are proportional to the air consumption, the work 
done in the crankcase is also roughly proportional to 
the air consumption. The ratio of charging work 
to air consumption depends on the magnitude of 
the clearance volume, and on the mean temperature 
of the air in the crankcase. It was shown that, 
owing to this relationship, the total work lost is 
reduced when less air is taken, so that the mechanical 
efficiency increases with decrease of load. 

The last of the three technical sessions was 
opened by Professor W. Pflaum, with his paper 
“Increase of Output by Supercharging: New 
Test-Results on a Highly-Supercharged Diesel 
Engine.” In this, he gave the results of indepen- 
dent tests, conducted by Professor G. Kichelberg 
and himself, on a new M.A.N. six-cylinder engine 
of 300 mm. bore and 450 mm. stroke, running 
at 400 r.p.m. High supercharging is only eco- 
nomically possible with an exhaust-gas turbine 
directly-coupled to the blower. The increased air 
quantity in the cylinder involves higher pressure, 
but not higher temperature, so long as the new air 
temperature and the air quantity for combustion 
are controlled. A higher back pressure increases 
the exhaust temperature, which is desirable for an 
exhaust-gas turbine; this temperature can, how- 
ever, be kept within proper limits. The engine gave 
1,360 h.p. at minimum specific consumptions 
of 140 gr. (0-31 Ib.) per brake horse-power per hour, 
corresponding to an overall thermal efficiency of 
45 per cent. The supercharge pressure ranged 
from 2 to 2:5 atmospheres, the maximum pressure 
from 1,700 Ib. to 2,000 Ib. per square inch; the 
brake mean effective pressure at normal output 
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Fig. 2. SECTION B-B 
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was 228 Ib. per square inch, and reached 280 lb. per 
square inch at maximum loads. The engine 
has already run 1,000 hours. 

Dr. K. Zimmer gave the next paper, ‘The 
Behaviour as Regards Acceleration of the Diesel 
Engine with Exhaust-Gas Turbo-Supercharger.” 
He pointed out first that the supercharger cannot 
follow immediately changes of load of the engine, 
but follows with a certain delay, which may, in 
certain applications, be a disadvantage. There 
were three basic cases: increasing turning moment 
at constant revolutions per minute, so that only the 
supercharge requires to be accelerated ; increasing 
revolutions per minute with constant turning 
moment, when both engine and supercharger must 
be accelerated; and increasing turning moment 
and speed, when again both must be accelerated. 
In all cases, a distinction must be drawn between 
the time for the engine to make the desired change 
of turning moment or speed and the time for the 
supercharger to reach a new state of equilibrium. 
Tests were made on engines of different sizes, the 
changes of speed being measured by oscillographs. 
It is seen that the engine attains the new conditions 
much faster than the supercharger; this follows 
from the fact that the engine, especially when 
supercharged, usually has enough excess air in the 
cylinder to follow the changes in fuel supply, even 
when going from part-load to full-load. To illus- 
trate the first case, the engine was loaded from 
no-load to full-load with electrical resistances. 
The speed of the engine, owing to the governor fluc- 





tuation, fell, and then, as a result of the difference 





between the engine turning moment and that 
imposed by the resistances, increased. This change 
of speed is covered by the kinetic energy of the 
rotating masses. The fall of speed below that 
corresponding to equilibrium at full load was 4 per 
cent. Even after one second the engine speed 
began to increase, and reached equilibrium about 
2-5 seconds after applying the resistances. The 
blower reached 92 per cent. after about 3 seconds, 
and, after 6 seconds, 99 per cent. of the equilibrium 
speed. A simple method of calculation was 
developed to enable the test results to be applied 
to the acceleration processes of the blower under 
other conditions. Two results of a deficient air 
quantity in the engine when increasing the load may 
be: firstly, the exhaust temperature, and thus 
the supply temperature to the engine, is higher 
than under equilibrium (this is unimportant since, 
the high temperature is only of short duration and 
the metal parts cannot follow it); and secondly, 
the colour of the exhaust may be worse during 
acceleration. Tests show, however, that this state 
is also of short duration. By means of a simple 
fitting, which retards the charging link of the fuel 
pump at the beginning of acceleration, it is possible 
to avoid this bad exhaust without greatly affecting 
the acceleration of the engine. 

Professor H. Triebnigg, in his paper “‘ Flow Pro- 
cesses in the Combustion Chambers of Diesel 
Engines,” described a sectioned reproduction of 
the engine in which, with the use of water, these 
processes could be followed by analogy. The 
combustion chambers were all of the direct-injection 
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type, and embodied cavities of various forms in the 
pistons. The method enables a good picture to be 
obtained of the processes, and gives visible proof 
of the soundness or otherwise of the calculations 
normally made, comparison being made on the 
basis of the Reynolds number. 








DOUBLE-ACTING PISTON PUMP. 


For boiler-feed and general purposes, the J.L.C. 
Engineering Company, Limited, Oxgate Farm Works, 
Coles Green-road, Cricklewood, London, N.W.2, have 
introduced the self-lubricating double-acting pump 
illustrated in Fig. 1, opposite, and shown in section, 
plan and part end section in Figs. 2,3 and4. The unit 
consists of an electric motor, gearbox and pump, 
mounted on a common bedplate, though it can, if 
desired, be supplied without the motor and arranged 
for independent pulley drive. The two suction valves 
and two delivery valves are mourted on a cast valve 
plate which is fixed between a cover and the main 
cylinder casting. Thus, the valve plate, with valves, 
is readily removed for inspection, maintenance or 
renewal, without disturbing any other part. Further, 
the suction and delivery connections can be reversed 
simply by turning the valve plate through 180 deg. 
Three sizes of pump, A, B and C are made; all have a 
stroke of 2 in., and are driven by a ?-h.p. motor running 
at 1,425 r.p.m., giving a main-shaft speed of 200 r.p.m. 
The piston diameters are as follows: A, 1} in.; B, 
1} in.; and C, 1} in.; the corresponding outputs in 
gallons per hour are 300, 230 and 130; the maximum 
pressures are 90, 110 and 200 lb. per square inch ; 
and the maximum heads are 200, 250 and 460 ft., 
respectively. The total weight, including motor, is 
in all cases 168 lb. 

Considering the arrangement of the valves in plan 
(Fig. 3), they are separated below the valve plate into 
the suction pair and the delivery pair by a longitudinal 
web that is integral with the cylinder casting, as shown 
in Fig. 4. Above the valve plate, as shown in Fig. 2, 
they are divided into two pairs (each pair being the one 
associated with one end of the cylinder) by a transverse 
web integral with the valve cover. Below the valve 
plate, the valves are in communication only with the 
suction and delivery connections, respectively ; above 
the plate they are in communication with the ends of the 
cylinder bore. The action of the piston and valves 
will now be clear from Figs. 2, 3 and 4. 

The piston is driven by a cast-iron eccentric through 
a ead and piston rod, and the eccentric shaft is 
driven through a V-belt and pulleys, a mild-steel pinion 
and cast-iron spur wheel. Phe iving gear is housed 
in a cast-iron gearbox which forms an oil bath. Splash 
lubrication is employed ; oil is also flung off the pinion 
into a recess formed in the top of the crosshead trunk 
guide, whence it through a hole on to the cross- 
head. By swinging the motor and its mounting plate 
on the hinge at the top outer corner of the gearbox, 
and removing the cover, a large openi provides 
access to the gearbox. The belt tension is regulated 
by adjusting the pair of nuts which hold the motor- 
mounting plate. The countershaft runs in gun-metal 
bushes, and the connecting rod and crosshead are also 
of gun-metal. The main pump casting is fitted with 
a removable gun-metal liner, and “ Seatrist” piston cup 
packings and gland packings are employed. Gun- 
metal is also used for valves and seats, and phosphor- 
bronze for the spindle. The valves are spring-loaded. 
The pumps are of simple and robust construction 
and are designed to handle water up to 180 deg. F. in 





temperature. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


IRON AND STEEL PRODUCTION.—The production of 
steel ingots and castings in Scotland was at an annual 
rate of 2,114,200 tons in September, which compared 
with 2,122,600 tons in August, and 2,495,800 tons in 
September, 1950. The production rate in the first half 
of this year was 2,231,800 tons, so that last year’s final 
total of 2,426,000 tons is out of the question for 1951. 
The scrap shortage, which is responsible for the decline, 
has stimulated blast furnace activity, but while last 
month’s output of pig iron was equiyalent to 852,900 
tons per annum, in contrast with 796,100 tons in August, 
it failed to reach the level] of 864,100 tons in September 
of last year. It is becoming more apparent that the 
reduction in stee) production is being felt by consumers 
of all kinds. Reserves, which have eked out deliveries 
since the cut began, are now approaching exhaustion 
in many cases, and hand-to-mouth working is more 
common. Re-rollers have lost occasional shifts for want 
of semies. 





EXTENSIONS AT COLVILLES’ STEELWORKS.—Plans for 
extensions costing 80,0001. at Colvilles’ Steelworks, 
Motherwell, were approved yesterday at the Motherwell 
and Wishaw Dean of Guild Court. They include a 
scheme for the alteration of buildings at the Dalzell 
works for the installation of a new bar mill, which, it is 
estimated, will cost 33,0001. 





STEEL SHORTAGE AND SHIPBUILDING.—The dis- 
turbing position in the shipbuilding industry, on account 
of the shortage of steel, was referred to by Sir Murray 
Stephen, chairman of Alexander Stephen & Sons, Ltd., 
Linthouse, Glasgow, on October 17, at a Jaunching cere- 
mony. Sir Murray said that the supply position was 
getting slower and slower, and the amount of steel was 
far short of their requirements. If that continued, the 
ships they were building would be delayed, and those to 
come afterwards would be delayed still further. 








MECHANICAL BOILER-FIRING PROBLEMS.—Addressing 
the Glasgow branch of Incorporated Plant Engineers on 
boiler efficiency, Dr. E. G. Ritchie, President-elect of the 
Association, said, on October 16, that, in his experience, 
mechanical-firing appliances were less selective in relation 
to fuel sizes than might be expected, and that } in. coal 
containing 30 to 40 per cent. fines below 34 in. gave, on 
the whole, better results than graded fuel. He empha- 
sised the importance of surface moisture, and said that 
the difference in boiler-operating efficiency, as between 
substantially dry fine coal and the same coal properly 
conditioned as to surface moisture, was equivalent to 
about 16 per cent. gain in efficiency with wetted coal. 
This corresponded to a saving in fuel consumption of 
the order of 20 per cent. 





CouRsEs IN BorLER-HovusE Practice.—The Scottish 
Fuel Efficiency Committee, in association with the 
Department of Education, several local authorities, and 
the Smoke Abatement Society, have arranged for 23 
classes in boiler-house practice to be held, this winter, 
at various leading Scottish centres. Additional classes 
may be arranged if a sufficient number of p.apils come 
forward. Applications are invited by the secretary of the 
Committee, Mr. W. M. Cunningham, 145, St. Vincent- 
street, Glasgow. 

ELECTRICITY-SUPPLY SCHEMES, ORKNEY.—The North 
of Scotland Hydro-Eiectric Board have informed Orkney 
County Council that they have now surveyed the main 
islands of the County and have prepared schemes for 
submarine cables and, where necessary, for Diesel 
generating plant. Arrangements for the future, to some 
extent, would be made on the experience gained in the 
use of submarine cables. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


SHIPBUILDING ACTIVITI:s.—North-East Coast ship- 
yards are as actively engaged as conditions justify and 
are turning out heavy tonnages. At the yard of John 
Crown & Sons, Ltd., Sunderland, the fore end of the 
23,000-ton tanker, Rondefjell, was launched on October 
15. The after-end of the vessel is having her engines 
fitted onthe Tyne. The two halves of the Rondefjell will 
be united in the not far distant future. As yet, Tees 
builders have experienced no difficulty in completing 
orders in the ordinary way. When the 19,000-ton 
M.S. Kosmos V, the biggest ship so far to be built on 
that river, was sent down the ways there was not much 
room to spare for her launching but the fact that her 
builders, Messrs. Furness Shipbuilding Co., Ltd., have 
accepted an order for a still larger vessel indicates that 
a capacity of the yard has not yet been tested to the 


Pia-IRon SuppLies.—Tees-side pig-iron consumers are 
securing welcome improved supplies but distributable 
parcels still fall considerably below the current needs 
of customers. The extra tonnage now available is 
largely absorbed by the steel plants and deliveries to the 
foundries are still inadequate and very irregular. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


Works ExTENsIons.—After protracted negotiations, 
@ building licence has been granted to Newton, Chambers 
& Co., Ltd., for new buildings at the Warren Lane 
Factory and extensions to the welding bay, estimated to 
cost 85,0001. The work will include two additional 
storage bays measuring 100 ft. by 50 ft., the extension of 
the old welding shop by a bay having a floor area of 
195 ft. by 50 ft., and the provision of a new bay 200 ft. 
long at Warren Lane. Additional machine tools are 
estimated to cost 33,0001. 





CENTRIFUGAL CASTING OF STEEL.—There will shortly 
be ready for operation at the works of Steel, Peech and 
Tozer, Sheffield, a pilot plant for the centrifugal casting 
of steel. It is intended to determine by experiment 
whether a full-sized plant would be a useful addition 
to the present finishing facilities. Similar equipment is 
being operated successfully in Australia for the produc- 
tion of railway wheels and gears. The process is suitable 
for the manufacture of many circular steel articles. 





LOWER STEEL PROpUCTION.—The Sheffield-area steel 
production, in September, was more than 4,000 tons a 
week below that of September, 1950, because sufficient 
melting materials were unprocurable. The weekly 
average was 40,900 tons, compared with 45,100 tons in 
September, 1950. For the quarter ended September 30, 
the weekly average production was 36,900 tons, compared 
with 41,300 tons in the corresponding quarter last year. 





AUTOMATIC STOKERS AT COLLIERIES.—Automatic- 
stoking equipment, installed at Brodsworth Main 
Colliery last year, is stated to be saying 80 tons of coal 
a week and 130 man-shifts. It is hoped to install similar 
apparatus at Markham Main Colliery, near Doncaster, 
where two new boilers are to be put in shortly. Shortage 
of equipment is delaying the installation of similar 
boilers at all pits in the Doncaster area. 





A NEw Coat SEAM.—A seam of coal 5 ft. 6 in. thick 
has been reached at Manton Colliery, Worksop, Notting- 
hamshire, after many years’ work on a new shaft. Work 
was begun by the original owners, the Wigan Coal Cor- 
poration, Ltd., and has been continued by the National 
Coal Board. The coal is said to be of good quality, 
and was reached at a depth of 750 yards. It is expected 
that a more valuable seam will be attained shortly at a 
lower level. 


THE MIDLANDS. 


NAVIGATION STREET BRIDGE, BIRMINGHAM.—The main 
girder for the first half of the new bridge carrying Naviga- 
tion-street, Birmingham, over the tracks of the London 
Midland Region of British Railways, has been placed in 
position. The rebuilding of the bridge is a task of some 
difficulty, owing to the heavy traffic on both road and 
rail, and is being done in two parts. Half the old bridge 
is being retained until road traffic can be transferred to 
the new portion, when work, will be started on the 
second half, 





APPROVAL OF THE APPLEBY-FRODINGHAM SCHEME.— 
Approval has been given by the Iron and Steel Corpora- 
tion of Great Britain to the expenditure of 10,000,0001. 
at. the Appleby-Frodingham works, Scunthorpe, of the 
United Stee] Companies, Ltd., on extensions to include 
two large blast-furnaces and ancillary plant. When 
full production is reached in about three years’ time the 
yield will be approximately 500,000 tons of pig iron 
yearly. Production of metallurgical coke is to be 
expanded considerably. 





THE 2,000,000TH NuFFIELD Car.—The Nuffield 
Organisation have produced their two-millionth vehicle, 
a Morris Minor four-door saloon motor car, which is now 
on exhibition at the International Motor Show, Earl’s 
Court. The Nuffield Organisation, which have most of 
their factories in the Midlands, are stated to be the first 
firm outside the United States of America to reach this 


figure. \ 


INSPECTION OF PUBLIC WEIGHING MACHINES AT 
WOLVERHAMPTON.— Under a by-law passed by Wolver- 
hampton Corporation, and taking effect from November 
1, all public person-weighing machines in the Borough 
will become subject to inspection and test by the Weights 
and Measures inspectors. Wolverhampton is one of the 
few local authorities so far to have taken advantage of 
the Weights and Measures Acts which permit the making 








of such by-laws. ‘It is not known how many machines 





there are in Wolverhampton, and the inspectors are to 
carry out a survey to ascertain this. The estimated 
number is 150, and as there has been no control previ- 
ously, many of them may require attention before they 
comply with the standards now laid down. 





LABOUR SHORTAGE AT GASWORKS.—The gasworks of 
the West Midlands Gas Board are due to start increased 
production for the winter season at the end of this month, 
but as a result of the labour shortage it is probable that 
some of the shifts will be undermanned. In the principal 
industrial centres, from Coventry in the south to Stoke- 
on-Trent in the north, there are 400 vacancies for gas- 
employees, particularly stokers and labourers. The Gas 
Board attributes its difficulties in this direction to the 
competition of lighter and cleaner industries where there is 
no shift work. At the Smethwick Gasworks, in particu- 
lar, there are already 25 vacancies, and the position is 
expected to become more difficult in the near future, 
as new plant comes into operation. 





INDUSTRY IN BRIDGNORTH.—The youth employment 
committee of Bridgnorth, Shropshire, has expressed the 
hope that light engineering firms seeking new premises 
will be attracted to the town, which has factory sites 
available, with all the necessary services. The only 
industries at present in Bridgnorth are carpet making 
and radio manufacture, and some workpeople in the 
town have had to find employment in the Wolverhampton 
area, 14 miles away. 





PLATING ON PORCELAIN.—A Midland firm, the Ionic 
Plating Co., Ltd., Grove-street, Smethwick, have intro- 
duced a method of plating on porcelain. Silver and 
speculum metal are being deposited, and metals can also 
be deposited on plastics. Plating on non-metallic sur- 
faces is not new, but the Ionic Plating Co. claim to have 
developed it as a commercial proposition. 





BLast-FURNACE DEVELOPMENTS AT SCUNTHORPE.— 
Referring in these notes, on page 462, ante, to recent 
developments at the Redbourn Works, Scunthorpe, 
Lincolnshire, of Richard Thomas and Baldwins, Ltd., we 
stated that a new blast furnace had been blown in 
which was expected to produce 500 tons a week. We 
are now informed that this figure was in error and that 
the new unit is expected to produce about 2,500 tons 
weekly. The figure of 500 tons represents the excess, 
over previous outputs, brought about by the new 
developments. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


DELIVERY OF CoAL By SEA.—Efforts are being made 
to ease the pressure on the railway system, during the 
winter months, by delivering more of the South Wales 
coal for consumers in this country by sea. Talks have 
been going on with the consumers and the Ministry of 
Fuel and Power, and already, some supplies have been 
diverted for shipment. The electricity stations and 
gasworks have always received most of their coal by 
ship and it is now hoped to send more of the industrial 
users’ supplies in this manner. Clients who must receive 
their coal in good condition fear that the extra breakage, 
liable during shipment, may necessitate re-screening at 
the distribution centres. 





TRAFFIC aT S. WALES Ports.—An eleven-year trade 
record for the South Wales group of ports was broken in 
the four weeks ended October 7 when a total of 1,824,262 
tons of traffic was handled; the previous best four- 
weekly period occurred in May, 1940. Daring 1951, 
from January 1 to October 7, a total tonnage of 15,447,704 
tons was dealt with, a rise of 1,138,936 tons over the 
corresponding period of a year ago. The growing oil 
trade of Swansea, where the total traffic was 7,271,467 
tons, almost as much as all the other ports put together, 
was chiefly responsible for the gain which amounted to 
4,857,559 tons. Imports of foreign iron and steel at the 
South Wales ports, during the period from January | 
to October 7, totalled 388,208 tons compared with 
416,143 tons in the comparative period of 1950. In the 
same periods shipments of partly-manufactured iron 
and steel goods were 209,025 tons against 229,844 tons 
and tin-plate exports were 159,406 tons against 171,421 
tons. Imports of iron ore totalled 1,494,714 tons, com- 
pared with 1,372,690 tons, and those of other ores, 
205,758 tons compared with 137,731 tons. South Wales 
coal exports to foreign markets in the period from 
January 1 to October 7, 1951, were 2,227,619 tons, con- 
stituting a drop of over 1} million tons on the correspond- 
ing period of last year. 

UNEMPLOYMENT IN WALES.—On September 17 last, 
22,320 persons were registered as unemployed in Wales, an 
increase of 686 since August 13, but 9,736 fewer than the 
figure for September last year. Of the 22,320 persons 
registered 14,123 were men, 614 boys, 6,508 women and 
1,075 girls. 
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NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Group : Monday, October 29, 5.30 p.m., The Institution, 
Savoy-place, London, W.C.2. Discussion on ‘“ The 
Social Implications of Television,’”” opened by Mr. F. H. 
Townsend. North Midland Centre : Tuesday, October 30, 
7 p.m., Royal Station Hotel, York. ‘‘ The Control of 
Hydro-Electric Plant,” by Messrs. A. C. H. Frost and W. 
Brittlebank. Supply Group: Wednesday, October 31. 
5.30 p.m., the Institution, Savoy-place, London, W.C.2, 
Chairman’s Address, by Mr. R. Davis. East Midland 
Centre: Thursday, November 1, 8 p.m., George Hotel, 
Kettering. Dinner-dance. 

WOMEN’S ENGINEERING SOCIETY.— Manchester Branch: 
Monday, October 29, 6.30 p.m., Engineers’ Club, Albert- 
square, Manchester, 2. ‘‘ Some New Materials and their 
Application,” by Mr. R. F. Archer. 

INSTITUTION OF WORKS MANAGERS.— Manchester 
Branch: Monday, October 29, 6.30 p.m., Grand Hotel, 
Manchester. Open forum. T'ees-Side Branch: Thurs- 
day, November 1, 7.30 p.m., Vane Arms Hotel, Stockton. 
Discussion on ‘* Is Management Entirely Commonsense ?”’ 
opened by Mr. P. G. McCarthy. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, October 29, 7.30 p.m. 
The University, Leeds. ‘Civil Engineering,” by 
Professor Evans. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bournemouth Branch : Monday, October ‘29, 8.15 p.m., 
Grand Hotel, Firvale-road, Bournemouth. Film show. 
Kent Branch : Wednesday, October 31, 8 p.m., Sun Hotel, 
Chatham. Film Show. South London Branch: Thurs- 
day, November 1, 8 p.m., Café Royal, North End, Croy- 
don. ‘“ Fluorescent Lighting,’ by Mr. H. Windebank. 

INSTITUTION OF CIVIL ENGINEERS.—Maritime Engi- 
neering Division: Tuesday, October 30, 5.30 p.m., 
Great George-street, London, S.W.1. “The Design 
and Construction of New Deep-Water Quays at Leith,” 
by Mr. M. C. White. 


INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Scottish Branch : Tuesday, October 30, 6.30 p.m., 
Engineering Centre, 351, Sauchiehall-street, Glasgow, 
C.2. “ A Brief Survey of Metallic Arc Welding,”’ by Mr. 
E. Flintham, with film. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Wales and 
Monmouthshire Branch :. Tuesday, October 30, 6.30 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
Chairman’s Address, by Mr. G. H. Hodgson, ‘‘ Problems 
in the Conveyance and Storage of Crushed Rock.” 
Wednesday, October 31, 6.30 p.m., Mackworth Hotel, 
Swansea. Chairman’s Address, by Mr. G. H. Hodgson, 
with discussion. 


ROYAL AERONAUTICAL SOcIETY.—Tuesday, October 30. 
7 p.m., 4, Hamilton-place, London, W.1. ‘‘ Supersonic 
Propellers,” by Dr. W. F. Hilton. Thursday, November 1, 
6 p.m., Institution of Civil Engineers, Great George- 
street, London, S.W.1. Sound films associated with 
Mr. E. G. Stout’s lecture on ‘“‘ A Review of High-Speed 
Hydrodynamic Development” to the Third Anglo- 
American Aeronautical Conference. : 


ROYAL UNITED SERVICE INSTITUTION.—Wednesday, 
October 31, 3 p.m., Whitehall, London, 8.W.1. “ Europe 
To-day,” by Mr. Sebastian Haffner. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Lincolnshire 
Branch: Wednesday, October 31, 7.30 p.m., Staff 
Canteen, Ruston and Hornsby Limited, Boultham 
Works, Lincoln. Joint meeting with the InstrruTION 
OF PRODUCTION ENGINEERS. ‘“‘ The Craftsmanship of 
Output Applied to American Brass Foundry,” by 
Messrs. F. E. Rattlidge and E. Mantle. Wales and 
Monmouth Branch: Saturday, November 3, 6 p.m., 
Engineers’ Institute, Cardiff. ‘‘ Intricate Castings from 
Durable Loam Moulds,” by Mr. J. Currie. 

INSTITUTION OF PRODUCTION ENGINEERS.—Lincoln 
Section: Wednesday, October 31, 7.30 p.m., Staff 
Canteen, Ruston and Hornsby, Limited, Boultham 
Works, Lincoln. Joint meeting with the InstrTUTE oF 
BRITISH FOUNDRYMEN. ‘“ The Craftsmanship of Output 
Applied to American Brass Foundry,” by Messrs. 
fb. E. Rattlidge and E. Mantle. Shrewsbury Section: 
Wednesday, October 31, 7.30 p.m., Walker Technical 
College, Oakengates, Salop. “ Ball and Roller Bearings 
Manufacture and Application,” by Mr. R. K. Allan. 
Glasgow Section: Thursday, November 1, 7.30 p.m., 
Institution of Engineers and Shipbuilders in Scotland, 
39, Elmbank-crescent, Glasgow, C.2. Film night and 
discussion. ‘‘ Hydroptic Boring and Milling Machines ”’ 
and “‘ The Hone Abrading Process and the Generation of 
Metallic Bearing Surfaces.’’ West Wales Section : Friday, 
November 2, 7.30 p.m., Central Library, Alexander-road, 
Swansea. “Jig and Too) Design,” by Mr. R. O. 
Jeakings. 





ILLUMINATING ENGINEERING Socrety.—Nottingham 
Centre: Thursday, November 1, 5.30 p.m:., Demon- 
stration Theatre, East Midlands Electricity Board, 
Smithy-row, Nottingham. ‘‘ Modern Airport Lighting,” 
by Mr. J. W. Morse. 

INSTITUTE OF MARINE ENGINEERS.—Thursday, Nov- 
ember 1, 7 p.m., Medway Technical College, Gardiner- 
street, Gillingham. ‘‘The Construction of Marine 
Boilers,”” by Lt.-Commander (E) A. P. Monk, R.N. (ret.). 

LEEDS METALLURGICAL SocreTy.—Thursday, Novem- 
ber 1, 7 p.m., Chemistry Department, The University, 
Leeds. ‘‘ Some Structural Aspects of Recrystallisation,” 
by Mr. R. Eborall. 


INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
November 2, 5.30 p.m., Storey’s Gate, St. James’s Park, 
London, S.W.1. ‘“‘Some Factors Affecting Wear on 
Cemented Carbide Tools,” by Dr. E. M. Trent. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 2, 6.30 p.m., 39, Victoria-street, London, S.W.1. 
Film evening. ‘“‘ Concrete,” and ‘“‘ Moving Earth,” 
introduced by Mr. H. E. Hodgson. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 2, 6.45 p.m., Engineers’ Club, Albert-square, 
Manchester, 2. ‘‘ Modern Methods of Sound Reproduc- 
tion,” by Mr. J. R. G. Vernon. 

BIRMINGHAM ASSOCIATION OF MECHANICAL ENGINEERS, 
—Friday, November 2, 7 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham. “‘ Modern 
Woodworking Machinery : Developments in Design and 
Production Technique,” by Mr. John Franey. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SceTLAND.—Friday, November 2, 7.45 p.m., Robert 
Gordon’s Technical College, Aberdeen. Joint meeting 
with ABERDEEN MECHANICAL Socrety. ‘‘ Some Aspects 
of Research oa Friction and Wear,” by Dr. F. T. Barwell. 





BRITISH STANDARD 


SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S8.W.1, at the 
price quoted at the end of each paragraph. 

Pipe Flanges for Use on Internal Combustion Engines. 
—A new specification, B.S. No. 1770, covers pipe 
flanges primarily intended for use on'systems connected 
with internal-ccmbustion engines, excluding aeroplane 
engines. It specifies requirements for the general and 
detailed construction of oval, square, and triangular 
pipe flanges for securing, by screwing, brazing and 
welding, to pipes contained in cooling-media systems, 
exhaust and induction systems and “— systems. 
The flanges are not intended to be on steam 
pressure work or other similar services. Tables of the 
dimensions of flanges for use on a range of pipes of 
4 in. to 4 in. nominal bore are given and data on the 
workmanship of the flanges and on the materials to be 
utilised in their manufacture are also included. [Price 
2s., postage included.] 

Electrical Fire Alarms.—The Council for Codes of Prac- 
tice for Buildings, Construction, and Engineering Ser- 
vices, Lambeth Bridge House, London, S.E.1, haveissued, 
in final form, Code of Practice CP 327. 404/402.501, 
covering electrical fire alarms. This has been drawn 
up by a committee convened jointly, on behalf of the 
Council, by the Institution of Mechanica] Engineers 
and the Institution of Electrical Engineers. The Code 
deals with the installation, in buildings, of electrical 
fire-alarm systems including manual call points and 
automatic fire detectors. It excludes public fire- 
alarm systems and alarms forming part of automatic 
sprinkler installations. Advice is given on the neces- 
sary consultation at the planning stage and on the 
choice of materials, appliances and components. 
Recommendations follow regardi the design of 
various types of systems, methods of wiring and power 
supply, and the provisicn of the necessary structural 
accommodation for the equipment and wiring. Sections 
on inspection ard testing and on maintenance are 
included. An appendix deals with the performance 
and testing of heat-sensitive automatic detectors. 
[Price 5s., postage included.] 

Portable Fire Extinguishers.—A further specification 
in the series covering fire extinguishers has now been 
issued. It deals with portable fire extinguishers of the 
tetrachloride type and constitutes a complete revision 
of that portion of B.S. No. 740 which related to carbon 
tetrachloride fire extinguishers. All types of carbon 
tetrachloride extinguishers are now provided for, and 
the specification contain definitions of the various 
types, namely, the hand-pump type, gas-container 
type, constant-pressure type and air-pump type. In 
addition, the specification formulates details of the 
materials to be used, the types and dimensions of the 
various parts, and methods of testing at different stages 
of manufacture. Data on methods of welding are 
contained in appendices. [Price 4s., postage included. ] 





PERSONAL. 


As announced in our columns a year ago, the Kelvin 
Medal for 1950 has been awarded to Dr. THEODORE 
VON KARMAN, F.R.S., Professor of Aeronautics and 
director of the Guggenheim aeronautical laboratory, 
California Institute of Technology, Pasadena, U.S.A., 
and chairman of the advisory board to the General 
Commanding the American Air Forces. The presenta- 
tion of the Medal will take place at the Institution of 
Civil Engineers at 4 p.m., on Tuesday, November 6. 


ProFEssoR W. S. Hemp, M.A., A.F.R.Ae.S., has been 
appointed to succeed Proressor R. L. Licktey, B.Sc., 
D.1.C., M.I.Mech.E., F.R.Ae.S., as head of the department 
of aircraft design at the College of Aer tics, Cranfield 
Bletchley, Buckinghamshire. Professor Hemp will 
retain his present title of Professor of Aircraft Structures 
and Aero-Elasticity. The new appointment will take 
effect from November 1. 

Mr. A. Ts, B.Sc.(Eng.) (Lond.), A.M.1I.C.E., hitherto 
district engineer, Barrow-in-Furness, British Railways, 
has been appointed district engineer, Blackburn, London 
Midland Region, as from November 1. Mr. A: H. 
EMERSON, A.M.I.E.E., A.M.I.Loco.E., A.F.P.W.I., has 
been appointed electric-traction engineer, Manchester 
electrified lines, London Midland Region, comprising 
the Manchester to Bury, the Manchester South Junction 
and Altrincham, and the Manchester, Sheffield and 
Wath electrifications. Mr. Emerson’s assistant is to be 
Mr. T. E. Wiison, A.M.I1.E.E., hitherto assistant resident 
engineer, Manchester, Sheffield and Wath electrification. 


Mr. L. E. HAWKINS, M.B.E., B.Se., A.C.G.I., M.I.C.E., 
has been appointed assistant civil engineer (structures), 
London Transport Executive, with responsibility for the 
maintenance of all buildings, bridges, structures and 
earthworks and for the design and erection of bridge and 
structural work. 


Mr. N. C. ROBERTSON, M.B.E., F.R.S.A., Assoc.I.B.E., 
deputy managing director of E. K. Cole, Ltd., has 
accepted the position of director-general of electronics 
production, Ministry of Supply. He will take over his 
new duties, which are on a voluntary basis, early in 
November. 

Mr. EB. J. BATCHELOR, until recently managing director 
of Brush Coachwork, Ltd., Loughborough, has been 
appointed managing director of Henry Meadows, Ltd., 
of Wolverhampton, of which company he has been a 
director and general manager. 


For the third year in succession, Mr. C. G. WuHirs, 
director and general sales manager of Kelvin & Hughes 
(Marine), Ltd., was unanimously re-elected President of 
the British Nautical Instrument Trade Association, at 
their annual general meeting on October 17. Mr. 
J. M. MoIntTyrE, of Heath & Co., was also re-elected 
vice-president. 


Mr. D. G. Bevan, M.IL.C.E., M.I.Mun.E., who came 
to Birmingham in 1913 and was appointed deputy city 
engineer and surveyor in 1935, retired on October 22. 


Mr. T. P. SEARIGHT has relinquished the position of 
chairman of H. M. Hobson, Ltd., Hobson Works, 
Fordh , Wolverhampton, but remains a director. 
Mr. S. W. HuGHes has been elected chairman and 
continues as managing director. Mr. T. Simpson has 
been appointed assistant managing director and Mr. 
P. H. Stokes, technical director. 


Mr. CRAWFORD GoRDON, jun., O.B.E., has been 
appointed President and general manager of A. V. Roe 
(Canada), Ltd., Toronto. The previous general manager 
was Mr. W. H. DEIsHER, also vice-president, whe has 
retired owing to ill health but remains a director of the 
company. Sir Roy Dosson, C.B.E., F.R.Ae.8., J.P., 
until now the company’s President, becomes chairman of 
the board, a post left vacant by the recent death of 
Mr. J. P. Bicketu. Sir Roy is managing director of 
A. V. Roe, Ltd., Manchester. 


E. BoypEeLt & Co., Lrp., manufacturers of Muir-Hill 
dumpers, loaders and shunters, Old Trafford, Man- 
chester, 16, announce that Mr. J, LACHLAN STURROCK, 
lately area sales manager for the Midlands, 8.W. England 
and S. Wales, has been appointed sales manager of the 
company and will operate from the head office in 
Manchester. 


Mr. H. W. A. WARING, C.M.G., is relinquishing the 
appointment which he has held for the last four years as 
secretary of the Guest Keen Baldwins Iron & Steel Co. 
Ltd., Cardiff, and its subsidiaries in order to take up the 
appointment of director of the Power and Steel Division 
of the secretariat of the United Nati Ecc ic 
Commission for Europe in Geneva. His successor at 
Cardiff is to be Mr. L. R. P. Pveu. 


ACCLES AND PoLLock Lrp., and METAL SECTIONS 
Ltp., Oldbury, Birmingham, subsidiary companies of 
Tube Investments Ltd., opened a new joint Scottish 
office on October 21, at the Engineering Centre, 351, 
Sauchiehall-street, Glasgow, C.2 (Telephone: Douglas 
6306). The office is being managed by Mr. R. H. R. 
Court, with Mr. H. FosTer as assistant manager. 
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INTERNATIONAL MOTOR SHOW, EARL’S COURT. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 





We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMete Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are Coyne to “ ENGINEERING ” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 


Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
£510 0 
£5 5 0 
Subscriptions for periods less than twelve months 


are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art a of two-colour supplement, as 
well as for insets, can obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
Ig. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 123 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
current week’s issue must be received not later 


than first: post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
ved at least 10 days previous to the date of pub- 


otherwise it i i : 
proofs for ser may be impossible to submit 


Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession tor more 


two years. 
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STATISTICS OF IRON AND 
STEEL. 

Iron, which, it has been estimated, constitutes 
about 5 per cent. of the solid crust of the earth, is 
the basic material of modern industrial civilisation. 
Apart from negligible quantities of meteoric iron, 
it is found only in the form of compounds, largely 
with oxygen and sulphur. The great world-wide 
iron and steel industry is based on the reduction of 
such compounds, and the names of British inven- 
tors figure prominently in the history of the 
development of methods of treatment. A certain 
amount of iron ore is mined in most countries, 
but large industries have been built up only in those 
having extensive natural deposits. Intensive ex- 
ploitation will naturally reduce these, as is illus- 
trated by the fact that the United Kingdom in 
1950 imported 8,402,000 tons of ore to sustain an 
industry originally based on the utilisation of native 
materials. Actually, this figure is a measure of the 
development of the industry, and not an indication 
of the exhaustion of native ore, as, while the produc- 
tion of ore in 1929 was 13-22 million tons, in 1949 it 
was 13-40 million tons. Compared with some other 
countries, these are relatively small figures; in 
1949, production in the United States was 84-98 
million tons and in the U.S.8S.R., 35 millions. 

The decline of tnis country from the first position 
to the third in tbe iron and steel industry was, 
no doubt, inevitable on the scores of territorial size 
and population. It is strikingly illustrated by the 
fact that, in 1870, the United Kingdom produced 
5-96 million tons of pig iron, the United States in 
the same year producing 1-67 million tons and the 
U.S.8.R. 0-36 million. The comparative figures for 
1949 were, the United Kingdom 9-5 millions, the 
United States 49-03 millions, and the U.S.S.R. 
16-43 millions. These totals are quoted from the 
latest statistical returns* of the British Iron and 





* Statistics of the Iron and Steel Industry of the United 
Kingdom for 1950 and Statistics of the Iron and Steel 
Industries of Overseas Countries for 1949. The British 
Iron and Steel Federation, Steel House, Tothill-street, 
London, 8.W.1. [Prices, respectively,7s. 6d. and 15s.) 





Steel Federation. It is difficult to indicate even the 
contents of these extensive returns in a small space, 
but they may be commended to the attention of 
every serious student of modern industrial develop- 
ment, and especially to those who attended the 


7| recent discussion on “‘ Metal Economics,” which we 


report on page 519 of this issue. It may be re- 
marked that the volume dealing with the United 
Kingdom alone contains 102 tables, covering all 
aspects of the industry from production, the number 
of steel furnaces and the labour employed, to details 
of exports to other countries. 

The volume dealing with overseas countries inci- 
dentally illustrates the world-wide distribution of 


530] iron ore, but the actual production in any country 


may be a measure of its industrial advance rather 
than of its mineral wealth. The nature of the ore 
and the consequent cost of its reduction also carries 
much weight. The table giving the iron-ore pro- 
duction in various countries shows greatest out- 


= put, in 1949, by the United States, followed by the 


U.S.8S.R., France, Sweden and the United Kingdom, 
in that order. The industrial advance of Russia is 
shown by the figures for 1929, in which the order, 
in terms of production, was the United States, 
France, the United Kingdom, Sweden, and the 
U.S.S.R. The output in 1949, for each of the coun- 
tries mentioned, was over 10 million tons, but in 1929 
the output in the U.S.8.R. was only 7-72 million 
tons ; in that year it was almost equalled by Luxem- 
bourg with 7-45 million tons. This latter country 
had declined to 4-07 million in 1949, International 
comparisons, of the type made in this table, are 
necessarily based on statistics issued by various 
countries and the method of compilation may not 
always be the same. The report gives, in all cases, 
the authority from which the figures are quoted, 
and it is significant that in the cases of the U.S.S.R., 
Czechoslovakia and Roumania they are indicated as 
“ estimated.” 

The table giving world production of iron ore con- 
tains figures for 42 countries, but those listing 
pig-iron and crude-steel outputs cover only 30 
countries. The reason for this is obvious ; a country 
may well have deposits of iron ore, but no iron and 
steel industry. Thus Algeria is shown as producing 
2-16 million tons of iron ore in 1929 and 2-50 million 
tons in 1949, but its name does not appear in the 
lists of pig-iron or crude-steel producers. These 
latter lists furnish part of the data on which esti- 
mates of the social and industrial effects of war 
may be based. It was about the year 1900 that 
the production of pig iron in Germany caught up 
with and surpassed that of the United Kingdom ; 
the respective figures for 1910 were 12-89 million 
tons and 10-01 million tons. The German lead 
was maintained during the first world war ; in 1916 
the United Kingdom produced 9-05 million tons 
as against 11-15 million tons in Germany. In 1920, 
however, the output of this latter country fell to 
6-30 million tons, compared with 8-03 million tons 
in the United Kingdom. The decline in the German 
total was partly due to the loss of the Saar output. 
By 1939, Germany had drawn very far ahead at 
15-35 million tons, compared with 7-98 million tons 
for this country. The effect of Germany’s military 
adventures on industrial prosperity was that, in 
1945, that country’s output was only 1-10 million 


-tons, while that of the United Kingdom was 7-11 


million tons. Up till 1949, the British output 
showed a steady increase, reaching 9-50 million tons 
in that year. Germany, however, showed the same 
type of progress, and a quicker rate of advance, 
reaching 7-28 million tons in 1949. A similar 
drastic fall in output as a result of the second world 
war is shown in the figures for Japan, which also 
record some improvement by 1949. 

The tables recording the production and importa- 
tion of iron ore, which are given in the United 
Kingdom volume, indicate an increasing dependence 
on foreign sources. In 1913, 15,997,300 tons were 
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home-mined. Of this total, 12,572,300 tons were 
the Jurassic ores, of which the deposits of Lincoln- 
shire and Northamptonshire are characteristic 
examples. In that year, however, useful contribu- 
tions were furnished by 1,767,100 tons of West 
Coast hematite and 1,542,000 tons of coal-measure 
ironstone. By 1950, the outputs of the two latter 
classes had fallen to 342,700 tons and 200 tons. 
Including other minor supplies, the output in 1913 
was 15,997,300 tons, and in 1950, 12,935,800. 
The main supply of Jurassic ore, at 12,489,600 tons, 
was much the same as in 1913. The table giving 
imports of iron ore does not cite figures earlier than 
the year 1937, when 5,880,800 tons were received, 
mainly from France and French North Africa, Spain 
and Spanish North Africa, Sweden, and Sierra 
Leone. The total for 1950 was 8,128,200 tons. 
In that year the main suppliers remained the same, 
but there was some redistribution in proportionate 
quantities from various sources ; the supply from 
Sierra Leone doubled and that from Northern Spain 
was less than one-third of the figure for 1937. 
France and French North Africa maintained their 
position and the quantity supplied by Sweden 
rose from 1,232,000 tons to 2,893,700 tons. 

As is well known, the iron and steel industry has 
had an excellent production record during the diffi- 
cult years since the end of the war. This is shown 
by the output figures for both pig-iron and crude 
steel. In 1945, 7,107,400 tons of pig-iron were 
produced and each year up till 1950 showed a 
steady rise to a total of 9,632,900 tons in that year. 
The same continuous progress was shown in the 
production of crude steel; the figure for 1945 was 
11,824,400 tons and that for 1950, 16,292,700 tons. 
The growing technical efficiency of the iron and steel 
industry over recent years is shown by the fact 
that in 1937 the output per blast-furnace was 
68,500 tons per annum, while in 1948 it was 90,900 
tons, and in 1950, 96,600 tons. The total number 
of persons employed in the iron and steel industry, 
including those in mines and quarries, was 281,083 
in 1947 and 298,646 in 1950; the average weekly 
earnings were 6-52/. in 1947 and 7-911. in 1950. 
These totals do not include workers in iron foundries, 
the figures for which were 136,869 employees in 1947 
and 145,968 in 1950. 





NOTES. 


Broapcast WARNINGS OF ELxEcrricity Cours. 


Ir was announced on Tuesday that the British 
Electricity Authority have now completed arrange- 
ments with the British Broadcasting Corporation 
for giving warnings of impending cuts in electricity 
supply. Starting on Monday next, October 29, 
these warnings will be given in the Light Programme 
on the 1,500 m. wavelength at any time between 
7.30 a.m. and 12 noon and between 3 p.m. and 
6 p.m. on the five weekdays, Monday to Friday. 
As they can only be given after a decision to shed 
load has been taken by the engineer at the Autho- 
rity’s National Control Centre, the only practical 
method of doing this is by radio broadcast, and the 
Authority are therefore grateful to the Corporation 
for their assistance. After the warning has been 
given, actual load shedding must follow within a 
few minutes if a widespread breakdown in supply is 
to be avoided. Th« warnings will be sent by tele- 
printer from the National Control Centre to Broad- 
casting House and will then be broadcast immedi- 
ately. In order to do this the normal programmes 
will have to be interrupted, the only exceptions 
being the “‘ Five to Ten ” religious service and the 
gale warning to shipping. To carry out these 
arrangements the country has been divided into a 
number of load-shedding areas, which have been 
designated by numbers, and the extent of the 
shedding will be indicated by numbered 5-per cent. 
stages. Important industrial consumers, for whom 
the warnings are primarily intended, will be notified 
by the Area Electricity Boards of their area numbers 
and of the details of their shedding rotas, so that 





they will be able to recognise any warnings which 
apply to them. Other consumers who require 
warnings should ask their local Area Boards for 
the full details applicable to them. In view of the 
short time available for the issue of the warnings, 
the messages must be as short as possible, a typical 
form being the word “ Caution ”’ followed by three 
seconds of the tuning note and then by the an- 
nouncement “‘ Load shedding is about to take place in 
Area 2, Stage 4, and in Area 4, Stage 3.”” Since the 
first two stages of load shedding do not normally 
involve a disconnection of supply, this will mean cuts 
of 10 per cent. in Area 2 and of 5 per cent. in Area 4. 
The Authority wish it to be understood that, owing 
to the complexity of the grid system and the present 
difficult operating conditions, there may be occa- 
sions when urgent cuts will have to be made without 
warning. On some occasions, too, it may be impos- 
sible for technical reasons to carry out load shedding 
in small sections of areas for which warnings have 
been issued, and in any event the warnings will 
not apply to the Midland region. 


Errect oF WELDING ON HEALTH. 


An investigation into the possibility of ill health 
arising from the conduct of welding processes has 
been carried out by the Factory Department of the 
Ministry of Labour and National Service and the 
results published in a book entitled The Health of 
Welders by Dr. A. T. Doig, H.M. Medical Inspector 
of Factories, and Mr. L. N. Duguid, B.Sc.Tech. 
(Manch.), A.M.I.Mech.E., M.I.W., H.M. Senior 
Engineering Inspector of Factories. The book is 
obtainable, price 3s. post free, from H.M. Stationery 
Office. The investigation has consisted of a survey 
of the various types of welding operations, followed 
by a clinical examination of 250 welders in various 
industries. In many cases, this has been supple- 
mented by special examinations, such as radio- 
logical inspection of the chest and blood tests. 
The main conclusions arrived at are that welders 
do not suffer from any specific illness that could 
be described as “ welders’ disease,” neither does 
occupational dermatitis appear to be a frequent 
or serious cause of disability. It is pointed out 
that electric welders may suffer from “arc eyes” 
but it is added that this has no permanent effect 
on the vision. It is recognised, however, that 
electric welders also suffer to a greater extent than 
other workpeople from a slight superficial inflam- 
mation of the eyelids. Among welders exposed to 
high concentrations of fumes, slight irritation of 
the throat is not uncommon, but it is stated that 
no serious eftects on the throat and nose have been 
observed. It is added that exposure to welding 
fumes does not predispose a man to pulmonary 
tuberculosis, that stomach troubles are no higher 
among welders than among the general population, 
that rheumatism is not excessive, that there is no 
evidence of ill effects on blood pressure or the 
nervous system, and that, where there is good or 
even moderately-good ventilation, there is little 
danger of “‘ gassing”’ taking place. The need for 
good ventilation is emphasised in the general recom- 
mendations made by the authors. They state that 
where oxy-acetylene welders are working there 
should be the same good general ventilation as for 
workrooms where fairly-hot processes are con- 
ducted. Closed localised exhaust ventilation should 
be applied where articles are electrically welded on 
benches or stands. In the welding of large articles 
of mild steel, such as vehicles or the prefabricated 
parts of bridges, general ventilation should be 
relied upon if good practical methods of localised 
exhaust cannot be evolved. Exhaust ventilation, 
however, should be provided where the fumes pro- 
duced contain substances in sufficient quantity to 
be poisonous or irritating. Moreover, when weld- 
ing is conducted in confined spaces, the exhaust 
draught should be provided as close as possible to 
the welding point. 


Tue InstrTuTION OF MECHANICAL ENGINEERS. 


Lord Brabazon and Air Chief Marshal Sir Roderic 
Hill were the principal guests at the annual dinner 
of the Institution of Mechanical Engineers, held 
at the Dorchester Hotel, London, on Friday, October 
19. In proposing the toast of the Institution, Sir 
Roderic Hill said that in 1851 physics owed most 





of its progress to the advance in steam engineering, 
whereas in 1951 “‘ most of us would be prepared to 
admit that the debt has been heavily repaid by 
the advances in thermodynamics, metallurgy, 
applied physical chemistry in relation to the surface 
structure of metals, extraction metallurgy,” ete, 
Mechanical engineering, he said, had been carried 
to an altogether new level during this period. Mr, 
A. C. Hartley, who, as President, was in the chair, 
responded to this toast. The fact that pleased him 
most about the large membership of the Institution, 
he said, was that half of it was composed of students 
and graduates and half of corporate members; 
the health of the Institution should be good if that 
continuity could be maintained. Mr. Hartley, part 
of whose presidential address, delivered the evening 
before, is reprinted on page 534, reviewed the main 
activities of the Institution during the past year, 
mentioning particularly the presentation of the 
James Watt Medal to Dr. Blache, the Joint Engi- 
neering Conference, the discussion on heat transfer, 
and the visits of the presidents and secretaries of 
the three institutions to the Hague, as guests of 
the Royal Dutch Institute of Engineers. The 
activities of the Abadan branch of the institutions, 
with nearly 300 members, were unfortunately in 
suspense, but the Institution were giving them 
facilities in London to continue their existence. 
Dr. D. R. Pye, proposing the toast of “‘ Our Guests,” 
recalled an occasion in 1917 when Sir Roderic Hill, 
then a pilot in the Royal Flying Corps, undertook 
the first test of a device which had been designed 
for severing the cables of tethered balloons, which 
the Germans were using to protect ammunition 
dumps. A bowsprit projected from the front of 
the machine, and a wire was stretched from it to 
each wing tip. Sir Roderic Hill flew the aircraft 
into the cable and, as he predicted, it was swung 
round, went into a spin, was then recovered and 
landed. Lord Brabazon, responding to the toast, 
spoke of advances in aeronautics—‘ that rest- 
less science which never remains quiet for three 
weeks.”” Whenever a commercial machine was 
really safe and doing its job it was invariably out 
of date. He and his colleagues of the Air Registra- 
tion Board were trying to decide whether machines 
with doubled speed and flying at twice the height 
were safe; it was very difficult. Visiting the 
Motor Show, he was glad to see that the old dog-cart 
form of suspension was nearly dead ; the change had 
taken nearly 50 years, and for that reason he wished 
that pneumatic tyres had not come in soearly. “If 
we could have had solid tyres for 30 years, we 
should have had good suspension to-day.” 


Discussion ON Toot AND Dre MATERIALS. 


Arrangements have now been concluded for the 
holding of a general meeting of the Institute of 
Metals at the University of Birmingham, Edgbaston, 
Birmingham, 15, at 2.30 p.m. on Thursday, Janu- 
ary 3, 1952. The meeting will take the form of 
an informal discussion on ‘“ Tools and Die Materials 
for the Extrusion of Non-Ferrous Metals and 
Alloys” and the chair will be taken by Mr. 
Christopher Smith, who is chairman of the Metal- 
lurgical Engineering Committee of the Institute. 
After short introductory talks by a user and by & 
manufacturer of tool and die materials, there will 
be a general discussion in which those engaged in 
extrusion operations will be encouraged to state 
their problems. The organisers of the meeting hope 
that representatives of extrusion-press makers and 
steel manufacturers will be present to take part in 
the discussion and to give advice where possible. 
Non-members who are interested in extrusion will 
be welcomed. On the morning of the day of the 
meeting the President of the Institute, Professor 
A. J. Murphy, has arranged for the new Aitchison 
Laboratories of the Metallurgy Department of the 
University of Birmingham to be open for inspection 
by members at 10.30. Tickets of admission to the 
laboratories are obtainable from the secretary of 
the Institute, 4, Grosvenor-gardens, London, S.W.1. 
In some respects, the above meeting is a new venture 
on the part of the Institute. It is intended to 
interest persons actively concerned in production, 
both as engineers and as metallurgists. If the 
function is successful it may lead to an extension 
of the Institute’s activities. 
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INTERNATIONAL EXCHANGE OF TECHNICAL 
STUDENTs. 


The present-day university student enjoys many 
advantages not accorded to his predecessors and 
not least among these are greatly improved facilities, 
as well as a certain measure of financial assistance 
by way of travelling bursaries, for work and study 
abroad during vacations. Technical students are 
well catered for by the International Association 
for the Exchange of Students for Technical Experi- 
ence, the fourth annual report of which has just 
been received. It records continued progress 
in the Association’s work during the past twelve 
months, both as regards the number of students 
catered for and the number of countries participat- 
ing in the exchanges. During the summer, 2,433 
students in all were sent abroad for experience in 
industry and commerce, an increase of 761 on the 
figure for 1950. Iceland, Israel and Spain joined 
the Association in January, 1951, bringing the 
number of member countries up to 16 and en- 
larging the sphere of influence of the Association 
to almost the whole of Western Europe as well as 
the United States of America. Nevertheless, the 
report says, there are still insufficient places in 
some countries to meet the needs of all the students 
wishing to obtain experience abroad, and the 
Association appeals to all its industrial and com- 
mercial members to bear this in mind when offering 
to receive students in 1952. Applications for 
membership are considered in January only, at 
the annual conference of the organisers. Reci- 
procity is the basis of the scheme, and applicants 
for places for students abroad should be able to 
produce offers of places available in their own 
country for foreign students. The normal period 
of exchange is eight weeks. The number of British 
students sent abroad for practical experience during 
the summer of 1951 was 422, an increase of 69 on 
last year, and they came from 22 universities and 
colleges throughout the country. By comparison, 
the number of students received from abroad was 
457, an increase of 89. The general secretary of 
the Association is Mr. J. Newby, Imperial College, 
South Kensington, London, S.W.7. 


HiegHER NATIONAL CERTIFICATES IN CHEMICAL 
ENGINEERING. 


A scheme for the award of -Higher National 
Certificates in Chemical Engineering has been 
arranged by the Ministry of Education in conjunc- 
tion with the Institution of Chemical Engineers, and 
will become operative in the educational year 
1951-52. The arrangements and conditions for the 
award of the certificates are given in detail in a 
leaflet designated “‘ Rules 122,’ which has just been 
made available and is obtainable, price 4d., from 
H.M. Stationery Office. The Rules state that courses 
of instruction must be adapted to the needs of 
students who already possess an Ordinary National 
Certificate in chemistry, applied chemistry or 
mechanical engineering. A part-time grouped 
course for the award of certificates should normally 
extend over three years and provide for at least 
180 hours of instruction in each year, including 
examinations. In order to obtain a certificate or 
supplementary endorsement, a candidate must 
make not less than 60 per cent. of the possible 
attendances in each year of a course, must obtain 
not less than 40 per cent. of the possible marks in 
each subject in the examinations in each year of 
the course, and not less than 40 per cent. of the 
possible marks obtainable in each year for home 
work, class work and laboratory work, and must 
Secure not less than 50 per cent. of the grand total 
of marks obtainable in the final year. A distinction 
may be awarded to any candidate who obtains not 
less than 85 per cent. of the possible marks in the 
final examination in any subject, and his certificate 
may be specially endorsed to show the subject or 
subjects in which he has thus distinguished himself. 
Notes on the arrangement of a course for these 
Higher Certificates are given in a brochure pub- 
lished by the Institution of Chemical Engineers and 
entitled “* Scheme for a Part-Time Course in Chemi- 
cal Engineering.” Copies of the brochure may be 
obtained from the secretary of the Institution, 
56, Victoria-street, London, 8.W.1. 


LETTERS TO THE EDITOR. 


MAXIMUM TORSIONAL STRESS IN 
A GROOVED SHAFT. 


To THE Eprror oF ENGINEERING. w 
Srm,—I was interested in the letter from Pro- 
fessor H. Okubo, on page 436, ante. The formula 


1+ F is, of course, that proposed many years ago 
by A. A. Griffith on the basis of an argument similar 
to that of Professor Okubo, and I would like to 
know whether there is separate justification for the 
additional factor, which is, in effect, oa This 
amendment, by representing the effect of depth of 
notch, extends the utility of the formula considerably. 

I would add that the validity of the formula 


1+ i for a shallow notch can be demonstrated 


on a fairly general basis by straightforward stress 
analysis and that for a wide keyway of depth } 


with radius p at its corners the formula 1 + } & 


is often moderately accurate. 
Yours faithfully, 
H. L. Cox. 
National Physical Laboratory, 
Teddington. 

October 18, 1951. 

[We reproduce below the graph, illustrating Professor 
Okubo’s letter, which was unfortunately omitted from 
our issue of October 5.—Eb., E.] 


RELATION BETWEEN MAXIMUM STRESS 
7 AND RADIUS OF NOTCH. 
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TESTS ON CONCRETE WITH 
ELECTRICAL-RESISTANCE STRAIN 
GAUGES. 


To THE EpiTor OF ENGINEERING. 


Smr,—We were glad to learn from Mr. K. R. 
Peattie’s letter, on page 468, ante, that compres- 
sion tests on concrete, using electrical-resistance 
strain gauges, have been carried out at the University 
of Nottingham which confirm the technique of our 
earlier work. In particular, we note that Mr. Peattie 
also found it necessary to carry out some proof load- 
ings of the specimen before taking readings. We do 
not, however, agree that this is merely “‘to minimise 
the effects of hysteresis in the electrical-resistance 
strain gauges”; the initial strain readings are far 
from regular and we believe that the proof loadings 
are necessary to put the concrete in a “state of 
ease ” as well as to “‘ condition ” the gauges. 

On the subject of the gauge sensitivity factor we 
are of the opinion that this will be lower on concrete 
than on a machined metal surface, due mainly to 
the increased thickness of adhesive required with the 
poorer surface texture of the concrete. The sensiti- 





vity factor, as normally determined from a gauge 





placed in a uni-directional stress field, depends on 
the shear modulus of elasticity and thickness of the 
adhesive, and also on the amount of the cross strain 
which is dependent on the material of the specimen 
under load. The factor is not therefore “ virtually 
a function of the gauge,”’ as Mr. Peattie suggests, 
and the gauges should be calibrated on concrete 
specimens wherever possible. 

As stated in the original article, the object of put- 
ting pads above and below the specimen was to 
assist in obtaining a uniform loading pressure. This 
was thought necessary as the testing machine applied 
the load through platens which were not ball-seated. 
The following forms of packing were tried :— 
cartridge paper (five thicknesses), corrugated 
cardboard, mill-board (4 in. thick), rubber sheeting, 
and foamed rubber (24 in. free, } in. under load), 
and also no packing. The criterion was taken to 
be the magnitude of the eccentricity as determined 
from the readings of three electrical gauges placed 
parallel with the axis and around the mid-section of 
the cylinder. It was found that the eccentricity 
changed rapidly at low loads, but above a stress of 
500 Ib. per square inch it remained sensibly constant 
to one third of the ultimate load, which was the load 
range used. From these tests it was concluded that 
rubber sheeting was the most satisfactory since it 
gave a considerable reduction in the eccentricity, 
whereas the other forms made little effect. 

We did not investigate the effect of rubber sheeting 
on the magnitude of the end-constraint, but we did 
carry out such a test with mill-board packing. Six 
electrical gauges were used to form three pairs, and 
each pair consisted of a gauge placed at either end 
of a diameter of a concrete cylinder 10 in. high and 
5 in. in diameter. The gauges were affixed trans- 
versely to the axis of the specimen so as to measure 
the hoop strain directly, and were arranged at three 
positions along the length of the cylinder, which had 
been previously loaded many times. Taking the 
mean reading of each pair so as to eliminate the 
effect of eccentricity, the following results were 
obtained :— 





Gauge ition from an end of 

cylinder, in. - ow od 4} 9 
Mean electricalstrain reading x 10°, 

ohms per ohm per Ib. per sq. in... 7-8 14-2 5+7 





(Note.—The strain is expressed “ electrically” and as a rate in 
terms of unit applied stress.) 

Rough extrapolation shows that the hoop strain 
at the mid-height was of the order of five times 
that at the extreme ends. The observations con- 
firmed the existence of the barrelling effect expected. 
It is considered that the effect would be reduced, 
but not completely lost, if rubber packing were used 
rather than mill-board. 

An axial strain test was carried out under the sanie 
conditions as above, in which the mean “electrical ”’ 
axial strain at an end of the 8-in. gauge length on 
the 10-in. high cylinder was compared with that 
at mid-height. The readings agreed between 
themselves within the limits of accuracy of the 
gauges and it was inferred that a sensibly uniform 
strain existed along the length of the cylinder. 
Theoretical considerations are interesting since, in 
an extreme case, if the material is considered 
isotropic and the ends of the specimen are com- 
pletely constrained from lateral movement, then 
the effective modulus of direct elasticity at the ends 

P F P (1 — o) 
would be raised in the ratio 1: @ +0) — 20)" 
Assuming Poisson’s ratio (c) for concrete to be 
0-1, this: shows an increase of 2 per cent. in the 
effective modulus when compared with the value at: 
the mid-height of the specimen where unrestricted 
expansion can be assumed to occur. 

This contradicts Mr. Peattie’s experiments. 
We should be glad if he has an explanation for the 
lack of symmetry of his results, and if he could 
indicate what is happening to the ends of his 
specimen. 

Yours faithfully, 

N. 8. J. Grassam, 

Lecturer in Mechanical Engineering, 
University College, Southampton. 
Davi FisHER, 
Civil ineer, 
32, Sandringham-road, London, N.W.11. 
October 18, 1951. 
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THE INTERNATIONAL 
MOTOR SHOW AT EARL’S 
COURT. 


Tue International Motor Exhibition opened at 
Earl’s Court on October 17, and will remain open 
until tomorrow evening. This is the thirty-sixth 
exhibition and, in general, follows the pattern of 
preceding shows of this type. It comes at a time 
when the emphasis more than ever is on export, 
there having been a further cut in the allocation of 
cars for the home market, and to the majority of 
visitors, therefore, is. only of academic interest. 
The display of cars is truly international in character 
for, in addition to 32 British manufacturers, 17 
American, 10 French and four Italian firms are 
represented. Germany also is there, but only one 
firm’s products are on view. Figs. 1 and 2, on page 
528, are general views of the show. 

There are no startling innovations and few new 
cars. At the present time, there is much to com- 
mend this lack of novelty as there was a tendency 
before the war to introduce new models for 
novelty’s sake, the result being that too many 
firms manufactured a prodigious number of different 


types. New designs were introduced before the |' 


then existing models had been fully developed and, 
inevitably, this added to complications, particularly 
in the supply of replacement parts. The abolition 
of the crippling horse-power tax has led to the 
introduction of larger engines with increased- 
diameter cylinder bores and shorter strokes, a design 
adopted in all probability to reduce piston speeds. 
Overhead valves continue to gain in popularity. 
For the lighter cars, four-cylinder engines are almost 
universal, probably because they are cheaper to 
produce and, with modern balancing techniques, 
very little “‘ rougher ’’ than six-cylinder units. 

Transmission assemblies remain much the same 
as in previous years with, perhaps, a leaning towards 
the four-speed type of gearbox. Synchronised 
engagement of the gears is employed in practically 
every case, the few exceptions including Daimler 
and Lanchester, who still fit a preselector gearbox 
used in conjunction with a fluid flywheel, and 
Armstrong Siddeley, who employ a_preselector 
gearbox on its own. The centrally-located gear- 
_ shift lever is only fitted to the smaller cars, most 
medium-size and larger cars being provided with a 
gear-shift lever on the steering column. Little 
attention seems to have been paid to overdrives, 
the use of which can lead to substantial economies ; 
so far as it could be ascertained, only Standard 
and Triumph cars are fitted with these. Apart 
from Lanchester and Daimler cars, automatic trans- 
missions of the hydraulic type seem to have been 
ignored by British manufacturers; the develop- 
ment of this form of transmission has been left to 
the Americans. Hydraulic transmissions, as used on 
existing American cars, are, of course, more expensive 
to manufacture and their use tends to increase fuel 
consumption. Nevertheless, the time may come 
when there will be a wider demand for this form of 
transmission. Fortunately, there are at least two 
well-tried systems available in this country and it 
can safely be assumed that their development will 
be continued. 

A rigid back axle used in conjunction with an 
open propeller shaft is almost the universal form of 
final drive, but there is a growing tendency towards 
the use of the hypoid bevel wheel and pinion, as this 
permits the use of a lower floor line. Independent 
suspension for the front wheels is now the rule, 
instead of the exception, coil springs working in 
conjunction with swinging levers being the favourite 
method of achieving this. Some cars, however, 
employ torsion bars and others transverse-leaf 
springs, examples being furnished by Riley and 
Humber, respectively. The universal adoption of 
independent front suspension has led to a wider use 
of hydraulic brakes, particularly on the front wheels, 
as their employment permits free articulation of the 
wheels without recourse to complicated linkages. 
Many cars are fitted with a hydro-mechanical 
braking system, so called because the front brakes 
are applied hydraulically and the rear brakes 
mechanically. This has the advantage of providing 
two separate systems so that either hydraulic or 








EXHIBITS 











AT THE MOTOR 





SHOW. 











oS ae. ae 
re eS 





Fic. 4. Ezcur Horsz-Powrer SaLtoon Car; Austin Motor Company, LIMITED. 


mechanical failures do not necessarily mean the 
loss of all braking power. 

Coachwork has altered in detail only, most 
designs being the same as for last year. There is, 
however, a perceptible move away from the worst 
American influences and British designers appear 
once more to be developing individual styles. In 
many cases, the body has been designed without 
accessibility in mind, with the result that the engine 
is virtually encased and cannot easily be reached to 
carry out normal servicing. In most cases the 
front wings have been swept back and their contours 
carried through the door panelling. This achieves 
very little beyond making the doors unnecessarily 
thick. Designs incorporating unit construction of 
body and chassis are increasing, such well-known 
firms as the Ford Motor Company, Limited, and 
Vauxhall Motors, Limited, using this method. It 
is a logical form of construction as it enables a rigid 
structure to be obtained with minimum weight. 
Greater attention is also being paid to the production 
of convertible coachwork, which has much to 
commend it, particularly in the export markets. 
A good example of such coachwork is furnished by 
the light car illustrated in Fig. 3, on this page, 
namely, the Minx, which is being shown by the 
Hillman Motor Car Company, Limited. 

The new Austin Seven is illustrated in Fig. 4, from 
which it will be seen that, although the latest of a 
famous series, it bears little resemblance to its 
predecessors. Basically, it is a small version of the 
firm’s Hereford car. Considering its engine size and 





performance, it is a roomy four-door saloon for 
four adults but, unlike other Austin cars, it is of 
unit, or “ chassisless” construction. It is fitted 
with a four-cylinder engine having a bore and stroke 
of 2-28 in. and 3 in., respectively, and developing 
a maximum output of 30 brake horse-power at 
4,800 r.p.m. and a maximum torque of 40 Ib.-ft. 
at 2,400r.p.m. In general, the engine design follows 
the firm’s standard practice, the cylinder block 
and crankcase forming a single casting which is 
fitted with a detachable cylinder head carrying the 
overhead valves. These are operated by push rods 
and rocking levers from a camshaft set well down 
in the engine and supported by three bearings. 
The crankshaft is machined from a steel forging and, 
like the camshaft, is supported by three bearings of 
the steel-backed whitemetal-lined type. Aluminium 
pistons are employed, each being fitted with three 
compression rings and joined to the crankshaft by 
forged-steel connecting rods equipped with steel- 
backed whitemetal-lined big-end bearings. Forced 
lubrication is employed throughout, the oil being 
delivered by a self-priming pump to oil galleries 
incorporated in the crankcase and then to the 
various bearings. 

The transmission assembly consists of a Borg and 
Beck single dry-plate clutch arranged to drive @ 
four-speed gearbox. The clutch plate has a diameter 
of 6} in. and the clutch design is such that the 
pressure required for withdrawal is exceptionally 
light. The gearbox forms a single unit with the 
engine and employs synchronising elements for the 
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engagement of second, third and top gears, the 
elements being large in comparison with the size 
of gearbox. A central gear-shaft lever is provided 
and, to give maximum space inside the car, it is 
mounted in the rear cover to the side of the third- 
motion shaft. An open propeller shaft provided 
with Hardy Spicer needle-roller joints transmits the 
drive to the rear axle, which is of the three-quarter 
floating type, fitted with a hypoid crown-wheel and 
pinion final drive. Independent suspension is em- 
Ployed at the front, each assembly consisting of a 
coil spring working in conjunction with swinging 
links of the “ wish-bone ” type, controlled by a 
double-acting hydraulic shock absorber. Long 
semi-elliptical reverse-camber springs of conven- 
tional design are used for the rear suspension, which 


“Vetox” Satoon Caz; VauxHatt Motors Limrrep. 
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is also controlled by double-acting hydraulic shock 
absorbers. The brakes are actuated by a Lock- 
heed system, the design being such that the front 
brakes are applied hydraulically and the rear 
brakes mechanically, the mechanical linkage for the 
rear brakes, however, being connected to a separate 
hydraulic cylinder. A pull-up type of hand-brake 
lever is situated between the driver’s seat and door, 
and is arranged to apply the rear brakes mechanic- 
ally, the hydraulic cylinder being by-passed. 

The Daimler Company, Limited, Coventry, were 
also showing a new car, namely, the three-litre 
Regency, illustrated in Fig. 5, herewith. It is a full 
six-seater, powered by a new 3-litre six-cylinder 
engine developing 90 brake horse-power at 4,100 





r.p.m. Careful attention has been paid in the design 





to ensuring a good performance with varying grades 
of fuel. The compression ratio, for example, is 
6-7 to 1, a ratio not too high for poor grade fuels, 
but, on the other hand, not excessively low. Further- 
more, the distributor, in addition to being fitted 
with an automatic advance-and-retard mechanism 
and vacuum control, is also provided with an over- 
riding hand adjustment, a feature that will be 
welcomed by those forced to use low-grade petrol. 
In general, the engine is of straightforward design, 
being fitted with in-line overhead valves operated 
in the usual manner by push rods and rocking 
levers. As on all Daimler cars, the transmission 
assembly of the Regency incorporates a fluid clutch 
and the Wilson pre-selective gearbox. The drive 
from the gearbox is transmitted to the rear axle 
by the usual form of open propeller-shaft, and the 
final-drive assembly comprises a hypoid crown- 
wheel and pinion. 

Independent suspension is employed for the front 
wheels, the design being based largely on that 
developed by the company during the war for 
armoured cars. It comprises coil springs which 
work in conjunction with a torsional anti-roll bar and 
hydraulic telescopic shock absorbers. Conventional 
leaf springs are used for the rear suspension, which, 
like the front springs, work in conjunction with 
hydraulic shock absorbers. A Girling hydro- 
mechanical braking system is installed, the front 
brakes being applied hydraulically and the rear 
brakes mechanically. A notable feature of the 
design is the provision of automatic chassis lubri- 
cation system, the parts automatically lubricated 
including the spring shackle pins and the steering 
linkage. The system operates by means of a small 
expansion chamber mounted near the exhaust pipe, 
the chamber being fitted with valves which permit 
lubricant to be drawn from a reservoir and forced 
through the distributing pipes each time the engine 
warms up. 

Two new cars are being shown by Vauxhall 
Motors, Limited, Luton, namely, the Velox and the 
Wyvern. The Velex is illustrated in Fig. 6, here- 
with, from which will be seen that the external 
appearance has been altered radically. The firm 
have continued their policy of providing a single 
body style with alternative engine sizes and the 
Velox and Wyvern, therefore, are of similar appear- 
ance. Basically, the new models are the same as 
their predecessors, but four major changes, namely, 
an increased wheelbase, wider tracks at front and 
rear, a flush-sided body and a more forward mounted 
engine have given greater roominess inside the body. 
Both models are of “‘ chassisless ’’ construction, the 
single-unit steel body giving unusually good tor- 
sional stiffness. Independent suspension is employed 
at the front, the design being entirely new, incor- 
porating coil springs with long and short arms of 
the ‘“ wish-bone”’ pattern. These arms, and the 
cross-member which supports them, are rigid steel 
pressings, the cross-member being bolted to the 
forward extension of the body. Apart from detail 
changes, the engines fitted to the two models are 
the same as their predecessors, the engine for the 
Wyvern having four cylinders and that for the Velox 
six cylinders. A new aluminium gearbox-housing 
saves weight, and the gear-shift linkage has been 
modified to give better control. A hypoid final-drive 
assembly is used on both models, while the brakes, 
which are of Vauxhall design with Lockheed 
hydraulic operation, now have stiffer drums. 

Although not a new car, reference should be 
made to the Jaguar XK 120 two-seater sports car, 
as this has done much during the past year to 
uphold Britain’s prestige in motor-racing and 
sports-car events, the list of successes being far too 
long to detail here. One of its major successes was 
winning the Le Mans 24-hours race, during which 
it covered a record distance and accomplished the 
fastest lap, and was the first British car for 16 years 
to win outright this classic event. Two versions 
of the XK 120 were being shown, namely, an open 
two-seater and the two-seater coupé illustrated in 
Fig. 7, herewith, which has been produced for 
the North American market. The engine is, per- 
haps, the most interesting feature of these cars, as 
although the capacity is only 3} litres, and is not 
supercharged, it is capable of developing 160 brake 
horse-power at 5,000 r.p.m. 
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INSTITUTION OF MECHANICAL 
ENGINEERS : PRESIDENTIAL 
ADDRESS.* 

By A. C. Hartiey, C.B.E., B.Sc. (Eng.), M.I.Mech.E. 


THE Proceedings of our Centenary Celebrations, held 
in 1947, include a lecture which I gave at that time, 
entitled “‘ Mechanical Engineering and the Oil Indus- 
try.” There is little which has not been described 
fully elsewhere which I could usefully add to that 
particular subject, and I have therefore decided to 
develop another theme. 

Hard work and continuous application are necessa’ 
throughout a young engineer’s education, training, and 
subsequent practical experience. There are no short 
cuts to professional status, and I had plenty of hard 
work; but I also had. the inestimable advantage of 
coming under the influence of outstanding men. They 
were outstanding because of their great capacity for 


Fig. 1. 












SECTION A-A 


AUTOMATIC DUMMY-OPERATING GEAR, MYTON GATE BRIDGE, HULL. 


should like to follow in the footsteps of the late Thomas 
Monk Newell, the Chief Docks Engineer of the North 
Eastern Railway, at Hull. 

This decision was largely influenced by a day that 
I spent with him about this time, partly in his office 
and partly around the docks, during which the two 
halves of the new Whitefriargate Bridge were lowered 
together for the first time. "The excitement of seeing 
whether all the work put in by the engineers in the, 
design, fabrication, setting out, and erection of the 
bridge would result.in the two leaves meeting correctly, 
and, when they did, the further excitement of being 
told by Mr. Newell to run across and so be able always 
to say that I was the first person ever to cross that 
bridge, were, no doubt, the deciding factors. , 

I transferred to the science side for the rest of my 
time at school, and spent the next two years at the 
Hull Municipal Technical Institute preparing for the 
entrance examination for the Central Technical College, 


to the most direct and simplest solution of every 
problem. 

After a period of routine drawing office work, I wag 
given a job to carry out by myself. It was to design 
hydraulic machinery to operate the “dummies ” of 
the Mytongate bridge. The main leaves of this old 
cast-iron bridge had been fitted with hydraulic power 
some time before, but the “‘ dummies ” or small leaves, 
which had to be pulled up to make way for the main 
leaves, were still hand-operated. This was expensive, 
as extra men had to be on shift duty on both sides 
of the lock and, as the work was heavy, strains and 
injuries were frequent. I prepared several schemes 
with the necessary interlocking to prevent the opening 
of the main leaves before the ““ dummies ” were clear, 
and to ensure that the main leaves were fully shut 
before the ‘‘dummies” were closed. These schemes 
were prepared in the orthodox straightforward way, 
and became more and more complicated. I was not 
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leadership, and for the imagination, initiative, and self- 
reliance they . I hope in this address to show 
how my training and early experience helped me, and 
so to encourage our younger members to seek every 
possible opportunity of coming under the influence of 
good leadership and to realise the importance of being 
trained to develop to the full these invaluable qualities. 
I hope also to encourage our senior members in their 
efforts to lead and inspire those who work under them 
or who come to them fo gaidance. 

My education was unorthodox by to-day’s require- 
ments. This was due to my early intention of following 
my father and most of my close relations into the 
medical profession. I was therefore on the classical 
side of my school, Hymers College, Hull, and matri- 
culated in 1906 in Latin, Greek, French, English and 
Mathematics. Immediately afterwards, and shortly 
before I was to go to a London hospital, my father 
asked me if I really wanted to be a doctor. I then 
realised I had given it scarcely any thought and that 
my choice had been rather automatic. After a few 
weeks of anxious and rather belated thought and 
talks with many of my father’s friends, I decided I 








* Delivered in London, October 19, 1951 Abridged. 


course of the Civil and Mechanical Engineering Depart- 
ment in October, 1908, just after the College became 
part of the Imperial College of Science and Technology 
and was renamed the City and Guilds (Engineering) 
College. I came under the personal influence, although 
only for a short time, of the four famous founder 
Professors, Unwin, Ayrton, Armstrong and Henrici, 
and I count myself most fortunate in this. They 
concentrated on fundamental first principles and the 
cultivation of imagination, initiative, and self-reliance, 
and I feel I owe a very great deal to their methods of 
teaching because they made me appreciate the inestim- 
able value of these qualities, and thus encouraged me 
to learn from those men I was to meet later who 
yen them in high degree. I took the intermediate 

Sc. engineering degree as an internal student, but 
the final, after my A.C.G.I. examination, as an external 
student in 1910, to avoid waiting an extra year. My 

was therefore somewhat mixed. 

t was natural that I should return to Hull for 
training under Mr. Newell, where I also came 
under the strong influence of his deputy, the late 
Mr. George Shaw, jun., whose motto was “ Believe 
no man, prove all things,” and who was a born 
engineer, instinctively working from first principles 
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Guilds Ty ing and also daily by Mr. Shaw’s approach 
to problems, I sat back, tried to forget what I had 
done and to imagine the most direct solution of the 
problem, which I was then much better able to define 
than when I first started on the work. The problem 
was to make the operation of the bridge automatic, 
and the solution appeared to be to connect the “ dum- 
mies” to the operating gear of the main leaves in 
such a way that, without independent driving gear, 
they would be moved, as required, in the correct 
sequence. Simple experiments with cardboard links 
on a drawing board showed that the four-bar mechanism 
which I had studied at College could be designed, if 
the linkages and angles were correctly chosen, to ensure 
foolproof automatic operation. Mr. Newell and Mr. 
Shaw agreed to adopt my design. This was my first 
experience of the practical result of applying imagina- 
tion to solve a problem, and I was fortunate in being 
encouraged to do this so early and in having my solution 
adopted. It was a great encouragement for the future. 

During the rest of my two years with Mr. Newell, 
I was given a varied training in the office and out on 
dock and river work, which has proved extremely useful 
in later life. For the next two years I was with 
Messrs. Rose, Downs and Thompson, also of Hull. 
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This company was established in 1777 and had special- 
ised in the manufacture of seed-crushing machinery 
and vegetable-oil solvent-extraction plants. I gained 
experience in the development of a new chemical 
extraction process, and also valuable training in outside 
erection under the influence of the late Mr. Charles 
Downs, a very practical and far-seeing engineer. 
Throughout these four years in Hull I lectured to 
evening classes at the Hull Municipal Technical 
Institute, and I would strongly recommend this to all 
who would find out how little they really know of 
what they are supposed to have learnt. 

My next move was to become works superintendent 
for the Limmer Asphalte Company at their Blackwall 
factory. There I gained experience in management 
of a process works and in the handling of men, as 
well as engineering experience in converting intermittent 
processes to continuous ones, and in the adoption 
of mechanical-handling devices. The outbreak of 
the 1914-18 war resulted in increased demands for the 
Limmer Asphalte Company’s products and the improvi- 
sation of plant of all kinds. This, with organising 
munition production in adjoining works, kept me fully 
occupied, until, in 1916, I was fortunate to be chosen 
by the late Professor Bertram Hopkinson, F.R.S., 
Professor of Mechanism and Applied Mechanics at 
Cambridge University, to work with him in the Experi- 
mental Armaments Section of the Air Ministry, and to 
be commissioned in the Royal Flying Corps. 

Sir Harry Ricardo, in his presidential address in 1944, 
paid tribute to Professor Hopkinson’s great influence 
over him at Cambridge, 40 years before: “ Hopkinson 
was, I think, quite the most stimulating research 
leader I have ever met, with an almost uncanny 
perception combined with good judgment and a 
thoroughly practical outlook. Hopkinson’s methods 
were by no means always orthodox; he believed in 
following, step by step, a logical and reasoned sequence, 
but only up to a point: if that looked like becoming 
too prolonged, then he would fall back on the principle 
of trying every bottle on the shelf and if that did not 
achieve his end, his next step was to try something 
really silly and see what happened. He taught me 
never to accept anything secondhand, unless it accorded 
with one’s own common sense and experience, to be 
sceptical of one’s own observations when they failed in 
this respect; and never to cling too long to a theory, 
however cherished.” 

That is what Sir Harry said, and Professor Hopkin- 
son’s methods at once appealed very strongly to me 
because they confirmed so emphatically the methods 
taught at the City and Guilds College, and “ drummed 
into me” since by the engineers who had so greatly 
influenced my training. 

(To be continued.) 





FREQUENCY-MODULATED BROADCASTING IN THE 
UniTzp StaTEs.—A new high-power non-commercial 
frequency-modulated station for educational broad- 
casting has been opened at Great Blue Hill, Milton, 
Massachusetts, and will operate on a frequency of 
89-7 megacycles with a radiated power of 20 kW. The 
Programmes transmitted will consist of performances 
by the Boston Symphony Orchestra and of lectures on 
scientific, literary and sociological subjects, given in 
collaboration with Boston’s educationat institations. 
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FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





INTERNATIONAL CYCLE AND MoToR-CYCcLE SHOW.— 
Sunday, October 28, to Sunday, November 4, at Frank- 
furt. Organised by the Internationale Fahrrad- u. 
Motorrad Ausstellung, Frankfurt-on-Main. 

SHEET AND STRIP METAL USERS’ TECHNICAL ASSO- 
CIATION, ANNUAL WINTER CONFERENCE.—Wednesday, 
Thursday and Friday, October 31 and November 1 and 2, 
at the Charing Cross Hotel, Strand, London, W.C.2. 
Apply to the honorary secretary of the Association, 
49, Wellington-street, Strand, London, W.C.2. 

EXHIBITION OF PERMANENT-WAY EQUIPMENT.—Wed- 
nesday and Thursday, October 31 and November 1, at 
Marylebone goods depot, Rossmore-road, London, 
N.W.1. Organised by British Railways. Apply to the 
address given above (Telephone: PADdington 3400). 

PETROLEUM INDUSTRY EXHIBITION.—Thursday, Nov- 
ember 8, to Saturday, November 17, at the Firth Hall, 
University of Sheffield ; and Monday, December 17, to 
Sunday, January 27, 1952, at the Royal Scottish Museum, 
Edinburgh. Organised by the Shell Petroleum Co., Ltd., 
St. Helen’s-court, London, E.C.3 (Telephone: AVEnue 
4312); and the Anglo-Iranian Oil Co., Ltd., Britannic 
House, Finsbury-circus, London, E.C.2 (Telephone: 
CENtral 7422). See also page 480, ante. 

26TH INTERNATIONAL CYCLE AND MOTOR-CYCLE SHOW, 
—Saturday, November 10, to Saturday, November 17, 
at Earl’s Court, London, 8.W.5. Organisers: British 
Cycle and Motor-Cycle Manufacturers’ and Traders’ 
Union, Ltd., The Towers, Warwick-road, Coventry. 
(Telephone : Coventry 62511.) 

SYMPOSIUM ON ORGANISATION OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH.—Monday, November 12 to 
Thursday, November 15, at Lancaster House, London, 
S.W.1 (but Session III at National Physical Laboratory, 
Teddington). Apply to Dept. of Scientific and In- 
dustrial Research, 5-11, Regent-street, London, S8S.W.1 
(Telephone: WHItehall 9788). 


RoyvaL AGRICULTURAL WINTER Fair, TORONTO.— 
Tuesday, November 13, to Wednesday, November 21, 
at the Royal Coliseum Exhibition Park, Toronto 2B. 


BUILDING EXHIBITION.—Wednesday, November 14, 
to Wednesday, November 28, at Olympia, London, W.14. 
Organised by the Building Trades Exhibition, Ltd., 4 
Vernon-place, London, W.C.1. (Tel.: HOLborn 8146.) 

INTERNATIONAL SYMPOSIUM ON ABRASION.—Wednes- 
day and Thursday, November 14 and 15, at Rubber- 
Stichting, Oostsingel, Delft, Holland. Apply to the 
secretary of the symposium, Rubber-Stichting, Postbox 
66, Delft. See also page 243, ante. 

7TH EXHIBITION OF LABORATORY APPARATUS AND 
OPTICAL AND SCIENTIFIC INSTRUMENTS.—Thursday, 
November 22, to Sunday, December 2, at Palais des 
Congrés, Porte de Versailles, Paris. Apply to the 
commissaire générale, 28 Rue Saint-Dominique, Paris (7e). 


CONFERENCE OF ENGINEERING LIBRARIANS.—Friday, 
November 23, commencing at 11 a.m., at Chaucer House, 
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Malet-place, London, W.C.1. Organised by the Library 
Association. Apply to the secretary of the Association 
at the above address. (Telephone: EUSton 5856.) 


23RD EXPOSITION OF CHEMICAL INDUSTRIES.—Monday, 
November 26, to Saturday, December 1, at Grand Central 
Palace, New York 17, U.S.A. Apply to the secretary of 
the exposition at the Grand Central Palace. 


INTERNATIONAL CYCLE AND MOTOR-CYCLE EXHIBI- 
TION.—Saturday, December 1, to Monday, December 10, 
at Milan. Organised by the National Association of 
Cycle, Motor Cycle and Accessories Manufacturers, Via 
Macchi 32, Milan, Italy. 


SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXHIBITION.—Monday, December 3, to Friday, Decem- 
ber 7, at Earl’s Court, London, 8.W.5. Organised by 
the Smithfield Show Joint Committee, 148, Piccadilly, 
London, W.1. (Telephone : GROsvenor 4040.) 


SYMPOSIUM ON CORROSION OF BURIED METALS.— 
Wednesday, December 12, at 4, Grosvenor-gardens, 
Westminster, London, 8.W.1. Organised by the Iron 
and Steel Institute. Apply to the secretary of the 
Institute at the address giveri above. (Telephone : 
SLOane 0061.) See also page 190, ante. 


NEw BUILDING MATERIALS AND TECHNIQUES EXHI- 
BITION.—Friday and Saturday, January 18 and 19, 1952, 
at the Royal York Hotel, Toronto. Agents: Tides, 
Ltd., 1, Hanover-square, London, W.1. (Telephone : 
MAYfair 1101.) 


INTERNATIONAL RADIO AND ELECTRONICS EXHIBITION 
or Inp1a.—Saturday, February 9, to Friday, February 
29, 1952, at Bombay. For further information, apply 
to the secretary, Radio and Electronics Society of India, 
Fateh Manzil, Operd House, Bombay, India. 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Sunday, February 17, to Sunday, February 24, 
1952, at Brussels. Apply to the secretary, Société de 
Mecanique et d’Industries Agricoles, 8S.A., 29 Rue de Spa, 
Brussels, Belgium. 

ScoTrisH BUSINESS EQUIPMENT AND MANAGEMENT 
EXHIBITION.—Tuesday, February 26, to Friday, Febru- 
ary 29, 1952, at the Waverley Market, Edinburgh. 
Organised by the Office Appliance and Business Equip- 
ment Trades Association, 11-13, Dowgate-hill, Cannon- 
street, London, E.C.4. (Telephone: CENtral 7771.) 

GERMAN INDUSTRIES Fairs, HANOVER.—Light Indus- 
tries: Wednesday, February 27, to Sunday, March 2, 
1952, at Hanover. Heavy Industries: Sunday, April 27, 
to Tuesday, May 6, 1952, at Hanover. Agents: 
Schenkers, Ltd., 27, Chancery-lane, London, W.C.2 
(Telephone : HOLborn 5595.) 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Tuesday, March 4, to Sunday, March 9, 1952, 
at the Pare des Expositions. Organised by the Union 
des Exposants des Machines et d’Outillages Agricoles, 
38 Rue de Chateaudun, Paris 9e. 

VIENNA SPRING Farm.—Sunday, March 9, to Sunday, 
March 16, 1952. Agents: British Austrian Chamber of 
Commerce, 29, Dorset-square, London, N.W.1. (Tele- 
phone: PADdington 7646.) 

GENEVA INTERNATIONAL MOTOR EXHIBITION.—Thurs- 
day, March 20, to Sunday, March 30, 1952, at Geneva. 
For further information, apply to the secretary of the 
exhibition, 1, Place du Lac, Geneva, Switzerland. 
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SECOND UNITED STATES INTERNATIONAL TRADE Farr. 
—Saturday, March 22, to Sunday, April 6, 1952, at the 
Nay Pier, Chicago. Representative for the United 
Kingdom and Ireland: Mr. A. P. Wales, 16-22, Shelton- 
street, London, W.C.2. (Telephone : TEMple Bar 2972.) 

MANCHESTER BUILDING TRADES EXHIBITION.—Tues- 
day, March 25, to Saturday, April 5, 1952, at the City 
Hall, Deansgate, Manchester. Apply to Provincial 
Exhibitions, Ltd., City Hall, Deansgate, Manchester. 
(Telephone: Deansgate 6363), or to the London agent 
at 167, Oakhill-road, Putney, London, 8.W.15. (Tele- 
phone: VANdyke 5635.) 

First SUPERVISING ELECTRICAL ENGINEERS NATIONAL 
EXHIBITION.—Friday and Saturday, March 28 and 29, 
1952, at the Royal Horticultural Society’s new hall, 
Greycoat-street, Westminster, London, 8.W.1. For 
further information, apply to the conference secretary, 
Mr. P. A. Thorogood, 35, Gibbs-green, Edgware, 
Middlesex. See also page 266. 


EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
Trst GEAR FOR THE RADIO, TELEVISION, ELECTRONIC 
AND TELECOMMUNICATION INDUSTRIES.—Monday to 
Wednesday, April 7 to 9, 1952, at Grosvenor House, 
Park-lane, London, W.1. Organised by the Radio and 
Electronic Component Manufacturers’ Federation, 22, 
Surrey-street, Strand, London, W.C.2. (Telephone: 
TEMple Bar 6740.) 

SweEpisH INDUSTRIES Fair.—Thursday, April 17, to 
Sunday, May 25, 1952, at Gothenburg. Agents: John E. 
Buck and Co., 47, Brewer-street, London, W.1. (Tele- 
phone: GERrard 7576.) 

Swiss INpDusTRIEs Farir.—Saturday, April 19, to 
Tuesday, April 29, 1952, at Basle. Apply to the Division 
Eoonomique, Swiss Legation, 18, Montague-place, 
London, W.1. (Telephone: PADdington 0701.) 

Royal SANITARY INSTITUTE HEALTH CONGRESS.— 
Tuesday, April 22, to Friday, April 25, 1952, at Margate. 
Apply to the secretary, the Royal Sanitary Institute, 


90, Buckingham Palace-road, Westminster, London, 
S.W.1. (Telephone : SLOane 5134.) 
TELEVISION CONVENTION.—Monday, April 28, to 


Saturday, May 3, 1952, at Savoy-place, Victoria-embank- 
ment, London, W.C.2. Organised by the Radio Section 
of the Institution of Electrical Engineers. Apply to the 
secretary of the Institution at the address given above. 
(Telephone: TEMple Bar 7676.) See also pages 265 
and 371, ante. 


British INDUSTRIES FaiR.—Monday, May 5, to 
Friday, May 16, 1952, at Earl’s Court, London, S.W.5, 
and Olympia, London, W.14; and Castle Bromwich, 
Birmingham. Particulars from the director, British 
Industries Fair, Board of Trade, Lacon House, Theo- 
bald’s-road, London, W.C.1. (Telephone: OH Ancery 
4411); or the general manager, British Industries Fair, 
95, New-street, Birmingham, 2. 


INTERNATIONAL EXHIBITION OF ELECTRICAL APPLI- 
ANCES.—Tuesday, May 13, to Tuesday, May 27, 1952, 
at Bologna. Apply to the Ente Autonomo Fiera di 
Bologna, via Farina 6, Bologna. 


GERMAN EXHIBITION OF CHEMICAL APPARATUS.— 
Sunday, May 18, to Sunday, May 25, 1952, at Frankfurt- 
on-Main, Germany. Organisers: Dechema Deutsche 
Gesellschaft fiir Chemisches Apparatewesen E.V., Frank- 
furt. 

ELECTRICAL ASSOCIATION FOR WOMEN, 27TH ANNUAL 
CONFERENCE.—Monday, May 19, to Saturday, May 24, 
1952, at Scarborough. Apply to the director, the 
Electrical Association for Women, 35, Grosvenor-place, 
London, 8.W.1. (Telephone: SLOane 0401.) 

CANADIAN INTERNATIONAL TRADE Fair.—Monday, 
June 2, to Friday, June 13, 1952, at Toronto. Apply to 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
S.W.1. (Telephone : WHItehall 8701.) 

MECHANICAL HANDLING EXHIBITION.—Wednesday, 
June 4, to Saturday, June 14, 1952, at Olympia, London, 
W.14. Apply to the Exhibition organisers, Iliffe and 
Sons, Ltd., Dorset House, Stamford-street, London, 
8.E.1. (Telephone : WATerloo 3333.) 

RoyaL AGRICULTURAL SHOW.—Tuesday, July 1, to 
Friday, July 4, 1952, at Newton Abbot. Organised 
by the Royal Agricultira]l Society of England, 16, 
Bedford-square, London, W.C.1. (Telephone : MUSeum 
5905.) 


INTERNATIONAL ASSOCIATION FOR BRIDGE AND 
STRUCTURAL ENGINEERING, FOURTH INTERNATIONAL 
CoNnGREsS.—Monday, August 25, to Friday, August 29, 
1952, at Cambridge. For further information, apply 
to the secretary of the Association, Swiss Federal Institute 
of Technology, Ziirich, Switzerland. 


ASLIB (ASSOCIATION OF SPECIAL LIBRARIES AND INFOR- 
MATION BUREAUX).—Friday, September 19, to Monday, 
September 22, 1952, Annual Conference at The Hayes, 
Swanwick, Derbyshire. Apply to the secretary of the 
Association, 4, Palace-gate, Kensington, London, W.8. 
(WEStern 6321.) 


LABOUR NOTES. 

Somz interesting comments on the recent Trades 
Union Congress at Blackpool are contained in an 
editorial article in the Monthly Report of the United 
Patternmakers’ Association for October. Mr. W. B. 
Beard, O.B.E., the Association’s general secretary, 
writes that the Congress has been described in the 
Press as a quiet one, which left many problems un- 
solved and the critics no doubt had in mind the 


problems of wage stabilisation and prices. There |. 


were many ple, Mr. Beard states, who thought 
that the Congress would embark upon some sort of 
inquiry into a wage plan which would be related to 
the national income and which would, in fact, deter- 
mine the different strata of wages throughout the 
various trades and industries. This idea had its 
origin in the Civil Service. Its sponsors desired, no 
doubt, to relate planned wages to a planned economy, 
“in spite of the fact that such an economy is but a 


remote possibility.” He remarks that some non- 
industrial trade unions are prone to over-rate the 
power of the T.U.C. 





Resolutions will not determine the wages of engineers 
in relation to those of non-producers, any more than 
Congress resolutions can produce an amalgamation of 
trade unions, Mr. Beard informs his readers. This 
has to be achieved by agreement—not by compulsion. 
It will be argued, he states, that an inquiry into a 
wage plan would not compel the acceptance of such 
a plan, “ but the fear of implied acceptance is apparent, 
if not real.” This is not to say that such an inquiry 
might not reveal much that was useful. On the con- 
trary, it might well produce useful results. 





It has to be remembered, however, Mr. Beard 
stresses, that the foundation of the T.U.C. is the 
autonomy of the constituent unions. Although Con- 
on has great influence and exerts great moral force, 

th on its members and on the nation generally, it is 
largely an advisory body and therein lies its strength, 
for, should it depart from that path, dissension would 
arise immediately. He expresses his belief that for 
a considerable time to come unions will continue to 
perform their old-fashioned function of dealing with 
the wages and working conditions of their members. 
For as long as this is the case, the unions will resent 
interference on this subject from any outside organisa- 
tion, whether it be the T.U.C. or the Government, and 
no matter what its political complexion may be. 





As to the address given at the Congress by Mr. 
Hugh Gaitskell, the Chancellor of the Exchequer, Mr. 
Beard writes that it was, “ within his considerable 
experience,” one of the best speeches ever made to 
Congress. It was obvious that some of the points 
made by Mr. Gaitskell compelled many delegates to 
revise their own comments when they rose to take 
part in the debate on “ wages, prices and profits,” 
which followed at the close of the Chancellor’s address. 
He recalls that Mr. Gaitskell said: “If we took away 
all excess net incomes above 2,000]. a year, leaving 
those in that position with 2,0001. a year and no more, 
it would bring only 53 million pounds to the revenue.” 
Other quotations by Mr. Beard from the Chancellor’s 
address include “ To have held the cost of living index 
steady during the past year, to the end of 1951, would 
have meant paying 600 million pounds in subsidies, 
on the top of the 400 million pounds we were already 
spending: clearly it could not be done,” and “A 
further 50 million pounds spent in subsidies would 
make only just over one point difference in the cost- 
of-living index.” ‘ 


On the subject of profits and dividends, Mr. Beard 
quotes the Chancellor as saying: “ From 1938 to 1950, 
the incomes of companies and public corporations rose 
just over 24 times, or about the same as wages. During 
the so-called ‘ period of restraint,’ there was a more 
rapid increase in wage earnings than in profit incomes. 
If dividends paid to shareholders had been reduced by 
one-quarter—a fairly savage cut—and these sums used 
to increase wages and salaries, the average additions 
would have been 3d. in the pound, or, say, ls. 6d. a 
week, for a man earning 61. a week.” Mr. Beard 
concludes by stating that Mr. Gaitskell dealt with the 
questions of the overwhelming importance of increasing 
production and securing a much fairer distribution of 
wealth and income. At the end of his address, Mr. 
Gaitskell agreed that many of the points he had made 
were not very palatable and added that he did not 
expect the delegates to agree with him on all points. 





Unemployment among operatives in the clothing 
industry inc by 25 per cent. during the four- 
weekly period ended September 17, according to 
statistics published in the Ministry of Labour Gazette 
for October. Some increase was general throughout 
the various branches of the industry. The number of 
insured workpeople in Great Britain isteri 





registering as 
unemployed on September 17 was 10,196 against 7,450 





on August 13. The comparative figure for the four 
weeks ended September 11, 1950, was 7,845. There 
were 2,739 men and 3,594 women in the industry 
wholly unemployed on September 17, 1951, against 
2,635 men and 2,852 women on August 13. In addi- 
tion, there were 1,511 men and 2,352 women tem. 
porarily out of work on September 17 last, against 
850 men and 1,113 women on August 13. 





The Gazette records the undermentioned variations 
in unemployment in the several branches of the 
clothing industry, namely, an increase of from 4,505 
in mid-August to 6,319 in mid-September, in the 
tailoring trade; an increase of from 1,309 in mid. 
August to 1,462 in mid-September, in the dressmaking 
trade; an increase of from 454 in mid-August to 834 
in mid-September, in the shirts and underwear trade ; 
an increase of from 175 in mid-August to 501 in mid- 
September, in the hats, caps and millinery trade. 
Other dress trades were responsible for an increase of 
from 219 in mid-August to 231 in mid-September. In 
the boot and shoe trade, included by the Gazette in 
the clothing industry group of trades, unemployment 
increased from 788 in mid-August to 849 in mid- 
September. 





The hearing of the railwaymen’s wage claims before 
the Railway Staff National Tribunal was begun on 
Friday last and continued during Monday, Tuesday, 
and Wednesday of the present week. The proceedings 
took place in public at the Railway Clearing House, 
London. Sir John Forster, K.B.E., K.C., who is also 
President of the Industrial Court, presided ; the other 
members of the Tribunal being Sir Graham Cunning. 
ham, K.B.E., a member of the Economic Planning 
Board, and Sir Luke Fawcett, O.B.E., who was for 
many years general secretary of the Amalgamated 
Union of Building Trade Workers. Sir Graham was 
nominated to the Tribunal by the Railway Executive 
and Sir Luke by the trade unions concerned in the 
claims. The National Union of Railwaymen, the 
Associated Society ef Locomotive Engineers and Fire- 
men, and the Transport Salaried Staffs’ Association 
are making a joint claim for an all-round wage increase 
of 10 per cent. and, in addition, the A.S.L.E.F. are 
a a separate demand for higher pay for week-end 
work. 





Mr. J. B. Figgins, the general secretary of the 
N.U.R., who opened the evidence given on behalf of 
the three unions, stated that the claim for a 10 per 
cent. increase was based on three main facts: the 
increased cost of living, the relationship between 
wages and salaries in the railway service and those 
obtaining in other industries, and the shortage of staff. 
He contended that the decline in railway recruiting 
would continue until wages and salaries in the industry 
were substantially improved. The cost of living had 
risen, according to the index of retail prices, by 13 
points, or about 114 per cent., since the submission 
of the railwaymen’s previous claim in December, 1950. 
Between June, 1947, and January, 1951, Mr. Figgins 
stated, railway wages increased by only 7} per cent., 
compared with an increase of 10 per cent. in other 
industries. Mr. J. G. Baty, general secretary of the 
A.S.L.E.F., presenting the case for his union, referred 
to the serious repercussions which were arising in the 
railway service owing to the lack of trained staff. 
There was a danger, he said, that the Railway Execu- 
tive might have to refuse traffic owing to this cause 
and a heavy loss of revenue might result. 





Evidence on behalf of the Transport Salaried Staffs’ 
Association was submitted by the union’s general 
secretary, Mr. G. B. Thorneycroft. He emphasised 
that the remuneration of the salaried grades of the 
railway service had not kept pace with the advances 
in the cost of living and that the percentage increases 
in such salaries were less than those received by work- 
people generally and less even than those granted to 
other classes of railway employees. He concluded by 
stating that the existing differentials between the 
various railway grades was inadequate and did not 
give sufficient incentive to the salaried staff to take on 
the responsibilities which go with promotion. 





Concern at the large number of wage claims sub- 
mitted to the Railway Executive was expressed by 
Mr. W. P. Allen, the member of the Executive respon- 
sible for staff and establishment matters, who resented 
evidence on behalf of the Executive at the Tribunal’s 
sessions on Monday and Tuesday last. He said that 
there had hardly been one month during which the 
Executive had. been free from the necessity of having 
to consider major wage claims of one sort or another. 
Referring to the efforts of the Executive to improve 
the efficiency of the railway service and to reduce 
general operating costs, Mr. Allen stated that the 
Executive was not satisfied with the assistance which 
it had received in that connection from certain sections 
of the staff represented before the Tribunal that day. 
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ADVANCES IN AIRCRAFT 
STRUCTURAL DESIGN.* 
By G. T. R. Hix, M.C., M.Se., F.R.Ae.S. 


To keep this paper within reasonable }imits, there 
are many aspects of structural development which 
have been omitted; for example, the technique of 
full-scale and model testing, dynamic loading, fatigue 
and temperature effects on the strength of materials, 
shear lag, the effect of cutouts, and diffusion problems. 

The Wright Brothers achieved success in powered 
flight firstly by their experiments from which they 
found that they could get enough lift ; secondly, they 
grappled successfully with the problem of providing 
quick-acting and powerful controls ; thirdly, they 
built a reasonably satisfactory structure; fourthly, 
they produced a propulsive system light and efficient 
enough to get themselves off the ground. Their 
Success in achieving fully controlled flight with a 
human pilot inspired most of the aeronautical world 
to develop along the lines into which their own design 
had settled down. Wood was the material chiefly used, 
and high-tensile steel wire was available for the tension 
members. These early structures were relatively 
large with very light loads upon them, and the low 
density and high specific strength of wood were just 
what was wanted. Bamboo was often favoured for 
struts owing to its natural tubular shape with stiffening 
diaphragms at suitable intervals. Fittings were com- 
monly made of mild-steel sheet, and string and glue 
were often used to prevent the wooden members from 
splitting. Fabric of various kinds covered the wing 
surfaces; waterproof paper was not unknown as a 
wing covering, its virtue being eloquently expressed 
m one of the — Avro catalogues in these words, 

True it is cheap, but then it is easily repaired.” 

the early years of the century, France was the 
— of the most active development with biplane 
“reign led by the Farman Brothers and Voisin, and 


* Paper presented at the third Anglo-American Aero- 


Abe Comtaremce, at Brighton, on September 4, 1951. 





monoplane design led by Blériot. These monoplanes 
were all fitted with external bracing wires, as fitted 
half a century before by Henson, and it became clear 
that it was more difficult to design a light monoplane 
structure. Some of the Blériot designs were loaded to 
over 4 lb. per square foot, whereas the corresponding 
figure for biplanes was below 3 lb. per square foot. 
The reason was that the wing structure must be capable 
of carrying down loads as well as up loads. With a 
wire-braced structure, such as that used on the early 
monoplane wings, this results in a depth of girder to 
carry the lift loads equal to the spacing between the 
lift-wire attachments and the main spars, on top of 
which must be placed the girder of a depth sufficient 
to carry the anti-lift wires; there was a tendency to 
economise in the depth of the monoplane structure, 
which resulted in higher tension and compression in 
the members, and consequently a heavier structure. 

By about 1913 there was a growing number of 
fatalities due to the structural collapse of many mono- 
planes; in many cases there was evidence that the 
wings collapsed downwards. The War Office, the chief 
buyer in this country, lost confidence in the monoplane 
asatype. This had a profound influence on the trend 
of design in Great Britain, which was one of the last 
of the great designing countries in the world to abandon 
the biplane type. If a saving in height between the 
points of attachment of the lift wires and the anti-lift 
wires had to be made, it seemed common sense to effect 
most of the saving on the “ cabane ” carrying anti-lift 
wires, because it was felt that these wires did not reallv 
do much except hold the wings up when the aircraft was 
on the ground. In many designs, therefore, the angle 
of the anti-lift wires was very flat, as may be seen 
in Fig. 1, which shows the Bristol monoplane of 1913. 
With the highly cambered wings in use in those days, 
the moment due to camber was relatively large, so 
that, under a down gust, the wing structure would 
twist sufficiently tc produce a further downward load, 
and so on until disaster supervened ; nowadays, this 
is described as ‘‘ divergence.” 





Increasing engine reliability and the introduction of 
multi-engined aircraft reduced the frequency of forced 
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landings, with the result that wing loadings experienced 
& steady increase, and it became economical to use 
metal to replace heavily-loaded wooden members ; 
steel-tube fuselages, the forward ends containing the 
engine and crew, came into wide use before the First 
World War. Aluminium was still confined to struc- 
turally unimportant parts, such as —- and cowling 
panels over the engine. At that time, fabric seemed an 
excellent material for producing a wing shape of the 
right contour, both from the point of view of air flow 
and for transferring air loads on to the primary wing 
structure. However, with increasing air speeds and 
higher wing loadings, fabric failures began to occur in 
theair. One of the earliest attempts to provide a metal 
skin was made by Junkers, in Germany, who experi- 
mented with a highly corrugated steel skin which was 
only a few thousandths of an inch thick. With the 
coming of suitable alloys of aluminium, the smooth 
skin covering of to-day came into almost universal use. 

The Short Silver Streak of 1921 (Fig. 2) was the 
earliest example in Great Britain, and, it is believed, in 
the world, of the completely all-metal structure; the 

were of tubular steel and the wing skin was non- 
structural. Junkers built a number of aircraft in which 
the aluminium skin was corrugated in the line of flight, 
and was thus an effective equivalent of all the rib 
. Running the corrugations lengthwise was not 
directly admissible, for obvious aerodynamic reasons, 
but with frequent internal longitudinal stringers a 
@ comparable result was obtained. The Junkers 
corrugated skin was applied to the fuselage covering 
as well as to the wings, which were of the multi-spar, 
type, fully cantilevered ; the spar booms were tubular, 
with lattice bracing between top and bottom booms. 

Fabric stitched on ribs had many advan ; 
although the ribs underneath caused noticeable ridges, 
they were along wind, and with care in design and 
construction the sections down-wind of a fabric- 
covered wing were quite good. In the ingenious “‘ geo- 
detic” construction due to Wallis, the members 
rs ong | the fabric all ran diagonally; the aero- 
dynamic loss was tolerable at the cruising speeds, 
below 200 knots, of the Wellington, which was largely 
used during the Second World War. As soon as 
fabric was abandoned, the difficulty of producing a 
surface free from waviness along the wind direction 
had to be faced. 

The earliest use of sandwich construction, in which 
an inner and outer strong skin are stabilised by a very 
light core which spaces the skins well apart and 
increases the stiffness of the panel, is believed 
to be in 1925 on the author’s Pterodactyl Mark I, 
illustrated in Fig. 3, on page 538. In this a special 
}-in. plywood was constructed of outside birch veneers 
rto in. thick, with a balsa core 7, in. thick; this was 
used on the sides of the fuselage. Much later the 
technique was widely adopted, notably in the de Havil- 
land Mosquito. Whether it is possible to adapt this 
technique to metal construction is a question as yet 

With increasing demands for torsional stiffness, 
thicker sheeting can be used at the top and bottom 
surfaces of wings, where there is a large concentration 
of load ; the stringer spacing may become very close, 
and serious attention is being given to extruding skin 
panels with integral stringers. When skins are thick 
enough to be extruded, as in many designs to-day, 
the idea of machining them so as to be smooth enough 
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Fie. 3. Hix “ Preropactyt” Marx I, 1925. 


to ensure laminar flow is attractive. Smoothness 
requirements with limitations on waviness measured 
in thousandths of an inch, are apparently almost 
impossible to achieve. On a small scale a suitable 
surface has been produced, but only as a result of many 
weeks of hard work ona few square feet. The dividends 
in speed and range for getting a really smooth surface, 
however, are greater than any other gains which the 
structural engineer has in sight; reinforced plastic 
construction offers attractive possibilities. 

It is by no means always true that the design of an 
aircraft with a lower structure weight percentage is 
better than that of a rival aircraft with a higher value, 
poettoutasty on long-range aircraft, where the percentage 

uel weight is high. Compare two aircraft designed 
for the same duty with different spans: normally, the 
large-span aircraft wing would be heavier than that with 
the small span, but owing to the reduction of induced 
drag with span, the fuel load for a given range would 
be less, and it might well be that the all-up weight of 
the large-span aircraft would be less. 

The square-cube law states that for geometrically- 
similar aircraft with constant wing-loading and factors 
of load and safety, the wing area, and therefore the all- 
up weight, increases with the square of the linear dimen- 
sion while the structure weight increases with the cube ; 
therefore the structure weight percentage must increase 
with size. If true, this puts a definite limit on size 
if any useful load at all is to be carried. In the early 
days, an aircraft weighing 5 tons was estimated by one 
well-known authority to be the biggest that could just 
leave the ground, carrying no useful load at all. Nowa- 
—- it has become clear that other factors of compar- 
able importance were neglected by the weight esti- 
mators of old. Only an unexpectedly small fraction 
of the structure weight is really doing the work of an 
ideally-stressed structure. On large aircraft it is 
easier to refine the design of non-structural parts. 

In 1949, Keith-Lucas showed that, whereas at some 
fairly lore all-up weight the landplane and seaplane 
came neck-and-neck, at higher weights the seaplane 
showed a saving in weight compared with its rival. 
The land undercarriage is a structure in which the loads 
and stresses can be fairly accurately assessed; it 
would thus tend to follow the square-cube law, and 
hence its percentage structure weight would increase 
with size; on the other hand, the seaplane hull is a 
structure which can be progressively refined with 
increasing size, and the square-cube law therefore 
applies to a small fraction of its weight, thus giving 
it an advantage in large sizes over the landplane 
undercarriage. 
With the advent of jet-propelled aircraft there has 
been a sudden increase in s and cruising heights. 


When flying in disturbed air, speed is a major factor 
in producing gust loads, the additional load being 
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roughly proportional to the speed of the aircraft entering 
the gust, assuming a constant wing loading. It is now 
possible to fly high enough to encounter the turbulence 
which is associated with jet streams, where wind 
speeds relative to the earth of upwards of 200 m.p.h. 
produce a high rate of wind shear, and corresponding 
turbulence. There is, however, no indication to the 
pilot by visible cloud. By fitting velocity-acceleration 
recorders and recording accelerometers to numbers 
of aircraft, it has been possible to build up a considerable 
volume of statistical evidence which defines the kind of 
gust in the lower height range, say up to 20,000 ft., and 
also the frequency of gusts of any given severity. In 
order to be sure that the structural strength of an air- 
craft is adequate for the kind of gusts which may be met 
at 30,000 ft. or 40,000 ft., however, it is necessary to go 
to these heights and measure the gusts which are to be 
found there; work on this task has been undertaken 
since the Second World War. The earlier results in 
Great Britain confirmed the belief that, on the whole, 
the air is much calmer at these high altitudes, particu- 
larly if flying in relatively thin layers of disturbed air 
is avoided ; but at least one case is on record of alarm- 
ingly high accelerations at high altitude measured on a 
day when a jet stream was present. The present 
design requirements for gusts are admittedly based on 
guesswork. 

While accelerations produced by gusts act in any 
direction, it is only the accelerations produced by 
changes of lift on the wing that are serious from the 
point of view of both structural safety and passenger 
comfort. To reduce these accelerations, the slope of 
the lift curve must be reduced, involving a loss of 
stability and a loss of manewuvrability of the aircraft. 
The various arrangements proposed for reducing the 
slope of the lift curve consist essentially of a detector 
to measure the gust, a device, usually a flap, to alter 
the lift on the wing, and a servo-motor to amplify 
the signal received by the detector to an extent suffi- 
cient to operate the flap. The whole apparatus must 
produce the answer in a small fraction of a second. 
Since some aircraft now have power-operated ailerons, 
it is attractive to explore the possibility of coupling 
these up to the detector so that both ailerons move in 
synchronism when a gust is met. From the point of 
view of structural safety alone, it would be sufficient to 
“* cut off the top of the lift curve,” and the mechanism 
would then act only when the danger point was 
approached. It would be preferable, however, either 
to flatten the slope of the lift curve all along its length 
or to reduce the slope considerably over a limited range, 
leaving it unaltered outside this range. There are 
many problems to be solved: the degree to which the 
lift-curve slope can be safely reduced, the amount of lift 
reduction at which it is useful to aim, the acceptable 
time lag, and whether it is possible to reduce the lag 
sufficiently with such large surfaces as ailerons, or 
whether much smaller s es, which could easily be 
moved much faster, would be effective. If the gust- 
alleviator could be develo to such a pitch that 
its reliability was comparable with that of the aircraft- 
control system (a by no means impossible task) then 
for a given load factor and factor of safety, a lower 
structure weight might be justified with the gust- 
alleviator in action. 

The common manifestations of aeroelasticity in flight 
om | be conveniently divided into the non-oscillatory 
and oscillatory types. Perhaps the simplest and most 
familiar of the first group is the pro ive loss of 
aileron control with increasing speed of flight. If the 
speed increases sufficiently a point is reached at which 
the movement of the control surface has no effect at 
all on the aircraft ; above this speed the effect of the 











controls is actually reversed, this critical change-over 
being known as the “‘ reversal speed.” A given angle 
of aileron produces a given change in pitching-moment 
coefficient on that part of the wing affected by the 
aileron itself. Under this pitching moment the wing 
twists elastically, and always in the opposite sense to 
the motion of the aileron; a down-going aileron pro- 
duces a loss of wing incidence, and thus the lift due to 
the aileron is diminished by reason of the wing twist. 
This loss in aileron effectiveness increases with the 
square of the , and at the reversal speed it over- 
comes the additional lift which the pilot intends to get 
by moving his aileron. The pilot has a continuous 
warning of the approach of aileron reversal as he 
increases his speed; sufficient torsional stiffening of 
the wing structure will postpone the reversal speed. 

If a straight wing of conventional construction has a 
symmetrical section, its centre of pressure at the 
quarter-chord point will be somewhat in front of the 
flexural axis. The lift force in flight will then twist 
the wing in the direction of increased incidence with a 
resulting increase of lift. If now the angle of incidence 
is suddenly altered, say by a vertical gust, then the 
twisting moment on the wing will be proportional to 
the square of the forward speed; since twisting is 
resisted by the constant elastic stiffness of the wing in 
torsion, it is easily seen that if the forward speed of the 
aircraft is increased sufficiently these two effects will 
become equal. At that speed, the divergence s 
the wing twist can become theoretically infinite. 
Fortunately the divergence speed is usually well 
beyond the range of flying speeds of present-day 
aircraft. 

The simplest examples of flutter involve motion in 
two modes at the same frequency, with a phase differ- 
ence between the modes ; this phase difference enables 
energy to be extracted from the air stream, and if the 
extraction of energy exceeds that dissipated by the 
damping, both structural and aerodynamic, then the 
motion builds up in amplitude until the structure 
collapses. Sometimes the motion involves more than 
two degrees of freedom, but never less, except in cases 
where, for example, there is a movement of a shock 
wave, and the motion is no longer of the simple- 
harmonic type. One of the first well-authenticated 
examples of flutter occurred on the tailplanes of the 
twin-engined Handley Page 0/400 aircraft built at the 
beginning of the First World War. The rear end of the 
fuselage and the attached tail surfaces formed an 
oscillating system with two degrees of freedom; in 
one mode, the port and starboard elevators could 
oscillate about their hinges 180 deg. out of phase, the 
relatively weak spring restoring force being provided 
by long flexible control cables through which each 
individual elevator was connected to the pilot’s control 
column. In the other mode, the tailplanes and rear 
end of the fuselage could oscillate in torsion, and the 
possibility of a phase difference between the two 
modes of oscillation was diagnosed as the cause of 
flutter. The cure proposed was simply to cross- 
connect the port and starboard elevators, so as to 
synchronise their movements. } : : 

The effectiveness of mass balance in preventing oscil- 
lation involving the control surfaces is now well 
established. The oscillation is a binary one with 
rotation of the control surface about its hinge and 
either ry motion of the surface to which it 18 
attached in the direction perpendicular to the line of 
flight, or torsion of this surface, giving rise to incidence 
ce . The weight penalty attached to mass 
balance is of the order of } per cent. of the all-up weight, 
both for small and large aircraft. It can, therefore, 
appreciably affect the payload of a long-range aeroplane} 
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ADVANCES IN AIRCRAFT STRUCTURAL DESIGN. 





Fig. 7. 





Fig. 9. 


mass-balancing is, however, one of the most reliable 
devices ever fitted to an aircraft. 

With the advent of speeds of flight near, and even 
surpassing, the sonic speed, the provision of adequate 
wing stiffness often involves appreciable increases in 
structural weight. The appearance, or the reappear- 
ance, of aircraft with highly swept-back wings has 
accentuated the aeroelastic- difficulties which the 
designer has to meet. Fig. 4 shows the Dunne biplane 
of 1911, which had swept-back wings. On the straight 
wing, bending and twisting can be controlled separately. 
The twist produces change in incidence and therefore 
in air load ; bending produces no change of incidence 
and thus the air load on the wings is independent of 
their bending flexibility. With a swept-back wing, 
both bending and twisting produce changes of incidence. 
Much study at the present time is being given to the 
exact modes of distortion of the swept-back wing under 
lift loads. When the wing tips bend up there is a loss 
of incidence and when the wing twists there is a c 
of incidence in the same sense, although different in 
amount from the change of twist, depending on the 
angle of sweepback. 

Consider an increase of incidence along the wing 
such as that encountered when meeting an up-gust. 
Upward deflection of the wing tips as compared with 
the wing root will produce a loss of incidence at the 
tips, with a resulting nose-up moment on the whole 
aircraft. This nose-up moment rotates the aircraft 
to yet higher incidence ; in other words, a condition 
tending towards instability is experienced. It is also 
clear that the whole effect is proportional to the wing 
flexibility in bending. High speed appears to demand 
small wing thickness and high sweepback ; the main- 
tenance of longitudinal stability calls for high thickness 
and small sweepback. The users of the aircraft call 
for low structure weight ; it will be interesting there- 
fore to see what kind of solution to these various con- 
flicting requirements the future will provide. 

Some fifteen years ago, the general layout of aircraft 
seemed to be reaching a degree of stability appropriate 
to the dignity of a well-established art, whereas now 
the design of high-speed aircraft has changed and is 
changing rapidly. By the time the Second World War 
was over, Lippisch in Germany had brought on to the 
drawing board the delta design, where the very heavy 
Sweep of the leading edge is associated with little or 
no sweep of the trailing . In some ways, such a 
design eases the task of the structural engineer, who 
would perhaps regard as ideal square or circular plan 
forms, with reasonable depth in the centre. The 
delta wing has a smaller span and aspect ratio than is 

usual and thus, in general, less bending moment. In 





Fia. 10. 
Fias. 5 To 10. AERODYNAMIC AND STRUCTURAL DISTORTION OF Swept-Back WING. 


addition, with the same thickness/chord ratio, the 
absolute depth in which the main spars are housed is 
greater, since the root chord is large; questions of 
torsional stiffness are eased by the area towards the 
wing root of what may be called the torsion box. 

Large span, which favours the reduction of induced 
drag, is costly in structure weight as the sweepback 
becomes more pronounced. One of the many enemies 
of low wing-structure weight is the stiffness required to 
ensure freedom from control reversal, flutter and 
adverse movement of the aerodynamic centre due to 
wing distortion. Control reversal arises basically 
from the added load due to control-surface movement 
acting near the half-chord point, while added load due 
to incidence changes acts near the quarter chord. 
The wing structure must be both strong and stiff 
enough to deal with loads applied at either point ; if 
these two points of application of load could be brought 
closer together, less structural stiffness would be 
adequate for safety at a given speed of flight. One 
way of tackling this problem is to consider types of 
control which, when they are moved, do not bring in 
their train such backward points of application of added 
load, such as increasing the control-surface chord, and 
the use of the spoiler control. If the drawbacks of 
either method could be diminished sufficiently, the 
span for greatest economy might be increased if flutter 
and shift of aerodynamic centre due to distortion could 
be looked after. 

The loss of incidence hitherto inseparable from the 
upward bending of a swept-back wing is the primary 
cause of the latter trouble. In the past there has been 
some confusion between structural twist and incidence 
change, which for straight wings are identical. The 
photographs reproduced in Figs. 5 to 10 show the 
distortion of a swept-back wing loaded in two different 
ways from two points of view, that of the aerodynamicist 
who is interested in the tip incidence, as measured by 
the transparent grid, and that of the structural engineer 
who looks along the length of the wing from tip to root 
and studies the twist by observing the alignment of the 
two pillars, inboard and outboard, mounted at right 
angles to the local wing chord. Figs. 5 and 6 show the 
wing under no load, with zero incidence change from 
root to tip, and zero twist. Figs. 7 and 8 show that 
when the wing is loaded at the arrow, which is on the 
flexural axis, there is no twist, but there is a loss of 
incidence due to bending. The aerodynamicist would 
like to see the wing distorting under load into the sha 
shown in Figs. 9 and 10, where the arrow showing the 
loading point is in front of the flexural axis. Here, 
there is no change in tip incidence, although there is 
some structural twist. If such a wing could be 





designed, and the flutter problem solved, it might be 
possible to avoid the increase in torsional stiffness and 
structure weight usually demanded by sweepback. 

Turning to the formidable problem of landing aircraft 
of hea’ back, it has long been known that the 
slope of the lift curve falls off as the t ratio is 
reduced, and that the maximum lift with low 
ratio is developed at angles of incidence higher t 
those in common use; even when the maximum lift 
is reached it attains only a modest value, which it ie 
difficult to raise by flaps or other means, especially 
when account is taken of the need to trim longitudinally. 
There may be serious difficulty with the lateral stability 
at the lower end of the speed range, at any rate with the 
less extreme — of sweepback; furthermore, the 
rapid increase of drag as speed is lost in the approach 
to land means that any attempt at putting the aircraft 
on the ground after an engine failure would be 
hazardous. 

One possible solution would be to hinge each wing 
about a vertical axis, so that in the landing configuration 
the wings are projected more or less at right angles to 
the plane of symmetry, and in the high-s con- 
figuration they are swept-back to give the delta shape. 
This would ap to lead to formidable structural 
problems. Preliminary examination, however, suggests 
that, on the whole, there would be a net gain. Apart 
from complication, the penalty in structure weight is 
likely to be quite small. Many years ago, the author 
had some experience of sweepback variable in flight 
with the Pterodactyl Mark VI. The range of sweep- 
back was much less than would be needed in the 
application now under consideration; the variable 
sweep was delightfully easy to operate in flight, and 
the structure weight penalty was only 2 per cent. of 
the all-up weight. bn the modern version where 
large angles of sweep will be needed, great ingenuity 
will be called for in making good the cracks and gaps 
near the hinge, but the whole philosophy of a change 
in geometry to deal with the immense speed range 
foreseen for this kind of aircraft is in line with what 
has been done with success in the past, a the 
high-lift flap, retractable undercarriage and the 
variable-pitch propeller. 

These speculations on the shapes into which aircraft 
may change in the course of the next few years have as 
their main object the stimulation of discussion and 
experimentation. Looking back over a period of nearly 
fifty years since the Wrights first demonstrated the 
possibility of human flight, one of the many lessons 
which emerges is that progress comes in two ways—by 
steady methodical development, and in gigantic bursts 
when a new idea is born, is at first laughed at, is then 
taken seriously, and, finally, sweeps the board. The 
present is a time of ferment, of galloping progress in 
the world. As a distinguished former President of the 
Royal Aeronautical Society, Dr. Roxbee Cox, has said, 
some ten years ago, “ We must have ideas, develop 
them and use them. Too often we seem to have had 
ideas and forgotten them until others have developed 
them.” How truly he spoke, and how dimly is any 
change in attitude to be seen in Great Britain. Let us, 
therefore, see that every encouragement is given to those 
who are ready to break with tradition and carry us to 
new heights of achievement. 








ALLOCATION OF BUILDING STEEL.—The allocation of 
steel, which was freed from control in May, 1950, is to 
be re-introduced by the Ministry of Supply. In general, 
the scheme will be the same as that which was then in 
force, except that alloy-steel will be controlled under a 
separate scheme and cast iron will not be included in 
the allocation arrangements. This will apply to ingots, 
billets, blooms, slabs, sheet bars, plates, certain sheets, 
tin-plates, sections, bars, rails and sleepers, hoop and 
strip, tubes and pipes, tyres and axles, blocks for forging 
and pressing, colliery arches and pit props, large springs, 
wire rods, wire, wire ropes and other materials. We 
learn that a notice has been sent to all registered building 
and civil-engineering contractors informing them how 
to apply for steel authorisations for licensed building 
work in progress; this includes steel for which a pre- 
ferential treatment certificate, or D.O. symbol, has been 
awarded. For this purpose, Form M.O.W. 2065 is to be 
employed, and, henceforth, all applications for new 
building licences should state the requirements of steel 
for delivery after December 2. A special arrangement is 
being made for conduit and other steel required for 
electrical installation work. Electrical contractors who 
are members of the Electrical Contractors Association 
(or the E.C.A. of Scotland) are being asked by their 
association to submit their requirements of steel for use 
directly on electrical installation work in building. The 
purchase of manufactured fitments, such as steel windows, 
cookers and meters, will not require an authorisation. 
For sheet steel the present arrangements will continue. 
Small quantities of steel may be purchased in any one 
month without an authorisation, on submission of a 
certificate made out in a form to be specified in the 
Order to be issued by the Ministry of Supply. 
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(Concluded from page 504.) 


Tue cracking that, in the early days, so frequently 
accompanied welding was held up as an illustration of 
the dangers of residual stresses. On the other hand, 
it was known that mild-steel joists always retained 
high residual stresses after rolling, yet cracking due to 
their presence was unknown. The practice of scragging 
or pre-setting the components of laminated springs has 
been known for generations to give a better life, and, 
more recently, the shot-peening of springs has been 
found a decided advantage. When, therefore, are 
residual] stresses helpful and when are they dangerous ? 

This question has been strongly debated in recent 
years. The answer that can be given is that such 
stresses are only dangerous when they act as a con- 
straint to plastic deformation. When their line of 
action lies in the same direction as the external stress, 
they can do little harm, or, as in leaf springs, can 
actually be of benefit. If their direction lies across 
that of the external stress, then residual tension 
stresses can be a source of danger. From what has 
been previously stated, if their intensity is greater 
than approximately 40 per cent. of the breaking 
strength, side contraction will be prevented and it 
will be possible to attain the breaking stress with a 
total extension corresponding to that of pure elastic 
extension only. For all practical purposes, such 
extensions are negligible and the crack which forms 
has the y emerste of a brittle fracture. 

With fluctuating or impulsive stresses, the time 
factor has a very obvious bearing on what actually 
happens. The stress may increase so rapidly that 
there is no time for plastic movement owing to slug- 

i and inertia, and the breaking stress can be 
reached before the relieving shear glides are effective. 
This iarity in the behaviour of metals, and parti- 
cularly of steel, has received much prominence and 
notice. It is one to which there are two avenues of 
approach. It is, in the first instance, a problem in the 

ormation of visco-elastic solids under stress with 
time. In the second place, it is a metallurgical problem 
pertaining to the influence of the commonly occurring 
elements and of temperature on these same visco- 
elastic properties—a matter of immediate practical 


ness. 

The differences that exist between different samples 
of steel are shown up most strikingly by their response 
to an impact test. I am not concerned with what 
impact test is used, so long as it contains a notch with 
a known and accurately machined radius and a depth 
which has a proper relation to that radius. To my 
mind, all other details are unimportant, although they 
should be kept to some agreed standard to make 
comparison between different laboratories possible. 
The essential action of an impact test is to apply a 
stress which increases uniformly at a fixed velocity and 
to measure the response of the material to such condi- 
tions of stressing. Impact machines in use do not 
carry out this provision very accurately. In fact, in 
the pendulum type of machine the rate of stressing is 
determined by a rate of extension in which substantial 
variations take place during the course of each test. 
But all tests suffer approximately from the same state 
of affairs, and so they are reasonably comparable. 

In a notched test-piece, the increase in stress due to 


the notch is proportional to 2 


depth of the notch from the surface and R is the radius 
at the root. As this radius becomes smaller, the maxi- 
mum stress increases fairly rapidly. In the standard 
Izod test-piece, it is about 6-6 times the stress in a 
re specimen. The higher the rate at which it is 
ken, the more discriminating does the test become. 
Why this should be so can best be shown with the aid of 
a diagram. I have worked out the case where a stress 
is suddenly applied to a uniform bar and I find that 
the extension of the bar, which varies with time, is 
directly proportional to th» applied stress and inversely 
proportional to the viscosity of the material. Since 
this viscosity may vary with temperature by a ratio 
of a million to one or more, very large differences in 
the rate of extension due to a given stress are possible 
when the temperature is varied. I have taken three 
examples which are represented on Fig. 4 by the letters 
A, B and C, and they correspand to roughly equal 
differences in temperature of the material at the time 
of the test. Any uniformly increasing stress applied 
to the eg heen be pegemanted a uniform rate of 
extension, t] at is, by a straight line in the diagram. 
The line (1) is the representation of one such line. 
At temperature A, the straight line lies wholly below 


a where d is the 
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the curve so that all the atoms can follow the stress 
extension without difficulty, no matter how great the 
extension becomes. At temperature B, the material 
can move with the extension at the beginning, but 
later the lines cross. If the atoms cannot move 
sufficiently quickly, they must be pulled apart and 
fracture will ensue. At temperature C, the rate of 
extension is faster than the atoms can follow and 
fracture will take place almost immediately after the 
application of the stress. These diagrams show that 
there is a critical rate of stressing for each temperature 
which brings about immediate fracture, and this critical 
rate falls off very rapidly with the temperature. When 
fracture does take place under any rate of stressing 
above the critical value, it will take place without 
noticeable extension of the test and will be regarded 
as @ brittle fracture. Alternatively, as the temperature 
is lowered at a constant rate of application of the stress, 
the transition from a state of toughness with appreciable 
extension to one of brittleness with no extension will 
be very sharply defined owing to the fact that the 
viscosity varies exponentially with the inverse of the 


absolute wh ger 

Interpre in the light of these deductions, the 
variations of the transition temperature of ship plates, 
which has become so important in the behaviour of 


Fig. 4. EFFECT OF UNIFORMLY INCREASING STRESS 
ON STEEL AT DIFFERENT TEMPERATURES. 
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welded construction, become clearer. All materials 
will behave in a similar manner, and if cooled to 
sufficiently low temperatures they will show the charac- 
teristics of brittleness. Alternatively, a substance like 
rock salt, which is quite brittle at ordinary tempera- 
tures, becomes tough and plastic when heated—a 
temperature of ‘only 200 deg. C is required. Sealing 
wax stretches almost indefinitely at the temperature 
of boiling water, but, even with the most slowly applied 
stress, breaks like glass at the freezing point. Glass 
itself is another very striking example, and for brittle- 
ness it has indeed become the standard of reference for 
all other materials. Its viscosity has been measured 
and at 500 deg. C. the value is one million million 
times greater than it is at 1,300 deg. C. With this 
enormous range, no wonder it has been so universally 
accepted as a pattern of behaviour for the change from 
the brittle to the plastic state. 

When material with notches or other stress-raising 
changes in section has to withstand fluctuating or 
impulsive stresses, the rate of variation of the stress 
becomes a matter of definite importance. Sharp 
sudden blows may well cause a rise in the stress rate 
at one particular part which is greater than the critical 
rate and so initiate a brittle t of crack. How far 
such a crack will spread will depend on the general 
stress conditions over the area where it originated. If 
the material in the immediate vicinity is already highly 
stressed, a crack once started may go far. I recall the 
case of the German-built Majestic, where a crack started 
at the sharp corner of a lift-opening, cut out of the main 
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deck. The fracture took place during a severe Atlantic 
storm and the crack was 60 ft. in length before it 
fortunately stopped. Bearing in mind temperature 
effects on steel, had it taken place in a vessel in the 
Arctic regions, where the hull might have been below 
freezing point, such an event would have caused a major 
disaster, as the crack would not have stopped at all. 
To try to show by means of an impact test the effect 
of different rates of stressing, standard 10-mm. square 
test-pieces had notches cut in them of constant depth 
but different root radii. The stress rates will then vary 


in proportion to 


Fig. 5 the impact value does show a definite discon- 
tinuity when plotted against this variable. 

It is our misfortune that the critica] stress rates at 
ordinary temperatures for the one material in universal 
use by engineers—steel—should fall within the range of 
stress conditions which occur in their everyday work. 
In the case of copper and nickel—and, indeed, in the 
case also of austenitic stainless steels—the temperature 

for a corresponding sensitivity lies much nearer 
the abolute zero of temperature and is completely 
outside the range of ordinary practical work. When 
the effect of low temperature in promoting brittle 
behaviour first came to notice during the second World 
War, it was recognised at once as a matter of serious 
importance and extensive investigations into the subject 
were commenced. The transition from a tough fracture 
with a fibrous surface to a brittle one with a crystalline 
surface was fairly sharp and the temperature range 
within which this change took place was examined in 
many specimens. It was soon found by Barr and 
Honeyman that the determining practical factor 
affecting the transition range was the ratio of man- 
ganese to carbon in the composition, and the importance 
of this discovery has now been universally acknow- 
ledged. Other factors, such as the crystal grain size, 
have since been shown also to exert their influence, 
but these other factors are secondary to that of compo- 
sition. Why manganese should have this favourable 
effect is not yet known with certainty. It has been 
explained earlier how carbon and nitrogen by their 
presence in the iron lattice cause distortion and a 
predisposition to easy separation of the cleavage planes. 
Manganese has a greater affinity than iron for both of 
these elements, so that, when it is in solution in iron, it 
will tend to cluster round the atoms of these impurities. 
In other words, every dissolved carbon atom will, on 
the average, have more manganese atoms as neighbours 
than will the iron atoms. The effect of the carbon on 
the iron lattice is cut off by this manganese shield 
and the more manganese atoms there are to each 
carbon atom the greater the shielding effect. In some 
such way does manganese act. 


= the radius of the notch, and in 





TRADE PUBLICATIONS. 


Meter Switch.—Details of the ten-way double-pole 
meter switch which is being manufactured by them for 
use by the Post Office Engineering Department, are given 
in a pamphlet received from Precision Components 
(Barnet), Ltd., 13, Byng-road, Barnet, Hertfordshire. 


Electric Welding Plant.—Metropolitan-Vickers Elec- 
trical Co., Ltd., Trafford Park, Manchester, 17, have sent 
us copies of pamphlets dealing with their atomic-hydro- 
gen arc-welding plant, spot welding machines and welding 
electrodes. 


Diesel Engines.—Particulars of the Diesel engines 
manufactured by them for industrial, traction and marine 
purposes (together with data sheets) are contained in a 
number of pamphlets issued by the Diesel Engine 
Division of the English Electric Co., Ltd., Brownsover 
Hall, Rugby. 

Draughting Machine.—W. G. Pinner & Co., 1, York - 
road, Birmingham, 16, have recently brought out a 
“ Precima Major ” draughting machine, which is suitable 
for Double Elephant (42 in. by 29 in.) and Antiquarian 
(54 in. by 32 in.) drawing boards. It can be used on 
boards that are horizontal or inclined up to 20 deg. 
The arms, of light alloy, are supported on precision ball 
bearings; the protractor head is located automatically 
in steps of 15 deg. and can be adjusted to any intermediate 
angle over a range of 180 deg. 

Screw Threads and Threading Dies.—W. H. A. Robert: 
son & Co., Ltd., Small Part Division, Lynton Works. 
Bedford, have produced an unusually comprehensive 
guide to screw threads and threading dies and chasers. 
It gives, inter alia, details of over 300 types of dies for 
die-heads, screwing machines and hand-stocks, of British. 
American and Continental makes ; a comparison of the 
principal screw-thread systems of the world, including 
the Unified System; tables of helix angles, depth of 
threads, cutting speeds, etc.; the international practice 
for “ rounding off” decimals; and details of the firm's 
service for recutting and regrinding dies, which avoids 
delays in supplies and saves steel. 
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AUTOMOBILE OIL-ENGINE DEVELOPMENT. 


Fig. 5. CRACKING FROM CORNER OF REGISTER OF 
CRANKCASE BEARING CAPS. 
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TWENTY YEARS OF OIL-ENGINE 
DEVELOPMENT.* 
By C. B. Dioxsrr, M.I.Mech.E. 
(Concluded from page 491.) 


As originally built [i.e. the early road-vehicle oil 
engines with which Mr. Dicksee was associated] the 
main bearings were provided with aluminium ca 
with the usual steel strap behind them. The strap, 
though generously proportioned, proved inadequate, 
and the aluminium caps failed by cracking across the 
crown. The life of any bearing, no matter what 
service it is called upon to perform, is dependent 
upon the adequacy of its support, and to provide the 
maximum possible support steel caps were adopted 
with babbit run directly into them. This arrange- 
ment was moderately successful, but it caused service 
difficulties owing to the weight of material which had 
to be carried when servicing a bearing failure, as at 
that date the engines, almost without exception, were 
being serviced from the factory. The design was there- 
fore changed to incorporate replaceable shells fitted 
into drop-forged steel caps. The shells themselves had 
heavy steel backs and were babbit-lined. Later, 
after the adoption of copper-lead had cured the connect- 
ing-rod bearing trouble, this material was applied to 
the main bearings also, as the life of babbit main 
bearings, though good, fell a good way behind that 
of copper-lead rod bearings. In the case of the main 
bearings, however, babbit was, and still is, retained 
for the upper halves, an arrangement which was 
adopted partly on the score of cost and partly because 
of limited production facilities ; it appears, however, 
to have some practical advantages also. With this 
arrangement, bearings ultimately ceased to be a 
problem, but before this satisfactory state of affairs 
was reached certain other problems, which reflected upon 
both bearing and crankshaft life, had first to be solved. 

About 1933, a new and somewhat smaller six-cylinder 
engine was produced. The crankcase of the earlier 
engine had originally been cast in aluminium of the 
usual L5 Air Ministry specification, and some trouble 
had been experienced both from a lack of soundness 
and from cracks which developed at the crown of the 
bearing housings. For the new design a change was 
made to a light alloy of a different type, which provided 
both a saving in weight and a fi m from unsound 
castings. At the same time, the crankcase of the old 
design also was changed to the new material. 

Following this change in material, main-bearing 
troubles increased considerably and numerous crank- 
shaft breakages occurred with the new engine and, to a 
lesser extent, with the old engine as well. The applica- 
tion of copper-lead to the main bearings served at the 
time only to aggravate matters rather than to improve 
them, because, instead of breaking up as the babbit 
had done, the lead-bronze fired up and damaged the 
crankshaft. At the same time there were numerous 
cases of the bearings tightening up after a short period 


* Chairman’s addreas to the Automobile Division, 
Institution of Mechanical Engineers, delivered in London 
on October 9, 1951. Abridged. 
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of service, and ultimately the crankcases themselves 
gave trouble by cracking from the corners of the register 
of the intermediate bearing caps, as shown in Fig. 5, 
herewith. The chain-dotted line shows the original 
construction. 

The crankcases of both engines included the normal 
arrangement of through-bolts extending from the 
cylinder feet to the main bearing caps, designed to 
relieve the crankcase itself of all gas loading. To 
obtain the desired bearing area without an undesirable 
increase in cylinder centre distance, the crankshaft 
was given a generous diameter, and in this way the 
intermediate bearings had been reduced to a minimum 
length ; but, as it turned out, the abutment area for 
the bearing caps had been reduced below that necessary 
to enable the new alloy to carry the bolt load safely. 
Several changes to the pattern intended to provide a 
heavier section, and to stiffen up the case where the 


PS cracking occurred, failed to make any improvement, 


and, instances having been observed where the bearing 
caps had bedded themselves into the crankcase material, 
the conditions surrounding the intermediate bearings 
were studied in detail. 

Experiments were made to determine the load 
produced by tightening the nuts on the main-bearing 
bolts, and this proved to average 20,000 lb. per bolt. 
The whole of this load did not, of course, come on to the 
cap-to-crankcase abutment area, as some of it was 
carried by the bearing shells. To gain some idea of 
the load absorbed in pressing home the shells, strips 
of shim steel were fitted at the joint between the two 
shells, and strips of equal thickness were fitted between 
the cap and the crankcase. By measuring the stretch 
of the bolt, when the nut had been tightened so as just 
to nip the strips under the bearing caps, a fair idea 
was obtained of the load needed to take up the draw 
of the shells and of how much remained to be carried 
by the abutment faces. 

The results showed that, in the case of the inter- 
mediate bearings, the compression stress in the material, 
both on the abutment face and in the cross-wall of the 
case itself, was dangerously on the high side. As the 
bearings were line-bored in position and the nuts were 
all marked, and always pulled back to their original 
position, this might not have caused any serious 
trouble had not the load been increased still further 
by operating conditions. This additional load was 
the result of the difference in expansion between the 
steel through-bolts and the crankcase material. The 
caps, being in steel, did not affect the result, but 
the dimensions of the crankcase were such that there 
was a difference in expansion of nearly 0-012 in. for a 
rise in temperature of 100 deg. C. above that at which 
the bolts had been tightened. 

Actual measurements showed that a temperature 
rise <f this order could, and did, arise in the bearing 
housing, the bearings themselves and the housing being 
normally some 30 deg. C. hotter than the oil in the 
sump. Assuming that the limit of proportionality 
was not exceeded either for the steel of the bolt or 
for the light alloy of the crankcase, a rise in temperature 
of 100 deg. C. would result in a total stress in the bolt 
of 82,500 lb. per square inch and that in the crankcase 
wall, as originally designed, of nearly 18,000 lb. per 
square inch. The modifications already made to the 
crankcase had reduced the stress in the crankcase wall 
to 9,000 lb. per square inch but raised the stress in the 
bolts to 87,500 lb. per square inch and produced a load 
on the abutment area of the cap amounting to the 
alarming of 37,000 lb. per square inch. The 
yield point of the crankcase alloy was only 15,000 lb. per 
square inch, so that a serious deformation of the material 
was to be expected 
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That deformation actually occurred was shown experi- 
mentally by cutting from a crankcase the parent A 
bearing walls, fitting the shells and bolting down the 
bearing caps in the normal manner and then heating 
up the assembly, after first having recorded the amount 
of elongation of the bolts caused by tightening the nuts. 
The assembly was heated to 130 deg. C., representing 
some 110 to 115 deg. C. above the temperature at 
which the nuts were tightened and therefore a some- 
what extreme condition. (The figure was dictated by 
the temperature of an oil bath which was available at 
the time.) On cooling again to atmospheric tempera- 
ture, the average loss of elongation of the bolts was 
found to be just under 50 per cent., and at the same 
time a small crack was found to have developed at the 
corner of one of the cap registers, exactly as occurred 
under service conditions. The initial elongation of the 
bolts averaged 0-023 in., so that a loss of nearly 50 per 
cent. meant that the cap and the bearing would be 
raised by some 0-010 in. 

The front, centre, and rear bearings being of greater 
length, and having therefore a larger abutment area, 
were in much better position to withstand the load 
due to expansion ; especially as, in common with the 
intermediate bearings, the front and centre bearings 
had only a single bolt on each side. These three 
bearings were consequently little effected, with the 
result that the intermediate bearings could be anything 
up to 0-010 in. out of line with the others. Such a 
condition provided ample explanation of tightening-up 
which occurred and, even without the assistance of yet 
another factor, would probably have increased the 
bending moment on the crankshaft sufficiently to pro- 
duce fatigue failures. Further, by increasing the 
loading on the intermediate bearings the break-up of 
babbit linings was accelerated and, when copper-lead 
linings were substituted, overheating took place on 
numerous occasions. In some of these latter cases the 
load resulting from the high temperature caused a 
collapse of the crankcase material sufficient to release 
all tension from the bolts. 

Using one of the crankcase sections as a pattern, 
samples were cast in several different alloys. These 
were machined and submitted to the same treatment, 
and showed that alloys such as those used for aircraft 
engines were free from this trcuble, and that, even 
when heated to 200 deg. C. above atmospheric tempera- 
ture, the loss of bolt elongation did not exceed 0-005 in, 

A change was therefore made to this class of alloy 
and this gave complete freedom from further trouble. 
Later, in order to reduce cost, & new design was pre- 
pared and cast in iron, the scantlings being redu to 
the minimum so as to reduce weight. Although some- 
what heavier, the increase was not ‘ripen pes and this 
design proved materially less costly and entirely free 
from trouble, and to-day cast iron is used exclusively 
for crankcases. 

The crankshaft failures were not, as it turned out, 
entirely due to the crankcase trouble, although they 
were at first assumed to be incidental damage conse- 
quent upon bearing failure. A number of breakages 
occurred which were unaccompanied by bearing 
failure, and a very careful and complete record was 
made of all failures and the circumstances attending 
them. In a large proportion of the shafts, the failure 
occurred towards the centre of the shaft. This ruled out 
the possibility that torsional vibration was the cause, 
because, though the sixth-order critical came in only 
just above the normal operating range, and might 
therefore have caused a certain amount of trouble, 
breakages in the region of No. 6 crank wer? almost 
unknown. The two-node mode of vibration was ruled 
out as having a natural frequency far too high to bring 
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Fig. 7. DISTORTION IN CYLINDER BARREL 
AT BOLT BOSSES. YN 
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a dangerous critical anywhere within the operating 


range. 

The outstanding point which emerged from the 
record was that by far the largest proportion of the 
failures occurred with cranks made from forgings 
procured from one particular supplier. It was found 
that these shafts suffered from so much distortion 
during rough machining, that often the shaft would 
not clean up during subsequent operations. In extreme 
cases, with the shaft supported on the front and rear 
bearings, the distortion amounted to as much as } in. 
eccentricity at the centre main bearing, the average 
value being nearly y% in. It was, therefore, the prac- 
tice to straighten these shafts in a hydraulic press. 
In the case of forgings from the alternative suppliers, 
the distortion which occurred was, as a rule, small 
enough to enable it to be corrected during the subse- 
quent machining operations, and in only a small 
proportion of cases was it necessary to resort to straight- 
ening. Inquiries revealed that the troublesome forg- 
ings were stamped with all the cranks in one plane 
and were then twisted when hot in order to obtain 
the required 120 deg. between throws. Fig. 6, on 
541, which shows a rough forging and a finished shaft, 
will give some idea of the brutality of such treatment. 
From the records it became clear that the majority of 
failures took place at the points where the largest 
amount of bending was required in order to straighten 
the shafts. 

Experiments with rotating-beam fatigue specimens 
made in the crankshaft material showed that whereas, 
when tested in the form of the standard fatigue speci- 
men, the material had an endurance limit of +34 tons 

r square inch, and +18 tons per square inch in the 

‘orm of a specimen grooved to provide some measure 
of stress concentration, the grooved specimen, after 
being bent to a small angle and restraightened cold 
before finish-machining, had an endurance limit of 
only +9-5 tons per square inch. In actual crankshaft 
form, the endurance limit of the material was +10 tons 
per square inch, so that the danger of straightening the 
shafts cold became abundantly clear. Cold straighten- 
ing was therefore ruled out and all stampings are now 
called for to be made with the throws stamped at the 
correct angle; and any shaft which distorts to an 
extent such that it cannot be straightened in subse- 
quent machining operations is now straightened hot 
and again heat-treated—a ure which has effec- 
tively removed this cause of failure. 

A feature examined during the investigation just 
recorded was the effect of temperature upon a cast-iron 

linder block bolted firmly to a light-alloy crankcase, 

e two forming what is virtually a bi-metallic 
strip. is, however, will. become important only 
when the cylinder block is in a single casting and 
reaches an appreciable length. At operating tempera- 
tures a measurable amount of bowing was found, 
though not such as would be likely to a the crank- 
shaft or the i Careful measurements revealed 
a bowing to the extent of 0-012 in., in one case running 
from 0: hee ” at atmospheric temperature 
to 0-009 in. “* * when at operating temperature ; 
these figures re t the movement of the centre 
main bearing relative to the two end bearings. The 
crankshaft itself deflected an equal amount under a 
very small load at the centre, so that deflection of this 
oon not represent very heavy bending stress on 


A point where a considerable stress is uced, 
however, is at the feet of the two ends of the block, 
and breakage of the cylinder feet and of the bolts has 
occurred at this point. Evidence of the heavy loading 
at this point was found on the top surface of the 
crankcase, where the corners of the cylinder feet had 





Fig. 9. EXPANSION SLOTS IN CYLINDER HEADS. 
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actually dug into the light alloy. This loading is 
accentuated by the fact that the top deck of the block 
is normally hotter than the lower, and the block itself 
tends to bow in the opposite direction. With the use 
of the same material for both block and crankcase this 
trouble disappears. 

It is not unusual for the bolt bosses at the ends of 
the block to be made to the same dimensions as those 
which lie between two cylinders, but, the end bosses 
not deriving any assistance from a neighbouring 
cylinder, a design which is adequate between two 
cylinders may prove inadequate at the ends of the 
block. Even when no failures have been recorded it 
is surprising how much distortion can be measured in 
the cylinder barrel just above the bolt bosses, if the 
bolt bosses are not tied well back into the casting. 
Fig. 7, herewith, shows some distortion actuall 
measured. The presence of a gasket under the bloc 
helps to increase the distortion. 

In the early days, a good deal of trouble was caused 
by cracked cylinder heads. The heads themselves were 
made to cover three cylinder bores, and the trouble 
occurred most commonly over the centre bore of the 
three. Temperature measurements, made on the valve 
face of the head, showed that on these particular heads 
there was a wide variation in temperature, one side of 
the head being materially hotter than the other. 
Various changes in design were tried without removing 
the trouble. The lack of symmetry of the temperature 
was owing to the arrangement of the combustion 
chamber and was therefore unavoidable unless some 
means could be devised for equalising the temperature 
by local cooling or some such device. Attempts to 
effect this by directing the cooling water proved 
ineffective, and it was decided to try aluminium heads, 
with the idea that the greater conductivity of the 
material might result in a more even distribution of 
heat. This, as temperature measurements showed, it 
undoubtedly did, but the much greater expansion of 
the aluminium offset the gain in uniformity and cracking 
still occurred. In actual fact, the aluminium heads 
cracked in a number of places where the iron heads 
were free from trouble, but they served a very useful 

in that they provided a clue to the real nature 
of the failure and indicated the direction in which to 
find the answer. 

The examination of the cracked aluminium heads 
made it clear that the failures were caused by a com- 
— stress in the lower face of the head, resulting 

m its inability to expand freely on account of being 
bolted securely to the cylinder block. With three 
highly heated zones in line with each other on one side 
of the head and with freedom of expansion restricted, 
the material over the centre of the three bores was 
subjected to a very heavy compressive stress under 
which it probably took a permanent set, and, on cooling 
off, was then subjected to a tensile stress. After a 
number of such reversals the material failed. In the 
case of the aluminium heads the fractures showed a 
marked lifting of the material at the edges of the 
crack, as shown in Fig. 8, herewith, indicative of the 
severe cramping to which the material had been 
subjected. The solution was to provide room for the 
metal to expand. This was done by cutting a slot 
right through the lower face of the head midway 
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between adjacent bores. This slot was }4 in. wide and 
extended from an existing core hole to a small hole 
drilled specially on the centre line, as shown in Fig. 9, 
herewith. At that time it was not considered desirable 
to extend the slot right across the head as it would 
have had to pass across a stud hole, and, fortunately, 
it did not appear necessary for it to do so. Later, on 
another head, the slot was carried right across, the gap 
at the stud hole being made good by the insertion of a 
steel ferrule (Fig. 10). 

The immediate result was a big improvement. The 
cracks in the area which had troubled the iron heads 
were eliminated, and, though cracking of the light 
alloy heads was never entirely cured, the number of 
failures was reduced to a fraction of its former pro- 
portions. A return was therefore made to iron heads 
on the assumption that the remedy would be equally 
effective. A further incentive was that the iron heads 
were much less expensive and, moreover, had been 
free from the cracks which still appeared in the light- 
alloy heads. The assumption proved justified, and 
with a modification to the combustion chamber, which 
improved the temperature distribution, cracking was 
ultimately reduced to the occasional sample, which will 
probably happen as long as internal-combustion engines 
are built. With the greatly reduced rate of cooling 
loss of the present-day open combustion chamber, the 
use of this expansion slot has proved unnecessary. 

The elimination of head cracking by the use of 
** breathing ”’ slots in the lower face of the head intro- 
duced a trouble with the head gaskets, which, in turn, 
had to be solved. The original gaskets were provided 
with holes to correspond with the core holes in the 
head from which the slots were cut. These holes had 
the usual eyelets, and, as was perhaps natural, it was 
felt necessary to make the hole in the gasket to conform 
with the slot in the head. This produced a keyhole- 
sha opening in the gasket (Fig. 11, opposite), 
eyeletted in the approved fashion, althoug}, to avoid 
conflict with the cylinder openings, the slot in the 
gasket did not extend to quite the full length of the 
slot in the head. In time, trouble occurred with the 
gasket in the form of the eyeletting, along the edge of 
the slot in the gasket, being pushed off by the expansion 
of the head and allowing water to penetrate the asbestos, 
with the inevitable result. Various modifications were 
tried before a solution was found. The first modifica- 
tion, shown in Fig. 12, was to make the opening pear- 
shaped instead of following the shape of the hole and 
slot in the head. This, however, made no improvement. 

Then, instead of the usual form of eyeletting, two 
petite gy were tried coupled together with 
a central eyelet, as shown in Fig. 13. This modification 
also failed to give satisfaction and, finally, the attempt 
to embrace the slot in the head by any form of opening 
the gasket was abandoned, and the original circular 
opening, embracing the cored hole only, was restored, 
and provided the solution. With these gaskets the 
effect of the expansion of the head could clearly be 
seen in the way the copper was forced up into the slot 
after a period of service. In a few instances a crack in 
the copper developed, but not before the gaskets had 
already reached the end of their normal period of life 
and this was never, so far as the author is aware, 
responsible for terminating their life. 

In the very early days, trouble was caused by the 
thickening of the lubricating oil. The oil used at 
first was the same as was at that time used for petrol 

i This oi] had been chosen to allow for the 
dilution which normally takes place in service with the 
petrol engine. When used for the oi! engine, however, 
not only was there an absence of dilution, but, with the 
early combustion chambers, a considerable amount of 
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OPENINGS IN GASKET TO CONFORM 
WITH SLOTS IN CYLINDER HEAD. 


Fig. 11. 
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carbon was absorbed by the oil on the cylinder walls 
and this worked its way down into the sump. At the 
same time, owing to oxidation, the oil itself increased 
in viscosity and the result was that the oil thickened 
to such an extent that, in extreme cases, such as when 
oil changing had been neglected, it assumed the con- 
sistency of thick cream. The effect of such oil on the 
bearings can easily be imagined. Fortunately, solvent- 
extracted oils made their appearance about the same 
time as the oil engine, and provided a solution to this 
particular problem. While it lasted, however, the 
trouble proved distinctly expensive and the complete 
wrecking of the engine resulted in a number of cases. 

More recently, by the use of suitable additives, the 
ability of lubricants to withstand severe operating 
conditions has been greatly increased, and, although 
these oils first came into everyday use in the United 
States of America, it should be placed on record that 
their development is the direct outcome of the pioneer 
work done in Great Britain by Mr. E. A. Evans. 

Although the scantling of pistons was increased 
materially as compared with those of the petrol engine, 
many piston failures occurred from a fracture starting 
in the lower ring groove at a point immediately above 
the gudgéon-pin boss. The presence of oil drain holes 
behind the scraper ring was a serious aggravation, as 
they produced a stress concentration and made fracture 
more likely. A generous increase in metal thickness, 
and the banishment of drain holes from a zone about 
45 deg. each side of the pin boss, effected a cure. 
The splitting of the gudgeon-pin bosses along the crown 
and starting at the inner end of the boss was another 
source of trouble. This was accentuated by the per- 
sistence of some makers in drilling an oil hole right 
through the boss. The removal of the oil hole and the 
Provision of ample material to transmit the load from 
the top of the piston to the gudgeon-pin bosses helped 
toremove this trouble, which was largely due to the 
deflection of the pin or the bosses, or both, which 
threw the load towards the inner edges of the bosses. 
Rounding off the inner end of the pin bore, to prevent 
the load being concentrated on the extreme end of the 
boss, finally cleared up this trouble. 

Examples can occasionally still be seen of oil holes 
Grilled through the upper side of the gudgeon-pin 

» ‘This not only courts fracture, but does not assist 

lubrication, because a hole drilled in a heavily loaded 
zone of a bearing acts as a drain and not as a feeder, 
& fact which was demonstrated as long ago as 1885 by 
Beauchamp Tower’s classic experiments, but which still 
seems not to be fully appreciated. 
The best way to lubricate the pin boss, if any special 





provision is really necessary, is to drill two holes, one 
each side of the pin, with their centre-line tangential 
to the pin bore and parallel with the axis of the piston, 
the depth of the drilling being such that the end of 
the drill passes a little beyond the centre of the pin 
hole. Oil is thereby delivered to a point on each side 
of the pin where no load is carried by the bearing surface 
and has, therefore, the best possible chance of working 
into the bearing. The holes themselves are in the 
least-stressed part of the structure. 

In addition to making progress in mechanical 
reliability, there has been a considerable improvement 
in fuel economy during the past 20 years. So long as 
competition was with the petrol engine, the difference 
in fuel consumption between different types of oil 
engine was not very important. This remained true 
even for some time after fuel oil was called upon to 
pay the same tax as a but, as the petrol engine 
was gradually ousted from the heavy-vehicle field. the 
difference in consumption between different types of 
combustion: chamber assumed a steadily increasing 
importance, and every effort was made to improve 
the fuel consumption to the utmost. It is not possible 
here to give even a brief survey of combustion-chamber 
development and it must suffice to say that, as each 
type seemed to have reached its limit of development, 
it has been abandoned for one showing more promise, 
until to-day only a single type of chamber, the open 
combustion chamber, is in use for any of the heaviest 
classes of vehicle manufactured in @reat Britain. 

The reason for the high efficiency of the open chamber 
lies partly in the relatively low jacket loss consequent 
upon a very favourable surface-volume ratio, and partly 
in the avoidance of any great expenditure of energy 
in the production of the air movement needed to 

romote rapid and complete combustion, and in the 

t that the combustion is completed very early in the 
expansion stroke so that the maximum benefit is 
derived from the expansion ratio. 

Not ali open combustion-chamber engines give 
equally good consumptions, and in the smaller sizes 
a relatively higher friction loss and a less favourable 
surface-volume ratio make it somewhat difficult to 
achieve consumption figures as low as those of the 
larger sizes. Fig. 14, herewith, shows some consumption 
figures recorded at different periods during the past 
two decades. These are in the form of the consumption 
loops at 1,200 r.p.m., this being about the speed at 
which most engines give their optimum results. All 

i are those actually recorded, no correction 
having been applied. 





Fig. 15, herewith, shows the consumption loop at 


1,200 r.p.m. of a present-day open-chamber engine, 
and gives the fuel in lb. per indicated horse-power per 
hour, plotted against the proportion of air used. 
Included for comparative purposes are the indicated 
consumption which theoretically is possible when 
allowance has been made for the change both in the 
specific heats, and the composition of the gases with 
the change in air utilisation, when the maximum 
pressure is limited, as in the actual engine from which 
the figures were obtained, to 1,000 lb. per square inch, 
and when all combustion takes place at constant 
volume. For further reference the consumption 
corresponding to the “air standard” efficiency is 
shown also. The compression ratio for the engine is 
16:1, the theoretical values being those for this ratio 
also. 


The outstanding point is the very high proportion of 
the theoretical figure which the modern engine actually 
develops. These figures suggest that to obtain any 
further improvement in fuel per brake horse-power per 
hour there will have to be an appreciable reduction in 
the friction losses. These are not particularly high at 
the lower speeds, but they increase somewhat rapidly as 
the speed increases, as shown in Fig. 16, herewith, and 
affect the consumptions at the higher speeds. Any 
reduction in the friction figures would result in a definite 
improvement in the net specific consumption, especially 
at reduced loads, and this, being the condition under 
which a vehicle engine spends a large ee of its time, 
would result in a much bigger saving in fuel than ap 
possible from any improvement in cycle efficiency likely 
to be achieved in the immediate future. 

The foregoing describes some of the difficulties and 
troubles which were experienced in the early days of the 
development of the automobile oil engine, and the 
remedies which were applied in order to bring it to its 
present position as an extremely reliable and highly 
economical power unit. Some of the difficulties were, 
no doubt, peculiar to this particular design, while 
others were experienced in common with other manu- 
facturers. All are now ancient history, but since they 
have not previously been discussed in public, they, 
and their remedies, may perhaps be of interest, 
especially if the remedies differ somewhat from those 
that others have used. 





“ ArRsTOPS*’ FOR HELICOPpTERS.—Lord Ogmore, the 
Minister of Civil Aviation, has announced that helicopter 
passenger stations in the centres of cities and towns will, 
in the future, be known officially as “‘ airstops.” 
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LAUNCHES AND TRIAL TRIPS. 


M.S. ‘“‘OswestRY GRANGE.”—Single-screw cargo 
vessel, with accommodation for four passengers, built 
and engined by R. and W. Hawthorn, Leslie & Co., Ltd, 
Hebburn-on-Tyne, County Durham, for the Houlder 
Line, Ltd. (Managers: Houlder Brothers & Co., Ltd.), 
London, E.C.3. Main dimensions: 450 ft. between 
perpendiculars by 61 ft. 6 in. by 40 ft. to upper deck. 
Hawthorn-Doxford four-cylinder opposed-piston oil 
engine, developing 3,780 b.h.p. at 100 r.p.m. in service. 
Speed, about 12% knots. Launch, October 3. 

S.S. “Cape ArGos.”—Single-screw trawler, built by 
Cochrane & Sons, Ltd., Selby, Yorkshire, for National 
Sea Products, Ltd., Halifax, Nova Scotia. Main dimen- 
sions: 137 ft. between perpendiculars by 26 ft. 6 in. by 
13 ft. 9 in.; gross tonnage, 395. Triple-expansion 
steam engines, developing 700 i.h.p. and one oil-burning 
boiler, constructed and installed by Amos and Smith, 
Ltd., Hull. Launch, October 3. 

M.S. “LONDON GtoRy.”—Single-screw oil tanker, 
built by Sir James Laing and Sons, Ltd., Sunderland, 
for London and Overseas Freighters, Ltd., London, W.1. 
First vessel of an order for three. Main dimensions : 
475 ft. between perpendiculars by 67 ft. 44 in. by 
37 ft. 4in.; deadweight capacity, about 15,300 tons on 
a summer draught of 29 ft. Four-cylinder opposed- 
piston oil engine, constructed by William Doxford & 
Sons, Ltd., Sunderland. Service speed, 12} knots. 
Launch, October 4. 

M.S. “ Borista.”—Single-screw oil tanker, built and 
engined by Harland and Wolff, Ltd., Govan, Glasgow, 
for Fred Olsen & Co., Oslo, Norway. Main dimensions : 
580 ft. between perpendiculars by 78 ft. by 42 ft. 6 in. to 
upper deck; deadweight capacity, 24,000 tons on a 
draught of about 32 ft. Harland-B. and W. seven- 
cylinder single-acting two-stroke opposed-piston eccen- 
tric type oil engine. Trial trip, October 6. 

M.S. ‘‘ In1apE.”—Single-screw oil tanker, built and 
engined by Harland and Wolff, Ltd., Govan, Glasgow, 
for the joint ownership of the Société Navale Delmas- 
Vieljeux and the Société Anonyme Courtage et Trans- 
ports, Paris. Main dimensions: 540 ft. between perpen- 
diculars by 73 ft. by 39 ft. 3 in. to upper deck; dead- 
weight capacity, about 18,700 tons. Harland-B. and W. 
six-cylinder single-acting two-stroke opposed-piston 
eccentric-type oilengine. Launch, October 11. 

M.S. “ PRoMETHEUS.”’—Single-screw oil tanker, built 
and engined by Burmeister & Wain, Copenhagen, 
Denmark, for Jacob Odland S.S., Haugesund, Norway. 
Main dimensions: 465 ft. between perpendiculars by 
62 ft. 104 in. by 34 ft. 8 in. to main deck; deadweight 
capacity, about 13,250 tons on a draught of 27 ft. 4 in. ; 
capacity of cargo tanks, about 632,000 cub. ft. Six- 
cylinder two-stroke single-acting direct-reversible oil 
engine, developing 4,600 b.h.p. at 110 r.p.m. Speed, 
14 knots, fully loaded. Launch, October 11. 

M.S. “‘ CoakpaRa.”’—Single-screw cargo liner, carrying 
twelve passengers, built and engined by Barclay, Curle 
& Co., Ltd., Whiteinch, Glasgow, for the British India 
Steam Navigation Co., Ltd., London, E.C.3. Main 
dimensions: 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck; deadweight capacity, about 10,000 tons 
on a draught of 27 ft. 3 in.; gross tonnage, 7,150; 
cargo-carrying capacity, 562,800 cub. ft., including 12,800 
cub. ft. insulated. Barclay Curle-Doxford six-cylinder 
opposed-piston solid-injection oil engines, developing 
6,800 b.h.p. at 116 r.p.m. on service. Loaded speed, 
14} knots. Trial trip, October 12. 

M.S. “ CHakraTa.”—Single-screw cargo vessel, accom- 
modating twelve passengers, built and engined by 
Swan, Hunter, and Wigham Richardson, Ltd., Newcastle- 
upon-Tyne, for the British India Steam Navigation Co., 
Ltd., London, E.C.3. Main dimensions: 455 ft. between 
perpendiculars by 62 ft. 6 in. by 40 ft. 9 in. to shelter 
deck; deadweight capacity, about 9,600 tons on a 
draught of 27 ft, 3 in.; gross tonnage, 7,150; cargo- 
carrying capacity, 94,000 cub. ft. insulated and 423,000 
cub. ft. uninsulated. Swan Hunter-Doxford opposed- 
piston oil engine, developing 6,800 b.h.p. at 116 r.p.m. 
Service speed, about 15 knots. Lamnch, October 15. 

M.S. “‘ SraNHOPE.”—Single-screw cargo vessel, built 
by Short Brothers, Ltd., Sunderland, for the Stanhope 
Steamship Co., Ltd., London, B.C.2. Main dimensions : 
435 ft. between perpendiculars by 58 ft. 9 in. by 38 ft. to 
shelter deck; deadweight capacity, 10,150 tons on a 
summer draught of 25 ft. 11 in. N.E.M.-Doxford four- 
cylinder opposed-piston airless-injection oil engine, to 
develop 3,300 b.h.p. at 109 r.p.m., constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Service speed, 12 knots. Trial 
trip, October 16. 

M.S. “Juan PeEron.”—Twin-screw whale factory 
ship, built and engined by Harland and Wolff, Ltd., 
Belfast, for the Compafila Argentina de Pesca, Soc. 
Anon., Buenos Aires. Main dimensions: 635 ft. 
between perpendiculars by 80 ft. by 36 ft. to tank deck; 
gross tonnage, 24,570. Two Harland-B. and W. six- 
cylinder Diesel engines. Trial trip, October 16. 





APPARATUS FOR MEASURING 
VISCOUS-FLUID FLOW. 


Unttt recently, it has not been considered practicable 
to measure the rate of flow of viscous fluids by the 
orifice method since, below a certain Reynolds number, 
the coefficient of discharge ceases to be uniform with 
Reynolds number. A new type of orifice, known as 
the PL, has, however, been introduced this year by 
Messrs. George Kent, Limited, Luton, Bedfordshire, in 
which the discharge coefficient remains constant to a 
much lower value of Reynolds number than that of the 
standard square-edged orifice, and consequently, it can 
be used for measuring the flow of relatively viscous oils 
and fluids. Below the limiting value of Reynolds 
number for uniform discharge, in a square- 
circular orifice the discharge coefficient tends, initially, 
to increase as Reynolds number is reduced ; whereas, 
in a Venturi tube, the discharge coefficient falls with 
decreasing Reynolds number. In the PL orifice, a 
successful attempt has been made to balance these two 
viscosity effects. It consists of a fairly thick stainless- 
steel plate, from yy in. thick upwards, depending on 

















the diameter of the oil pipe, with a circular orifice, 
having a short conical entrance followed by a short 
parallel section, and is used with “corner tap” 
pressure connections—i.e., the tappings are flush with 
the boundary of the orifice plate. 

The PL orifice can be fitted in horizontal or vertical 

ipelines. It can be supplied as a plate to be clainped 
tween the existing flanges of the oil pipeline, for 
pipes of 1 in. diameter and upwards ; in this case, the 
space required for the installation is only the thickness 
of the plate plus the jointing washers. Two shut-off 
cocks are also supplied for screwing into the pressure 
tappings. Alternatively, the PL orifice can be supplied 
for 1-in. and 2-in. diameter pipelines in a self-contained 
carrier unit, as shown in the accompanying illustration, 
comprising a gun-metal carrier in two sections, an 
orifice plate and shut-off cocks. 

The orifice is normally used in conjunction with a 
Kent 120-in. water-gauge standard mercurial meter 
type KM. Witha meter designed for a maximum flow of 
125 gallons an hour, the maximum limiting viscosity 
for accurate flow measurement is 200 Redwood No. 1 
seconds; for a maximum flow of 128,000 gallons an 
hour, the maximum limiting viscosity is 6,300 Redwood 
No. 1 seconds. If only a small flow range is to be 
measured, however, the upper limiting viscosity may 
be increased two or three times. It can be increased 
by using a 240-in. water-gauge meter in place of the 
120-in. meter. 





New DIgsEL-ELEctTRIc LOCOMOTIVE.—The English 
Electric Company, Limited, Kingsway, London, W.C.2., 
have recently completed the third, No. 10202, of the 
main-line Diesel-electric locomotives for British Railways. 
The engine develops 1,750 brake horse-power. 





THE DUNAPENTELE IRON WoRKS, HUNGARY.—A new 
Hungarian iron and steel works at Dunapentele, 40 miles 
from Budapest, is due to commence production on 
November 7, when the first tapping of iron will be made 
from a blast furnace. Suitable coke will be produced 
from soft coal obtained from the Komlé and Pécs mines 
in a coke-oven battery consisting of 51 ovens. A total 
of 810,000 tons of coal a year will be utilised in the coke- 
oven plant, the gas being used in open-hearth steel 
furnaces and also for generating electricity. The by- 
products from the coke ovens will pass on to an adjacent 
chemical works. The iron ore is to be imported, ready 
graded and concentrated, from the Soviet Union. Like 
the coal it will be conveyed by barge down the Danube 
to a port specially constructed to serve the new works. 
Four 125-ton open-hearth steel furnaces are being built 
and a further four furnaces are contemplated. A new 
residential town to house the employees has been con- 
structed and 12,000 workpeople are already installed 
there. The town is separated from the Danube Valley 
Iron Works, as they are called, by a belt of trees 24 km. 
(1-6 miles) in length, and400 m. (437 yards) wide. 
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SINGLE-PHASE ELECTRIC 
TRACTION AT 50 CYCLES. 


(Continued from page 522.) 

Tue Aix-les-Bains to La Roche-sur-Foron section 
is supplied from the Annecy substation through two 
feeders, each of which consists of copper wire with 
a cross-section of 0-23 sq. in. In order to ensure 
continuity of supply these are connected to the 
contact line at the entry to and exit from each 
station and, as shown in Fig. 5, each section can be 
isolated by rotary switches, which are installed in the 
stations or near an operating post. There is also a 
neutral section at Aix-les-Bains where the single- 
phase and direct-current systems join. Two arrange- 
ments of contact wire systems are used: the 





vertical or polygonal and the inclined or hyperbolic. 





the radial tension of the contact wire is transmitted 
to the catenary by droppers and thence to steadying 
arms. The contact wire is attached to the droppers 
by hooks, which allow the droppers to swing through 
10 deg. on either side. The line is only anchored 
at the entrance and exit of each section but, in 
order to limit the effects of any breakage, it is 
secured to the catenary every 1,500 m. by an 
auxiliary cable which, in turn, is anchored to the 
supports. 

The steel supports, which are usually erected about 
2-4 m. from the centre of the track, are earthed 
to the running rails by a copper wire 7 mm. in 
diameter. Generally speaking, two types of assem- 
bly have been used, one consisting of long masts 
to which horizontal brackets are fixed and the other 
of shorter masts, the brackets on which are inclined. 
In both cases the brackets are fixed to the mast 


the side walls of the structure. Where polygonal 
suspension has been used, it has been possible to 
run the contact wire under the structure without 
making use of any special arrangements. Where, 
however, the inclined overhead line has been 
employed, it has been necessary to fix a spring on 
both sides of the structureyso as to limit the distance 
the contact wire can rise either at low temperatures, 
or when it is forced up by the pantograph. Where 
current-carrying parts pass under the structure, 
the side walls are protected by expanded metal 
sheets. At level-crossings the contact wire usually 
lies at least 20 ft. above the track, but where this is 
impossible a steel framework has been erected 
on each approach to prevent any loads on road 
vehicles coming into contact with the line. 

There are eight tunnels on the electrified line, four 





of which are of circular and four of elliptical section. 


Fig. 5. ELECTRICAL DIAGRAM OF LINE. 
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The former is employed between Aix-les-Bains 
and Albens and between Annecy and St. Laurent, a 
total length of about 28 miles, and the latter between 
Albens and Annecy and between St. Laurent and 
La Roche-sur-Foron, a distance of 22 miles. In 
the former, the contact wire and its catenary 
lie in the same vertical plane, the contact wire being 
maintained in position by adjustable arms. On 
curves, therefore, the contact wire forms a polygon, 
the angles of which are at the supports. The length 
of the sides of this polygon are some multiple of 
4-5 m. and are such that the sag, which coincides 
with the circle circumscribing the polygon, does not 
exceed 0-4 m. In alignment the contact wire 
zig-zags from one side to the other of the centre line 
of the track, the maximum deviation being 0-2 m. 
On the other hand, with the hyperbolic system the 
contact wire generally follows the axis of the track 
on curves, while on straight stretches it is forced 
by the catenary to trace a succession of curves on 
either side of that axis. 

In both cases, the contact wire consists of hard- 
drawn grooved copper wire 107 sq. mm. in section 
and the catenary of 60 per cent. conductivity 
bronze with a cross section of 65 sq. mm. The 
catenary is suspended from two cap insulators of 
the conventional type, which are fixed to a bracket. 
On curves of a radius less than 600 m., two insula- 
tors, consisting of rods arranged to form a V, are 
employed. The polygonal overhead line is provided 
with tensioning devices at intervals of 1,000 to 
1,500 m. These consist of a soft-steel cable with a 
hemp core, one end of which supports a counter- 
weight, while the other runs over a pulley and 
thence on toa drum. The cable next passes over a 
second pulley to the supportingarm. A safety device 
is fitted, so that should the tensioning wire break 
the pull due to the counterweight is taken up. On 
the hyperbolic overhead line, on the other hand, 
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In general, the overhead line is suspended over the 
centre of the track, but in one case, where there is 
a curve, the inclined system is used and in another, 
on a straight stretch, the “‘ undulated ” system is 
employed. An extra insulator is added to the 
suspension system in the tunnels to counteract 
the effect of vapour from the steam locomotives 
which are still being used. In certain places, the 
track has had to be lowered to provide additional 
clearance. In the open country, where the trains 
will run at high speeds, the overhead system has been 
sectionalised by air gaps, but at the stations and 
sidings insulators of two types are used for this 
purpose. One of these is designed so that it takes 
up both the tension and the torque of the anchored 
contact wire. The second comprises two insulators, 
one of which takes up the tension and the other the 
compression. 

The steel supports are set in concrete bases which 
vary in diameter from 1 ft. 9 in. to 1 ft. 11 in. and 
are 6 ft. 7 in. deep. The holes for about half of 
these bases were excavated by a special machine, 
consisting of a boring tool carrying two blades, 
which were rotated and moved up and down by a 
20-h.p. motor operating through gearing and a rack 
and pinion. Where rock was encountered, or where 
it was necessary to place the support more than 
6 ft. from the track, the holes were excavated by 
hand. The supports were lowered into the bases 
by crane and packed temporarily until the concrete, 
which was poured from plant carried on a specially 
equipped train, had set. A special train was also 
used for stringing the catenaries and contact wires. 
Although in most cases the positions of the existing 

did not have to be altered, it was necessary 
to replace the direct-current track circuits by others 
operating on the two running rails with alternating 
current at a frequency of 83 cycles ; by rail circuits 
isolated on a single running rail and operated by 
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pulsating current ; and by circuits also isolated on 
one rail but fed by direct current. The overhead 
telephone lines had also to be replaced by under- 
ground cables. 

An incidental problem which arose in connection 
with the electrification of the Aix-les-Bains—La 
Roche-sur-Foron section was how best to maintain 
the desired voltage on the contact wire in view of 
the fact that initially there is only one point of 
supply, and this is at the end of a low-capacity 
feeder. Possible solutions of this problem were 
the installation of on-load tap changers on the main 
transformers, of auto-transformers distributed along 
the line and of either shunt or series capacitors. 
After consideration of these alternatives it was 
decided that the employment of series capacitors 
would be most economical both in time and money. 
Their use had the further advantage of being simple, 
since the only ancillary apparatus required is 
some form of protection against short-circuits. 
Eight batteries of series capacitors were therefore 
installed along the line, two with capacities of 
320 kVA, at Albens and Marcellaz, and two with 
——— of 160 kVA, at Bloye and Rumilly. As 

ill be seen from Fig. 6, on page 545, which is a 
diagram of the arrangement, air-break switches a are 
installed, in the overhead line b on each side of the 
station, and the capacitor batteries c are inserted 
in feeders linking the two sections. Either battery 
can be short-circuited by the isolator d. 

The capacitors, which are housed in concrete 
buildings, are of the standard indoor type and 
consist of paper immersed in Pyralene, which 
has a higher specific inductive capacity than oil, 
besides being non-inflammable. Those at Marcellaz 
and Rumilly, which were manufactured by the 
Société Savoisienne de Constructions Electriques, 
consist of 36 cylindrical elements, each with a 
capacity of 24 microfarads, which are mounted on 
frames. The capacitors at Albens and Bloye are 
of rectangular type and each has a capacity of 
10 microfarads. Ser‘es, parallel and semi-parallel 
connections are all used; and the batteries can be 
shunted with resistances for discharging the indivi- 
dual capacitors when the latter are disconnected 
from the line. These resistances also allow the 
impedance of the combination to be adjusted and, 
by ensuring the metallic continuity of the line, 
prevent the building up of dangerous voltage. Each 
capacitor element is provided with a fuse as a 
protection against internal short-circuit, and each 
battery with lightning arresters, which operate when 
an excessive rise in the voltage across the terminals 
ocours. Each battery is also shunted by a con- 
tactor which opens where the line current exceed a 
specified value. Finally, a maximum-current relay 
trips the feeder circuit-breaker in the Annecy sub- 
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station when the line current exceeds a value which 
might damage the capacitors. These capacitor 
batteries have now been in service for at least four 
months and allow the voltage to be increased from 
1,600 to 1,700 volts when the current in the outgoing 
feeder at Aix-les-Bains reaches 150 amperes. 

Before describing the 50-cycle single-phase electric 
rolling stock, which is being used on the Aix-les- 
Bains—La Roche-sur-Foron section of the French 
railways, it is advisable to deal with certain technical 
problems relating to the motors employed. It is 
this part of the equipment, which, as Mr. A. Garreau 
said in the paper which he presented at the Annecy 
Conference, that gives rise to basic difficulties. As 
is well known, series-wound commutator motors are 
generally used on both direct-current and single- 
phase systems, as their power/speed characteristics 
are admirably suited for traction purposes. More- 
over, they are of robust construction. Compared 
with the direct-current motor, however, the high 
self-induction which occurs in single-phase motors 
necessitates a reduction in the specific output, 
although this is not a grave defect and is no worse 
at 50 than at 16% cycles. A more important 
drawback is that at the higher frequency, power 
factor difficulties increase, owing to the reactance 
both of the motor and of the overhead line. 

The main difficulty with the single-phase series 
motor, however, is that associated with commuta- 





tion ; for, where an armature coil is short-circuited 
by the brushes, it is subjected to an electromotive 
force which can be resolved into two components 
in quadrature. One of these is set up, as in the 
direct-current motor, by the reversal ‘of the current 
and, as it is proportional to the speed, is often 
known as the “dynamic” electromotive force. 
The other component is induced by the pulsations 
of the alternating-current flux, as is the case in & 
transformer, and is known as the “static” flux; 
it is independent of the speed, but is proportional 
to the field flux and to the frequency. As was 
discovered by Behn-Eschenburg in 1904, the 
dynamic electromotive force can be compensated 
by the use of interpoles, with the windings of which 
a resistance is connected in parallel to ensure the 
correct phasing of the flux. To provide perfect com- 
mutation, a different resistance is, however, 
necessary for each speed, but as the provision of 
these is obviously impossible in practice, one resis- 
tance suitable for compensating at the average speed 
of the motor is chosen. At higher or lower speeds 
than this, compensation becomes progressively 
worse and at starting is non-existent. Indeed, it 18 
inadvisable, if not impossible, to run for long periods 
at speeds less than about one-third of the maximum. 

On the other hand, the static flux cannot be 
compensated and, as its value is proportional to the 
frequency, it is desirable that the latter should be 
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SINGLE-PHASE ELECTRIC TRACTION AT 50 CYCLES. 








Fia. 9. LocomotTrvE UNDER CONSTRUCTION. 
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Fie. 10. Boar, wirrh Traction Morors. 


kept as low as possible. It is, in fact, for this 
reason that a low frequency has been so widely 
adopted for single-phase traction. Since an increase 
in the static flux, which would occur when 50-cycle 
traction is employed, is inadmissible, the only 
method of effecting compensation is to decrease the 
flux per pole and consequently to increase the 
number of poles for a given output. As the dis- 
tance between the brush holders cannot be reduced 
for technical reasons, it follows that the diameter of 
the 60-cycle motor must be larger than that of a 
16%-cycle motor of similar power. At the same 
time, the lower value of the flux per pole at 50 
cycles leads to a reduction in the voltage and, 
consequently, to larger current, which in turn 
means larger commutators. These increases can, 
however, be compensated to some extent by raising 
the speed of the armature and therefore of the 
commutator, by improving the ventilation, by 
subdividing the commutator, and by reducing the 
losses by a better arrangement of the coils. As a 
result, it has been found possible, with 50 cycles, 
to use a value of flux per pole which is sensibly 
greater than one third of that obtained at 16§ cycles. 
It is also possible to employ a greater number of 
poles at 50 than at 16% cycles with a given diameter 
of motor. Further, adjustable auxiliary poles can 
be fitted and the zone of good commutation thus 
extended. While, naturally, this is an added 
complication, it may be worthwhile where the 
locomotive is required to operate on services of 
varying types. . 

Owing to the effect produced by the static 
electromotive force on the main flux, there’ may be 
Some reduction in the starting torque, but infor- 
mation on this subject is not at present very precise. 
The combined reactance of the transformer and of 
the metor, which may be considerable at 50 cycles, 
results in the inclination of the tractive effort /speed 
curves to the speed ordinate being small. This has 
the advantage that it is possible to obtain equally 


























Fic. 12. Traction-Moror BrusH Gzar. 


smooth starting at 50 cycles with a reduced number 
of controller switches and hence to simplify the 
electrical equipment. On the other hand, the 
effect on the adhesion is unfavourable and recovery 
from slipping may therefore be difficult. 

Although the power factor depends to some 
extent on the current, it is generally proportional 
to the speed, being about 0-89 at 70 per cent. 
of the.maximum speed. Compared with the 16%- 
cycle motor, the efficiency of the 50-cycle motor is 
less—84 as against 90 per cent. Although the 50- 
eycle motor is more bulky than that for the lower 
frequency, it is only of moderate weight. 

The brush wear with the 50-cycle motor is about 
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Fie. 11. Traction-Moror Roror. 


two to three times as great as with the direct- 
current motor, and is even higher at starting and 
at maximum speeds. As the number of brushes is 
about five times as much, the total wear is 15 times 
higher. . Actually, however, the cost of main- 
tenance due to this item is small. 

Turning to the rolling stock, an illustration of the 
4,300-b.p. C,-C, Ocrlikon-Winterthur locomotive 
which is being used in the French trials is given in 
Fig. 7, and a train in service is shown in Fig. 8. The 
locomotive has a maximum load of 18 metric tons 
per axle and is designed for dealing with mixed 
traffic on lines with gradients up to 2-5 per cent. 
It is supplied with single-phase 50-cycle current at 
a normal voltage of 20 kV, with a permissible range 
of variation from 16 kV to 23 kV. It will also be 
possible to operate it from the 1,500-volt direct- 
current supply. At a voltage of 20 kV, the loco- 
motive is rated to haul a load of 630 metric tons 
at a speed of 60 km. per hour on a gradient of 
1-5 per cent., and a load of 430 tons on a gradient 
of 2-5 per cent. at the same speed. It is dlso 
capable of hauling a load of 1,350 metric tons 
continuously on the level at a speed of 80 km. 
per hour and of 780 tons on a gradient of 1 per cent. 
at 65 km. per hour. Its maximum speed is 100 km. 
per hour. Characteristic curves of its performance 
are reproduced in Fig. 14, in which a shows the 
continuous, 6 the one-hour, and c the maximum 
tractive effort, while d indicates the effort on the 
last controller notch. The continuous, one-hour 
and maximum tractive effort when direct-current 
at 1,500 volts is employed is shown by curves e, 
f and g, respectively, and the braking efforts which 
are obtained from electric regenerative brakes at 
this one-hour and maximum ratings are indicated at 
h and i. The total weight of the mechanical 
parts is 60-9 tons and of the electrical equipment 
42-2 tons; the total weight in running order is 
104 tons. 

The mechanical portion, which was constructed 





eam ee 








NOV. 2, 1951. 












548 ENGINEERING. 
SINGLE-PHASE ELECTRIC TRACTION AT 50 CYCLES. 
rig< 33. SINGLE PHASE. DIRECT-CURRENT. 





(40.6) 


EARTH 


by the Société Suisse pour la Construction de Loco- 
motives et de Machines, Winterthur, consists of 
a single body which is borne through two longitu- 
dinal laminated springs and swinging bolsters on 
each of two three-axle bogies. These bogies, one 
of which is shown in Fig. 10, on page 547, rotate 
about two pivots which are.arranged symmetrically. 
on either side of the central axle. The primary 
suspension is by damped coil springs. The axle- 
boxes are retained by vertical cylindrical guides, 
which are secured to them by “Silentblocs.” 
Transmission to the 1,400-mm. diameter wheels 
is effected on the firm’s “ floating ring ” system. 

Power is obtained from the overhead line through 
two pantographs, only one of which is normally 
employed at a time. When single phase current 
is being used it is led through a small-volume oil 
circuit-breaker with a rupturing capacity of 
200 MVA to the 2,450-kVA transformer shown at a 
in Fig. 13. On the other hand, when direct-current 
is being employed it is led through a high-speed 
circuit-breaker to the motor 6 of a motor-generator 
set. The high-speed circuit-breaker is isolated 
from the single-phase circuit-breaker by an electro- 
pneumatically-operated switch. Both single-phase 
and direct-current-breakers are also interlocked to 
prevent incorrect operation and are controlled 
automatically. As will be seen from Fig. 13, the 
secondary winding of the transformer a is provided 
with taps c for adjusting the voltage of the current 
supplied to the traction motors, the train heating 
system and the auxiliary services. The necessary 
adjustments are carried out by 16 electro-pneumatic 
contactors. The transformer tanks also contain 
a quadruple bridging inductor d. 

The six motors, which are shown at e in Fig. 13, 
are of the single-phase slip-ring traction type, each 
having an output of 720 h.p. at a speed of 65 km. 
per hour on the one-hour rating. They are provided 
with 16 poles, compensation being obtained by 
displacing the phase of the field by the shunts /. 
The stators are of welded construction, and are such 
that any motor can placed in one of three 
different positions on the driving axle. Owing 
to the large currents, the stator windings are 
divided into a number of parallel circuits. Although 
the motors are coupled in pairs and are connected 
in series, the stators are designed to carry half the 


The rotor, which 
is shown in Fig, 11, on page 547, is provided with a 
multi-parallel winding with equipotential connec- 
tions. The cast-steel armatures are mounted on 
steel shafts which, in turn, are carried on grease- 
lubricated roller ings. The brush gear is 
illustrated in Fig. 12. It can be easily rotated, and 
is provided with 16 brush carriers on each of which 




















Fig. 14 
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The weight of the complete motor is 2,940 kg. 
and its characteristics are shown in Fig. 15, in 
which curves a and 6 are the output at the wheel 
rims in kilowatts and the tractive effort in kilograms, 
respectively. Curve c is the speed in kilometres 
per hour on the various transformer tappings, 
with a contact wire voltage of 20 kV, and curve d 
the speed with a voltage of 230 volts across the 
motor terminals. Curve e indicates the power 
factor and f the efficiency. 

Reversal is effected by three electro-pneumatic- 
ally-operated switches, and the same switches are 
used for bringing the regenerative braking system, 
the connections of which are shown on the right of 
Fig. 13, into operation. This regeneration is 
effected by an exciter transformer g, which is supplied 
with current from one of the motor groups and, in 
turn, supplies it to the other two groups. This 
arrangement enables the power factor to be main- 
tained at a high value within the 50 to 90 km. per 
hour speed range, and permits the brakes to be 
applied until the motor comes to rest. Regenerative 
braking can be begun at any desired speed, the 
force being 7,500 kg. at the one-hour rating and 





are five brushes. 


11,000 kg. at the maximum rating. 
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To enable the locomotive to be operated on the 
1,500-volt direct-current system, and thus to assist 
in inter-running, the equipment includes a motor- 
generator set, the generator of which is shown at h 
in Fig. 13. This machine, which has an output of 
984 kVA on the one-hour rating, supplies single- 
phase current at a frequency of from 30 to 50 to 
the secondary of the regulating transformer a and 
thence to the traction motors. Operation and 
control are therefore the same whether single-phase 
or direct-current is being used, and to change from 
one to the other it is only necessary for the driver 
to close the appropriate main circuit-breaker. 
Faulty manipulation is prevented by interlocks, 
so that it is impossible for direct-current to flow 
through the transformer or for single-phase current 
to pass through the motor of the convertor set. 


The auxiliary equipment consists of an Arno, 


converter, which supplies the three-phase motors 
driving the fans for cooling the motors, the interpole 
shunts and the transformer oil, as well as an air 
compressor and a transformer oil pump. Train 
heating is provided at 1,500 volts. In addition 
to the usual safety devices and interlocks, the 
locomotive is fitted with a relay which cuts out the 
traction motors should violent Prgms i re. * 
The ment of the equipment of the 
poe ae ee from Fig. 9, which shows 
the reverser on the left, followed, in turn, by 4 
fan, motor-driven compressor, main convertor, 
main transformer and, finally, a second fan. 


(To be continued.) 
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Lubrication : Its Principles and Practice. 

By A. G. M. MIcHELL, M.C.E. (Melb.), F.R.S. Blackie 

and Son, Limited, 66 Chandos-place, London, W.C.2, 

and 17, Stanhope-street, Glasgow, C.4. [Price 35s. net.] 
Tux name of A. G. M. Michell requires no introduc- 
tion to engineers. It is now nearly fifty years since 
he made his spectacularly successful application of 
Reynolds’ hydrodynamic theory of lubrication in 
the invention of the tilting pad which revolutionised 
the design of heavy thrust ings. Osborne 
Reynolds published his celebrated explanation of 
the automatic formation of continuous films of 
lubricant between the surfaces of bearings in 1886, 
and Michell’s original patent dates from 1905, while 
the mathematical theory which he adduced in 
support of it was published by him in the 
Zeitschrift fir Mathematik und Physik in the same 
year. Many British engineers owe their first 
acquaintance with the subject to the detailed 
exposition of its mathematical fundamentals by the 
late H. M. Martin in the pages of ENGINEERING and, 
in later years, Mr. Michell himself included a 
condensed version of the theory in a collective work 
on the mechanical properties of fluids which, like 
the present work, was published by Messrs. Blackie 
and Son. 

Of his new book, the author says that its primary 
aim is to assist practice ; and practice, in this case, 
being virtually synonymous with fluid-film lubrica- 
tion, it is natural that the bulk of the subject matter 
should deal with this topic. We might even go 
farther and say that, for the author, hydrodynamic 
or “ fluent-film” lubrication, as he prefers to call it, 
is the only true form of lubrication, since he makes it 
clear in his introductory chapter that he has little 
time for either “survivals ” or “ neologisms ” such 
as “ boundary-lubrication,” the phenomena attribu- 
ted to which he regards as largely, if not wholly, 
explained by the simultaneous occurrence of solid 
friction and viscous fluid flow when the amount of 
lubricant is insufficient to form a continuous film 
between the bearing surfaces. There are, doubtless, 
others who share the author’s opinions on this 
point, and his view that, in all circumstances, 
viscosity alone is the property on which the lubri- 
cative action of a fluid depends; but to do so is to 
disregard a considerable body of evidence which 
has been patiently accumulated in the past decade 
or more, largely in England and in the author's 
own country of Australia, on such matters as the 
influence of the molecular structure of a lubricant 
and the effect of its chemical reactivity with the 
bearing surfaces on its lubricating properties when 
it is present only as a thin film of molecular dimen- 
sions. 

Every author of a text-book must apply some 
criterion in the selection of his material, and Mr. 
Michell states in his preface that the one which 
has decided the inclusion or omission of any par- 
ticular matter in his book, either as text or reference, 
has been “practical utility.” Furthermore, he 
makes it clear that he includes under the heading 
of the practically useful “not only matter immedi- 
ately applicable to the current needs of the practician, 
but also whatever leads directly to improvement 
and advance in the art of lubrication.” The 
trouble about such a criterion is that it cannot be 
impersonal and is unlikely to be impartial; thus, 
although no one will question the author’s special 
qualifications for his task, he would be bold indeed 
Who would deny the possibility that much of the 
Tecent research on lubrication which appears to 
opm ee value, and which is not referred 

in the . or ens 
othe, k, may have important applications in 

It is not, however, only in the field of boundary 
lubrication—pace the author—that omissions are to 
be found in the book; there are lacunae in the 
hydrodynamic field also. For example, it is 
beyond denial that the existence of a continuous 
wedge of lubricant between bearing surfaces, 
tapering and flowing in the direction of motion of 
the moving surface, is, as Reynolds showed, a 
sufficient condition for hydrodynamic lubrication, 
that is, for maintaining the surfaces apart in 


opposition to a force between them ; but to assert 
that a geometrical taper is also essential is to 
disregard the work of Fogg and others who have 
shown, within recent years, that temperature 
changes within the lubricant itself can achieve the 
same result between geometrically parallel bearing 
surfaces by forming what has been termed a 
“thermal wedge ” having a load-carrying capacity 
approaching that of tilting-pad bearings. It is true 
that thermal effects of this kind are not wholly 
ignored in the book and that the mathematical 
work of Cope, which established the theory of the 
thermal wedge, is listed among the references, but 
no specific reference to Fogg’s work is made and 
the author appears to doubt whether any per- 
manently satisfactory lubrication and load-carrying 
capacity can be obtained by thermal dilatation of 
the lubricant. 

If the fact be accepted that it represents only a 
part—albeit the most im t part for the 
practising engineer—of the accumulated knowledge 
on lubrication, what there is in the book is excellently 
done. The physical properties of lubricants, viscous 
fluid-flow, sliding bearings, thrust bearings, journal 
bearings and rolling bearings are all, in turn, 
considered in detail, and the relevant theory and 
principles of design expounded lucidly with the aid 
of elegant mathematics and carefully-prepared 
diagrams and drawings. Most of the matter is not 
new and some of it has appeared in print a number 
of times, but it is well to have it collected together 
under one cover and set down in such an admirably 
connected manner by one who has made the subject 
a life study. From this point of view, the book 
will be as useful to the student as it will certainly be 
to the ‘‘ practician.” 

The author’s predilection for mathematics is 
evident throughout the book, but nowhere more so 
than in the first and last of the appendices, which 
contain new material. As has already been re- 
marked, Mr. Michell clings tenaciously to hydro- 
dynamic or fluent-film lubrication, in which viscosity 
plays the decisive rdle, as the only true form of 
lubrication, and regards the regime of boundary 
lubrication as nothing more than a transitional 
state between the fully lubricated and the wholly 
unlubricated conditions. It is one of the conclu- 
sions of the mathematical theory that, as the 
inclination of a bearing pad to the runner is reduced 
—as a result, for example, of a drop in the running 
speed or an increase in the load—the ratio of the 
tractive force to the load should diminish steadily. 
Experiment and practice, however, do not confirm 
this; the coefficient of resistance reaches a mini- 
mum and, thereafter, increases with further reduc- 
tion in the angle of the pad. In order to show that 
such a result is possible under conditions of fluid- 
film lubrication when the lubricated surfaces are not 
perfectly smooth, the author examines the case of 
a plane bearing where the surface of the pad, 
considered to have infinite width, is covered uni- 
formly with a series of small sinusoidal corrugations 
parallel to its length, and proves, with the aid of 
much mathematics and a number of simplifying 
assumptions, that the resistance coefficient would 
vary with the inclination of the pad in accordance 
with the generally observed trend ; the resistance 
would increase at small angles but fluid-film lubrica- 
tion would persist until the surfaces became parallel 
and the runner made contact with the vad along the 
crests of the corrugations. 

Undoubtedly there is some satisfaction to be 
gained from a demonstration that results which 
might have been supposed due to some occult cause, 
such as a change in the characteristics of the lubri- 
cant or the nature of the lubrication, or the inter- 
play of molecular forces, can be explained on the 
simple and likely hypothesis that the bearing sur- 
faces are not perfectly smooth; but the reader is 
likely to be left with an uneasy feeling that, despite 
both the fact that rugosities are always present 
and that the kind considered by the author may 
occur in practice as a result of machining, and the 
realisation that the author was obliged to limit his 
theory to a somewhat artificial case only in order 
to make his equations tractable, this is one instance 
in which mathematics has been overworked in the 
service of the cause. The same feeling persists after 





reading the other appendix, which treats of the 





rate of displacement of a ball or roller through the 
oil in a race, when subjected to a sudden load. 
The printing and production of the book are of 
Messrs. Blackie’s customary high standard. 


Mechanics Applied to Vibrations and Balancing. 

By D. LavGHARNE THORNTON. Second edition. 

Chapman and Hall, Limited, 37, Essex-street, London. 

W.C.2. [Price 50s. net.) 

Tue first edition of this important treatise on 
vibrations and balancing was published in 1939 and 
was reviewed on page 162 of our 149th volume. It 
was noteworthy for the extensive application of more 
general dynamical methods, and, in particular, those 
associated with the names of Lagrange and Rayleigh, 
to actual questions that’ had arisen in the course of 
the author’s wide consulting practice, rather than 
to the somewhat academic problems that are a 
familiar feature of the formal texts on dynamics. 
The main difficulty is, of course, to reduce the data 
of a complex engineering situation to a form that 
enables these more powerful methods to be employed, 
and considerable experience is required to pick out 
the details that are essential and to leave aside the 
circumstances that are mere accessory. On this 
score, Mr. Thornton’s sure insight will be evident 
to the more mature readers, while the commendable 
care he has taken to set down all the relevant steps 
in the working out will be appreciated by those less 
mature. 

For this second edition the first six chapters have 
been reproduced substantially as they appeared in 
the first edition, so that no further analysis of their 
contents is called for. Chapter VII is new and 
deals with the transmission of stress under conditions 
of rapidly applied loading, which the author refers 
to as “impact” loading, but which might equally 
well, or perhaps preferably, be termed “ impulsive ” 
loading. For large impulses of brief duration, 
typical instances of which are provided when ships 
or forts are subjected to the effects of explosions, 
the rate of change of strain may be of the order of 
a million times that obtaining in a normal test 
under static conditions, while the ensuing stresses 
are liable to result in plastic deformation, The 
propagation of plastic strain is much more compli- 
cated than that of elastic strain, and the manner of 
dealing with it was first formulated by Maxwell in 
1868. It is shown that, when one end of a long bar 
is deformed at a rate greater than the permissible 
velocity of impact for elastic deformation, the 
velocity of transmission of stress is a function of 
strain. Moreover, though experiment tends to 
confirm the theoretical prediction that, in the 
vicinity of the yield point, damping increases with 
stress, attention is directed to the dearth of reliable 
experimental data on the bebaviour of metals under 
high rates of change of stress, After working out 
the circumstances attending the reflection of a 
pressure at an interface, and exhibiting 
graphically the changes in form that a pulse, the 
initial profile of which is rectangular, undergoes 
upon reflection, consideration is given to the effects 
of reflection in structural components having both 
ends more or less fixed. Interesting oscillograph 
records are reproduced relating to three test-pieces, 
furnished at either end with electrical resistance 
strain gauges, the first being continuous, the second 
having a riveted joint at mid-length and the third 
a welded joint at mid-length. 

The general survey which forms the concluding 
chapter has been completely rewritten and some 
new material added. Attention may be directed to 
the deduction of the criterion of stability for a 
turbine wheel executing transverse vibrations, to an 
examination of the action of two alternative types 
of vibration absorber designed to minimise torsional 
vibration in an engine crankshaft, and to the 
investigation of the axia! vibration of a close-coiled 
helical spring. Other topics on which the author 
writes with authority are the modes of vibration of 
various types of ships, and methods of building to 
counter the effects of earthquake shocks. The 
whole subject of vibrations arising from mechanical 
causes on land, at sea and in the air is treated in a 
comprehensive yet practical manner. Perhaps, in a 
future edition, space might be found for a discussion 
of the intricate problems of non-linear vibrations, 
which are assuming ap ever-increasing importance. 
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Heavy Lines are in Plane AOC. 
Dotted Lines are Perpendicular to Plane AODE. 
; Other Lettered Lines are in Plane AODE. 
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THE FORM OF TOOTH 
SURFACES OF CREEP-CUT 
HELICAL GEARS. 

By W. A. Tupttn, D.Sc., M.I.Mech.E.* 
(Continued from page 519.) 

AppEnpix I. 

Calculation of Positions of Low-Cuts. In Fig. 13 
O is the tip of one of the tooth flanks at the side 
face of a helical gear mounted on a hobbing machine 
and C’OC is the path of O during the generating 
process. The tooth flank is regarded as plane over 
the area considered here. A pitch-point of engage- 
ment of gear and hob is P. The position of the 
point of contact of a hob tooth with the gear tooth 
is determined by drawing through P a line PS 
perpendicular to the tooth surface. (The common 
normal to tooth surfaces at a point of contact passes 
through the pitch point.) This is done by drawing 
PR perpendicular to OA and then drawing the 
plane PRT so that it contains PR and lies perpen- 
dicular to the plane OAED. In the plane PRT, PS 
is drawn perpendicular to RT and since the plane is 
perpendicular to OAED, the line PS is also perpen- 
dicular to it. 


Now 
OR = OPsin RPO 
= OP sing 
RS = PRsin RPS 
= OP cos RPO sin RPS 
= OP cos osin py, 
where 


o = helix angle of gear tooth, and 
vn = normal pressure angle of gear tooth. 

If gear and hob are rotated so that the pitch-point 
of engagement moves to P’, the point S moves to 8’. 
If 8’G is drawn perpendicular to RT, then 

8’G = R’R = OR’ — OR = PP’sing. (1) 
Also 
SG = RG — RS = R’S’ — RS = PP’ 008 o sin Yy (2) 
Hence 


8G 
tan SS’G = —— = ‘ 
8s 7G cot o sin Yn 


Successive hob-cuts on a gear tooth thus lie on a 
straight line inclined to the tooth tip at the angle 
the tangent of which is cot o sin ¥,. 

If 


o = 30 deg. and Y, = 20 deg. 
tan SS’G = 1-732 x 0-342 = 0-592 
whence 
8S’G = 30 deg. 40 min. 


If the hob is traversed so that the pitch-point of 
engagement assumes a position Q such that P’Q is 
perpendicular to OC, then the point of contact 
moves from S’ to U the position of which is deter- 
mined from Q in the same way as that of S was 
determined from P. 

In the plane AOC, QX is drawn perpendicular 
to R’P’. 

Now 

R’'V = XQ = P’Qoosc . ° ° + (3) 
VU = VQ sin yy = (R’P’ — P’X) sin gy 
= R’S’ — P’Q sing sin py, 





* Professor of Applied Mechanics, University of 
Sheffield. 
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Hence 


R’S’ — VU = P’Qsing sin py. - (4) 
The tangent of the angle between S’U and R’V is 
RS’ — VU P’'Qsincsin fy, 





nv fue" tan o sin Yn. 

Cuts made on a gear tooth by the hob at intervals 
of one revolution of the gear thus lie on a straight 
line inclined to the tooth tip at the angle the tangent 
of which is tan o sin yp. 

If o = 30 deg. and ¥, = 20 deg., this angle is 
11 deg. 10 min. 

In general, if the pitch-point of engagement of 
work and hob is displaced circumferentially by an 
amount ¢c (corresponding to PP’) and axially by 
an amount f (corresponding to P’Q) then from 
(1) and (3), 

displacement of contact-point measured parallel 

to tooth tip 
=csing + f cosa, ‘ - (5) 
and from (2) and (4), 
displacement of contact-point measured perpen- 
dicular to tooth tip 
= (ccoso — fsing)sin yy. . - (6) 

For example, the displacement (measured parallel 
to the tooth-tip) of the contact point (B to C in 
Fig. 14) after exactly one revolution of the work is 
determined by writing c = 0 in (5) giving 

foouc. ‘ » e @) 


in which f is the axial feed of the hob during the 
revolution of the table. 

The displacement measured perpendicular to the 
tooth-tip is determined by writing c = 0 in (6) 
giving 

—fsinesin py. . . - (8) 

Another important case is that of successive low- 
cuts produced by cyclic irregularity in the worm that 
drives the table wormwheel. If the number of 
revolutions made by the worm during one revolution 
of the table is m and the work has T teeth of trans- 
verse pitch p, then, during one revolution of the 
worm, the displacement of the pitch-point of 


engagement of work and hob is “ Pr 


The distances between the successive low-cuts 
produced at the beginning and end of this revolution 


are determined by writing ¢ = - p, in (5) and (6). 
The value of f may be written as zero as the axial 
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feed of the hob during such a small rotation of the 
table is negligible compared with c. ; 
Hence, distance between low-cuts (A to B, in 


Fig. 14) 
(a) Measured parallel to tooth tip = ~ psinag (9) 
(bo) Measured perpendicular to tooth tip = 
~ v4 cososinyy. (10) 
The displacements given by (7), (8), (9) and (10) 
and indicated in Fig. 14 in connection with the 


points A, B, and © are for “non-creep” cutting 
conditions. 

Creep Cutting. The effect of a worm creep 
fraction q is to cause the low-cut originally at C to 
occur when the pitch-point of engagement of hob 


: T 
and work is at a distance — q> Pt from that at 


which C was produced. Hence, from (9) and (10), 
the co-ordinates of ©’ differ from those of C by 


P T ‘ 
_ q- p, 8in o (parallel to tip) and — g - Pp, COS o SiN 


, (perpendicular to tip). Other low-cuts on the line 
CD are spaced from C’ by distances that are integral 
multiples of AB. 

Taking B as the origin of co-ordinates with x and 
y axes parallel and perpendicular, respectively, to 
the tooth-tip (the positive direction of x being to 
the right and that of y upwards), the co-ordinates 
of C’ are therefore 


T 
z2=fcoo — c-nmme 
T = 
y = fsino sin py, + a= py 008 a sin Yn 
and those of all low-cuts on CD are 


T 
a2 =fooo —q-—psing .V= ene 
n 


7 T 
y =fsinosingy, + a= 00s osin py + V = 71008 o8iD by 


where V is any whole number. 

The low-cut H produced on the line FG (parallel 
to AB) at approximately one revolution of the 
work-table later than the production of C’ bears the 
same relation to C’ as C’ does to B. Hence the 
co-ordinates of H are 


T 
z=2 [ #208 0 a a= ysino| 
T 
y=2 [ #0im o sin dn + a 008 o sin Yn | 
and those of other low-spots on FG are 
T x . 
z= 2 [ so08 0 = a= ysino| —- V—pesing. (11) 
n n 
T 
y=2 [ 421m o sin Yn + a=» 008 o singe | 
+ Vi py 008 o sin py. (12) 
n 
For low-spots on other lines parallel to AB, the 


. ae Ot ee 


—-_ oe 


oS 


_— 
~ 


he 


Nov. 2, Ig5I. 


ENGINEERING. 


551 








coefficient 2 is changed to other whole numbers. 
Hence, writing Z (any whole number) instead of 2 in 
(11) and (12), and rearranging, the co-ordinates of 
all low-cuts on the tooth surface are given by 


? 
s- Sfase~ WV + nie } - (13) 


y= [zsain o +(V + Za) = v1 00s «| sin yp. (14) 


Low-cuts on any line parallel to AB have a 
common value of Z but different values of V. Low- 
cuts on any line parallel to BC’ have a common 
value of V but different values of Z. 

Sign of Creep Fraction. The diagrams and 
formule in this Appendix relate to the condition in 
which the displacement of one line of hob cuts 
(e.g., DP, Fig. 14) relative to its immediate pre- 
decessor (JK) is in the same direction (left to right) 
as the displacement of a single hob cut (e.g., at A) 
relative to its immediate predecessor (at a point 
between A and J). This condition corresponds to 
normal gear-cutting practice, in which the hand of 
the feed-helix is the same as that of the tooth- 
helices. If the feed is reversed in direction without 
altering the direction of rotation of the work 
(as in “climb cutting”), the sign of g must be 
reversed when determining the distribution of 
low-cuts. 

Apprenprx II. 

Determination of Contours of Tooth Surface.—If 
on any plane perpendicular to the nominal flank of 
the gear tooth, the cuts appear as circular arcs of 
radius R varying gradually in depth over a range g 
in a distance k large compared with R, it will be 
clear from Fig. 2, page 484, ante, that the lowest 
points on the resulting surface lie on a smooth curve 
undulating over a height g and the high-spots lie on 
a very similar curve. Ignoring all but low-cuts, the 
height of the “ cusp ” produced by the intersection 
of two cuts spaced at distance k is determined by 
the geometry of chord and tangent to a circle of 
radius R. 

Referring to Fig. 15, opposite, C A2= CD.CE. 
As C D is usually small compared with R, the length 
of D Eis nearly equal to the diameter of the circle 
shown, i.e., 2 R. 


Hence (=) =CD2R and so 


CD = aR ° » (15) 
Whatever the nature of the cuts between A and B, 
the height at C cannot exceed this value of C D. 
The maximum height of the high-spot is therefore 
proportional to the square of the pitch of the low- 
cuts, 

If k is large, the value of CD given by this 
expression is large, but, as already seen, the height 
of the resultant wave on the surface cannot in any 
case exceed g. 

Although the maximum height of the undulations 
on the tooth surface can be determined exactly 
only by somewhat tedious calculation, it will be 
clear that it can never exceed the smaller of the 


ee. 
quantities 4 and g. By adopting a sufficiently 


fine feed in cutting the teeth, *~ can be reduced to 


any desired amount and the particular machine 
error indicated by g need not therefore be allowed 
to control the roughness of the surface. 

In order to obtain an adequate picture of the 
conditions it is necessary to examine the interaction 
of the straight cutting edge of the hob tooth and 
the slightly curved nominal profile of the gear tooth. 
The normal section of an involute helicoid gear 
tooth approximates to an arc of a circle of radius 
equal to the length of the tangent drawn from the 
mid-depth point on the profile to the section of the 
base cylinder by the plane concerned. 

In Fig. 16, A B is a section of a tooth profile on 
@ plane perpendicular to the axis of the gear. It 
contains a point P distant r from the axis. The 
ellipse in Fig. 16 is the oblique view of the section 
of the base cylinder by the plane that contains A B. 
PR is tangential to the base cylinder and § P Q is 
the plane that contains P R and touches the base 
cylinder in $Q. PQ is the line that generates the 
involute helicoidal tooth profile when the plane 
PQS rolls on the base cylinder. 





The right hand diagram in Fig. 16 represents the 
plane PQS when viewed normally from the left. 
The transverse section of the tooth profile is repre- 
sented by A B and the normal section by SD. The 
radius of curvature of the transverse section at P is 
P R and of the normal section is P S since R and 8 
are the intersections of the planes concerned with the 
“rolling line” QS. In the left-hand view, the 
right-angle triangle O P R shows that 


PR = V(r? — 7) 
and in the right-hand view the right-angle triangle 
P BS shows that 
PS = PRsec ag = ¥ (r* — 1?) sec ap. 
Hence the radius of curvature of the normal sec- 
tion of the tooth surface at mid-depth is 
Ve = 13) sec ao, 
where 
r = distance of mid-depth point from axis of gear, 
T) = Tadius of base cylinder, and 

OG = base helix angle. 

For a gear of pitch diameter d, normal pressure 
angle 20 deg. and helix angle 30 deg., the radius 
of curvature of the profile at mid-depth is equal to 
about 0-2d. 

The straight edge of a bob tooth that takes a 
light cut from the tooth-flank forms a chord of this 
circular arc. If the depth of cut is j, the length of 
the chord is V(8j x radius of arc) and for a gear 
of diameter d the normal pressure angle 20 deg. this 
is about 





1:264/Gd). . .  . (16) 

This is the width of the single hob-cut measured 
perpendicularly to the tip of the tooth. 

Over a small angle of rotation of the hob, the 
straight edge of a tooth sweeps the surface of a 
cone, the semi-angle of the vertex of which is the 
complement of the axial pressure angle of the hob 
tooth, i.e., very nearly the complement of the 
normal pressure angle of the gear teeth. The 
radius of curvature of the conical surface at any 
point is the distance, measured perpendicular to 
the generator, from the point to the axis of the 
cone, i.e., of the hob. For a point on a cylinder 
co-axial with the hob, the radius of curvature of 
the conical surface is thus the radius of that cylinder 
multiplied by the cosecant of the normal pressure 
angle of the gear teeth. For an average hob of 
about 6 in. diameter at mid-depth of its teeth, and 
20 deg. normal pressure angle, this works out at 
about 8-8 in. This is the radius of the surface cut 
by the hob tooth when viewed along the cutting 
edge. The involute helicoid surface viewed in the 
same way appears as a very nearly straight line 
and is consequently the chord of an arc of radius 
8-8 in. and height 7. The length of the chord, 
which is the width of a single hob-cut measured 
parallel to the tip of the tooth, is therefore 


/(8j x 8°8) or 844/97... (17) 


The boundary of the surface of a shallow cut is’ 


therefore a closed curve of which the overall dimen- 
sions perpendicular and parallel to the tooth-tip are 
1:26+/jd and 8-4 4/j, respectively. 

If, for example, d= 100 and j = 0-001, the 
“height ’” of the cut surface is 0-4 in. and the 
“width” 0-26 in. These lengths, perpendicular 
and parallel, respectively, to the tooth tip, are 
greater than the corresponding distances between 
the centres of low-cuts on an average gear tooth. 

To obtain an estimate of the heights of the high- 
spots, it therefore becomes necessary to consider 
the intersections of the surfaces of the low-cuts. 
The height of any point P (Fig. 17, opposite) above 
the plane defined by adjacent low-spots A, B, C and 
D is the least of those defined by the location of P in 
respect to the low-cut surfaces corresponding to 
A, B,C and D. Of the four low-cut surfaces, the 
one that gives the least height at P obliterates the 
effects of the others at P. 

Let the radius of curvature of each low-cut surface 
in a plane perpendicular to the nominal surface of 
the tooth and containing a straight line parallel 
to the tooth-tip be R,, and the corresponding radius 
in the perpendicular plane be R,. 

Then (cf. equation (15)) height of S above A= 


AS? . SP? 
oR, and height of P above S = oR, 


Hence the height of P above the common plane 
of the low-spots A, B, C and D is 
< » tiene 
- 2k, + 2R, ° 
provided that it has not been reduced below this 
amount by a low-cut centred on any other point 
such as B, C or D. 

Considering only the low-cut centred on A, all 
points at a height A above A have z and y co-ordi- 
nates with respect to A such that 

xr 
2R, 2h, 

They therefore lie on an ellipse centred on A and 
having horizontal and vertical axes V(2R,,h) and 
V(2R, h), respectively. A contour map of each 
low-cut is therefore a series of co-axial similar 
ellipses and the contour map of the whole surface 
may be constructed by drawing the interlacing 
contours of all the low-cuts and then deleting those 
parts of lines that lie between any line of smaller 
height and the low-spot on which it is centred. 
From the resulting map, the positions and heights 
of high-spots left within each parallelogram (e.g., 
ABCD) of low-spots may be determined. The 
high-spots will be found to lie on a system of straight 
lines parallel to those that define the low-spots, and 
so the easily-calculated distribution of low-cuts 
applies, with some linear displacement, to the 
“high-spots.” This analysis takes into account 
only the low-cuts. The ignored high cuts and 
intermediate cuts may cause the height of the 
high-spots to be less than the analysis indicates 
(and this is especially the case if the machine errors 
are small) but they can never have the opposite 
effect. Thus the method can never underestimate 
the height of the high-spots however great the 
machine error. 

Contour maps for a typical tooth surface produced 
on a machine the only error of which repeats itself 
in a cycle completed during one revolution of the 
dividing worm are reproduced in Figs. 18 to 22, page 
552, for several values of g and f. The features of 
special interest are :— 

(a) The small height of the roughness, which is 
not increased by any increase in magnitude of the 
machine error concerned. 

(b) The production of separate high-spots instead 
of a high ridge by the change from f = 0-04 to 
f = 0-08 (Figs. 18 and 19). 

(c) The reduction in height of high-spots by the 
change from q=0 to g=0-46 with f= 0-04 
(Figs. 18 and 20). 

(d) The increase in height of high-spots and 
marked change in contours by the change from 
q = 0 to q = 0-46 with f = 0-08 (Figs. 19 and 21). 

(e) The situation of the high-spots of the creep-cut 
teeth on lines not parallel to the generator (Figs. 
20 to 22). 

(f) The change in contours (although there is"no 
change in height of high-spots) by the change from 
q=0:46 to gq=0-54 with f=0-04 (Figs. 20 
and 22). 

In Fig. 21 is shown the effect of repeating the 
conditions of Fig. 20; but with twice the feed. It 
will be seen that if f is increased from 0-04 in. to 
0-08 in., the “ pin-cushion ” high-spots of Fig. 20 
(height 0-00008 in.) are replaced by ridges exceeding 
0-00030 in. in height. These ridges are inclined at 
a large angle to the generator and are nearly uniform 
in height. They may, therefore, be expected to 
produce smooth running but with relatively high 
stress concentrations as the generator must span 
valleys more than 0-00030 in. in depth. Figs. 23 
and 24 show the contours produced by use of creep 
fractions 0°285 and 0-36, respectively, with the 
same feed of 0-04 in. per revolution of the work. 
Examination of Figs. 20 to 24-shows that, for a 
given feed, a creep fraction of about 0-5 results in 
the smoothest finish. 

Norr.—In the late Dr. Tomlinson’s report on 
undulations on creep-cut gear teeth (N.P.L. No. 
203), a creep fraction of about 0-46 is regarded as 
undesirable because it tends to produce teeth that 
show long waves on lines parallel to their tips. 
While this may be possible in certain circumstances, 
Fig. 20 shows that it is not always the case. In 
the example illustrated, which refers to a reasonable 


(18) 


A. . . - (19) 





feed of 0-04 in. per revolution of the table, the 
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OF CREEP-CUT HELICAL GEARS. 


Fig. 19. Contours of Tooth Surface at 0-00004 In. to 00002 In. Above Low Spots 


TOOTH SURFACES 


Fig. 18. Contours of Tooth Surface at 0-00004 In. to 0-00016 In. Above Low Spots 
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Fig. 20. Contours of Tooth Surface at 0-00004 In. and 0-00008 In. Above Low Spots Fig. 21. Contours of Tooth Surface at 0°00004 In. to 0-0003 In. Above Low Spots 
Creep Fraction q = 0°46 
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Creep Fraction q = 0°46 Axial Feed f = 0°04 In. per Rev. 
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Fig. 22. Contours of Tooth Surface at 0-00004 In. and 0-00008 In. Above Low Spots Fig. 23. Contours of Tooth Surface at 0°00004 In. to 0-0002 In. Above Low Spots 
Creep Fraction q = 0°54 Axial Feed f = 0°04 In. per Rev. Creep Fraction q = 0°285 Axial Feed f = 0-04 In. per Rev. 
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Fig. 24. Contours of Tooth Surface at 0°00004 In., 0-00008 In., 0°0001 In. and 
surface is characterised by high spots of small 


0°00012:In. Above Low Spots 

linear dimensions compared with their spacing, Creep Fraction q = 0°36 Axial Feed f = 0°04 In. per Rev. 
which is of the order of 0-08 in. The only sepse in 

which the tooth surface can be said to have a long 
wave on a line parallel to its tip is that the distance 
along such a line between the points at which it 
meets high spots in exactly the same way is many 
times the feed per revolution. Such a line (e.g., 
the one shown) meets high spots at distances equal 
to about twice the feed per revolution and it is 4 
seen, therefore, that in a practical sense, as distinct 
from a purely academic one, the value g = 0-46 “ Nil ae 
does not necessarily result in long waves on lines \ Qe tor g 

parallel to the axis. Fig. 21, on this page, shows . — NG ener? eg 
the effect of increasing the feed rate from 0-04 Rar 1 
to 0-08. This, it will be seen, produces a marked 
change in high-spot distribution, but there is still 


ee Oe nee ee 
(To be continued.) pate 


send oO din. ° 








oL 


O2In. 




















O2In. “ENGINEERING 





——_ So 


ee re 


Nov. 2, 1951. 


ENGINEERING. 


553 








METAL ECONOMICS. 
(Continued from page 521.) 

CoNTINUING our report of the general discussion 
on “ Metal Economics ” held in London under the 
auspices of the Institute of Metals on Wednesday, 
October 17, we now deal with the afternoon session, 
which was on “Scrap Reclamation, Secondary 
Metals and Substitute Metals.” As was the case at 
the morning session, short papers were presented, 
after which there was a general discussion restricted 
to the subject of the session. The short papers were 
five in number and the authors were, respectively, 
Mr. C. A. Bristow, Mr. A. J. Sidery and Dr. H. 
Sutton, of the Ministry of Supply ; Mr. C. Dinsdale, 
of British Railways ; Mr. F. Hudson, of the Mond 
Nickel Company, Limited; Mr. E. H. Jones, of 
Capper, Pass and Son, Limited ; and Colonel W. C. 
Devereux, C.B.E., of Almin, Limited. 


Tue Score FOR CONSERVATION OF METALS. 


When presenting their paper on “The Scope for 
Conservation of Metals, Ferrous and Non-Ferrous,” 
Mr. C. A. Bristow, Mr. A. J. Sidery and Dr. H. 
Sutton stated that the continuance of any nation’s 
existence and, indeed, the favourable development of 
civilisation as a whole, depended on the resolution 





An important part would be played in the future, 
as it had been in the past, by those concerned with 
the mining of metal-bearing minerals and their treat- 
ment, The approaching exhaustion of particular 
deposits had already accentuated the search for new 
sources and the exploitation of commercially less 
attractive ones. Critical shortages were with us 
already in respect of a number of common metals 
such as lead, copper and zinc. The contribution of 
scientists and technologists was involved not only 
in the discovery and appraisal of the minerals and 
raw materials, but in their treatment from the 
earliest stages. Present and future policies in 
mining and extraction were and would be in- 
creasingly concerned with metal economy and 
conservation. 

In the handling of the metals as such there was 
great scope for the exercise of economy by the use 
of particular techniques of many kinds and varieties, 
in the production of semi-finished forms and of 
finished pieces. Design for production was much 
concerned here, and, especially in connection with 
pieces to be made in large quantities, the designer 
had great scope for influencing the metal-economy 
side of the project. Economic production called 
for the closest collaboration between designer, 
production engineer, and metallurgist. As regards 
metals in use, wear and tear, obsolescence and other 


TABLE I.—BRONZES AND BRASSES FOR FUTURE USE ON BRITISH RAILWAYS. 





Nominal Chemical Composition, 
Per cent, 



























































Type of Alloy. Main Uses. Notes. 
Cu. Sn. Pb. Zn. Others. 
Phosphor-bronze 87-5 12 a a P 0-15 | Slide valves (superheated); un- | B.S. 1400—PB2 
min, lined bushes; machinery 
bushes and details. 
Leaded bronze .. 67-5 5 26 -- Ni 1-5 | Slide valves (sat. engs.); regu- — 
lating valves (grid type). 
Leaded gunmetal 86 7 2 5 = Steam and boiler mountings; | B.S. 1400—LG3 
axleboxes, lined bushes an 
brasses; carriage and wagon 
bearings, etc. 
Yellow brass 66 — 2 32 ae Name and number plates; | B.S. 1400—B3 
carriage fittings, etc. , 
Brazing metal .. 90 -- as 10 a Fittings which are to be brazed — 
on to copper or steel pipes. 
TABLE II.—W8HITEMETALS (CHEMICAL COMPOSITION). 
>. 
Type of Alloy. nm ate ras tied a Lead Base 
Tin, percent. .. ate ee oa 84—86 80—85 11-13 
Antimony, percent. .. - “¢ 9—11 9—11 9—11 12—14 
Lead, per cent. om a oe 0-2 max. O—5 27—29 73-5—75-5 
Copper, per cent. oe a “a 4+—6 4—6 2—4 o—1 
pen ee impurities, per cent.,| 0-30 (excluding lead) 0-30 0-35 0-40 
of which : 
Aluminium shall not exceed ve 0-05 0-05 0-05 0-05 
Arsenic shall not exceed .. oe 0-10 0-10 0-15 0-20 
Bismuth shall not exceed .. ‘. 0-08 0-08 0-08 0-08 
Iron shall not exceed oe a 0-08 0-08 0-08 0-08 
Zinc shall not exceed 56 ‘a 0-05 0-05 0-05 0-05 
TABLE III.—METALLIC PAcKING. 
Nominal Chemical 
Type of Alloy. "Goupulaee. Typical Use. 
Per cent. 
Antimonial-lead .| Antimony = Piston rod and piston-valve rod packing; saturated engines. 
Copper-lead .| Copper om ee -{ Piston rod and piston-valve rod packing; superheated engines. 
Nickel 2. 3. 1-25 
Sulphur aa oy 0-75 
Leaded-bronze .| Copper om a> . ann Piston rod, piston-valve rod and McNamee king; superheated 
lan. x» oe caginss, aes 
Ta: .. od iid 5 
Nickel ° - 1-5 











of basic problems common to all nations. World 
population was increasing at a rate of about 1 per 
cent. per annum. Education brought with it an 
ever-increasing demand for improvements in stan- 
dards of living, more and more people desiring better 
amenities all the time. In this movement metals 
were involved. For scientific and technical agencies 
connected in any way with metals there was a task 
of ever-increasing importance to ensure that metals 
were won, handled, used and re-used with the 
Sreatest care and with due deference to the fact 
that the future peace and comfort of the world’s 
Peoples were directly dependent upon the efficient 
use and conservation of metals. 





causes brought the period of effective service to an 
end. Corrosion was one of the factors contributing 
to unserviceability, in many cases limiting the 
service life of metal articles. In some cases failure 
by corrosion led to great financial loss, as, for 
example, the penetration of buried pipes conveying 
water or gas. Corrosion control could contribute 
substantially to metal conservation. 

Conservation by substitution offered considerable 
scope. As regards substitution of metals or alloys 
by others, it was important to recognise the imprac- 
ticability of making new use on any considerable 
seale of one of the commoner metals already in 
short or insufficient supply. Non-metallic materials 


such as plastics, timber and impregnated timber 
represented an important field, but the direct 
replacement of métallic pieces by others made in 
such materials was by no means simple. These 
were, however, renewable resources and they would 
be needed increasingly in future years. In the field 
of metallic materials, the best prospects of substan- 
tial relief of present and approaching shortages were 
concerned with conservation and the better utilisa- 
tion of supplies, with more efficient recovery of and 
from scrap for re-use, and with greater use of 
metals which were abundant in the earth’s crust, 
notably aluminium, magnesium and titanium. 


Economy By STANDARDISATION AND RECLAMATION 
oF Sorap. 


At the outset of his paper, “Economy by 
Standardisation of Alloys and of the Method of 
Reclamation of Scrap Metals,” Mr. C. Dinsdale 
stated that British Railways were substantial 
users of many ferrous and non-ferrous metals. 
The nationalisation of British main-line railway 
companies made it essential to use standard metals 
and metallurgical practices in all regions, He 
proposed to indicate how this was being accom- 
plished, and to discuss, in broad terms, the economies 
expected. The present annual consumption of 
non-ferrous metals for rolling stock alone was nearly 
30,000 tons. In 1948 the Railway Executive 
Policy Committee had been set up to investigate 
and report on what non-ferrous metals were being 
used on rolling stock ; and the extent of the reclama- 
tion of non-ferrous scrap ; and to recommend future 
alloys and practices. The Committee’s main 
findings and recommendations are indicated below. 

The Railway Executive’s 17 “ brass” foundries, 
between them, were casting 11,000 tons of 37 
different copper-base alloys, while a further alloy 
was used for purchased bearing-shells. Widely 
different alloys were being used in the regions for 
the same components, , The five standard alloys, 
shown in Table I, were recommended and intro- 
duced for castings for rolling stock and machinery. 
The standardisation of use was also recommended 
and introduced. It was difficult to assess the 
savings which should follow standardisation, but 
metal-melting and scrap-segregation costs should be 
reduced and a potential saving of 175 tons of tin 
and 100 tons of lead against an increased consump- 
tion of zinc was estimated. 

The Railway Executive owned from 6,000 to 
7,000 tons of whitemetal. In 1948, 18 alloys, with 
13 different compositions, were being used. Large 
variation in lining practice existed, for which no 
obvious reasons—except established practice— 
could be found. As a first step towards standardi- 
sation, the number of compositions had been reduced 
to four (Table II). The standardisation of the 
purposes for which the various grades were used 
was not yet accomplished, but extensive trials were 
hging carried out, using whitemetals with lower tin 
content. For wrought metals and soft and brazing 
solders, the well-known British Standards were 
already used in al] regions. 

Much cast-iron and non-metallic packing was 
used, and seven non-ferrous alloys were replaced by 
the three standard alloys shown in Table III. 
The financial savings were not large as the quantities 
involved were small. Light alloys were little used 
at present in rolling-stock construction in this 
country. Specifications for several virgin metals 
purchased in ingot form for use in foundries and 
workshops had been issued, these being more 
detailed than formerly. British Railways found it 
necessary to draft specifications, as no British 
Standards existed for block tin, pig lead, phosphor- 
copper. and antimony. British Railways differed 
from most engineering concerns, their metals being 
in constant circulation throughout their own system, 
returning periodically to their own workshops for 
re-use or scrapping. The re-use of as much non- 
ferrous metal scrap as possible was an economic 
proposition, and all the former railway companies 
carried out a varying amount of reclamation and 
renovation. A total of 27,000 tons of some 80 types 
of non-ferrous metal scrap was produced each year 
by British Railways as the result of machining 
operations and the breaking-up and repairing 





programme, 15,000 tons being re-used and 12,000 
tons sold. 
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Reclamation and renovation would continue to 
be carried out in Railway Executive shops. A 
second Policy Committee had been formed to recom- 
mend specifications for steels for rolling stock, etc., 
but, as most of the steels used previously were in 
accordance with British Standard specifications, the 
resulting standardisation was not so spectacular as 
in the case of some non-ferrous metals. Most grey 
cast-iron mixtures already included a high percen- 
tage of returned scrap (sometimes up to 95 per 
cent.). Further economies in this field were not 
expected to be great. 


INFLUENCE OF SPECIFICATIONS ON PRODUCTIVITY. 


Presenting his paper. on “The Influence of 
Specifications on Productivity and the Economic 
Utilisation of Ferrous and Non-Ferrous Metals,” 
Mr. F. Hudson said that, before maximum produc- 
tivity could be obtained, in conjunction with the 
economic use of ferrous and non-ferrous metals, 
consideration should be given to the greater use of 
simplification, standardisation and specialisation 
methods, so that manufacturing operations could be 
properly planned. Simplification and standardisa- 
tion, in particular, must go hand in hand, as too 
many standard specifications might be just as bad 
as none at all. At present, therefore, there was 
need for the more general use of a limited number of 
simplified standard alloys. 

For example, British Standard Specification 1400- 
1948, covering copper-alloy ingots and castings, 
outlined 23 different alloys for castings. The bulk 
of industrial requirements could probably be met by 
10 copper-base alloys, and these could be readily 
grouped into seven main types for production 
purposes. Agreement regarding tolerances on cer- 
tain elements, normally considered as impurities, 
would reduce the number of alloys required still 
further. The simplification of alloys in this way 
assisted productivity and the subsequent reclamation 
of scrap. 

Specifications only covered the quality of the 
metal in a test-bar, and this was of limited value 
to the engineer in designing a structure composed of 
rolled, forged, stamped or cast components. There 
was particular need for greater attention to be 
given to the quality of castings and for research on 
the relation between test-bar and casting. Designers 
and engineers to-day appreciated that neither inte- 
gral, nor separately cast, test-bars normally 
exhibited mechanical properties representative of 
the casting. In many instances the properties of 
castings were below those obtained from test-bars. 
When designing castings the engineer therefore 
increased the sections to ensure an adequate factor 
ofsafety. This obviously increased the weight of the 
casting and the amount of metal required. The 
production of castings of the highest quality, and of 
known properties, would enable designers to reduce 
both section and weight, and lead to a substantial 
economy in the use of metal. ? 

Where design, production, and supply conditions 
permitted, consideration could ully be given 
to the greater use of high-strength alloys for the 
production of wrought and cast articles for the 
purpose of reducing weight and the amount of 
metal re 


SzconDary Heavy Marais. 

The paper on “Secondary Heavy Metals,” by 
Mr. E. H. Jones, covered the recovery, in usable 
form, of copper, zinc, lead, tin and antimony from 
sources other than their ores. The author stated 
that the effect of the price was of importance. 
A price control'ed at an artificially low level and a 
consumption controlled by rationing must, in 
secondary metals, produce a free market at higher 
prices, even if this were disguised by barter opera- 
tions. If this did not happen, less metal would 
be recovered from dispersed sources than if the 
price were economically equitable. Since the disper- 
sion of the metals in the form of salts exceeded 
that of even the lowest grade ore, recovery was 
obviously economically impossible in this case, but 
there was a possibility that substitutes might be 
found for such compounds as tetraethyl lead, white 
lead, lithopone and bluestone. The economics of the 
recovery of protective metallic reps thay their 
substitutes varied with the price and thi of the 
coating. The inevitable mixing of scrap during use 





or collection had a great influence on the methods of 
recovery used, and stress should be laid on the impor- 
tance of accurate analyses of impurities and the 
quantitative determination of their effects on 
properties. Low-grade scrap, and the residues from 
fabricating plants and primary smelting operations, 
were dealt with by special methods. The stage at 
which it was more economical to separate an alloy 
into its constituent elements and re-alloy, the 
economics of the sacrifice of one element to recover 
another, and the balance between the value of the work 
and the value of recovery were matters which had 
to be carefully considered. It was also interesting 
to note that some of these problems were in some 
respects common to both primary and secondary 
smelting. 
SEconDARY ALUMINIUM AND MaGnzsIum. 

In his paper on “Secondary Aluminium and 
Magnesium,” Colonel W. C. Devereux, C.B.E., 
dealt with the production of secondary light metals 
of high quality from scrap and waste materials. 
He traced the history of the secondary smelting 
industry from the early days of prejudice and 
discrimination against the use of its products, out- 
lined the way in which these were gradually over- 
come, and referred to its rapid war-time expansion 
from 32,000 tons in 1940 to 85,500 tons in 1943 
and its post-war consolidation and further expansion 
to 94,000 tons in 1950. The author stated that 
methods had been developed for the collection, 
sorting, analysis and blending of scrap and its melt- 
ing and refining in furnaces, evolved for the 
removal of undesirable non-metallic constituents 
and oxides with the minimum loss of metal; to 
produce alloys equivalent to those made from 
primary materials. Methods of further refining 
secondary material to remove alloying elements 
either partially or completely, by distillation or 
electrolysis, had been introduced and were promising. 

Of special significance to the industry were the 
war-time concentration of all light metals into 
aircraft and the present high rate of export of 
aluminium in finished products. The very heavy 
demand for light metals in the next few years and 
an anticipated shortage of scrap called fcr the 
maximum efficiency in collection and treatment. 
Both from the national and the light-metal indus- 
try’s points of view, it was of the utmost importance 
that the maximum recovery should be achieved by 
the widest application of scrap segregation, by the 
diligent collection of scrap and by the fullest 
utilisation of the highly efficient resources of the 
secondary smelting industry. This, by its specialised 
processes and equipment and its scientific know- 
ledge and control, was able to extract the last 
ounce of economically usable material from the 
scrap and waste available. 

Discussion. 

Mr. G. L. Bailey, who opened the discussion, said 
that the question of substitute metals should be 
carefully scrutinised. In the normal course of 
events—in the next five to ten years, say—it might 
be supposed that there would be available in the 
world more aluminium and more magnesium, and 
possibly more titanium than were now obtainable. 
As these materials became available, the price 
factor and the availability would both conspire to 
cause people to use them, perhaps for purposes 
for which, hitherto, other and heavier metals had 
been utilised, Substitution of that kind should be 
regarded as permanent replacement. There wonld 
be such changes, and they would be gradual, and 
a great dea) of work would be done to establish the 
suitability of this or that material, or the action 
that was necessary to make a particular material 
suitable for a particular application. It was most 
inefficient and unpromising, however, to start trying 
to use materials just because there was a temporary 
shortage. To use certain materials in place of other 
materials, where their use was not likely to remain 
permanent, was unsatisfactory on a long-range 
basis. On a short-range basis, however, it probably 
would have to be done. Most substitution sugges- 
tions on a short-range basis had to face the fact that 
the substitution might well be uneconomic in money 
or in man-power, or in some other respect, and was 
only done because there was a temporary shortage. 

On the question of secondary metals and scrap 
reclamation, it should be stated that metallurgists 





and engineers were all very impressed by what the 
aluminium industry had done in the re-use of 
secondary materials. The various methods of 
collection and the grading systems had done useful 
work of permanent value. It would be good to 
see the range of operations of the secondary-copper 
industry similarly increased—not to the same 
scale, because the metal was not available in the 
same quantity, but increased very largely. This 
subject however, had been much debated by many 
people in many places without getting very far in 
this country. There were some aspects of reclama- 
tion which had not been touched upon. Cases in 
point were reclamation from liquid residues, from 
pickling solutions, plating solutions, and so on. 
There was no doubt that a great deal of copper 
sulphate was still thrown down the drain in this 
country, and that this could be treated by electro- 
lysis, which would not only permit the recovery of 
the copper, but make possible the regeneration of 
the sulphuric acid. This was being looked into, 
but it could be dealt with more thoroughly. Another 
matter which was also being investigated was the 
recovery of plating solutions which found their way 
into the drains in one way or another. One firm 
had recently installed plant for running its wash 
water through synthetic resins to recover an ex- 
tremely valuable metal present in very small 
amounts, but which was of the greatest value. 
Moreover, drag out losses from plating tanks could 
be very considerable, particularly in the nickel- 
plating industry, and the recovery of such losses was 
quite an important matter. 

Mr. Hudson had introduced into the title of his 
paper the influence of specifications on produc- 
tivity, but he (Mr. Bailey) questioned whether he 
had not forgotten the value of productivity when 
he had spoken of using high-strength alloys instead of 
ordinary gunmetals. No doubt it was possible to 
make valves of aluminium-bronze instead of gun- 
metal with an economy in the weight of metal used, 
but this economy was probably offset by the loss of 
productivity, and, after all, man-power was still 
one of our most urgent questions, however short of 
metals we might be. The possibility, however, 
that working to a limited number of specifications 
could greatly increase the economic use of metals 
was undoubted, but when this was done, the right 
alloys, from the productivity point of view, as well 
as from the point of view of the availability of the 
metal, should be chosen. Mr. Dinsdale had 
spoken of the very successful efforts of the railways 
in this direction. He had said that they did not 
use the 85:5:5:5 Cu-Sn-Pb-Zn gunmetal as 
they did not find it satisfactory for all purposes. 
This was somewhat surprising, because, of the 
alloys which Mr. Dinsdale listed, it seemed that the 
85 : 5: 5:5 gunmetal would have been satisfactory 
for most of the applications for which the 86 : 7: 2:5 
alloy was suitable, and with considerable advantage 
in productivity as well as price. At present, efforts 
were being directed to save metal, not money, and 
it was questionable whether the railways were 
necessarily doing well if they wanted to use lead- 
rich bearing metals instead of tin-rich bearing 
metals, because, at present, there was more tin 
available than there was lead. 

One of the most important aspects of the matter 
under discussion was the economic utilisation of 
what metals were available. There was still a 
great deal that could be done in this connection, 
and among the steps which could be taken were 
the reduction of machining tolerances by more 
accurate manufacture, and a reduction in weight 
by working to closer tolerances. A certain number 
of industrial products were over-size, and matters 
of that kind could be looked into with advantage 
in every section of industry. Quite apart from the 
question of the benefit to the community, if a manu- 
facturer found that he could make 90 per cent. of 
what he used to make, though he only received 
85 per cent. of his previous supplies of metal, 
he was obviously on the right side from every point 
of view, even though he could not manufacture 
everything that he would like to produce. Apart 
from this, there was the great urge to economy 
in the metal values themselves. Practice which 
was satisfactory and economical twenty years ago, 
when copper, for instance, was 41/. a ton, might 
well become quite uneconomic at present prices. 
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Fig. 1. 


Looking at it in another way, while one could not 
afford, 20 years ago, to take certain measures 
to conserve or recover metal, now that copper 
was 2271. a ton the situation was very different. 
The argument had been used in industry that 
certain matters had been looked into before and 
it had been found that they did not pay. With 
present metal prices a good many of those matters 
Were worth investigating again, and they might 
be found to pay much better now than when they 
had been last considered. 
(To be continued. ) 





0.E.E.C. Mission ON O1L-FIELD EQUIPMENT.—Repre- 
sentatives of some eight European countries left Paris 
by air for Washington on October 20, to form Missions 
Nos. 57 and 68, organised by the Organisation for 
European Economic Co-operation to study equipment 
for the oil industry. The missions will be divided into 
two groups, one particularly interested in refining equip- 
ment and the other in drilling equipment. The British 
contingent has been drawn from members of the Council 
of British Manufacturers of Petroleum Equipment, 
headed by the vice-chairman, Mr. Douglas Wilson, of 
the United Steel Companies, Limited. Those taking 
Part will include Mr. Frank Kenyon, director of Wm. 
Kenyon and Sons, Limited; Mr. 8S. C. Mackenzie, field 
engineer, the Oil Well Engineering Company, Limited ; 
and Mr. J. Steel, sales manager, Ruston and Hornsby, 
Limited. The itinerary of the mission will last until 
the end of November. 





1,700-KV IMPULSE GENERATOR. 


Tue 1,700-kV, 30-kW-second impulse generator, 
which has recently been installed at the Charlton works 
of Messrs. Johnson and Phillips, Limited, to ascertain 
the surge voltage characteristics of electrical apparatus 
and insulation, and for the routine testing of trans- 
formers, cables and switchgear, is believed to be the 
only one of its kind in Great Britain to be designed and 
built entirely by one firm. The equipment, of which a 
genera) view is given in Fig. 1, consists of a 200-kV 
direct-current charging unit; a twelve-stage two- 
column impulse generator ; a capacitor screened resist- 
ance potential divider; a high-speed double-beam 
cathode-ray oscillograph with a recording camera ; and 
a control desk. For the sake of uniformity and of 
appearance, the transformer, rectifier and generator 
capacitors are housed in black Bakelised-paper tanks, 
23 in. in diameter, which are fitted with cast-aluminium 
end rings and corona shields. 

The direct-current charging unit consists of a 6-6 
kVA, 200-kV transformer, a 250-kV peak half-wave- 
rectifier and a limiting resistor. The transformer was 

i and manufactured in the company’s trans- 
former department and is housed in an oil-tight tank of 
black Bakelite. It is supplied from the 230-volt mains 
through a voltage regulator, and the output terminal 
which is directly connected to the rectifier, is the top 
corona shield. A tertiary winding is provided for 
cascade operation. The half-wave rectifier, which is 
of the copper-oxide type, is mounted on an insulated 
base, so that positive or negative direct current can 
be obtained by connecting the transformer to its top or 
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bottom. The other end of the rectifier is then con- 
nected through the limiting resistor, which passes a 
maximum current of 30 milliamperes at full -voltage 
to the first capacitor. A solenoid-operated earthing 
switch is placed at the output end of the limiting resistor 
and automatically earths the generator when the 
transformer is de-energised, either from the control 
desk or by opening any of the interlocked gates of the 
test area. 

The impulse generator consists of twelve stages with 
one capacitor per stage. These capacitors, a view 
of one of which is given in Fig. 2, are arranged in two 
columns of three tanks, each tank containing two capa- 
citors. They were designed and manufactured in 
Johnson and Phillips’ capacitor department and 
each has a capacity of 0-255 microfarad and can be 
charged tv a maximum voltage of 142 kV. With the 
twelve stages in series, the maximum output voltage of 
the generator is therefore 1,700 kV and the total 
energy output 30 kW-seconds. The capacitors are 
discharged 12 pairs of spheres, which are 10 cm. in 
diameter oe are mounted on two Bakelite cylinders 
between the capacitor columns. One of these cylinders 
is fixed, while the other can be rotated round its vertical 
axis by a lever and screw, driven by a small electric 
motor. The gap setting, which can be adjusted by 
pea switches on the control desk, is indicated 

y a slide wire potentiometer operated by the lever. 
The output from the final stage of the generator; is 
taken through a damping resistor to. the potential 
divider and thence to the test object. The, output 
wave form is controlled at each stage. by sets of. resistors, 
which can be replaced to suit the load conditions, 
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The overall height of the generator is 18 ft., which is 
equivalent to 10-6 ft. per megavolt. The potential 
divider is of the single-resistance type and is sur- 
rounded by a tube of cylindrical capacitors, which 
screens the resistors and at the same time puts a small 
load on the generator, thus reducing the effect on the 
output wave form of variations in the test load. The 
surge is fed through a delay cable to the deflection 
plates of the oscill oe. 

The high-speed cathode-ray oscillograph is of the 
sealed glass-tube type. It works at an accelerati 
voltage of 20 kV and incorporates two beams for simul- 
taneously recording voltage and current surges. 
Sweep speeds from 0-3 to 1,000 microseconds are 
available, as well as timing “ pips,” covering a range 
of time a from 0-1 to se ogee mds. Fixed 
celle tages are provi ior voltage measure- 
ments. e sweeps and a rene pulses are initiated 
by a valve relay, which is o at the instant the 
first-stage gap is fired. A 35-mm. recording camera 
is used in conjunction with the oscillograph for obtain- 
ing permanent records of the tests. To enable the 
— to monitor tests which are being photographic- 

ly recorded, the instrument department of the firm 
is providing a 10-kV single-beam high-speed oscillo- 


graph. 

the generator is operated from the control desk illus- 
trated in Fig. 3, which is placed outside the test area. 
It houses the voltage regulator, the push-button 
switches and the associated contactors for energising 
the 200-kV charging transformer, as well as the push- 
button switches for adjusting the generator sphere gaps. 
Meters are provided for indicating the voltage and 
current input to the charging transformer, the gap 
setting and the mean stage voltage. The value of 
this voltage is indicated on a micro-ammeter, which is 
calibrated in kilovolts and is connected through a 
3,000-mregohm resistor to the high-voltage side of the 


capacitor. 

As regards operation, for single surges the stages are 
charged to the required voltage and the gaps are closed 
until a di occurs. To make repetition “ shots ” 
at a constant voltage, the generator is charged con- 
tinuously with the gape set to flash over at the required 
voltage. To obtain chopped waves, such as are required 
in transformer tests, a standard rod gap for voltages 
up to 750 kV is connected in parallel with the generator. 

three-electrode method of controlling the tripping 
of the generator is not used, but arrangements have 
been made so that it can Scemgtayed later. 





“AT THE TURN OF THE CENTURY.”—The General 
Electzic Company, Limited, Magnet House, Kingsway, 
London, W.C.2, who claim to be the largest British 
electrical man’ organisation, have issued a 
booklet, entitled “‘ At the Turn of the Century,” to their 
shareholders. This may be described as a running 
commentary on the electrical*events of the past half- 
century, for it indicates in text, diagram and illustration 
the progress which has been made by the company during 
that time. For instance, the number of employees rose 
from 3,000 in 1900 to 57,800 in 1951, and the capital 
of the firm from 289,0002. to 37,250,000. Numerous 


Fie. 1. Exterior View or GALVANISING PLANT. 


CONTRACTS. 


THE HUNSLET ENGINE Co., Lrp., Leeds, 10, have 
received an order from the Ministry of Supply for 14 
“ Austerity ’”’ 48}-ton 0-6-0 tank locomotives with 
18 in. by 26 in. cylinders. 


British POLAR ENGINES, Ltrp., Govan, Glasgow, 
8.W.1, have received a number of orders for auxiliary 
marine machinery, propelling units, and generating sets. 
Among these are orders for a 230-b.h.p. and four 450- 
b.h.p. 600-r.p.m. auxiliary generating sets for a vessel 
for the New Zealand Shipping Co., Ltd., to be built by 
John Brown & Co., Ltd., Clydebank; one auxiliary 
340-b.h.p. generating set, to run at 600-r.p.m., for each of 
five ships for the Anglo-Saxon Petroleum Co., to be built 
by Cammell Laird & Co., Ltd.; a 640-b.h.p. 250-r.p.m. 
marine propelling unit for a vessel for Henry McGregor, 
Ltd., to be built by Henry Robb, Ltd. ; three 375-b.h.p. 
500-r.p.m., auxiliary generating sets for W. Denny 
and Brothers, Ltd.; six 340-b.h.p. 600-r.p.m. gener- 
ating sets for R. & W. Hawthorn, Leslie & Co., Ltd., 
and three 290-b.h.p. 600z7.p.m. auxiliary generating 
sets for the Burntisland Shipbuilding Co., Ltd. A 
270-b.h.p. 600-r.p.m. alternator set has been ordered 
for Rizla Cigarette Papers, Ltd., for emergency generating 
purposes. 


BaLFrour, BEATTY AND Co., Lrp., 66, Queen-street, 
London, E.C.4, have been awarded the first contract, 
amounting to approximately 6,000,0001., for the con- 
struction of the Wadi Tharthar project in Iraq by the 
Development Board, on behalf of the Government of 
Iraq. The project, which is for flood-relief at Samara, on 
the River Tigris, diverts the flood waters into the Wadi 
Tharthar depression, and the first contract consists of 
the construction of a canal, 64 km. (40 miles) in length, 
and entails the excavation of 35 million cub. m. of 
material. The money required to pay for this and other 
projects will be derived from the oil revenues which, it is 
estimated, will reach a figure of over 50,000,000l. per 
annum after 1954. 


Davy AND UNITED ENGINEERING ©0o., Lrp., Park 
Iron Works, Sheffield, 4, have received a further large 
order for the Mo i Rana Works of the Norwegian Steel 
Company (A/S Norsk Jernverk), namely, a Morgan 
combination merchant-bar, wire-rod and strip rolling 
mill, capable of rolling speeds of over 4,000 ft. per minute. 
The mill is designed to produce 80,000 tons annually and 
will have an ultimate annual output of 150,000 tons. 
It will be complementary to the blooming, slabbing and 
section mill ordered from Messrs. Davy and United by 
Norsk Jernverk 14 months ago. The new Morgan mill 
will consist of a seven-stand roughing train complete with 
two vertical edging mills, a four-stand intermediate 
train with two further vertical edging mills, a two-stand 
looping train with skew tables and repeaters, and a six- 
stand rod-finishing train. The Morgan mill will produce 
coiled strip from 25 mm. to 265 mm. wide, merchant 
rounds, flats, angles, T-sections, beams, and 5-mm. to 
9-5-mm. wire rods, in coils, starting from billets and 
slabs from 50 mm. square up to those measuring 65 mm. 
by 265mm. The Davy and United Engineering Co. now 
have in hand orders valued at over 2,000,000/., for 
Norsk Jérnverk, which is an integrated iron and steel 
works. At the Moi Rana Works, the iron will be pro- 
duced from local ores by electric amelting instead of by 
conventional blast furnaces, the current being generated 





hydro-electrically. 





HOT-DIP WIRE-GALVANISING 
INSTALLATION IN MANCHESTER. 


Tue firm of Richard Johnson and Nephew, Limited, 
wire manufacturers, Forge-lane, Manchester, 11, 
established in 1773, produce important tonnages of 
wire of many types and sizes for a variety of 
trades and industries. The production of galvanised 
wire by the continuous hot-dip process has been 
conducted since the introduction of the process, at the 
Forge Lane Works, by George Bedson, in 1861, and 
the latest development in this sphere of the com- 
pany’s ‘activities has been the recent completion 
of a large new galvanising plant. This has involved 
a completely new lay-out of this portion of the works 
and the erection of new buildings, all of which has 
been carried out without hindering production by 
arranging the new construction in four sections. 
An exterior view of the new galvanising department is 
shown in Fig. 1, on this page. The new premises 
covers a floor space measuring 540 ft. by 270 ft.; 
a plan is reproduced in Fig. 2, on page 557. The roof 
is of the portal type and the distance from the ground 
level to the eaves is 24 ft. Roof glazing provides 
excellent lighting during the day and a system of 
fluorescent lighting is installed throughout the galvanis- 
ing department to provide thoroughly adequate illumi- 
nation for night work. 

As will be seen in the plan, Fig. 2, there are 11 galvan- 
ising plants or lines, each of which consists, in sequence, 
of a lead annealing bath, a water-cooling bath, a 
hydrochloric-acid pickling bath, a water washing bath, 
a flux bath, a drying chamber, a zinc galvanising bath 
and a final re-winding or “ take-up” frame. Through- 
out the installation, the fuel used for heating the 
various baths is town gas. Coils of plain wire from the 
wire mill are taken by electric truck, through a passage 
below the galvanising shop, to the base of two rect- 
angular apertures in the shop floor. The position of 
these is shown in the plan, Fig. 2, and one of them, 
as may be discerned in Fig. 3, on page 557, is opposite 
bay No.4. The overhead crane seen in Fig. 3 hoists the 
coils of wire and stacks them alongside the left-hand 
wall, as shown in Figs. 2 and 3. In front of the plain- 
wire stacking space is the swift area. A swift is a 
pay-off reel on which a coil is placed and from which 
the wire is uncoiled solely by the tension applied by the 
take-up or re-coiling frame placed after the galvanising 
bath. As may be seen in Fig. 3, the spindle of the 
swift is vertical and the coil is supported by cross 
arms or an annular plate. 

Next in line in the production sequence is the gas- 
heated lead bath, which is held at a temperature of 
730 deg. C., for soft wire and 400 deg. C., for high- 
tensile wire. To minimise heat losses the lead baths 
are covered with blocks of 90 per cent. magnesia. 
When operated at a temperature of 730 deg. C., the 
lead baths act as ing units and completely 
remove the effects of cold work when the transit time 
through the molten metal is adjusted to allow for this. 
At 400 deg. C., little alteration to the hard-drawn 
‘properties occurs, but this low-temperature treatment 
is found to be beneficial, particularly where a figure for 
elongation is laid down in the wire 5 tion. 
After the lead bath the wire passes through a water 
bath, where ae eae before (en Sag cat 
acid pickling bath. This cooling process is necessa: 
as, if the wire entered the acid at too high a tempera- 
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ture, it would drive off hydrochloric acid gas from the 
Pickling liquor. After passing through the acid 
Pickling bath the wire traverses a water washing bath 
and is then taken into a flux bath consisting of a 
solution of zine ammonium chloride. Then, before 
entering the galvanising bath the wire is passed through 
& drying unit. This is a small gas-fired reverberatory 
chamber and is the box-like structure fitted with four 

ing lugs seen in the left centre of Fig. 4, herewith. 
The flux carried on the wire is dried mainly by radiation 





during the rapid passage through the chamber, the 
aim being to remove all water and leave the flux 
unaltered by the action of heat. The chamber func- 
ions solely as a surface-film drier and very little sensible 
heat passes to the wire itself. 

On the right of the drier in Fig. 4 is the gas-heated 
zinc bath, which is usually maintained at a tempera- 
ture of 455 deg. to 460 deg. C. To minimise heat 
losses, the bath is covered with a layer of exploded 
vermiculite. In Fig. 4 it may be discerned that the 


wires are above the zinc bath, but this is merely due 
to the fact that the photograph reproduced in our illus- 
tration was taken during a week-end, when the plant 
was not working. In order to ensure that the coating 
of zinc on the wire is concentric, the latter invariably 
issues vertically from the zine bath, by way of a seal 
of oiled charcoal which prevents oxidation of the zinc. 
The finished wire then passes on to the take-up or 
re-coiling frames, from which it is conveyed to the 
warehouse in coils each weighing about 350 lb. by 
electric-battery driven “ poker” trucks. These, in 
effect, are fork-lift trucks fitted with a single prong. 
This takes the form of a very slightly tapered cylin- 
drical and almost horizontal arm on which coils of a 
total weight of from 20 to 25 owt. can be accommodated 
at one lift. The trucks not only convey the coils to 
the warehouse, but stack them in the allotted bays. 
After testing, the coils are tied up and labelled for 
dispatch. 

Having thus briefly outlined the process, we will now 
deal in greater detail with some of the equipment 
employed. It will be seen from the plan, Fig. 2, and 
also from Fig. 4, that the lead and the zinc baths are 
arranged in two lateral lines and that each line of 
baths is served by an overhead travelling crane. 
These are capable of lifting a lead or a zine bath, filled 
with metal, from its setting. Alongside each zinc and 
lead bath, sunk below floor level and covered with 
removable plates, is housed a spare bath so that, 
should a leak occur in a bath while in service, its molten- 
metal contents can be pumped at once into the spare 
bath, and metal losses reduced to the minimum. 
practice, however, the baths are changed according to 
a tonnage schedule, and premature bursts are of com- 
paratively rare occurrence. Hydrochloric acid for 
the pickling tanks is delivered to the plant by road 
tank wagons and their contents transferred by means 
of compressed air to two overhead rubber-lined steel 
tanks from which the acid is fed, by gravity, through 
measuring vessels to the individual pickling baths in 
each line. The compressed-air supply is coupled to a 
flange on the road tank wagon and the acid is, in effect, 
blown out of the mobile tank into the overhead storage 
tanks by way of a delivery pipe attached to another 
flange on the tank wagon. To ensure complete empty- 
ing, the delivery pipe carries a tube which extends to 
the bottom of the tank on the wagon. Throughout the 
installation, temperatures are pyrometrically controlled 
by means of thermocouples which operate recorder 
controllers of the “on-off” type. Experience has 
shown that temperatures are thereby held closely 
within the pre-arranged limits. 

The basis of operation is continuous and the minimum 
campaign consists of a week of 120 hours, duri 
which time the plant does not stop and the finish 
galvanised wires are continuously unloaded, as men- 
tioned above, in coils, each weighing about 350 lb. 
The 120-hour weekly quantity of wire galvanised, 
when supplies of steel are adequate, is of the order of 
1,500 tons and, when the quantity of zinc available is 
normal, all wire meets the minimum requirements of 
British Standard Specification No. 443 or similar 
overseas specifications. The diameters of the wires 
em through the galvanising plant range from 

-028 in. to 0-324 in., and the tensile strengths vary 
from 25 tons to 100 tons per square inch. As a rule, 
each of the 11 galvanising plants deals with 32 wires, 
though this may be reduced to 20 in the case of heavy 
wires of diameters between 0-200 in. and 0-324 in. 
The galvanised wires produced by the firm cover most 
of the requirements of the cable industry, both for 
land and submarine cables, and a high tonnage of 
fencing and barbed wire is also manufactured. High- 
tensile wires for steel-cored aluminium conductors are 
among the many other types of wire produced for a 
multiplicity of industries. 





LOAN OF H.M. SUBMARINES TO FRENCH NaAvy.—aAt a 
ceremony at the Royal Navy’s submarine base at Gosport, 
on October 30, H.M.S. Statesman was handed over to 
the French Ministry of Marine on loan for four years, 
and was renamed “ Sultane.”” Three other submarines 
to be transferred on loan at a later date are the Satyr, 
Spiteful and Sportsman, which will be renamed Saphir, 
Siréne and Sybille, respectively. The Parliamentary 
Secretary of the Admiralty said in the House of Commons 
on August 1 that these submarines were being refitted in 
the United Kingdom at the expense of the French 
Government. ° 





Gas-TURBINE MERCHANT SaHIP.—The Shell Petroleum 
Company’s 12,000-ton tanker Auris, the first merchant 
ship in the world to be propelled by a gas-turbine, is now 
on her way to Tampico in the Gulf of Mexico. One of the 
ship’s four Diesel-electric engines has been replaced by 
gas turbine, built by the British. Thomson-Houston 
Company, Limited, Rugby. Mr. John Lamb, O.B.B., 
head of the Shell Marine Research and Development 
Department, has stated that no trouble was experienced 
during the trials, lasting 48 hours, off the Northumbrian 





coast. 
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' SCOTLAND. 


CoaL Posrrion.—Coal stocks have derived much 
benefit from the mild weather this autumn, and, with 
space-heating requirements much below the average, 
industrial users are steadily strengthening their reserves. 
At October 13, these consumers held 484,000 tons, 
compared with 424,000 tons last year. Of that, iron and 
steel works accounted for 100,000 tons against 107,000 
tons, but with steel-ingot output at only about 80 per. 
cent. of last year’s production, their fuel position, on 
balance, is somewhat sounder. House coal is the most 
vulnerable category, with 165,000 tons against 234,000 
tons, but people have become considerably more fuel- 
conscious after last winter’s experience, and a good 
proportion of the increased disposals during the past 
few months is being put to private reserve. Electricity 
stations find stockpiling progress difficult because of the 
extra strain on fuel-fired installations brought about as a 
result. of reduced water supplies for hydro-generation 
after the dry weather. 








EFFEcTs OF SHORTAGES OF ScRaP.—Concern is increas- 
ing among steel consumers at the absence of any improve- 
ment in supplies of scrap for steel-melting furnaces. 
Ingot stocks are well down after the cut in production 
since May, reserves of bars and billets at re-rolling 
premises are greatly diminished, and consumers of 
finished steel, in many cases, have also run down what 
stocks of material they had in hand for contingencies. 
The effect of reduced deliveries at all stages is being felt 
by shipbuilders, whose already bulging order books are 
steadily increasing in size. In one yard recently one 
or two departments were compelled to operate at only 
50 per cent. of capacity because of diminished material 
supplies. Last week one re-rolling concern worked only 
three days. The older mills, having heating furnaces 
not possessing a pusher-bar installation, are slightly 
favoured, as they can more readily carry on with re-rolling 
scrap items such as rails and axles, but this material is in 
short supply. 





RaDIO WARNINGS OF PowER CutTs.—Beginning on 
Monday, October 22, the South-West Scotland Electricity 
Board are operating their own short-wave wireless system 
to warn certain industrial consumers, using receivers 
supplied by the Board, of impending electricity cuts. A 
rota system has been established, throughout the area, 
and this will enable industrial consumers to ascertain 
immediately from the radio messages whether their 
premises will be affected. 

SHIPBUILDING ActTivity.—Contracts were announced 
yesterday for eight large cargo vessels and a small tanker 
for three shipbuilding firms in the Greenock and Port 
Glasgow area. Six of the new vessels are to be built by 
the Greenock Dockyard Co., Ltd. (four for Clan Line 
Steamers, Ltd., and two for the Pacific Steam Navigation 
Co.), two by Lithgows, Ltd., Port Glasgow (ore-carrying 
steamers for Scottish Ore Carriers, Ltd., Edinburgh), 
and one by George Brown & Co. (Marine), Ltd., Greenock 
(a tank lighter for the Anglo-Saxon Petroleum Co., Ltd.). 





Losses DuE TO Dry Ror In TrmBER.-—The Forest 
Products Research Association (Department of Scientific 
and Industrial Research) recently estimated that the 
damage caused by dry rot in Great Britain amounted to 
20,000,000/. per annum. Of this, 10,000,000/. occurred 
in Scotland, said Mr. E. H. Brooke Boulton, lecturer in 
forestry and timber at the University of Cambridge, 
addressing an audience of builders and architects in the 
Building Centre, Glasgow, last night. This high 
incidence had been caused by neglect of the fabric of 
buildings, particularly during the war. 


AMATEUR RADIO EXHIBITION.—The Radio Amateurs 
of Glasgow are staging an exhibition, entitled ‘‘ The 
Story of Amateur Radio,” at the Engineering Centre, 
351, Sauchiehall-street, (la&agow, C.2. It was opened 
by Sir Victor Warren, the Lord Provost, at 2.30 p.m., on 
Monday, October 29, and will continue until to-morrow, 
Saturday, November 3. The hours of opening are from 
2 p.m. to 9 p.m., and from 10 a.m. to 9 p.m. on Saturday. 








THE Late Mr. BarRcLay HOGARTH.—We regret to 
learn that Mr. Barclay Hogarth, chairman of the Clyde 
Navigation Trust, collapsed and died on October 27, 
while out shooting on the moors at Alexandria, Dumbar- 
tonshire.’ Mr. Hogarth, who was 63, was a partner in 
the Glasgow shipping firm of Hugh Hogarth & Sons, 
managers of the Hogarth Shipping Co., Ltd., the Kelvin 
Shipping Co., Ltd., the Iberia Shipping Co., Ltd., and 
Hogarth, Sons & Co., Ltd., shipbrokers, London, who 
together control one of the largest privately-owned fleets 
sailing from the Clyde. He was rear-commodore of the 
Royal Northern Yacht Club. 





IRON AND STEEL PosiTr10on.—Business in the North of 
England iron, steel and allied trades has shrunk nearly to 
vanishing point. The suspension of Cleveland market 
operations is attributed to several disturbing influences, 
including the General Election, but the principal cause 
of business inactivity is the serious shortage of commodity 
outputs, which are insufficient to meet the urgent needs of 
customers. Home and overseas customers are prepared 
to discuss possible terms of new business, but at present 
both makers and merchants are unable to re-enter the 
market. Defence orders are now absorbing much of the 
distributable tonnage and these restrict the quantities 
which are wanted in very large parcels for shipment 
overseas. 





MANUFACTURE OF JET ENGINES on WEARSIDE.—The 
manufacture of jet aircraft engines is to be commenced 
on the Pallion Trading Estate, Sunderland, in December, 
as a result of the signing of a contract between Sunex, 
Ltd., and the Bristol Aircraft Co., Ltd., whereby the 
former firm are to cede their factory at Pallion to the 
aeroplane company. Sunex, Ltd., are manufacturers of 
perambulators and tricycles, but have had difficulties, 
latterly, in obtaining adequate supplies of materials and 
especially of steel. The present 200 employees of 
Sunex, Ltd., are to be taken on by the new factory 
owners, and it is anticipated that when future extensions, 
on an adjoining site, are completed, employment will be 
found for some 3,000 persons, about 85 per cent. of whom 
would be men. 





AIR SERVICES IN THE NORTH East.—In these notes, on 
page 462 of our issue of October 12, we referred to the 
impending visits of British European Airways Corporation 
representatives to airports on the North-East Coast to 
survey existing facilities and to hear evidence regarding 
the need for the introduction of air services to the Con- 
tinent. The visit was made on October 22 and 23, and 
the facilities at Woolsington Airport, near Newcastle, and 
at Greatham Airport, between Stockton-on-Tees and 
West Hartlepool, were inspected, as well as the site of 
the proposed larger airport at Boldon, Co. Durham. 
Little seems to have emerged as a result of the visit, 
except that scheduled air services to the Continent would 
not be commenced for “‘ some time yet ’’ and that other 
regular services from the area might not be remunerative. 
It appears possible, however, that private companies, 
working on a charter basis, might be encouraged to under- 
take new services. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


IMPORTANCE OF ScraP.—Mr. George Wood, C.B.E., 
chairman of Thos. W. Ward, Ltd., told the shareholders 
at the annual meeting of the company that the steel 
industry was in urgent need of more scrap, yet lying 
about the country were hundreds of thousands of tons 
of scrap in the form of derelict plant, obsolete equipment, 
waste material, etc. There should be an ever-present 
scrap i he considered, even to the extent 
of its being looked upon as an offence to neglect sending 
scrap to the melting works. He urged that every ton 
of steel which could be produced was needed for the 
Defence programme and for the manufacture of export 








COURSE ON STEEL HEAT-TREATMENT.—Sheffield steel- 
workers are being encouraged to take a course of 20 
lectures on heat treatment prior to a City and Guilds 
examination next March. Sheffield University has 
taken the novel course of holding the lectures in an 
East-End steelworks instead of in the University, some 
miles distant. Each lecture will be repeated in the 
subsequent week, so that shift workers need not miss a 
lecture. 





THE LaTE Mr, A. E. HANcOocK.—We regret to learn, 
from the Hunslet Engine Co., Ltd., Leeds, of the death 
on October 11 of their service manager, Mr. Albert E. 
Hancock, who had been associated with the company 
for more than 20 years. His engineering training was 
received with the locomotive-building firm of Kerr, 
Stuart & Co., Ltd., at Stoke-on-Trent, whose business 
closed down during the industrial depression between 
the wars. He next spent some time with the North 
British Locomotive Co., Ltd., before joining the Hunslet 
Company, on whose behalf he had travelled widely in 
South America and the Middle East. In the British 
coalfields he was particularly well known, having been 
intimately concerned with the putting into service of 
flameproof mines locomotives. 


THE MIDLANDS. 

THe Brirish InpusTRIES FarR Bvurmlpina.—The 
frontage of the British Industries Fair building at Castle 
Bromwich, Birmingham, which, since the Fair was re- 
opened after the war, has consisted of camouflage netting 


or permit, will be used, and the entrance will be empha- 
sised as a central feature in the facade. 





MIpLAND Firmw’s NEw Facrory.—The industrial 
estates sub-committee of Liverpool Corporation have 
approved arrangements for leasing 50 acres of land to the 
Standard Motor Company, Ltd., of Coventry. The land 
is on the Kirkby Trading Estate, East Lancashire-road, 
and the Standard Company plan to build a factory 
there to manufacture Diesel engines and spare parts for 
motor vehicles. The factory is expected to employ 
about 4,500 people, and, to provide for possible expansion, 
the company have taken an option for ten years on a 
further 86 acres of land. 





THe “Inpian” MororR Cycite.—The Indian 
motor cycle, an American design commanding a good 
market in the United States, is to be made by a British 
firm, J. Brockhouse & Co., Ltd., of West Bromwich. 
Arrangements have been made for the Brockhouse 
Company to take over the Indian Motor Cycle Company’s 
jigs, tools, designs and stocks, and to control manufac- 
turing both in this country and in the United States. 





AN OLD BarRGE.—The old Stourport-built wooden 
barge Safety, registered at Gloucester, has come into 
the news after a life of 113 years. The Safety, built in 
1838, was for over 90 years a sailing barge, and then took 
on a new lease of life when twin screws and Diesel engines 
were fitted. She sank at Lydney at the end of last year, 
but was raised and was found to be still fit for service. 
Now, after engine repairs, the Safety is again in com- 
mission. She is said to be the oldest trading vessel in 
the country, and is one of the few survivors, if not the 
only one, of the many craft built at Stourport in the 
first half of last century for trading on the river Severn. 





THE LATE Mr. REx NicHo1s.—The death occurred, 
on October 24, at Birmingham, at the age of 49, of 
Mr. Rex Nichols, originator of the Nichols nut- 
tapping machiné, which uses the principle of the floating 
tap. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


WELSH COLLIERY INDUSTRY.—Production of coal in 
South Wales, which has been lagging behind requirements 
for a long time, showed a further drop last week. Two 
big football matches at Cardiff resulted in the loss of 
more than 10,000 tons of saleable coal. Only 106 pits 
in the coalfield worked the voluntary Saturday shift on 
that day, producing 20,868 tons of coal, compared with 
an average, in recent weeks, of well over 30,000 tons. 





RIveR TaFF WORKS, CARDIFF.—A proposal for con- 
fining the course of the River Taff near its mouth at 
Cardiff between retaining walls ‘has been approved by 
the Cardiff Port Development Association and will now 
be-discussed with the Ministry of Transport, the Cardiff 
Corporation and the Docks and Inland Waterways 
Executive. This would provide navigational improve- 
ment in the Cardiff docks entrance channel, which has 
been subject to silting by the river. The new scheme 
would provide for the reclamation of land which could 
be used for industrial purposes. 





PuRCHASE-TAX EFFECT ON RADIO EQUIPMENT.—AS & 
result of the effects of the 66% per cent. purchase tax on 
radio equipment, about 400 of the 1,000 employees work - 
ing at the Murphy Radio Company’s factory at Hirwaun 
Trading Estate will become redundant in the next few 
weeks. A meeting of the employees concerned has 
invited the Members of Parliament for the neighbouring 
divisions to attend a meeting to discuss the position. 
The M.P.s will be asked to appeal to the Government to 
arrange to have electronic contracts placed in South 
Wales. 





DIFFICULTIES OF MANUFACTURERS.—Shortage of 
materials has caused some redundancy at the Amman- 
ford factory of Pullman’s Spring-filled Co., Ltd., where 
many employees have been laid off. At its peak, the fac- 
tory employed 1,100 people but this has fallen to about 
700 in the past 12 months. At the Ammanford factory of 
Messrs. Dancer & Hearne Bros., chair manufacturers, 
65 employees have been temporarily laid off because of 
the high cost of materials. 





WELSH DIVISION OF THE FacTORY INSPECTORATE.— 
The Ministry of Labour have announced their decision to 
set up a separate division for Wales in the organisation 
of the Factory Inspectorate. Although the Inspectorate 
was organised on a basis of districts, grouped in divisions, 
there has never been a separate division for Wales. 
South Wales has been grouped with districts in the 
South-west of England, and North Wales with the West 
Midlands. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning ae week preceding the date of the meeting. 








SocrETY OF ENGINEERS.—Monday, November 5, 5.30 
p.m., Geological Society, Burlington House, Piccadilly, 
W.1. ‘“‘ Oilfield Operations,” by Mr. L. H. J. Hersch. 

INSTITUTION OF MECHANICAL ENGINEERS.—North- 

Eastern Branch : Monday, November 5, 6 p.m., Stephen- 
son Building, Claremont-road, Newcastle-upon-Tyne. 
“ New Engineering Laboratories, King’s College, Univer- 
sity of Durham,” by Professor A. F. Burstall. Southern 
Branch: Wednesday, November 7, 7 p.m., Municipal 
Collége, Portsmouth. Film on “ Raising H.M. Sub- 
marine Truculent,” introduced by Mr. C. L. Black. 
Scottish Branch: Thursday, November 8, 7.30 p.m., 
Royal Technical College, Glasgow ; and Friday, Novem- 
ber 9, 7.30 p.m., North British Station Hotel, Edinburgh. 
Repetition of Presidential Address by Mr. A. C. Hartley. 
Institution (Hydraulics Group): Friday, November 9, 
5.30 p.m., Storey’s-gate, St. James’s Park, 8.W.1. 
“ Design of Large Pumping Installations for Low and 
Medium Heads,” by Mr. G. A. Wauchope and Mr. H. P. 
Humphreys. AUTOMOBILE Division.—Coventry Centre : 
Tuesday, November 6, 7 p.m., Craven Arms Hotel, 
High-street, Coventry. Address on “‘ Experiences Dur- 
ing Twenty Years of Oil-Engine Development,” by Mr. 
C. B. Dicksee, divisional chairman. Western Centre: 
Thursday, November 8, 6.45 p.m., Park Hotel, Cardiff. 
“‘ Factors Governing Performance of Crankcase Lubricat- 
ing Oils,” by Mr. A. Towle. 
+ RoyaL AERONAUTICAL Socrety.—Derby Branch: 
Monday, November 5, 6.15 p.m., Rolls-Royce Welfare 
Hall, Nightingale-road, Derby. ‘‘ Princess Flying Boat,” 
by Mr. H. Knowler. Graduate and Student Section: 
Tuesday, November 6, 7.30 p.m., 4, Hamilton-place, 
W.1. “ Production Research for Aircraft,’’ by Mr. L. E. 
Bunnett. 


INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, November 5, 6.30 p.m., 
Royal Institution, Colquitt-street, Liverpool. ‘‘ Life and 
Work of Oliver Heaviside,”’ by Professor G. H. Rawcliffe. 
London Students’ Section : Monday, November 5, 7 p.m., 
Victoria-embankment, W.C.2. ‘‘ Power Station Practice, 
with Reference to Earley Power Station,’”’ by Mr. J. E. G. 
Silvester and Mr. M. G. Nash. South Midland Centre: 
Monday, November 5, 6 p.m., James Watt Memorial 
Institute, Birmingham. ‘“ Economic Plant Sizes and 
Boiler-Set Groupings on the British Grid,” by Mr. B. 
Donkin and Mr. P. H. Margen. Measurements Section : 
Tuesday, November 6, 5.30 p.m., Victoria-embankment, 
W.C.2. Discussion on ‘‘ Measurements Involved in 
Testing of Protective Equipment,’ opened by Mr. H. S. 
Petch. North-Western Centre: Tuesday, November 6, 
6.15 p.m., Engineers’ Club, Manchester. “ A Review of 
Research in Electricity Supply,” by C. W. Marshall. 
East Midland Centre: Tuesday, November 6, 6.30 p.m., 
Loughborough College, Loughborough. ‘ Development 
of the Vibrator as a Competitor of the Rotary Converter,” 
by Dr. J. H. Mitchell. Scottish Centre: Tuesday, 
November 6, 7 p.m., 39, Elmbank-crescent, Glasgow ; 
and Wednesday, November 7, 7 p.m., Heriot-Watt 
College, Edinburgh. “Planning of an Electricity 
Board’s Distribution System,” by Mr. G. O. McLean. 
Southern Centre: Wednesday, November 7, 6.30 p.m., 
Polygon Hotel, Southampton. “ Electrical Control of 
Dangerous Machinery and Processes,” by Mr. W.-Ford- 
ham Cooper. Institution: Thursday, November 8, 5.30 
P-m., Victoria-embankment, W.C.2. “The London- 
Birmingham Television-Cable System,” by Mr. T. 
Kilvington, Mr. F. J. M. Laver and Mr. H. Stanesby. 

INSTITUTION OF PRODUCTION ENGINEERS.—Liverpool 
Graduate Section: Monday, November 5, 7.30 p.m., 
Electricity Showrooms, Whitechapel, Liverpool. Film, 
Evening. Reading Section: Tuesday, November 6, 
7.15 p.m., Great Western Hotel, Reading. ‘ Mechanical 
Handling,” by Mr. F. T. Dean. Halifax Section: Tues- 
day, November 6, 7.15 p.m., George Hotel, Huddersfield. 
“ Production of Steel and Bronze Castings,” by Mr. G. L. 
Hancock. Nottingham Section: Wednesday, November 
7, 7 p.m., Victoria Station Hotel, Milton-street, Notting- 
ham. “The Lost-Wax Process,” by Mr. A. Short. 
Liverpool Section : Wednesday, November 7, 7.15 p.m., 
Offices of North Western Gas Board, Radiant House, 
Bold-street, Liverpool, 1. “ Accidents and Accident 
Prevention,” by Mr. C. P. Gourley. Western Section: 
Friday, November 9, 7.30 p.m., Wheatstone Hall, 
Brunswick-road, Gloucester. ‘‘ Mechanical Gauging and 
Inspection,” by Mr. J. Loxham. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section : Monday, November 5, 7.30 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘Modern Electric Traction,” 
by Mr. J. K. Brown. Institution: Friday, November 9, 
6.30 p.m., 39, Victoria-street, S.W.1. ‘The Engineer 
and Safety,” by Mr. F. M. Panzetta. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Centre : Monday, November 5, 7.30 p.m., North British 





Station Hotel, Edinburgh. “ Pistons, Rings and Cylin- 
der Liners,” by Mr. G. W. Yarwood. astern Group: 
November 6, 7 p.m., Marshall’s Airport, Cambridge. 
“Vacuum and Air Brakes,” by Mr. 8S. H. Edge. 

INSTITUTION OF WORKS MANAGERS.—Notis and Derby 
Branch: Monday, November 5, 7.30 p.m., Midland 
Hotel, Derby. Wolverhampton Branch: Tuesday, 
November 6, 7 p.m., Star and Garter Royal Hotel’ 
Wolverhampton. ‘‘ Why Nationalised Industry Cannot 
Be Efficient,” by Mr. L.C. Ord. Bristol Branch : Thurs- 
day, November 8, 7.15 p.m., Royal Hotel, Bristol. 
** Factory Discipline,” by Mr. J. Ayres. ¥ 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch : Monday, November 5, 7.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Dust in Foundry Dressing 
Operations,” by Mr. R. F. Ottignon and Mr. W. B. 
Lawrie (with film). Slough Section: Tuesday, Novem- 
ber 6, 7.30 p.m., Lecture Theatre, High Duty Alloys, 
Ltd., Slough. “‘ Practical Experiences in Producing 
Nodular Iron,” by Mr. M. M. Hallett. Lincolnshire 
Branch: Thursday, November 8, 7.15 p.m., Technical 
College, Lincoln. ‘“ Production of Intricate Castings 
from a Durable Loam Mould,” by Mr. J. Currie. New- 
castle Branch: Saturday, November 10, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘ Dust in Foundry Dress- 
ing Operations,” by Mr. R. F. Ottignon and Mr. W. B. 
Lawrie (with film). West Riding of Yorkshire Branch: 
Saturday, November 10, 6.30 p.m., Technical College, 
Bradford. Report of Sub-committee on ‘“ Synthetic 
Resins in the Foundry,” presented by Mr. G. L. Harbach. 

CHEMICAL SociETY.—Nottingham Branch: Tuesday, 
November 6, 5 p.m., University College, Leicester. 
** Molecular Compounds,” by Mr. H. M. Powell. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 6, 5.30 p.m., Great George-street, S.W.1. Presi- 
dential Address by Mr. A. S. Quartermaine. Midlands 
Association: Thursday, November 8, 6 p.m., James 
Watt Memorial Institute, Birmingham. ‘‘ Water Sup- 
ply,”’ by Mr. Norman J. Pugh. 

INSTITUTION OF CHEMICAL ENGINEERS.—-Tuesday, 
November 6, 5.30 p.m., Geological Society’s Apartments, 
Burlington House, Piccadilly, W.1. ‘‘ Mechanism of the 
Drying of Solids, with Special Reference to China Clay,” 
Part III, by Mr. D. M. Newitt and Mr. M. Coleman. 

ILLUMINATING ENGINEERING SOCIETY.—Cardiff Centre : : 
Tuesday, November 6, 5.45 p.m., Offices of South Wales 
Electricity Board, Cardiff. ‘‘ Lighting of Departmental 
Stores,” by Mr. L. E. Gibbs. Edinburgh-Centre: Wed- 
nesday, November 7, 7 p.m., 357, High-street, Edinburgh ; 
and Glasgow Centre: Thursday, November 8, 6.30 p.m., 
39, Elmbank-cr t, Glasg “ Lighting for Indoor 
and Outdoor Sports,” by Mr. D. E. Beard. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, November 6, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow, C.2. ‘‘Some Aspects of 
Research on Friction and Wear,”’ by Dr. F. T. Barwell. 

INSTITUTION OF STRUCTURAL ENGINEERS.—WNorthern 
Counties Branch: Tuesday, November 6, 6.30 p.m., 
Cleveland Scientific and Technical Institution, Middles- 
brough. ‘‘ Contrast and Similarities Between Ship and 
Land Structures,” by Mr. G. M. Boyd. Scottish Branch : 
Wednesday, November 7, 6 p.m., Ca’doro Restaurant, 
Union-street, Glasgow. Chairman’s Address, by Mr. R. 
Summers. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—[ast Midlands Branch : Wednesday, November 
7, 6.30 p.m., School of Technology, Leicester. Ten- 
minute papers for John Hughes prize. Birmingham 
Branch: Thursday, November 8, 6.30 p.m., Imperial 
Hotel, Birmingham. ‘“‘ Design and Pipe Sizing for 
Small Hot-Water Systems,” by Mr. 8. F. Greenland. 

Roya Socrety.—Thursday, November 8, 4.30 p.m., 
Burlington House, Piccadilly, W.1. ‘‘ Science in the 
Coal Industry,” by Sir Charles Ellis, F.R.S. 

INSTITUTE OF METALs.—London Local Section : Thurs- 
day, November 8, 7 p.m., Royal School of Mines, South 
Kensington, S.W.7. ‘‘ Transformations in Metals,” by 
Professor C. 8. Barrett. 

INSTITUTE OF MARINE ENGINEERS.—Thursday, Novem- 
ber 8, 7.30 p.m., Hull Municipal Technical College, 
Kingston-upon-Hull. ‘‘ Construction of Marine Boilers,” 
by Lieut.-Com. (E) A. P. Monk. 

RoyaL METEOROLOGICAL SocretTy.—Scottish Centre : 
Friday, November 9, 5.15 p.m., The University, Drum- 
mond-street, Edinburgh. ‘‘ Meteorological Research at 
Oxford,” by Dr. A. W. Brewer. 

SOcIETE DES INGRNIEURS CIVILS DE FRANCE (BRITISH 
SEcTION).—Friday, November 9, 5.30 p.m., Institution 
of Electrical Engineers, Victori bankment, W.C.2. 
** Development of Hydraulic Power Production and 
High-Tension Transmission in France,” by Mr. R. C. 8. 
Walters. 

Norta East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 9, 6.15 p.m., Hall of 
the Literary and Philosophical Society, Newcastle-upon- 
Tyne, 1. Andrew Laing Lecture on “‘ Shortcomings of 
Structural Analysis,” by Professor J. F. Baker. 














PERSONAL. 


Am Oster MarsHaL Sm ALEc OoryTon, K.C.B., 
K.B.E., M.V.O., D.F.C., who was appointed Chief 
Executive (Guided Weapons), Ministry of Supply, in 
August, 1950, has joined the board of the Bristol Aero- 
plane Co., Ltd., Bristol, as managing director of the 
firm’s engine division. It will be recalled that, as stated 
on page 463, ante, Mr. N. RowsBoTuHaM, O.B.E., Wh.Ex., 
F.R.Ae.S., M.I.Mech.E., M.I.P.E., has been obliged, for 
health reasons, to relinquish his appointment as divisional 
managing director of the engine division. 


Sm Grorce W. Barr, C.B.E., M.I.N.A., has relin- 
quished his position as managing director and also his 
seat on the board of the Fairfield Shipbuilding and 
Engineering Co., Ltd., Govan, Glasgow, on medical advice. 
The secretary of the company, Mr. D. D. MoPats, and 
the shipbuilding manager, Mr. J. F. Barr, have been 
appointed to the board. 


Dr. D. G. Sopwrrn, M.I.Mech.E., acting Director, 
Mechanical Engineering Research Organisation, Depart- 
ment of Scientific and Industrial Research, East Kilbride, 
near Glasgow, and until recently superintendent, Engi- 
neering Division, National Physical Laboratory, has 
been appointed Director of Mechanical Engineering 
Research in succession to the late Dr. G. A. HANKINS. 
Since the death of Dr. Hankins in November, 1950, Dr. 
Sopwith has been acting Director at Kast Kilbride. 


Sm James Morr MAcKENZIE, K.B.E., C.M.G., deputy 
director-general of the Federation of British Industries, 
21, Tothill-street, London, S.W.1, has retired after 
30 years of service. 


Mr. C. C. INeurs, A.M.I.E.E., at present deputy chief 
scientific officer, Ministry of Supply, has been appointed 
chief research officer on the headquarters staff of the 
British Transport Commission, 55, Broadway, London, 
S.W.1, as from January 1, 1952, in succession to Dr. H. BE. 
MERRITT. 


Mr. GeorG PFEIFFER, who has been on the staff of 
Geo. Adlam & Sons, Ltd., Fishponds, Bristol, for several 
years, has been appointed chief engineer to the compary. 


Proressor W. G. Hourorp, F.R.1.B.A., M.T.P.L., 
has been appointed chairman of the Advisory Committee 
on Buildings of Special Architectural or Historic Interest 
of the Minister of Local Government and Planning. 
Professor Holford, who has been a member of the com- 
mittee since this was appointed in 1945, is succeeding the 
late SmR Eric MactaGan, K.C.V.O., C.B.E., in the 
chairmanship. 


Mr. ARTHUR PARKINSON, the only son of the late 
Mr. Frank Parkinson, has been appointed a director of 
Crompton Parkinson Ltd., Crompton House, Aidwych, 
London, W.C.2. He has been an executive director 
since 1946. 


CapTraIn R. P. Mincuin, O.B.E., has joined Harry 
Ferguson Research Ltd., as general manager. Captain 
Minchin has been in charge of the police transport 
branch, at New Scotland Yard, for the past 17 years. 


Mr. J. E. Price, A.M.I.E.E., who has been with 
Lancashire Dynamo & Crypto (Mfg.), Ltd., for 36 years 
has been elected a director of an associated company, 
Malcolm. & Allen (London) Ltd., and will continue to 
operate from London. Mr. R. W. ELL, who has been 
appointed contracts manager of the Foster switchgear 
division of Crypton Equipment Ltd., will also operate 
from London. 


Mr. BEN Smrru has been appointed general secretary 
of the Association of Scientific Workers, 15, Half Moon- 
street, Piccadilly, London, W.1, in place of Mr. T. 
AINLEY. 

Smirn’s ELEcTRIC VEHICLES Lrp., makers of the 
N.C.B. electric vehicle, Princesway, Team Valley, 
Gateshead-on-Tyne, 11, have appointed Messrs. William 
Murphy, May-street, Belfast, and the Murphy Electric 
Co., Ltd., 7, Upper Stephen-street, Dublin, to be their 
distributors for Northern Ireland and Lire, respectively. 


The Unit Dust-Collector Department of DaLLow 
LAMBERT & Co., Lrp., has been transferred from the 
main works at Spalding-street, Leicester, to Barkby- 
road, Leicester, where modern new premises have been 
acquired. 

On and after December 3, the address of the BUILDING 
CENTRE will be Store-street, Tottenham Court-road, 
London, W.C.1. The present address is 9, Conduit- 
street, W.1. 





Mr. R. H. Gray, O.B.E.: Erratum.—In the “ Per- 
sonal ”’ Column in our issue of September 28, on page 399, 
ante, in a reference to the appointment of Mr. R. H. 
Gray, O.B.E., M.A., M.I.Mech.E., M.LE.E., as deputy 
chief inspector in the Inspectorate of Fighting Vehicles, 
the words “‘ War Office” were added. This, we are now 
informed, was incorrect, as the Inspectorate of Fighting 
Vehicles is part of the organisatioh of the Ministry of 
Supply. 
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the pe cong the above is the address of our Regis- 
tered ices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMete Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and other correspondence to the 


Manager. 
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Cheques should | crossed “ The National Provincial 
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cent. for thirteen; 25 per cent. for twenty-six; and 
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tion, otherwise it may be impossible to submit 
Proofs for approval. 
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THE ELECTION AND AFTER. 


Srvc last week’s issue of ENGINEERING went to 
press, the results have been announced of a General 
Election which may well have a more profound 
effect on the engineering industry than any event 
of recent years. On the face of things, it may 
seem a little difficult to understand why this should 
be so; why the fact that some 14 million electors 
voted one way and much the same number another, 
on what are ostensibly purely political grounds, 
should have any marked effect on an industry in 
which, presumably, both sides are represented in 
about the same proportions as they are in any other 
section of the community. Reflection will show, 
however, that the engineering industry—with 
which, in this instance, we group that category of 
engineers which likes to regard itself as “ profes- 
sional,” without always understanding exactly 
what that term might imply—is very deeply 
concerned ; for the simple reason that the difference 
between national solvency and insolvency, between 
prosperity and depression, between full employment 
and unemployment, between a more general enjoy- 
ment of “the kindly fruits of the earth” in the 
fullest sense and a perpetual state of grinding 
shortage, is a direct function of the extent to which 
humanity in general makes use of the specialised 
skills that the engineer has developed and the 
benefits that he alone can confer. 

To realise the truth of this general statement, 
it is only necessary to consider the various Cabinet 
offices which Mr. Winston Churchill, as Prime 
Minister, has had to fill, and the means by which 
the holders of those offices can justify their appoint- 
ments. The first eight appointments to be 
announced were those of Mr. Anthony Eden as 
Foreign Secretary ; Lord Woolton, as Lord Presi- 
dent of the Council; the Marquess of Salisbury, 
as Lord Privy Seal; Sir David Maxwell Fyfe, 
as Home Secretary and Minister for Welsh Affairs ; 
Mr. R. A. Butler, as Chancellor of the Exchequer ; 
Lord Ismay, as Secretary for Commonwealth 
Relations ; Sir Walter Monckton, as Minister of 
Labour; and Mr. Oliver Lyttelton, as Secretary 





for the Colonies. At a first glance, hardly one 
of them has any direct.concern with engineering— 
except, perhaps, Mr. Lyttelton, in a private capacity 
which, as one of His Majesty’s Ministers, he must 
now relinquish. A stronger case could be made 
out for another Minister, not included in the first 


550! eight—Lord, Leathers, who has accepted the new 


appointment of Secretary of State for the Co- 
ordination of Transport, Fuel and Power; but, in 
fact, he is no more deeply involved in engineering 
than are the others, not one of whom could exercise 
his functions with the speed and efficiency that 
modern circumstances demand, were it not for the 
facilities that the engineer has put at their disposal. 
It may be that they do not appreciate this as they 
should, but the fact is inescapable. 

The Rev. Thomas Robert Malthus, rather more 


564| than 150 years ago, made that very mistake when 


he published anonymously his Essay on the Principle 
of Population as it affects the Future Improvement of 
Society, though there was more excuse for his 
failure to perceive the fallacy in his argument than 
there is for anyone at the present day. He foretold 
the eventual disintegration of the human race 
because they tended to multiply at a rate greater 
than the rate of increase in the means of sustenance. 
The argument might have been justified, had it not 
been that the engineer so greatly stimulated the 
production of the essential requirements of a civilised 
existence. He is still able and willing to do so, and, 
in fact, has done so in generous measure. It is 
not his fault that so many artificial restrictions on 
their beneficial distribution have been imposed by 
a succession of short-sighted idealists, ably assisted 
by a parasitic host of others whose ideals are more 
questionable, and whose myopia is even more 
pronounced. Meanwhile, the population of the 
world continues to increase, as a direct result of the 
additional resources made available by previous 
generations of engineers, for a tendency of this 
kind cannot be checked or accelerated in a mere 
decade or so; and, as the population increases, the 
struggle for existence becomes intensified. The 
problem is not peculiar to any single nation, though 
it may appear so to the individuals comprising a 
nation that is suffering shortages because of it ; but 
it is one that is bound to become increasingly 
serious. 

To return to the Ministers whom we have cited : 
the Foreign Secretary, who may reasonably regard 
his office as being one of a purely political character, 
is faced in fact with the results of a situation which 
the engineer can cure—or, at least, palliate—if he 
has a free hand to develop the natural resources 
which every nation possesses to some extent. The 
Egyptian Government, for example, have decided 
recently to expel from their borders the British 
engineers who, as successors to earlier generations of 
professional advisers, have rendered fertile many 
thousands of square miles of land which previously 
was arid and virtually useless, and who are pre- 
pared (and fully competent) to continue that 
beneficial work. If he fails in his task, the standard 
of life of thousands, and possibly millions, of human 
beings will be lowered ; and if he is to succeed, it 
can only be by the work of engineers in the long 
run. 

Lord Woolton, as Lord President of the Council, 
has the responsibility of directing the industrial 
research policy of the Government. This is not, 
by any means, his sole responsibility, but it is one 
which, perhaps, has greater potentialities of ultimate 
benefit to the community than any other; and, 
incidentally, one in which a mistaken policy of 
retrenchment might prove costly in the long run 
out of all proportion to any immediate saving that 
might accrue. The functions of the Lord Privy 
Seal, we must admit, do not appear to have any 
obvious connection with engineering activities ; 
but those of the Home Secretary, in his other 
capacity a8 Minister for Welsh Affairs, promise to 
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be very closely bound up with engineering, for the 
future prosperity of Wales obviously depends upon 
industrial developments which are fundamentally 
of an engineering character. The Chancellor of the 
Exchequer, as the nation’s financial director, will 
soon realise, if he does not realise already, that 
the engineering industry is at the root of all indus- 
trial prosperity, without which he is likely to be 
concerned mainly with bad debts; and the Secre- 
tary for Commonwealth Relations must know that, 
without a steadily increasing volume of mutual 
trade—only to be achieved through the medium of 
the engineer—his efforts will be in vain. 

The Minister of Labour, who has perhaps one of 
the least enviable tasks, will certainly find himself 
in constant and close contact with the activities of 
the engineer, for it will be his function to promote, 
as far as in him lies, a greater freedom in the use 
of the nation’s available manpower, and, by the 
encouragement of all practicable incentives, to 
increase the national level of productivity. If he 
can, succeed in reducing the number and effect of 
the artificial restrictions on the use of every possible 
means to increase the productivity of the limited 
manpower of the nation, a long step forward 
will have been taken. There is no reason 
whatever to fear that unemployment will result, 
though he will not find it easy to convince to 
the contrary those who have a vested interest in 
opposing measures designed to enable one man to 
do as much work as formerly employed several. 
Hitler cured unemployment in Germany by substi- 
tuting manual labour for the work of machines, 
but mere employment is not the main aim in a 
civilised life. The employment must be profitable, 
both to the individual engaged in it and to those who 
employ him; and one of the prime responsibilities 
of the Minister of Labour should be to convince the 
ordinary working man—and we do not mean only 
the manual labourer or artisan—of the difference 
between real wages and mere money wages. If he 
can do that, he will indeed deserve well of his 
country. 

The Secretary for the Colonies will have, as one 
of his main pre-occupations, the task of helping the 
Colonies to help themselves, and of so developing 
their resources that they are able to make a real 
contribution to international trade. It may be that 
this can best be done by expanding their production 
of the raw materials needed by the home industries 
rather than by endeavouring to make each Colony 
self-supporting, at the expense of export trade, over 
a wide range of manufactured products. That is a 
matter for the experts in economics to decide in the 
light of individual circumstances ; but whether they 
advise for or against the establishment of local 
industries in markets which formerly were supplied 
from the United Kingdom, there will be ample 
opportunities for British consultants and British 
engineering manufacturers to apply the experience 
that they have gained over so many years. 

Eventually, however, the fruition of all the 
schemes and activities of the various Government 
departments will depend on the success or otherwise 
with which Lord Leathers accomplishes his function 
of co-ordinating the work of those concerned with 
transport, fuel and power; and even his best efforts 
will be useless unless the people as a whole can be 
brought to see that progress can never come from 
a state of artificially-induced semi-stagnation. The 
reports of the productivity teams that have visited 
the United States are unanimous in emphasising 
the benefits of ample power, and of a liberal provi- 
sion of handling equipment, if these advantages are 
fully exploited. Henry Ford’s dictum that burdens 
should be put on to machines rather than on men is 
the key to the productivity that Britain needs ; 
but there must be an end to the practices of paying 
men to do nothing, and taking from them the 
tangible fruits of any additional efforts that they 
put forth. 





THE 
CONSULTANT-INSPECTOR 
IN RAILWAY WORK. 

By choosing the title “ The Inspecting Engineer’s 
Contribution to Railway Economy” for his presi- 
dential address to the Institution of Locomotive 
Engineers on October 17, Mr. Julian 8S. Tritton 
invited his audience to view that type of inspection 
work, of which he has long experience, as a means 
of saving money. The numerous advantages— 
to the contractor and consulting engineer, in 
addition to the client—can all, in the long run, be 
reduced to monetary terms. What, indeed, is engi- 
neering but man’s most effective and widespread 
means of saving money—or man-hours, or other con- 
venient yardstick? Independent inspection is 
simply one of the less obvious contributions to this 
aim. 

In Mr. Tritton’s experience, good inspection by a 
competent authority is generally welcomed by 
contractors. It reveals defects or mistakes at the 
earliest possible stage in production ; experienced 
inspection engineers can give technical advice and 
raise the standard of workmanship in the shops; 
the moral effect assists the management in getting 
production ; and a competent inspection authority 
acts a8 a buffer between the contractor and an 
exacting client. At least two of these points were 
brought out by a story he told of an incident which 
occurred early in his career. He had taken over 
the inspection of a locomotive contract abroad at 
the stage when the fourth or fifth tender was being 
tested hydraulically. The test was applied by 
erecting a 6-ft. stand-pipe over a hole on the tank 
top, filling up with water and looking for leaks. 
When the tank had been under pressure for about 
half an hour he was satisfied that the water level 
in the stand-pipe had not fallen, and he told the 
man in charge to dismantle the pipe. The man 
waited for Mr. Tritton to get off the tank top, 
explaining that he might wet his feet. When Mr. 
Tritton insisted on standing by, however, he noticed 
that it took four men closely bunched together to 
break the joint, and they did not seem to mind 
getting wet. When he asked to see the jointing 
washer at the foot of the pipe, the foreman took a 
long time wiping it. The jointing ‘“ washer” 
turned out to be a solid disc, and the foreman’s delay 
had been due to his efforts to make a hole in it with 
his clasp knife. On being tested properly, the tank 
leaked badly. “I was not too popular,” Mr. 
Tritton said, “when I called for a retest of the 
previous tanks which had been passed and which 
were standing loaded up for dispatch.” 

Not all incidents in an inspecting engineer’s 
work, however, reveal such wilful subterfuge. 
Sometimes a genuine unforeseen difficulty arises 
which can best be solved by a decision from an inde- 
pendent authority. In a recent case of locomotive 
cylinder inspection, quoted by Mr. Tritton, porous 
patches were found when taking almost the finish 
boring cut in a pair of cylinders which had been 
welded together to form a monobloc unit. The 
inspecting engineer called for the patches to be 
chipped out down to sound metal, thus producing 
small cavities. He had no course but to reject 
the cylinders. The contractor, knowing the cylin- 
ders were worth about 800/. each, requested per- 
mission to fill the cavities by welding, pointing out 
that, had the porosity been detected in the steel 
foundry, the patches would have been cut out, and 
the casting annealed and accepted as sound. 
Unfortunately, however, the actual cylinders 
could not be annealed after welding without risk 
of distortion, and there was not sufficient metal left 
to clean up the bore. The cylinders were to be 
fitted with cast-iron liners, so that there was no 
question of welding the wearing surfaces, and 
examination showed that the porosity had not 


materially affected the strength of the casting. 
Theoretically, Mr. Tritton continued, it would have 
been perfectly safe to leave the cavities as they 
were, and, indeed, it was agreed that this was 
probably more desirable than setting up unknown 
stresses by filling the cavities with weld metal. 
On the other hand, if the cavities had been left, 
there would certainly have been a complaint from 
the purchaser when, some years later, on with- 
drawing the cylinder liners for renewal, the cavities 
would have been revealed. Such complaints could 
have been forestalied by signing a “ qualified 
certificate,” but it was considered better to take 
the risk of welding. The work was carried out very 
carefully in thin layers; the final skim cut wa; 
taken to clean up the surface, and when the job was 
done it was impossible to detect. where the pockets 
had been. 

Apart from the fact that the firm of inspectors 
may also be the consultants, their inspecting engi- 
neers are often required to perform subsidiary 
duties, such as submitting progress reports, fore- 
casting the dates of delivery, advising the client 
on any unusual rejections and on suggested improve- 
ments in his specification, and assisting both the 
client and the contractor by “ chasing” delayed 
material from sub-contractors. The chief advantages 
to the client, however, of employing independent 
inspectors are, as Mr. Tritton expresses it, mostly 
various forms of insurance: the operating depart- 
ments want insurance against breakdowns in service, 
the legal department want insurance against acci- 
dents and claims which may arise from faulty 
materials or workmanship, and the purchasing 
department want insurance against the supply of 
unsuitable stores or spare parts. In addition, the 
accounts and audit department want certificates 
that the railway is getting what it is paying for, 
the shops want up-to-date progress reports so as to 
anticipate deliveries of materials and components, 
and the purchasing department wants information 
on the reliability and capacity of firms tendering. 

On occasions, the inspector is in a position to 
refute allegations of bad workmanship or material, 
thus protecting the contractor against ill-founded 
criticism from the railway. Some time ago, Mr. 
Tritton recounted, a number of piston rods failed 
mysteriously at the section just before the taper 
portion that fits into the crosshead. A claim for 
replacement of the rods was submitted by the 
railway on the ground that the material was defec- 
tive. The contractor rejected this, pointing out 
that the locomotives had been built under inde- 
pendent inspection. The inspector’s certificates, 
indeed, showed that the material for all the rods 
had passed satisfactory physical and chemical tests 
and that the dimensions and fits of the rods in the 
crossheads accorded with the drawing. When 4 
broken end was cut up, however, and etched for 
examination, it became apparent that the taper 
had been built up by welding. As the rods were 
of D-class steel, this accounted for the failure. On 
finding that the welding had been carried out by 
an enthusiastic mechanical officer, without authority 
from the chief mechanical engineer, the railway 
accepted full responsibility. ; 

An inspecting engineer is not usually associated 
with the design staff, but as Mr. Tritton described, 
where he is part of a consulting engineer’s organ! 
sation and the client relies on the consulting eng) 
neers for advice on design, then the dividing line 
between inspection and design is very flexible. 
This would seem to be a valuable feature of the 
consultant-inspector system that Mr. Tritton des- 
cribes. The designer relies on the inspector not 
only to interpret and amplify his specification, but 
to check the results of his calculations by actual 
test, and a close liaison of this kind is something 
that is generally recognised as being desirable m 
the engineering industry, though it is not always 





achieved. 
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NOTES. 


Pruvcess Frymsa Boat: Frvat Sraces or 
ERxEcrIon. 


On Tuesday, October 30, the first of the three 
140-ton Princess transport flying-boats, which are 
under construction by Messrs. Saunders-Roe, 
Limited, Cowes, Isle of Wight, was transferred 
from the assembly hangar to the apron overlooking 
the River Medina prior to the final stages of 
erection; there is not sufficient space inside the 
hangar to allow the assembly of the outer wings, 
which span 210 ft. 6 in. with the retractable wing-tip 
floats down, and the top 7 ft. of the fin, which 
extends to a height of 55 ft. 9 in. It may be 
recalled that the Princess flying boat was ordered 
by the Ministry of Supply in 1946 and was originally 
intended as an air liner for the direct transatlantic 
service to New York. The British Overseas Airways 
Corporation have, however, abandoned the idea of 
using flying boats at present, and the three Prin- 
cesses are now being adapted as troop-transport 
aircraft for the Royal Air Force, a role for which 
the flying boat, with its ability to operate from 
quickly-improvised water bases, is well suited. 
Each Princess aircraft will be able to carry 200 
troops over a distance of 3,500 miles, and in one 
year, it is claimed, the three flying boats will be able 
to carry as many troops as could be carried by nine 
ordinary troopships on strategic trooping routes. 
The hull, the inner-wing structure, the tailplane, 
and as much of the fin as it has been possible to 
erect under cover, are now completed on the first 
Princess ; the outer wings, the floats, and the top 
of the fin are ready and awaiting erection. In order 
to transfer the flying boat to the apron, the main 
beaching-chassis legs were fitted on each side of the 
hull mid-section joint, and the tyres of the eight 
4-ft. diameter main-chassis wheels were inflated 
to raise the hull from the cradle. The hull was 
then propped up by jacks, and a two-wheel bow 
beaching chassis was fitted. So far, the engines 
have not been installed, and the aircraft was there- 
fore ballasted by filling eight ballast tanks forward 
of the front spar with about 3,000 gallons of water. 
In order to clear the hangar roof trusses before 
towing the aircraft out, the tail had to be lowered ; 
the aircraft was pivoted about the main chassis by 
winches attached to the after-mooring hook and 
to the front chassis, the forward winch cable being 
paid out to keep a constant load of about $ ton on 
the winch as the tail of the boat was winched down. 
As the nose lifted, the movement of the ballast 
caused the machine to become slightly tail-heavy, 
and the tail end of the aircraft was attached to a 
weighted tail trolley. For wheeling the aircraft 
out, extra weight on the trolley was provided by 
pumping water ballast from the two forward tanks 
to two tanks in the rear of the hull. The main 
beaching chassis was then braced to the tail trolley 
by cables and the aircraft was towed out and swung 
round with the hull parallel to the hangar doorway. 
Before lowering the nose on to the bow chassis, 
the main-chassis wheels were chocked and the 
water-ballast was pumped back to the forward 
tank, so that the centre of gravity would return to 
the normal position as the nose was winched down. 
The second Princess hull, which is about six months 
behind the first aircraft, will now be transferred to 
the centre of the hangar for erecting the inner 
wings. It is hoped that the first Princess will be 
ready to fly towards the middle of 1952. After 
erecting the outer wings and the top fin, the four 
coupled and two single British Proteus propeller- 
turbine power plants will be installed; three of the 
coupled units have still to be delivered. 


Te InstrroTion oF MECHANICAL ENGINEERS. 
The first paper in the 1951-52 session of the 
Institution of Mechanical Engineers—apart, of 
course, from Mr. A, C. Hartley’s presidential add ress 
—Wwas presented at a meeting on Friday, October 26. 
The authors, Mr. W. C. F. Hessenberg, M.A., and 
Mr. R. B. Sims, B.Se., A.M.I.Mech.E.; in a paper 
on “Principles of Continuous Gauge Control in 
t- and Rolling,” gave an interim report 
on work that is being carried out by the British 
Tron and Steel Research Association. At present, 
they seid, the usual method of controlling gaugy 





was to measure the thickness of the strip con- 
tinuously as it left the mill, at a point some distance 
away from the mill, and then to adjust the rolls 
whenever a persistent change of gauge was observed. 
After considering the causes of gauge variations, 
they described two methods of automatic gauge 
control which they are developing. In the “ tension 
method,” while the roll setting is not altered, 
corrections to gauge are made by varying the tension 
in the sheet or strip in accordance with the varia- 
tions in the roll force, i.e., the load applied to the 
rolls through the screws. The load force inevitably 
varies due to changes in the thickness of the ingoing 
strip and to changes in the friction between the 
strip and the rolls. -An automatic servo mechanism 
which controls strip tension according to roll force 
was described. The second, the predetermined- 
setting method, unlike the first, can be applied to hot- 
rolling as well as cold-rolling. Here, the gauge is 
controlled by adjusting the roll screws in accordance 
with the roll force, but so far only preliminary tests 
have been made with this method. The discussion 
was opened by Professor Hugh Ford, who men- 
tioned the problem of the production of off-gauge 
strip during acceleration and deceleration of the 
miJl. The proportion of off-gauge material could 
be lessened by reducing the acceleration and 
deceleration times, but this led to a larger mill and 
coiler motors. Mr. M. F. Dowding thought that it 
should now be possible to reverse the trend, evident 
in recent years, towards increasing the robustness 
of the mill housings; but mechanical engineers 
would have a problem in designing reels suitable 
for the increased tension, and electrical engineers 
would have to increase the power of the mill motors. 
Mr. G. R. Wilson pointed out that, to ensure the 
greatest success, automatic gauge control should be 
applied to the hot mill and the cold mill. Mr. E. A. 
Cooke advocated the use of an error-detecting device 
on the ingoing side; Mr. N. H. Polakowski was 
also in favour of a direct measurement of thickness. 
Mr. G. G. Nicholson, by citing a hypothetical case, 
showed that the power of the reel motors would 
have to be increased considerably. In reply, Mr. 
Sims said that when the paper was written he and his 
co-author had done no experiments on the speed 
effect on thickness, but some recent results showed 
that their method could control it. The speed 
effect would not be detected by a thickness gauge 
before the rolls. He agreed that manufacturers 
would have to choose between paying for a bigger 
motor or having off-gauge strip. The authors 
hoped to have a production machine with auto- 
matic control by the middle of next year. 


CHEMISTRY RESEARCH. 


The study of the. possibility of the production of 
suitable fertilisers from phosphate rock, by methods 
having as their object the replacement of sulphuric 
acid, in whole or in part, by nitric acid, has been 
under way for some time past at the Chemical 
Research Laboratory, Teddington, Middlesex. It 
is stated in Chemistry Research, 1950, which is 
Re report of the Chemistry Research Board and 
of the director of the Chemical Research Laboratory 
of the Department of Scientific and Industrial 
Research, for the year 1950, that the study is now 
virtually complete and that details of the mixed 
nitric-sulphuric acid process are being supplied to 
the fertiliser industry. An important point is that 
laboratory studies indicate that the product has 
satisfactory storage properties. The corrosion of 
metals group at the Laboratory continue to receive 
satisfactory reports concerning the effectiveness of a 
corrosion inhibitor developed by them. This 
inhibitor consists of sodium benzoate, containing a 
small percentage of sodium nitrite, and it success- 
fully prevents corrosion and rusting when added to 
ethylene glycol “ antifreeze ” solutions used in the 
cooling systems of motor vehicles. It is pointed 
out, however, that. further investigations are neces- 
sary in the case of cooling systems in which alu- 
minium is used in conjunction with other metals. 
The Pure Metals Committee have continued their 
work and the stock of metals available at the 
Laboratory now comprises antimony, cobalt, iri- 
dium, iron, lithium, potassium, silicon, sodium and 
vanadium ‘in a satisfactory state of purity. Ger- 
manium in a very high state of purity has been 
prepared at the request of the Radio Research 


Board, tracer techniques being used to study the 
removal of the last traces of arsenic. In the pro- 
gramme of the organic group at the Laboratory, 
increasing importance is being paid to the prepara- 
tion and distribution of standard reference samples 
of organic compounds of industrial interest, includ- 
ing hydrocarbons for the calibration of mass 
spectrometers. Microbiological investigations at 
the Laboratory were at one time concentrated on 
the study of sulphate-reducing bacteria with parti- 
cular reference to their influence in the corrosion 
of buried pipes. On the basis of these investiga- 
tions, advice and practical help is being given to 
engineers and municipal and local authorities on 
pipe-laying and protective measures, and on the 
treatment of malodorous pools. It is stated in the 
report, which is obtainable, price 3s. 8d., post free, 
from H.M. Stationery Office, that developments in 
the work of the Laboratory require both additional 
staff and further accommodation. In this con- 
nection, the construction of a radiochemical building 
has been commenced ; this will eventually alleviate 
some of the present difficulties of space. 


PERMANENT-Way MEcHANISED EQUIPMENT. 


At a time when there is much talk of restrictive 
practices, it is a change to learn, from an exhibition 
of permanent-way mechanised equipment, held at 
Marylebone station on Wednesday and Thursday 
this week, that the track maintenance men of 
British Railways are making good use of mechanical 
aids. Mr. J. C. L. Train, M.C., M.I.C.E., member 
of the Railway Executive, has stated that these 
machines lighten the heavy manual labour, com- 
pensate for man-power shortages, release man-power 
for less arduous tasks that cannot be carried out 
efficiently by mechanical means, and save time on 
the job, thereby allowing traffic to move more 
freely. The machines exhibited included some 
which have been described in ENGINEERING, such 
as the Matisa ballast-cleaning machine ; the Matisa 
ballast-tamping machine; the track-relaying unit 
of the Southern Region, consisting of two jibs 
projecting from one side of a flat bogie wagon ; 
and the petrol-driven truck mover, which is con- 
trolled manually. Other machines and tools, some 
of which are common to many branches of engineer- 
ing, included ballast scarifiers, mounted behind 
tractors; pneumatic and electric ballast tamping 
tools ; a mobile crane for handling concrete sleepers 
four at a time, correctly spaced; rail barrows, 
which are used for lifting and traversing rails ; 
pneumatic tools for driving elastic spikes; a rail- 
creep adjuster, which adjusts the gaps between rails ; 
the Steenbrugge track slewing machine; a }-ton 
frog hammer; and various power-driven saws, 
generators, drills, scythes and hoes. 


BENEVOLENT FUND OF THE INSTITUTION OF 
. ELxcrricaL ENGINEERS. 


The report of the In ted Benevolent Fund 
of the Institution of Electrical Engineers for the 
year ended June 30, 1951, contains the statement 
that “‘ cases of hardship are likely to become more 
frequent owing to present-day conditions.” As 
this is certainly true, there is one matter men- 
tioned in the report which cannot be considered 
with satisfaction. This is the fact that, in the year 
covered, the number of contributions to the fund 
decreased by 95, although the membership of the 
Institution increased by 910 in the same period. 
There were probably two reasons for this, one 
being that a large proportion of the new membershi: 
was, no doubt, represented by students who fe 
that they could not be expected, or could not 
afford, to subscribe. The other reason may have 
been that some previous subscribers were themselves 
adversely affected by present conditions and ceased 
to subscribe for reasons of economy. Those who 
operate the fund would be glad, no doubt, if both 
these classes would remember that small contribu- 
tions are welcome, as well as large, and that many 
small contributions will add up to a substantial sum. 
In spite of this feature of the year, the total amount 
received in subscriptions and donations amounted 
to 15,0571., compared with 13,252/. in the previous 
year. The total income, however, was not greater 
as the 1949-50 year included the sum of 3,2081, 





arrears of income tax recovered. This item was 
not repeated. The amount paid out in grants, at 
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7,7771. was 1,381l. more than in 1949-50, grants 
being made to 115 beneficiaries and support being 
given to 91 of their dependants. The average 
amount distributed per beneficiary was 681. This 
is a small sum by modern standards and no doubt 
the governors of the fund would like to increase it 
as well as adding to the number benefited. Their 
appeal for more donations may be warmly supported. 


THe WorLp’s SHIPBUILDING. 

Statistics contained in Lloyd’s Register quarterly 
Shipbuilding Returns, issued last week, indicate 
that the merchant ships of 100 tons gross and 
upwards, under construction in the shipyards of 
Great Britain and Northern Ireland on September 30, 
totalled 2,271,640 tons, representing an increase of 
157,321 tons over the total for June 30, and the 
highest total recorded since December, 1921. The 
total of 2,271,640 tons comprises 117 steamers, 
making together 858,695 tons, and 250 motorships, 
aggregating 1,412,295 tons. The progress made 
during the September quarter is indicated by the 
fact that 75 vessels, comprising 423,602 tons, were 
commenced in the shipyards of this country; 
51 ships, totalling 242,446 tons, were launched, and 
53 vessels, aggregating 268,638 tons, were completed. 
Work has been suspended on five small ships, 
making together 1,350 tons. Shipping under con- 
struction in this country for registration abroad or 
for sale amounis to 119 ships of a total tonnage of 
801,877. This constitutes an increase of 72,564 tons 
over the corresponding figure for June 30, and 
represents 35-3 per cent. of the total tonnage built 
in the United Kingdom. Oil tankers of 1,000 tons 
and upwards, under construction in Great Britain 
and Northern Ireland on September 30, totalled 
108 ships, making together 1,255,754 tons. This 
was an increase of 73,999 tons, as compared with 
the total for June 30. The figure, 1,255,754 tons, 
represents 55-3 per cent. of the total tonnage under 
construction in.this country. Abroad there were 
under construction, at the end of September, 834 
ships, aggregating 3,192,862 tons, a decline of 
24,033 tons compared with the total for June 30. 
As has been the case for some years past, figures 


are not available for China, Poland and Russia. | 28° 


France, with a total under construction on Septem- 
ber 30 of 482,347 tons, is the leading shipbuilding 
country overseas, Japan is second with 448,135 tons, 
Germany third with 430,927 tons, the United States 
fourth with 377,315 tons, Sweden fifth with 335,494 
tons, Holland sixth with 297,476 tons, and Italy 
seventh with 263,670 tons. The totals of other 
maritime countries were well below 200,000 tons. 
The progress made during the September quarter 
in overseas shipyards is shown by the fact that 
166 ships, aggregating 546,508 tons, were com- 
menced ; 170 vessels, totalling 536,934 tons, were 
launched; and 197 ships, making together 536,401 
tons, were completed. Oil tankers of 1,000 tons 
and upwards, under construction abroad, on Sep- 
tember 30 totalled 91 ships, amounting to 988,235 
tons, which total is greater by 123,653 tons than the 
ge for June 30. Oil tankers represent 31 per cent. 
the total tonnage being built abroad. 


EXHIBITION oF VisvaL Arps To InpusTRY. 

Considerable advances have been made during 
recent years in the design and application of visual 
aids to industry, and their use is gaining steadily in 
popularity. To demonstrate the latest develop- 
ments in this type of equipment, Messrs. Newton 
and Company, Limited, 72, Wigmore-street, Lon- 
don, W.1, and Messrs. John Saville and Sons, 
4, Goodram-gate, York, have been holding this 
week, at the Hotel Metropole, Leeds, an exhibition 
of “ Visual Aids to Industry,” which will remain open 
until this evening. The equipment on view includes 
diascopes, epidiascopes, 16-mm. film projectors, a 
long-working-distance attachment for microscopes 
and a range of profile projectors. The use of film 
projectors for educational purposes is, of course, 
commonplace, but the benefits which may be gained 
by their intelligent use in factories possibly are not 
generally realised. By studying, for example, slow- 
notion films of assembly operations, it is often 
possible to effect improvements with consequent 
benefit to both operators and management, and it 


used in many tool rooms, they have not been 
adopted widely for production purposes, probably 
because of the initial expense and the delicate 
nature of the earlier instruments. The profile 
projectors on view at the exhibition, however, are 
of moderate cost, exceptionally strong in con- 
struction, and have been designed from the outset 
for use in actual production lines. They are not 
affected by vibration and are constructed so that, 
if required, they can be locked to prevent tampering 
and pilfering. One of the instruments on view is 
equipped so that it can be used to check the con- 
centricity of parts as well as their dimensional 
accuracy, the actual part checked being a small 
gearwheel as used in meters, etc. Another is set 
for ordinary dimensional checking and illustrates 
well the saving on gauges that can be effected’ by 
their use. The exhibition also includes a 50-way 
static-strain recorder together with an automatic 
plotting table. This equipment, which is being 
shown by Messrs. Savage and Parsons, Limited, 
Watford, uses electrical strain gauges of the resistance 
type, the plotting table being designed so that 50 
different graphs may be obtained automatically 
without having to record manually a large number 
of readings. 





OBITUARY. 


SIR HENRY GRAYSON, BT., K.B.E. 


WE have learned with regret of the death, on 
October 27, of Sir Henry M. Grayson, for many years 
one of the most prominent figures in British ship- 
repairing, especially on Merseyside. He was 
86 years of age. 

Henry Mulleneux Grayson was a native of Liver- 
pool, where he was born on June 26, 1865, and spent 
the greater part of his life in the family ship- 
repairing business, now nearly 200 years old, of 
H. and C. Grayson, Limited. In a succession of 
mergers with other Merseyside firms, it became 
part of Grayson, Rollo and Clover Docks, Limited, 
of which Sir Henry was chairman until a few weeks 
. He was educated at Winchester, and suc- 
ceeded his father in the managing directorship of 
his firm in 1904. During the 1914-18 war, he was 
a member of the Admiralty’s Shipbuilders’ Advisory 
Council and, from 1916 until the end of the war, 
Director of Ship Repairs. He then entered Parlia- 
ment as M.P. for Birkenhead West, representing 
that division for four years. He had been a 
member of the Institution of Naval Architects for 
63 years, and was a liveryman of the Shipwrights’ 
Company and an honorary lieutenant-colonel in 
the Royal Marines. For his war services, he 
received the C.B.E. in 1920, which was followed 
by the K.B.E. later in the same year and a baronetcy 
in 1922; and he was also a recipient of French, 
Belgian and Italian honours for his work in organis- 
ing the Allied ship-repairing facilities during the 
1914-18 war. 





LETTER TO THE EDITOR. 


SMOKE ABATEMENT. 
To tHe Eprror or ENGINEERING. 


Sm,—I was interested to read of Mr. J. Law’s 
comments on the underfeed type of stoker, as 
reported in your note, on page 430, ante, on the 
National Smoke Abatement Society’s Conference at 
Blackpool. At these meetings, manufacturers of 
coking and sprinkler stokers, of underfeed stokers 
and of chain-grate stokers each read a paper dealing 
with their own particular specialities. I would like 
to point out, however, that Mr. N. Higginson, of 
the National Coal Board, nted a paper dealing 
with “ Policies for the Piaveniteh of Industrial 
Air Pollution at the Collieries” in which he was 
quite as enthusiastic about the performance of the 
chain-grate stoker as was Mr. Law with the under- 


feed type. 
Yours faithfully, 
Joun Fox, 
M.1.Mech.E., F.Inst.F. 
Hove, 





is this aspect that is stressed in the exhibition. 
Similarly with profile projectors ; although they are 





October 12, 1951. 


SCIENTIFIC RESEARCH IN 
AUSTRALIA. 

THE appointment, in March, 1950, of its Advisory 
Council under the chairmanship of Sir David Rivett 
completes the transfer of State-sponsored industria 
research in Australia into the new form of organisa- 
tion laid down by the Science and Industry Act of 
1949. For the most part, the changes entailed have 
been nominal, and it is evident from the latest 
annual report* that all the programmes laid down 
by the now superseded Council for Scientific and 
Industrial Research have been actively pursued 
throughout the brief period of transition. As regards 
the relative importance of research subjects, the 
most notable development is a major re-organi- 
sation, during the year, of the work on wool 
textiles. Under the general oversight of a Wool 
Textile Research Committee, three separate labora- 
tories are being set up at Melbourne, Sydney and 
Geelong, to deal, respectively, with fundamental 
chemical and biochemical studies, the engineering 
and physics of wool and wool-processing, and 
problems of immediate interest to the textile 
industry. One other particular development, conse- 
quent on the organisation’s researches into minor 
element deficiencies in the Ninety-Mile Plain region 
of South Australia, is transforming into productivity 
a large proportion of some two million acres of 
land, formerly considered worthless, although it is 
well watered. Small amounts of zinc and copper 
applied with superphosphate to the light sandy soils 
of this region, are making it possible to grow remuner- 
ative crops of cereals, subterranean clover and 
other pasture plants. 

Contrasting with the facilities available for large- 
scale field experiments in agriculture, the lack of 
suitable laboratory buildings for indoor work and 
the slow rate at which it is proving possible to 
provide them are seriously hampering the progress 
of new research programmes in the mechanical 
and physical sciences. The shortage of buildings 
generally, and housing in particular, has no doubt 
been influential in raising the former Building 
Research Section tothe status of a Division which, 
in close collaboration with the Experimental 
Building Station of the Department of Works and 
Housing, and also with the building trade, is 
urgently attacking the problems of improving the 
quality of building materials so that maintenance 
can be minimised, and of enabling available materials 
to be more effectively and economically used. A 
variety of weathering studies includes work on the 
detrimental effects of solar radiation on building 
materials, surveys of building sands, and investiga- 
tions of damp-proof course mortars. These last 
have revealed that water-repellent agents are 
much more effective in the case of mortars cast on 
absorbent materials, such as bricks, than when the 
mortar is cast in non-absorbent moulds. Other 
experiments are in progress to encourage local 
production of foamed concrete, prepared by 
mechanical and chemical processes, in which 
connection new chemical foaming agents are being 
tested; concretes ranging in density down to 
15 Ib. per square foot have been produced. : 

A survey of the heavy clay industry in Australia 
has revealed wide variations in the quality of 
products, and this is ascribed rather to lack of 
process control than to inferiority of raw materials. 
To support these constructive researches on clay 
building materials, therefore, the report urges the 
modernisation and mechanisation of many existing 
brick and tile plants, and the erection of new plants. 
Advice is offered regarding the properties of local 
clays, the design of machinery and new methods of 
production. : ; 

Research upon other building materials will be 
assisted by the recent establishment of a erystallo- 
graphic laboratory, in which service failures of 
concrete and the nature of sulphide staining om 
fibrous plaster have already been investigated. 
For studying particle-size distribution in plaster 
powders, a gas-stream elutriator is in use, n which 
radioactive ionisation has proved a successful means 


* Second Annual Report of the Commonwealth Scientific 


and Industrial Research Organization for the Year Ending 
30th June, 1950. L. F. Johnston, Commonwealth 








Government Printer, Canberra. [Price 9s.} 
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of preventing electrostatic adhesion of fine particles 
to the glass walls of the apparatus. With the object 
of improving the service behaviour and durability of 
wall-surfacing materials, experiments are pro- 
ceeding on such matters as weather-proofing, 
resistance to soap solution, decorative treatments 
and—in the case of fibrous plasters—the causes 
and prevention of mould growths. A general 
study of the conditions under which concrete floors 
can be made acceptable in domestic construction 
has included tests for coldness; and the effects 
of concrete flooring on the mechanics of walking 
are being analysed from measurements of instan- 
taneous pressures at various parts of the sole of 
the foot, and of velocity changes in the shin and 
head of a person walking at different speeds over 
flooring of different materials. The results so far 
examined are negative, inasmuch as variations 
due to the individual and his speed are far greater 
than those due to the floor material. The purely 
structural aspects of flooring thus remain of primary 
importance, and experimental work continues on 
such aspects as resistance to dampness, abrasion 
and indentation. 

Testing along somewhat similar lines, though 
with more emphasis on thermal and acoustic 
properties, is in progress on a variety of cheap 
walling and roofing materials. Somewhat more 
fundamental research on cement products is carried 
out by the Industrial Chemistry Division, and 
includes a study of the reaction between aggregates 
and cement in mortar, which has revealed that the 
expansion and degree of disintegration of mortar 
are increased as the size of particles of reactive 
aggregate is decreased. When, however, the 
particles can pass through a 300-mesh sieve the 
mortar does not expand, and the addition of such 
particles to an otherwise reactive cement-aggregate 
combination lowers its expansion. 

The importance of timber throughout the building 
industry is further emphasised by some of the 
experimental work carried out by the Forest Pro- 
ducts Division, which includes the development of 
accelerated seasoning processes and methods of 
utilising wood waste, mixed with synthetic resin or 
cement, in the form of moulded products. Endea- 
vours to improve the equipment and manufacturing 
methods of sawmills and timber factories are also 
in progress on a considerable scale. Economy in 
another direction is exemplified by a range of 
investigations into the causes of failure of exposed 
timber and the merits of different preservative 
treatments: in which connection the construction 
of a new cylinder for the impregnation of karri and 
jarrah telegraph-pole cross-arms and of eucalypt 
timber sleepers, at pressures up to 1,000 Ib. per 
square inch, is noteworthy. Australian railways 
consume some 24 million sleepers per annum, so that 
any significant extension of service life represents 
an economy that is worth investigation, The work 
that is being carried out on this subject has revealed 
that the prime causes of sleeper failure are mechani- 
cal rather than biological. Increasing attention, 
consequently, is being given to the effects of rail 
fastenings and to the value of surface protection 
and end coatings, without neglecting, however, the 
development of toxic protection against fungal and 
insect attack. A study of lyctus attack on timber 
generally, including plywood, has indicated that 
the momentary dip treatment of green veneer in 
basic acid or borax is very successful, and that 
copper naphthenate preservatives are more toxic 
than crude naphthenic acids. , 

A detailed aspect of the industrial applications 
of wood is exemplified by an investigation of the 
holding power of various types of nails used for 
assembling containers of radiatarpine, which has 
revealed that improvements in the wire of which 
nails are made has altered the relative holding 
power of different types of nails since previous 
experiments of this sort were made on hemlock 
wood nearly 20 years ago. The particular form of 
nail recommended for fastening a patented type of 
Wood-framing anchor, which has been tested in 
connection with the use of timber for housing con- 
struction, was not available, and the substi 
employed was found to be weaker than the anchor. 

The more academic investigations of the mechani- 
cal properties of wood has included studies of 
standard shear test, following a recommendation 
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of the Empire Timber Mechanics Conference of 
1948; and also the development of an impact 
hardness test in which the reciprocal of the area of 
the impression made by a falling steel ball is taken 
as a measure of the hardness of the wood specimen. 
This is a non-destructive test and can be used on 
hard fibre boards that are too thin for the ordinary 
timber hardness test. The variation in the mech- 
anical properties of wood according to the height 
in the tree is being studied by compression and 
bending tests on specimens taken from a 150-ft. 
length of a single trunk of the species Hucalyptus 
regnans. This same species has been used to study 
the influence of growth cycles on mechanical 
strength of young wood, specimens of cross-section 
1-5 mm. by 0-08 mm. being tested in, a micro-tensile 
apparatus. Preliminary work on the alterations 
in the strength of wooden columns with duration of 
loading has shown that the most instructive results 
are obtained from measurements of central deflection 
and surface strains, under successive increments of 
load, from which Euler load, stiffness and elastic 
modulus can be estimated. For general timber 
testing, a 48-channel strain indicator has been built 
and its characteristics in combination with electrical 
resistance strain gauges are being explored by 
comparisons, under continuous loading conditions, 
with mechanical extensometers. 

The value of this and other types of timber 
research to the economy of Australia is illustrated 
by a recent development in the processing of ply- 
wood. One good source of veneer-quality timber 
is the ash eucalyptus of south-eastern Australia, 
so far virtually untapped because of the refractory 
behaviour of this wood, particularly in the drying 
of the veneer. The difficulty was traced to the 
prevalence of collapse in these species, accentuated 
by wide variations in the susceptibility to collapse 
of the wood formed at different times of the year, 
which resulted in buckling, checking and splitting 
of the veneer while it was being dried. The solution 
was found to lie in correct peeling procedure, drying 
under carefully controlled conditions which have 
been determined, and re-conditioning of the dry 
veneer with a special steaming treatment. The 
industrial use of the laboratory technique has been 
demonstrated, and subsequently accepted as stan- 
dard practice at a commercial plant, with the direct 
result that some 2,500,000 sq. ft. of veneer per annum 
is now being recovered, at this one plant, from 
previously discarded material on which some 
processing had been carried out. In another 
example, tests in co-operation with the Woods 
and Forests Department of South Australia bave 
been made on a pilot plant to appraise the economic 
possibilities of using high-frequency dielectric 
heating for setting glue during the manufacture of 
fruit cases from narrow boards. The results were 
very successful and showed that the method is a 
better proposition economically than the mechanical 
jointer hitherto used. 

From the engineering standpoint, some of the 
most interesting research within the organisation 
is that done by the Tribophysics Division on the 
fundamentals of friction and lubrication. Continued 
study of the formation and shearing of minute 
points of adhesion between materials in sliding 
contact has now revealed that, in the case of metals, 
such shearing of metallic junctions causes deforma- 
tion extending below the surface, and that oxide 
particles originating at the surface are found at 
considerable depth. Evidence of the intense 
working in this zone has been obtained by comparing 
the frictional work with the work necessary to 
cause deformation. The relation between metallic 
hardness and friction has been investigated with 
copper-beryllium alloys, heat-treated to various 
extents, which exhibit a consistent reduction in 
friction as hardness increases. The influence on 
friction of superficial irregularities has also been 
measured in the case of gold surfaces ruled to a 
regular contour with a diamond tool, and also of 
nickel replicas of these contoured surfaces. The 
riments are in agreement 





tion examination has revealed no appreciable effect 
of applied pressure on subsequent film structure. 
Th general, rubbed films comprise a tightly bound 
mono-molecular layer below excess material in the 
form of small crystals oriented ing to the 
direction of rubbing. Such crystals have been 
observed to have their symmetry and cell dimensions 
deformed by sliding shear. The present conclusion 
drawn from this work is that the possibility of 
producing oriented crystals on top of an absorbed 
monolayer depends on the chain length and chemical 
composition of the long-chain compound, and on 
the nature of the underlying metal surface. The 
adsorption of long-chain polar compounds on 
metal surfaces from solution is being investigated 
with metals in finely-divided form, a sensitive 
technique having been developed to measure slight 
decreases in concentration of the solution. The 
presence of adsorbed films on a metal surface 
markedly affects the spread of lubricating oil over 
the surface, and may prevent it entirely, with 
advantage in cases such as instrument mechanisms, 
clocks and watches where the spread of lubricant 
may impair sensitivity. The manner and rate of 
spreading of various oils over clean polished metals, 
and the influence of adsorptions of long-chain polar 
compounds, is accordingly under examination. 

An investigation having immediate engineering 
applications is being made upon the stability and 
form of the lubricating film between the piston rings 
and cylinder of a small petrol engine. The electrical 
resistance of the oi] film is continuously measured 
and recorded under various operating conditions, 
particular attention being given to the state of 
lubrication during the running-in of new surfaces, 
and to the correlation between engine wear and 
film breakdown. In the case of whitemetal sleeve 
bearings, running tests have shown that the ability 
of a bearing to “‘ run-in ” is influenced by geometric 
errors of shaft and bearing rather than by normal 
variations in loading or in the ratio of length to 
diameter. Satisfactory machining techniques have 
been developed which avoid these geometric errors, 
and experiments are being continued to study the 
effects of clearance and of small length/diameter 
ratio. 

Physical effects of industrial processes such as 
rolling, drawing, extrusion, and forging, associated 
with the metal rather than with the lubricant, are 
being studied under the two main heads of plastic 
deformation and phase-changes. For the first of 
these researches, calorimetric apparatus of extremely 
high accuracy has been devised to measure the 
energy stored in a metal during deformation. 
Other experiments, with copper-iron alloys, have 
confirmed that the harder of the two phases is 
deformed more heavily than the other when it is 
present in a greater proportion. This general 
influence of the volume proportion of the harder 
phase on the deformation of two-phase alloys is of 
industrial importance, since the majority of alloys 
contain at least two phases. 

Another interesting effect of plastic deformation 
is the anisotropic increase of electrical resistivity 
due to rolling a sheet of metal, which has been 
found to vary with the direction of measurement 
in the sheet. Fundamental metallurgical processes 
will be clarified by a newly developed method where- 
by the growth of new crystals may be followed 
photographically during recrystallisation. Photo- 
graphs of the recrystallisation of zinc have revealed 
erratic growth, attributed to the variation of internal 
stress from grain to grain and within individual 
grains. In the case of another metal—polycrystal- 
line tin—radioactive isotopes have been recently 
brought into use to enable the rate of self-diffusion 
to be investigated qualitatively by the darkening 
of photographic film. As a comment on all this 
somewhat abstruse physical metallurgy, it is 
perhaps worth remarking that, since phase changes 
are accompanied by changes in the physical proper- 
ties of metals and alloys, they are the basis of 

, such as heat treatment and age hardening, 
which underlie the production of specific qualities. 
Fundamental research may be expected, therefore, 
to have far-reaching results of potentially great 
importance to industry. 

Research in physics of a more general character is 
undertaken by one of the three divisions which 


-diffrac- |comprise the Commonwealth National Standards 








566 


ENGINEERING. 


Nov. 2, 1951. 








Laboratory. The primary responsibility of the 
Physics Division is to maintain standards of mea- 


surement of heat and light, and electrical units of 


resistance, voltage and current. In some of the 
major standards laboratories of Europe and America, 


elaborate methods have been evolved, after years of 


research, for realising basic electrical quantities in 
terms of primary standards of length, mass and 
time. It is not considered necessary at present for 
the Commonwealth to go to such refinement, and 
their electrical standards are therefore maintained 
in the form of resistance coils and standard cells 
which are periodically compared with the similar 
material standards at the National Physical 
Laboratory in England. 

In connection with the standardisation of heat and 
light measurements, however, a good deal of research 
of a very high class is carried on in Australia, and 
experiments directed towards the practical adoption 
of the International Temperature Scale have been 
actively pursued during the year under review. 
Apparatus has been set up for calibrating thermo- 
metric instruments over the range from 0 to —196 
deg. C., while a sub-standard optical pyrometer used 
for temperatures above the “gold point” (1,063 
deg. C.) has itself been re-calibrated. Research at 
temperatures approaching absolute zero, for which 
equipment has just been built, is a new undertaking 
in Australia. With its use, and the aid of nitrogen 
and helium as working gases, nitrogen has been 
liquefied at —196 deg. C. ‘and helium reduced in 
temperature to —225 deg. C. For basic tempera- 
ture measurements, a helium-gas thermometer has 
been constructed and calibrated. Mass spectro- 
meters are used for detecting gaseous impurities in 
helium and for detecting leaks in low-temperature 
apparatus and vacuum equipment generally. 

The section of the Standards Laboratory which 
deals with light has been mainly occupied through- 
out the year with techniques of photometric measure- 
ment, directed towards realising the candela, 
i.e., the recently adopted standard of illumination 
based on the radiation from a black body at the 
melting point of platinum. In addition to the 
establishment of the standard, the programme 
includes the development of sub-standards for the 
photometry of fluorescent lamps, and the provision 
of reproducible standards for industry and science 
throughout the whole field of photometry, colori- 
metry and spectrophotometry. “he international 
adoption of a standard visibility relationship for 
the average eye has prompted the design of a 
precision spectrophotometer, the essential com- 
ponent of which is a polarising photometer. This 
apparatus, now in course of construction, will 
supersede visual methods by purely physical 
methods, for measuring and comparing luminous 
intensities. It will also take advantage of improved 
sensitivity of photoelectric cells, corrected to give 


the same spectral response as a standard observer, 


and with inherently better sensitivity than the 
humaneye. A photometer capable of measuring to 
an accuracy of + 0-1 per cent. is being designed on 
this principle. Meanwhile, an existing spectro- 
photometer has been used to examine and prepare 
standard samples of greasy wool for the use of the 
Gordon Institute of Technology, which is investi- 
gating the origins of discoloration in wool and its 
effect on the evaluation of the wool by buyers. 

Among a variety of miscellaneous optical work, an 
especially interesting achievement is the manu- 
facture of reflection microscope objectives, embody- 
ing the ——— principles of those designed by 

Burch, in England, for use with ultraviolet light,| . 
but having spherical instead of aspherical surfaces. 
The great advantages of reflection objectives are 
their complete achromatism and larger working 
distance, both of which features are attractive to 
biologists. The Australian prototypes, having 
numerical apertures up to 0-85, have shown per- 
formances adequate for many purposes, though a 
little below that of aspherical objectives. 

(To be continued.) 


Dramond Toois.—A lecture on “ Diamond Truing 
Tools for Grinding Wheels ” will be delivered by Mr. N. 
Smith at the South East London Technical College, 
Lewisham-way, London, S.E.4, on Monday next, Novem- 
ber 5, commencing at 7 p.m. This lecture is one of a 
series in a course on the technology of diamonds and 
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BROADCAST WARNINGS OF 
ELECTRICITY CUTS. 


THE accompanying map shows the areas into which 
the country has been divided for the purpose of giving 
broadcast warnings of load shedding, the cotinty 
boundaries also being indicated for the sake of clarity. 
As already announced, each area will be designated by 
a number and the extent of the shedding by numbered 
5 per cent. stages. Important industria] consumers 
have already been notified by the Area Electricity 
dhedding of their area numbers and of the details of their 
edding rotas, so that they will be able to recognise 
any warnings which apply to them. We hope that the 
publication of this map in EnoInrertne will assist 
those smaller consumers who would otherwise have to 
pply to their local Area Boards for the full details 
ap pplicable to them. 
he arrangements for giving broadcast warnings of 
load shedding came into force on Monday last, 
October 29. Warnings will be given as pee | when 
necessary on the 1,500.m. wavelength (the long wave- 
the t Programme) at any time between 
7.30 a.m. and 12.30) p.m., end between 3 p.m. and 6 p.m. 
Monday to Friday. ‘he warnings will be sent by tele- 
rinter from the National Control Centre of the British 
lectricity Authority to Broadcasting House, and will 
be broadcast immediately. After they have been given, 
shedding will follow within a few minutes, in order to 
avoid widespread breakdown. To give the warnings, 
the normal programme will be interrupted, the only 
oo the ours the “ Five to Ten” religious service 
warning to shipping. A typical o 
will take the form of the sa ns 4 Sone 





other hard substances. 


followed by three seconds of the timing note and then 





by the announcement “ Load shedding is about to take 

jace in Area 2, Stage 4, and in Area 4, Stage 3.” 

Since the first two stages of load shedding do not 
involve a disconnection of supply, this wil] mean that a 
cut of 10 per cent. is about to occur in Area 2 and of 
5 per cert. in Area 4. Urgent cuts may still, however, 
have to be made without warning, while on some 
occasions it may be impossible for technica] reasons to 
carry out load shedding in small sections of areas for 
which warnings have been issued. In any event, the 
warnings will not apply to the Midland region. 





*“* LAUNCHES AND TRIAL TRIPs’: ERRATUM.—In our 
issue of September 28, on page 395, ante, it was stated that 
the speed on trial of the M.S. Bernhard Hanssen, fully 
loaded, was 12$ knots. This figure was supplied officially 
to us, but we have since been informed that it is incorrect; 
the speed actually attained was 13-45 knots. 





STANDARD Goops BRAKE VANS.—Details of a second 
standard goods vehicle—a 20-ton goods brake van— 
have been issued by the Railway Executive. Experi- 
ence during the war showed the advantage of a vehicle 
of this type which could run over any of the former 
railway companies’ systems, and the companies were 
accordingly engaged on developing a design at the time 
of nationalisation. This work was continued, and the 
new design is based largely on the 20-ton brake van of 
the former L.N.E.R. A mass of concrete is used in 
place of the cast-iron weights formerly used to give the 
required tare weight. The Faverdale shops of the 
North Eastern Region are building 400 of the vans under 
the 1951 wagon building programme. 
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TRENCHING BY EXPLOSIVES. 


An unusual method of trenching across the bed of a 
river, for the purpose of laying a portion of an 18-in. 
gas main forming part of the West Wales gas grid, 
was adopted where the main crosses the river Neath 
at a point about two miles downstream from the town 
of the same name. The main is intended to connect 
the Abbey Works of the Steel Company of Wales at 
Port Talbot, where coke-oven gas is available, with the 
Morriston gasworks, Swansea. The work was carried 
out for the Wales Gas Board under the direction of 
Mr. Ernest Ablett, O.B.E., the engineer and manager 
of the Swansea gas undertaking, and is illustrated in 
Figs. 1 to 4, on page 560, and Fig. 5, herewith. 

The contractors, the United Kingdom Construction 
and Engineering Company, Limited, Hammond-road, 
Kirkby Trading Estate, Liverpool, were required to 
lay the pipe at a gradient of 1 in 50, falling from the 
Swansea side towards Neath, and the specification 
called for a minimum cover of 5 ft. below the river 
bed. At each end of the underwater length, as shown 
in Fig. 5, herewith, upward bends were necessary to 
bring the main above the river banks, and these had 
to be at different inclinations—l in 2 on the Neath 
side, and 1 in 6 on the Swansea side—to suit the 
formation of the banks. The river is about 400 ft. 
wide at the point selected for the crossing. It is tidal, 
with depths of water ranging up to 19 ft. at spring 
tides; and there is a considerable current at certain 
states of the tide. For these reasons, conventional 





elsewhere, the cartridges were placed in position through 
a steel pipe, which was driven into the river bed, and 
withdrawn when the charge was correctly located. 
The average depth to which the charges were set was 
9 ft. The weights of the charges were varied accord- 
ing to the nature of the ground at the particular spot. 
Altogether, about 120 were laid, the total weight of the 
explosives being about 1,000 lb. 

perial Chemical Industries’ Cordtex fuse was con- 
nected to the charges, and the length of fuse from each 
charge was itself connected to a further length leading 
to the shore. Just after low tide on October 9, a 
detonator and a short length of slow-burning fuse were 
attached to the shore end of the Cordtex fuse. In 
a further length of slow-burning fuse was inserted 
a detonator which would explode 15 seconds before 
the main charges, as a warning signal. When the 
charges were detonated, debris was thrown to a height 
of about 250 ft., as shown in Fig. 8, on page 560. 
Most of it fell back almost vertically, but clear of the 
line of the trench. A few stones were projected to a 
distance of 100 yards or so. The resuiting trench being 
found satisfactory on inspection, the shore end on the 
Neath side, where the explosive charges had been 
made lighter because of the rather weak nature of 
the bank, was cleared out with the aid of a line. 
Fig. 4, on page 560, shows the Swansea end of the 
trench, at a point where it was partly filled with soft 
material which had fallen into it after the explosion. 
The pipe was floated upstream on a later high tide, 
and, when in positicn over the trench, was filled with 





100,000 tons per annum. Steel was steadily replacing 
wrought iron at this period and we find such firms as 
D. Colville and Sons and Stewarts and Lloyds taking 
up the new process and gradually replacing puddling 
furnaces by open-hearth furnaces. At this time 
there were about 367 puddling furnaces in Scotland 
and of these about were -active, each producing 
about 730 tons per furnace Po annum. The produc- 
tion figures in tons for 1895 for the whole country were 
as follows: converter ingots, acid, 1,093,675, basic, 
441,550; open-hearth and acid basic, 1,724,737 and 
wrought iron, 1,148,012. We see from these figures 
that the three processes were producing very approxi- 
mately the same order of tonnage. 

The blast-furnace industry in Scotland was in a very 
different position. As the result of Neilson’s epoch- 
making experiments at Clyde Tron Works in 1829 
Scotland was placed in the forefront of pig-iron manu- 
facture. Furthermore, arising from the discovery of 
Blackband ironstone in 1801, at Coatdyke, by David 
Mushet, who was at that time manager of the Calder 
Iron Works, and the successful utilisation of splint 
coal as the blast-furnace fuel that followed on Neilson’s 
work, a special type of blast-furnace technique had 
been developed which was unique to Scotland. The 
furnaces, on an average, were about 65 ft. in height 
and about 16 ft. in diameter at the boshes. They 
were mostly closed at the top and the gases were 
scrubbed to recover the ammonia and volatile oils, 
specia] plants such as that of Alexander and MoCosh 
having been developed for the purpose. It is of interest 
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methods of making a trench in the river bed—by a 
grabbing crane, by dragline, or by building cofferdams 
and excavating within them—were either physically 
impracticable or too expensive to be considered. The 
use of cofferdams was also undesirable because of the 
present shortage of steel piling sections. 

It was decided, therefore, to make the trench by 
laying two lines of explosive charges in the river bed 
and firing them simultaneously; the trench could 
thus be excavated instantaneously, and the pipe 
floated over it and sunk in position before the tides 
and the normal flow of the river could fill the trench 
with mud. A small-scale trial of the method was 
completely successful and work was begun, therefore, 
on the preparation of the site and the construction of 
the pipeline. The pipes were laid on timber supports 
on the Swansea side of the river, which has the more 
gently sloping bank, and where there is a road pro- 
viding direct access to the site. In this position, a 
short distance above the eventual line of the trench, 
they were welded into a continuous length, as shown in 
Fig. 1, on page 560. As indicated in Fig. 5, the centre 
straight portion is 232 ft. long and the eastern and west- 
ern “legs,” respectively, 30 ft. and 52 ft. The pipe- 
line was welded at a height of only 8 ft. above Ordnance 
Datum, so that it could be floated off on completion, 
the ends being left open meanwhile to prevent pre- 
mature floating. The welding was undertaken, as a 
direct contract from the Wales Gas Board, by the 
Unit Superheater and Pipe Company, Limited, of 
Swansea. 

On completion of the welding, some of the welds 
were given a supersonic test for soundness, and oil- 
impregnated mops were drawn through the — 
to clean it. Cap ends, with valves, were then fitted, 
and the pipeline was given a test of 48 hours duration 
with compressed air at 100 Ib. per square inch, which 
it passed without loss of pressure. The outside of the 
pipe was next wrapped with Denso plastic wrapping, 
supplied by Messrs. Winn and Coales, Limited, Terminal 
House, Grosvenor-gardens, London, 8.W.1. A draw 
wire was left in the pipe to enable mops to be pulled 
through after it was laid in the trench. At a suitable 
high tide, the pipeline was drawn into the river by 
means of winches on the opposite bank, and moved 


it was moored, as shown in Fig. 2, on page 560, to 
await the next stage in the operations. 

Meanwhile, the shot holes for the trench has been 
Prepared and charged. The explosive charges, con- 
tained in asbestos tubes, as indicated in Fig. 5, were 
laid in twolines, 2 ft. apart, the charges being staggered, 
with 4 ft. 6 in. between adjacent holes in the same 
line. The explosive was Submarine Polar blasting 

slatine, e by Imperial Chemical Industrics, 

imited, in cartridges 24 in. in diameter and weighi 
24 lb. each. In some parts, rock was encountered, ro 


filtered water from a nearby canal, and so sunk into 
position. Provision had been made for small adjust- 
ments in level to be effected by high-pressure water- 
jetting. Concreting, and backfilling with hard material 
from a barge, were done in the normal way. 





THE IRON AND STEEL INDUSTRY 
IN 1895 AND TO-DAY.* 


By Prorsssor R. Hay, B.Sec., Ph.D. 


Onty once before, in the history of the West of 
Scotland Iron and Steel Institute, has the President 
been a person engaged in an academic occupation. My 

redecessor, four times removed, Professor Humboldt 
a. was elected President in 1895. It occurred to 
me that it might be profitable to compare the back- 
ground inst which the Institute operated in those 
times with that of the present time, to see if any useful 
lessons can be learned for the future development of ita 
work. The decision to form an Iron and Steel Institute 
in Scotland was taken at a meeting of 20 iron and steel 
makers held in Coatbridge in 1892. In October, 1893, 
the Institute was founded, with Mr. James Riley as its 
first President. Riley was works manager at Blochairn 
Works of the Steel Company of Scotland, which com- 

y, at its Hallside Works, was the pioneer of open- 
Legit steel production in Scotland. He was one of 
the foremost steelmakers of his time and in his early 
years had been manager at the Landore Works in 
Wales, where Siemens had installed his original steel- 
melting furnace. The original open-hearth furnaces 
had a capacity of 3 tons and later a larger furnace of 
7 tons capacity had been built. Riley, when there, 
had drawn out plans for a much larger furnace of 
12 tons capacity and had discussed his designs with 
Sir William Siemens. By 1895 a few large furnaces of 
25 tons capacity had been built in different parts of the 


process of steelmaking was never very 
fully developed in Scotland. After the unsuccessful 
attempt at making steel by this process about 1857 by 
Messrs. William Dixon, Limited, nothing further was 
done until 1861, when Rowan obtained a licence from 
Bessemer and built two 3-ton converters to use Cumber- 
land hematite pig iron. This plant closed down in 
1875. In the early '80’s Merry and Cunningham, at 
Glengarnock, and the Glasgow lron Company, Limited, 
at Wishaw, introduced basic-lined converters, the 
former erecting four 10-ton and the latter three 7-ton 
converters, the combined output of which was around 





* Presidential address delivered before the West of 
Scotiand [ron and Steel Institute on Friduy, October 19, 





the shot-holes were prepared by pneumatic drilling ; 


1951. Abridged. 


to note that one of the first attempts in Britain to 
collect and utilise blast-furnace gas was made at the 
Dundyvan Iron Works in 1845 on a 65-ft. furnace. 
The average production of iron was from 20 to 30 tons 
per cast of 24 hours, or about 200 tons per week. There 
were about 140 blast furnaces in Scotland; of these 
about 90 or more were in blast in 1895. These furnaces 
were located at Dalmellington, Ardeer, Kilwinning, 
Glengarnock, Lugar and Muirkirk in Ayrshire; Colt- 
ness, Clyde, Wishaw, Quarter, Summerlee, Langloan, 
Gartsherrie and Shotts in Lanarkshire; and Carron 
in Stirlingshire. 

Thus, from the numerous blast-furnace plants, 
malleable-iron plants and the rising steel industry 
there was a large personnel from which to draw the 
early membership of the Institute. The technical 
staffs, at that time, would be among the most efficient 
in Britain as they had excellent opportunities of 
technical education in Glasgow. The Glasgow and 
West of Scotland Technical College (now the Royal 
Technical College) had been long established, being the 
successor of Anderson's University. This Institution 
was founded in 1796 and by 1895 the teaching of 
chemistry and engineering had been established in 
well-equipped laboratories. Both day and evening 
clases were available and practically all personnel in 
technical occupations attended these classes. 
James Beaumont Neilson attended evening classes 
in mathematics and chemistry, and it was this founda- 
tion that made possible his work which led to the 
hot-blast technique in blast-furnace operation. In 
1884 metallurgy was first taught in the College as an 
independent subject by Humboldt Sexton and in 1887 
a chair was established of which he was the first incum- 
bent. Thus, Glasgow Technical College, the Royal 
School of Mines in London (1851) and Sheffield Tech- 
nical Schoo! (1886) were the only centres in Britain to 
have Professors of Metallurgy in 1895. The approach 
to metallurgy in those times was largely through 
analytical chemistry, and much of the student’s time 
was devoted to chemical analysis of raw materials and 
finished products. A certain amount of attention was 
given to engineering and to drawing. The extraction 
of metals from their ores and the working and heat 
treatment of the finished product were largely arte 
handed down from early times, and instruction was of 
a descriptive character. 

As would be expected, the papers presented to the 
Institute reflected the background of education and 
practice. Thus, in the session 1895-6, the chemistry 
of the open-hearth process was described from the 
angle of taking bath samples at different times, from 
melt-out to tap, but no attention was given to the 
composition of the slag and ite influence upon the 
provess. The estimation of sulphur was discussed and 
there was a descriptive paper on the puddli ace 
Another paper dealt with the cpg tone of different 
types of refractory materials. -Farlane, in this 








568 


ENGINEERING. 








Nov. 2, Ig5I. 








paper, mentioned the use of carbon as a refractory 
material and the use of carbon bricks in the 
bosh of the blast making grey iron. He stated 
that the experience of those who had used carbon bricks 
Pit abe ae aan a ke 

isap} owing to the absorption of the carbon by 
the metal. Sexton, in the same year, made reference 
to the importance of temperature measurement in the 
blast furnace and said that the time was at hand when 
temperature measurement would be regarded as being 
as important as chemical analysis and would become 
a daily routine of every works. He also said that 
pare soe were very conservative and did not care to 
introduce innovations. Another suggestive gd by 
the same author dealt with gas analysis. it, he 
mentioned an apparatus. which was designed and used 
by G. Craig of the Lugar Iron Works, for the con- 
tinuous measurement of the amount of CO, in waste 
gases. Sexton pointed out that the working of the 


blast furnace depended largely on the ratio between | 


the CO, and the CO in the gases and stated that this 
could determined easily. However, there is no 
record of this having been achieved in practice. 

The early nae of the Institute showed a great 
deal of liveliness. The discussions were very good and 
a considerable amount of hard hitting took place. 
Possibly the method by which the Institute conducted 
its meetings helped considerably towards this end. 
A paper was read one evening and the next meetin 
of the Institute opened by discussing this paper aan 
then the next paper was read. This meant that a 
month elapsed between the reading of a paper and the 
discussion. Admittedly, this would present difficulties 
with visiting lecturers, but in those days most of the 
pa were contributed by the members themselves. 
Printing, of course, did not offer the difficulties it does 
to-day and it was possible to have the paper in print 
before the next meeting of the Institute ; in fact, it was 
laid down in the Constitution that the Proceedings were 
to be issued monthly. Not all papers were published 
in full; if a paper was not very important it was 
published in an abridged form with the discussion. 

The position in the industrial and academic 
worlds to-day in Scotland are very different from the 
conditions just depicted. The puddling process is 
almost extinct and consequently receives little attention 
from metallurgists. In fact, the elementary descrip- 
tions which occur in many text-books are misleading. 
The fundamental principles underlying this process 
were not understood at the time of its extensive 
practice, and, to-day, although of great academic 
interest, they receive scant attention. Of the many 
blast-furnace plants which were in existence in 1895, 
only four remain in operation, namely, Clyde, Govan, 
Gartsherrie and Carron, with a combined total of 
nine furnaces in blast. All operate on coke, so that the 
unique practice of Scotland is now defunct due to lack 
of splint coal. Three plants still use the small hand- 
charged furnaces which were used in the old Scottish 
practice, but the old Clyde furnaces have been com- 
pay replaced by modern mechanically-charged 

‘urnaces. is plant has also been develo into an 
integrated plant by amalgamation with the adjacent 
steel works at Clydebridge. Clyde Iron Works are 
again making history by being the first plant in Britain 
to instal high top-pressure practice. Unfortunately, 
on this occasion it is only employing a practice already 
established in the United States of America and not 
developing a novel idea of its own, as was the case in 
1829 when the hot-blast was developed there. In 
steel practice, many of the old firms have been amal- 
gamated into large combines, but the individual 
plants continue to operate to a large extent indepen- 
dently, while others have been closed down or are in 
process of closing down. With the development of 
large furnaces, up to 300 tons capacity, the number of 
furnaces at each works has been greatly diminished: 
Other marked changes have been the cessation of 
Bessemer practice, the extension of basic-steel manu- 
facture and the decrease of acid-steel manufacture by 


the open-heart process. 
(To be continued.) 





DiaMOND JUBILEE OF THE “ ELECTRICAL TIMES.” — 
Our contemporary, the Hlectrical Times, was first. pub- 


lished on October 22, 1891, and we may therefore now| th 


congratulate it on attaining its sixtieth anniversary. 
The occasion was marked by the publication in the issue 
of October 25, 1951, of an article by Mr. R. W. Hughman, 
who joined the staff before publication and served in 
various capacities for 56 years, until his retirement as 
managing director in 1946. He describes not only the 
condition of the electrical industry in those early days, 
but amusingly indicates that the electrical journals were 
not then the “ fraternity ” they have since become. He 
also brings out the important fact that this “ United 
Nations ” idea has since extended to other branches of 
the industry, with benefit to all concerned. We have 
no doubt that, in the future, the journal will maintain 


LABOUR NOTES. 


ReEsTRICTIVE practices by workpeople, and their 
opposition to the introduction of labour-saving devices, 
were criticised by Sir John Anderson, G.C.B., the 
chairman of the Port of London Authority, in an 
address delivered in London on October 24. Referring 
to an article written recently by Sir Hartley Shawcross, 
while President of the Board of Trade, Sir John said 
that if Sir Hartley thought that all was well with pro- 
duction in Britain, he should examine the situation in 
the building industry and the rate of discharge of ships 
in British ports compared with, for example, Rotter- 
dam. During a tour of the port of Marseilles a short 
time previously, Sir John continued, he had seen a 
warehouse stacked to the roof with goods neatly 
arranged, obviously with fork-lift trucks, and wished 
that similar methods could be employed at the Port of 
London. Unfortunately, employees there seemed un- 
willing to agree to the appropriate reduction in the 
strength of gangs, and only such a course would justify 
the use of the expensive equipment involved. Apart 
from the speed with which goods could be handed by 
such methods, and speed of handling was vital to 
Britain’s competitive position, the saving of physical 
effort to the men concerned would be immense. 





At the Royal docks in London, there was a floating 
grain elevator, Sir John stated, which had been pur- 
chased at a cost of 150,000/. This worked so fast that 
the men complained that it was taking the bread out 
of their mouths, and they had demanded rates of pay 
which would make its use uneconomic. As a conse- 
quence of this attitude, the elevator was idle and three 
grain ships were waiting to be unloaded. The situa- 
tion seemed to Sir John to be reminiscent of the days 
when the Luddites went about wrecking mills and 
machinery. He emphasised that he was not criticising 
the trade-union leaders or the individual employees. 
The authority of the leaders had been weakened in the 
eyes of the men by their close association with the 
Government. The unions had also lost the assistance 
of some of their most responsible officials, who had been 
taken away to perform other work. In connection 
with Sir John’s remarks, it may be mentioned that the 
floating grain elevator at the Royal Docks ceased to 
be operated by the dock employees as from mid- 
October. It had then been in service for rather less 
than two months but the men complained that some 
of them would be rendered redundant by its continued 
use. 





There has been some worsening of the position in 
connection with the two disputes in progress at the 
London docks during the past week. Employees at 
Tilbury docks decided at the beginning of October to 
adopt a policy of banning all overtime and of working 
to rule. These restrictions, which have been in force 
since October 5, were introduced as part of a protest 
by the dockers against the engagement of additional 
men on a permanent basis by one of the larger firms of 
master stevedores. It is understood that the extra 
men taken on in that way were later returned to the 
dock labour pool, but the other dock employees have 
remained dissatisfied. One of their main grievances 
appears to be that they have been unable to obtain 
from the firm of master stevedores concerned an 
assurance in writing that no more attempts will be 
made by the firm to increase the number of their 


permanent staff. 


It may be recalled that two strikes took place at 
Tilbury docks during the past summer on the question 
of whether it was permissible to employ men on a 
permanent basis from the dock labour pool. The 
National Joint Council for the Port-Transport Industry 
investigated the position after the first strike had ended 
and decided that the employers had the right to engage 
men on a weekly basis, if they so wished, and that this 
was in accordance with the terms of the dock labour 
scheme. After discussions between rank-and-file 
dockers and their trade-union leaders, the men sub- 
sequently agreed that a limited number of dockers 
should be placed on a permanent basis of employment 
with stevedoring firms. Attempts were made in 
September by one firm of master stevedores to put 

6 ent into practice and these, unfortunately, 
led to a second strike taking place. The men returned 
to work later in order to enable negotiations on the 
dispute to take place between the employers’ organisa- 
tion and the unions concerned. It was reported at the 
beginning of October, however, that the negotiations 
had broken down. 


On October 23, the London shipowners’ dock labovr 
committee condemned the work-to-rule policy and the 
overtime ban as an “ unofficial and irresponsible ” 
go-slow movement and insisted that the men had acted 
without warning after the employers had offered a 
‘“* substantial’ compromise on the question of the 
engagement of dockers on a permanent weekly basis. 











the prestige that it has achieved. 





PThe employers felt that they could no longer employ 

men who were using “ obstructive tactics” to delay 
the work of the port or who were not prepared to act 
in accordance with the normal practice of the port. 
As from that date, al] men continuing to ban overtime 
or persisting in working to rule would be returned to 
the dock labour pool. These warnings were rejected 
and the men’s working policy was continued. Relatively 
small numbers of men were, in fact, returned to the 
labour pool, but without effect. In some cases, the 
men concerned were re-engaged by other firms and 
even, in some instances, by their own previous 
employers. During the early days of the past week 
there have been*even fewer instances of men being 
returned to the labour pool, but the overtime ban and 
working to rule have remained in force. 





Similar working-to-rule methods, accompanied by 
a ban on overtime, were put into operation by lighter- 
men at the Port of London early in October, in order 
to enforce a claim for increased remuneration. A 
committee of investigation set up by the Ministry of 
Labour had previously decided that the men’s demands 
for a daily contingency payment of ls. Sd. had no 
justification. Refusal to undertake a reasonable 
amount of overtime constitutes a breach of agree- 
ments formulated under the dock labour scheme and 
the lighterage firms have been returning men to the 
dock labour pool for not working in accordance with 
the practice of the port. The employers have affirmed 
that they are fulfilling the recommendations made by 
the committee of investigation and that they are 
willing to commence negotiations on a claim for a 
day bonus of 3s. 4d. in one section of the industry. 
Lightermen returned to the pool have not, in the main, 
been re-engaged and are reported to be drawing only 
their attendance money. In all, nearly six thousand 
dock employees are involved in the two disputes now 
in progress at the London docks. 





Suggestions that the extension of compulsory 
education up to the age of fifteen and the introduction 
of modern methods of training rendered long periods 
of apprenticeship unnecessary, were made by Sir 
Godfrey Ince, K.C.B., K.B.E., Permanent Secretary 
to the Ministry of Labour and National Service, in an 
address delivered at the annual meeting of the British 
Association for Commercial and Industrial Education, 
in London on October 22. Sir Godfrey, who is also a 
member of the Economic Planning Board, spoke on 
the necessity of skilful training in order that the best 
use of the nation’s man-power might be obtained. In 
his view, it would be only by making the most efficient 
use of man-power that increased production would be 
obtained. Training to achieve this end would have to 
be concentrated on works study and communications. 
He inquired why young men had to be trained for 
one job only, when, by the introduction of intensive 
methods, it would probably be possible to train them 
in two skilled crafts in the same amount of time. 





Some 1,238,000 workpeople in the United Kingdom 
received increases in their weekly full-time rates of 
wages during September. These increases amounted 
to a total of 350,000/. a week net, according to the 
Ministry of Labour Gazette for October, and the principal 
groups of workpeople benefiting from them included 
manual employees in the service of loca] authorities in 
England and Wales, persons engaged in the cotton 
industry, and employees in the iron and steel industry. 
During the first three quarters of the present year, 
some 9,230,500 workpeople have received increases in 
their weekly-wage rates, amounting in all to over 
3,983,000/. net. In the corresponding months of 1950, 
there was a net increase of 603,0001. in the weekly 
fuil-time wages of 3,278,500 persons. 





Industrial disputes in progress in the United King- 
dom during September numbered 173, and, in these, 
33,300 workpeople were involved and some 109,000 
working days were lost. In the preceding month, 
there were 165 disputes in progress, in which 22,500 

rsons were concerned and about 73,000 days lost. 
The comparative figures for September, 1950, were 
129 stoppages in progress, 43,800 persons involved, 
and about 154,000 days lost. During the first nine 
months of this year, there have been 1,318 strikes, 
against 1,049 during the corresponding period in 1950. 
There were about 307,000 persons involved, and 
1,444,000 days lost during the first three quarters of 
1951. 





Claims for certain increases in wages were considered 
by the National Joint Industrial Council for the Gas 
Industry at a meeting in London on Tuesday last. It 
was announced subsequently that the Council had 
agreed to increase the standard scheduled rates of pay 
for all adult manual employees in the industry by 
twopence an hour as from Sunday, November 4. It is 
estimated that about 100,000 manual employees will 





benefit from the award. 
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Fie. 1. Interior oF OPEN-HEARTH STEEL FURNACE. 
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Fic. 2. Desmvertstnc Leap. 


CHEMISTRY IN METAL 
EXTRACTION.* 


By F. D. Ricnarpson, Ph.D.t 


CurMIsTRyY enters into almost every phase of metal 
extraction. The chemist and the chemical engineer 
are familiar with and have contributed greatly to those 
processes which are conducted at normal temperatures. 
In contrast, the smelting and refining of metals at 
high temperatures has so far been left almost entirely 
to the metallurgist. This is so even on the research 
side, the chemist, I believe, being daunted by the 
difficulties inevitably associated with accurate investi- 
gations at high temperatures. 

In these processes, commonly termed pyrometallurgy, 
the metals, slags, mattes and speisses which take part 
are usually molten. The temperature range is wide. 
Steel, for example, is made at 1,650 deg. C., and this 
high temperature is the cause of many practical diffi- 
culties. It is also the reason why steelmaking (Fig. 1), 


es 





. Paper read at a joint meeting of Section B 
(Chemistry) and Section G (Engineering) of the British 
Association at Edinburgh, on Tuesday, August 14, 1951. 

t Nuffield Research Group in Extraction Metallurgy, 
Royal School of Mines, London. 





is the most spectacular chemical process in common 
use. The photograph, reproduced by courtesy of the 
United Steel Companies, shows the interior of an open- 
hearth steel furnace seen through one of the doors. 
Carbon monoxide is bubbling out of the bath as carbon 
in the iron is oxidised away. In marked contrast, lead 
is refined at about 400 deg. C. and this operation 
(Fig. 2) appears prosaic and easy by comparison. The 
lead is treated in iron pots (called kettles) and is 
pumped conveniently from one to another through 
iron pipes. The photograph, which shows desilveri- 
sing in progress is reproduced by courtesy of the 
Britannia Lead Company and Johnson, Matthey and 
Company. 

The broad chemical basis of smelting and refining is 
simple enough. The elements combined with the 
metal in the ore have to be torn away from it by 
combination with other suitable added substances. 
Oxygen, for example, is most commonly removed from 
oxide ores by combination with carbon to form CO 
and CO,, as in the making of iron and lead. Sulphur 
is removed from sulphide ores by combination with 
oxygen to form SO,, as, for example, with copper and 
nickel. Although some of the unwanted elements can 
be removed as gases, most of them have to be collected 
into a liquid product known as slag. This consists of 
the lime, alumina, magnesia and silica, which combine 


together to form a molten mixture: This is immiscible 
with metal and normrlly floats on top of it. The 
smelting slag need not be merely a passive collector of 
the worthless constituents of the ore; it may also be 
an active solvent for the impurities which can dissolve 
in the metal. In iron making, for instance, the sulphur 
which comes from the raw materials fed into the blast 
furnace is partitioned between the slag, and the 
metal, so that the former carries about 2 per cent. 
sulphur, and the latter about 0-1 per cent. 

n order that the subsequent refining may be made 
as easy as possible, it is obviously desirable for the 
slag to be a good solvent for impurities. Since the 
slag can always dissolve the metal to some extent as 
oxide or sulphide, and the slag ultimately goes to 
waste, it is important that it should be a poor solvent 
for the metal. The smelter therefore tries, as far as 
practicable, to adjust the composition of his slags to 
obtain these properties. Molten slags are also used 
for refining, and in this case are designed specially to 
collect and retain the impurities from the metal. The 
materials from which they are made cost money, and 
it is expensive to heat and melt them. It is therefore 
important that their bulk should be kept as small as 
possible, and that they should hold the impurities at 
as high concentrations and as low chemical potentials 
as possible. It is also desirable that they should not 
absorb much of the metal, as oxide or sulphide, in 
order that re-smelting the slag to recover the metal may 
be avoided. 

A slag and metal react together at the interface 
where they meet. The temperatures are usually so 
high, and the chemical reactions therefore so rapid, 
that equilibrium is established almost instantaneously 
in the neighbourhood of this interface. The rates of 
slag-metal reactions are therefore controlled by the 
rates of movement of reactants and products to and 
from the interface. They are thus dependent on stirring 
conditions and on the diffusion coefficients of the 
participating species in the slag layer, where movement 
is normally slowest. Since slag and metal are always 
in equilibrium at the interface, it follows that equili- 
brium considerations, and hence the thermodynamics 
of slag and metal solutions, are of paramount import- 
ance to the smelter and refiner. 

In spite of its importance, the chemistry of molten 
metals and slags is a relatively new subject. In the 
last decade, however, knowledge has advanced con- 
siderably, so that a useful picture can now be drawn 
of the nature of these two interesting liquids. I will 
not refer again to mattes or speisses, that is, to sulphide, 
arsenide or antimonide mixtures, as the knowledge of 
their chemistry is still fragmentary. The bulk of the 
research so far done is related to iron and steel making 
and springs directly from the pioneer work of Schenck 
in Germany, Chipman in the United States and McCance 
in Britain. Most of my examples have, perforce, to be 
drawn from solutions in liquid iron and iron-making 
slags. The principles, nevertheless, are applicable to 
all metals. 

There has been a regrettable attempt to explain the 
thermodynamic behaviour of molten metal and slag 
solutions in terms of the formation of molecular com- 
pounds which obey Raoult’s law. This has led, and 
still leads, to the postulation of compounds, which 
cannot be reconciled with our knowledge of the struc- 
tures of these melts obtained from other sources. 
Furthermore, these alleged compounds even differ 
widely for similar solutions. In my view, our atomic 
neteh of molten metals and slags should be based 
broadly on our knowledge of chemical structure. These 
models may then be developed in detail in the light 
of thermodynamic information as it becomes available. 
They should find their greatest value as a guide to 
show how far existing thermodynamic knowledge can 
safely be extrapolated beyond the range of conditions 
over which it has been established. 

A molten metal is very like a solid metal, for the 
expansion on melting is only 2 to 4 per cent. It consists 
of metal atoms closely packed together, but lacking 
the long-range order peculiar to the crystal. Each atom 
has between six and twelve other metal atoms imme- 
diately surrounding it, and it interacts strongly with 
each of them. Other elements dissolved in metals can 
be pictured as foreign atoms dispersed among the 
metal atoms and also interacting strongly with their six 
to twelve nearest atom neighbours. The foreign atoms 
may be distributed randomly throughout the melt or 
‘they may cluster together in some degree, depending 
on how far the energies of interaction between unlike 
atoms differ from those between the two sets of like 
atoms. 

There is an interesting form of clustering which is 
important in more complex solutions. The behaviour 
of oxygen in iron containing chromium, and of sulphur 
in iron containing manganese, provides strong evidence 
for clustering between pairs of solutes. The chromium 
case is illustrated by Fig. 3, on page 570, which shows 
how the nearest neighbours surrounding any oxygen 
atom can be richer in chromium than the bulk of the 





solution. In the diagram the oxygen concentration has 
been exaggerated about twenty times beyond that 
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Fie. 3. ScnematTic REPRESENTATION OF Liquip 
Tron Contarntne CHROMIUM. . ~— 


Norre.—lIron atoms shown white, oxygen black and 
chromium black and white.’ 


possible at 1,600 deg. C., in order to illustrate the 
statistical nature of the clustering. A similar diagram 
would apply to the case of manganese and sulphur. In 
each case the alloying element, manganese or chromium, 
lowers the activity coefficient of the other solute 
markedly. The reverse effect is found in iron contain- 
ing both sulphur and carbon, for the sulphur and 
carbon atoms keep as far away from each other 
as possible. In this case, the carbon markedly raises 
the activity coefficient of the sulphur, and vice 
versa. 

Such mutual interactions may influence greatly the 
behaviour of both impurities and alloying elements, 
and part of the art of smelting and refining is to make 
the best use of such effects. Other things being equal, 
it is easier to remove the impurities when their activity 
coefficients are greatest. 


Most metallurgical slags are mixtures of molten 
silicates and, being so, are of great interest to the 
geologist and glass technologist as well as to the 
metallurgist. Their structure is extremely interesting 
and they constitute as remarkable a group of synthetic 
solvents as exists in chemistry. The name “slag” is, 
in some ways, unfortunate. It smells so strongly of 
the dump and the waste heap that it seems to have 
prevented the chemist from taking any interest in these 
mixtures. Indeed, I well remember that when I first 
started work in this field, I could only interest research 
chemists in slags when I referred to them by the 
chemically exciting term “ionic melts.” 

Our understanding of the atomic nature of slags is 
founded essentially on the X-ray studies which have 
been made on the structure of silica and of silicate 
glasses by Bragg, Warren and others. The funda- 
mental building unit in silica and all silicates is the 
silicate tetrahedron consisting of four nearly close- 
packed oxygen atoms or ions, surrounding a small 
silicon atom. This tetrahedron is represented, as 
viewed from above, at the top of Fig. 4. In the left- 
hand tetrahedron the part oxygen atom has been 
omitted so that the central silicon atom is revealed. 
The oxygen atoms at the corners of a tetrahedron have 
a residual valency each, so that an SiO, group on its own 
carries four negative charges—one associated with each 
oxygen. These tetrahedra can share corners but not 
edges with each other, so that when every corner (that is 
every oxygen) is shared, the substance formed has the 
stoichiometric formul: Si0,. In crystalline silica the 
tetrahedral groups are distributed in regular array, 
sharing al] their corners in a manner which may be 
represented two-dimensionally as in Fig. 4 (a). Here, for 
the sake of clarity, only the atom centres are shown and 
the apical oxygen atoms which lie alternately above 
and below the plane of the paper have been omitted. 
In molten or vitrous silica, all or nearly all corners 
remain shared, albeit with some distortion. The long- 
range order has disappeared, however, and we have the 
three-dimensional network represented in Fig. 4 (b). 
Being tightly linked in all directions, the melt has a high 
viscosity. Fig. 5 shows what happens when a metal 
oxide, such as CaO or MgO, is added to molten silica. 
The oxygen atoms from the added oxide join into the 
silicate tetrahedra, with the result that a shared 
corner is freed at every point at which an oxygen is 
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Fic. 4. Scummatic REPRESENTATION OF STRUCTURE OF SILICA. 


NoTEe.—Oxygen atoms are shown white and silicon atoms black. The Si-O tetrahedra, above, are drawn on the 
same acale as the silica networks, but the atoms in them are shown with their ionic radii. 


added. This can be represented by an equation 
such as :— 


be os 
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The oxygen atoms at such breaks each carry a 
negative charge, and the cations Ca or Mg* are 
localised near the break, being accommodated in 
holes in the network. As such oxides are added in 
increasing concentrations, the silicon-oxygen network 
is increasingly broken down and the viscosity falls 
correspondingly. Finally, the stage is reached at which 
no corner is shared. The structure of the liquid is 
then a disordered version of that which has been 
established for the crystalline compound Mg, SiO, and 
is represented in Fig. 6. Further addition of oxide 
results in a melt containing (SiO,)’’”’ groups and oxygen 
ions (O”), together with the equivalent number of 
cations. It must not be supposed, however, that there 
are no O” ions in slags containing more silica than 
corresponds to the stoichiometric composition 
2MO.8i0,, e.g., Ca,SiO,. At any instant, there will 
be a proportion depending on the thermal dissociation 
of the silicate chains as might be represented by the 


equation, 
a -_ - — _ _ 
2 ( v Si 2) ) 7 Si Oo Si 


and one such group is shown in Fig. 5 (b). 

The proportion of such groups is smallest in extremely 
silicous slags and increases as the metal oxide content 
is increa An equilibrium of this type is probably 
of great importance in the iron blast furnace, where it 
seems that sulphur is retained in the slag as sulphur 
ions (S”), the sulphur equilibrium between slag and 
metal taking the form, 


ek ee ee a a 
[Shaciat + 2 ( > si 0’) Fa — 0- 81S 


£: 


; oO”, 
~ oi 


+ 8” + [O]metal- 


The solvent powers of slags are remarkable ; so much 
so that no inert containers can be found for many of 
them. Such behaviour is hardly surprising, for many 
silicates are, in a sense, solvents even in the solid state, 





in spite of the stringent packing rules which have to 
hold. Phosphorus, for example, can frequently sub- 
stitute for silicon in the tetrahedral silicate group 
provided an anion, such as F’, is added simultaneously 
to balance the charges. Similarly, aluminium can 
substitute for silicon if a cation, such as Na’, is added 
at the same time. Again, a whole range of stable 
structures exist which are in a sense mixtures of 
Mg,.SiO, and Mg(OH),. 

What effect has physical chemistry and research, 
of the kind described here, had on metal extraction ? 
The newer metals such as titanium, zirconium and 
uranium are now produced by methods developed in 
the laboratory by the application of physical chemistry. 
With the older metals, such as steel, copper and lead, 
the story is different: These have been in bulk pro- 
duction for many years by methods which have been 
developed empirically with great success. “Research 
has been aimed at establishing the why and wherefore 
of existing processes rather than in developing new 
ones; in a sense, the physical chemist has been strug- 
gling to catch up with the practising metallurgist. 
The older metal industries do nevertheless show many 
improvements which have followed from a better 
understanding of what goes on in the furnaces of the 
smelter and refiner. In particular, the techniques of 
refining have been progressively improved to meet the 
continuing demand for purer metals with lower and 
lower concentrations of deleterious elements. 

I will conclude with an example of how such improve- 
ments may come about. I will take the risk of describ- 
ing some current possibilities which may become 
important, as they concern that topical element 
sulphur. Although the scarcity of sulplrur causes 4 
headache to the Government and to chemical industry, 
a surfeit of this element is a headache to the metal- 
lurgist and especially to the makers of iron and steel. 

I have already explained how sulphur is divided in 
the blast furnace between the slag, which commonly 
holds 2 per cent., and the metal, which retains about 
0-1 per cent. Even the latter is objectionable to the 
steelmaker, who has to remove most of it by the use 
of large quantities of a strongly basic refining slag: 
Recent laboratory studies by Hatch and Chipman 
have shown that the partition of sulphur in the blast 
furnace is nowhere near as favourable as can be 
obtained under equilibrium conditions. This is prob- 
ably due to bad mixing between slag and metal in the 
furnace. A tenfold improvement appears possible 
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SmicA AND THE OXIDE oF A DrvaLENtT MeTAL. 


NoTe.—The metal ions are represented by shaded circles, and their concentration increases from left to right. 


under laboratory conditions, so that a threefold im- 
provement might reasonably be expected in works 
practice provided slag and metal can be adequately 
mixed together. This could be done, for instance, by 


running the metal continuously through the slag during | 


or after tapping. In this way iron containing 0-03 
per cent. sulphur might be consistently obtained. 
There are, however, other possibilities. If the 
equilibrium between slag and metal with respect to 
sulphur can be represented by the equation given 
above, that between slag and gas may be written, 


Ssi-0-siC+ Ss’ +40,=2(>8i—0’) +48, 


It follows that sulphur may be removed from slag by 
blowing it with an oxidising gas mixture. This would 
normally convert the sulphur to sulphur dioxide. A 
process to make sulphur dioxide in this way, for the 
production of sulphuric acid, was developed by Diehl 
and used in Germany in the 1914-18 war, when her 
supplies of pyrite were cut off. It was later abandoned 
as uneconomic. This method of removing sulphur 
might be used on all or part of the slag prior to mixing 
pe the metal, in order to improve its desulphurising 
action. 

Under present conditions the blowing of slag could 
again become a worthwhile method of making sul- 
phuric acid. The iron maker to-day complains of the 
increasing sulphur content of his raw materials and 
particularly of his coke. If he were to accept raw 
materials richer in sulphur, he might make slags con- 
taining 3 or 4 per cent. of sulphur and at the same 
time still produce a satisfactory low-sulphur metal by 
mixing slag and metal as already suggested. To-day 
the recovery of 3 to 4 per cent. sulphur from slag should 

economic. In that event the 7,000,000 tons of 
blast-furnace slag which are made annually in Britain, 
and even to-day contain about 100,000 tons of sulphur, 
might become a valuable source of that much needed 
element. 

In so short an address I have had to be very brief. 
I hope that I have been able to show the chemist that 
the behaviour of molten metals and slags is worthy of 
his interest. I hope also that I have been able to 
show the metallurgist that if he wants to understand 
and control his slags and metals better, he must use the 
tools, and especially the thermodynamic tool, which 
the physical chemist has already made available. 





THE INSTITUTE OF Puxysics.—Mr. N. Pentland, 
“4 “e - Price, and Mr. J. Yarwood, of London, Mr. 

SG. Darvell, of Salford, and Mr. S. L. Martin, of 
omen were elected Fellows of the Institute of Physics, 

mcon, on October 11. Thirteen associates, 41 
graduates, 10 subscribers and 14 students were elected 
at the same meeting. 


jsurement can be subdivided 
;Operation, and planning. Research is directed to 


MEASUREMENTS ON POWER- 
TRANSMISSION SYSTEMS.* 
By F. J. Lang, O.B.E., M.Sc. 


In relation to the power-transmission system, mea- 
into research, design, 


determining the properties of the materials to be 
employed, to prescribe the mathematical and mental 
processes by which one proceeds from the small effect 
to the great, and, by correlation of data, to assist in 
the solution of special problems. Design is concerned 
with the specification of those measurements and tests 
which will ensure that a product or an arrangement will 
give satisfactory service. In operation, measurement 
seeks to obtain indications of the continuing reliabilit 
and efficient utilisation of all the equipment pacer anos 
In planning, it is important to have available data 
collected in any of the above stages, and to use them 
as a means of forecasting the form and plan which 
future development can take. 

The effect of atmospheric conditions on insulators 
and overhead-line conductors, the measurement of 
corona levels and radio interference, the determination 
of the characteristic impedances and losses of lines and 
cables, and the exploration of the noise problem with 
transformers are contributions that have been and 
are being made by research towards the achievement 
of the present high standard of security in supply. It 
is clear, however, that with the expansion of systems, 
the higher voltages of transmission, and the closer 
control of equipment design which will be necessary 
to keep down capital costs, its scope must be expanded 
if the measurements involved are to be really valid 
for practical networks. For example, the increasing 
need for the transmission of large blocks of power over 

i or in circumstances where the overhead 
line is not a desirable or practicable solution is inevit- 
ably causing supply engineers to look at the possi- 
bility of using direct-current transmission. Although, 
however, research has produced solutions on small- 
scale equipment and at low powers at voltages up to 
50 kV, and has indicated to a limited extent the way 
in which the problems of rectification and conversion, 
switching and protection can be solved at high voltages 
and large powers, there cannot be sufficient assurance 
of practicability until there has been a painstaking 
attempt at a major direct-current transmission project. 
Until that can be effected, however, the practical 
solution of any supply circuit problem must be an 
alternating current one. 

In specifying electrical equipment it is necessary to 
define the service conditions, both normal and abnormal, 





* Chairman’s address to the Measurements Section of 





the Institution of Electrical Engineers, delivered on 
Tuesday, October 23, 1951. Abridged. 


‘ 
! * 
Oe 
va 
7 
va 
- 












Gezr) 


Fie. 6. Structure or Crystatime Me,810,. 
Noration as mn Fies. 4 anv 5, 


and to devise tests which will ensure as far as is reason - 
ably practicable that the apparatus will continue to 
work in all service conditions without failure. There 
are three classes of tests which are generally recognised 
as necessary to-day—type tests to prove the design, 
and routine and sample tests to check uniformity of 
production. 

Routine tests, which are carried out on every unit 
in the particular contract and designed to ensure that 
there has been no grave departure from an accepted 
standard, present no serious difficulty. Sample tests 
represent a simplification of routine tests where large 
quantities of a product are involved. It may, however, 
be necessary to combine them with special tests which 
involve extra high stresses, even up to breakdown 

int. 

Type tests are much more subject to discussion. 
Both the manufacturer and the user have a common 
concern to achieve the most economic design consistent 
with good service, but they may have very different 
opinions as to the degree to which abnormal system 
conditions in particular should be withstood, and even 
as to what are the magnitudes involved in abnormal 
conditions. The user will naturally have regard for 
the fact that, once a design is accep as a result of 
type tests, there is little likelihood that these can be 
repeated except at appreciable cost, or if some change 
in essential features is proposed. Consequently, he 
will require them to have sufficient margin to secure that 
the validity of the design is not affected by any normal 
vagaries of the routine manufacturing processes, and 
may also seek to obtain adequate data on the basis of 
which different designs can be compared. The manu- 
facturer, while actively interested in meeting the 
requirements of the home market, has also to consider 
the needs of the export market, in which the test specifi- 
eation is often easier than that which is justified by 
British measurements and experience. Any standard 
or agreed set of test conditions, therefore, tends to be a 
compromise which is not completely satisfactory to 
either party. Generally, however, an intermediate 
position between the user’s requests, which err on the 
generous side, and the manufacturer's recommenda- 
tions, which tend to be more restricted, produces a 
design which is workable and reasonably economic. 

One factor which has led to an important change 
in type tests during the last few years has been the 
growing appreciation of the importance of safeguarding 
against the surge conditions set up by atmospheric 
storms and switching operations. Manufacturers and 
users have been devoting time to the specification of 
the criteria which determine insulation and air clear- 
ances. The subject is of vital importance, since its 
objective is to set practical limits to what the equipment 
is expected to do and consequently to permit the most 
efficient use of insulating materials. In outdoor sub- 
stations the clearances have a major influence on the 
dimensions of the layout and therefore on the cost 
of the assembly, particularly at the higher voltages. 
It is characteristic of this type of problem, however, 
that the research methods for ascertaining basic data 
often do not correspond sufficiently closely to the 
conditions appertaining to service installations. There 
are test fi which show, for example, that the 
breakdown voltage of sphere-plane gaps (curved 'bus- 
bars against plates, perpendicular conductors) may be 
lower than that of a point-plane gap—a phenomenon 
which is not explicable on the basis of geometry and 
field strength. In the design of a substation, therefore, 
there will be a tendency to err on the safe side and 





thus to incur greater expense than would be necessary 
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if sufficient data were available to associate clearance 
and impulse level more precisely. There is also a real 
need for more data on the insulation level which is 
essential for a given system arrangement. Since 
impulse testing was introduced there has been a 
certain progressive reduction of the impulse levels 
appropriate to particular system voltages, not because 
there been any material increase in the knowledge 
of measurement of the voltages which may be imposed, 
but because of service experience. Eperience alone, 
however, is an unreliable basis on which to make a 
change, because trial-and-error methods must be taken 
to the stage where they include errors the cost of which 
with the large-scale aera involved, is high enough 
to be a deterrent. Effective measurement of the surge 
conditions encountered in a system would require 
extended and expensive installations of measuring 
equipment and would absorb much expert engineering 
time, but the collection of reliable data might be amply 
ay economies in plant design. 

ile transformers were subjected only to power- 
frequency over-voltage tests, protection against surge 
conditions consisted mainly of reinforced insulation on 
the end-turns. The introduction of impulse testing as 
a means of checking the security of the design, and the 
later employment of the recurrent-surge oscillograph 
for analysing the conditions at all parts of the winding 
during a voltage surge, immediately opened the eyes of 
the designers to the shortcomings of existing practice 
.and pointed the way to the shielded and distributed- 
capacitance windings which are now general. Impulse 
testing of transformers is still regarded with suspicion 
by many, not only because it falls in the ‘ make-or- 
break ” category, but also because of the fear that the 
tests, particularly the chopped-wave tests, may over- 
stress the insulation in a manner which will not be 
apparent until a breakdown occurs in service. However, 
tests carried out as t tests, and ultimately to 
breakdown, on typical coil assemblies, and the extension 
of “‘ withstand ” tests to occasional units selected at the 
option of the purchaser have been fully justified by 
the resulting detection of both defective design and 
defective manufacturing technique. Where failure has 
occurred, the indication has been quite positive and 
there has been no suspicion of incipient undetected 
breakdown on any occasion. 

Cathode-ray oscillography is also a vital adjunct 
for showing the magnitude and effect of the rate of 
rise of iking voltage—an important controlling 
factor in the performance of a circuit breaker. A serious 
difficulty here is the problem of relating test perfor- 
mance to service requirements. As a means of 
obtaining improved indication of the relation between 
calculated and actual rates, the Electrical Research 
Association are making, in co-operation with the 
British Electricity Authority’s staff, a number of tests at 
selected 66-kV and 132-kV substations. Short-circuit 
duties are not difficult to calculate, but there is very 
little factual information about conditions which are 
actually experienced in service. Some such data can be 
obtained from the high-speed ammeters which are now 
being included in every 132-kV transformer neutral, and 
the wider installation of Masson ‘ perturbographs ” 
should permit of further analysis. 

The functions of measurement on the transmission 
system in operation are to facilitate utilisation of the 
equi! t with the maximum economy, to assist in 
the detection of weaknesses before breakdown occurs, 
and to provide means for analysing the conditions 
consequent on breakdown. The ammeter indicates 
the thermal margin available between the operating 
condition and the full-load condition. This was quite 
satisfactory when circuits were fairly simple units and 
full-load operation was rare. At the present time, 
however, circuits may include switchgear, transformers, 
cables and overhead lines, each item having a different 
thermal characteristic and rating. Further, with the 
present shortage of transmission equipment in relation 
to load, a much more accurate knowledge of thermal 

i is desirable, and it is to consider 
wi the magnitude of the current is a satisfacto’ 
criterion of the ability of a circuit to carry the roa. 
The latest practice on transformers suggests that a 
better guide is the tem ure. All larger trans- 
formers have therefore } fitted for years past with 
thermometers for indicating oil temperatures and 

bly winding temperatures. These have frequently 

‘a with apn Bg for automatic 
contro! of cooler pumps or for giving alarm 
and trip signals: Tt wes spon found, however’ that it 
was not possible to obtain the correct relation between 
cooler operation and the alarm and trip signals if these 
functions were separately allocated to the oil thermo- 
meter and the winding thermometer. Present i 


duplicate winding thermometers to give better control of 

the thermal operation and protection of the transformer. 
The winding-temperature indicator is a capi 

thermometer with its bulb in an oil pocket on 


of the transformer. ke 


A heater strip round the pocket 


or the bulb is energised from a current transformer in 








one of the phases. In theory, the characteristics of 
the current transformer and heater and the location 
of the bulb are such that the effect of the heater added 
to the top-oil temperature reproduces the temperature 
in the hottest part of the winding. In practice, the 
heater may be unsuitably located in relation to the 
thermometer bulb, its time-constant may be different 
from that of the winding, and the accuracy of the 
thermometer may be poor. “Only within the last few 
years has the design of these “thermal images” 
received serious attention, and the older types are 
highly suspect. This state of affairs makes it difficult 
to apply the theory that a transformer should be 
i 4 according to its temperature. When it is 
remembered, however, that the British Standard 
design is based on a mean ambient temperature of 
35 deg. C., and that in general the peak loads occur 
in winter and are of relatively short duration, it is 
clear that the margin of load transfer security can 
reduced at points of supply and that transformer 
reinforcements can be postponed if full advantage is 
taken of the thermal capacity. General calculations, 
based on an average daily load cycle, indicate that it 
should be safe in emergency to operate transformers in 
conditions where the peak demand exceeds the rated 
capacity by some 30 per cent. The adoption of such a 
basis of operation, however, presupposes that steps 
are taken to improve greatly the reliability of the 
winding-temperature devices. In this connection, a 
further improvement would be the provision of a 
winding-temperature dial on the control panel where 
the attendant can see it. Normally, the scale and 
contacts of the thermometer are mounted in a kiosk 
alongside the transformer, and operation through a 
capillary tube is satisfactory up to distances of 200 ft. 
For greater distances some other method of measuring 
temperature is necessary. The thermocouple has too 
low an output for satisfactory operation on trans- 
formers. One method successfully uses a platinum 
resistor mounted in the oil pocket and heated by 
winding current with an auxiliary supply connected so 
that the current through the thermometer resistor and 
the current through a fixed resistor are compared in a 
crossed-coil instrument. 

The British 132-kV grid system, which has been 
operated successfully as a fully interconnected system 
since 1939, has! become more and more dependent on 
centralised measurement of supply quantities as 
operating technique has improved. There are now 
eight Area control rooms, each responsible for the 
detailed operation of the system in its own part of the 
country, and one National control room responsible 
for co-ordination of the area controls and inter-area 
transfers. The equipment is, however, becoming 
impossible to maintain and highly expensive to extend. 
It has therefore been decided to replace all the old 
control-room equipment during the next five to eight 
years on the following lines: the ‘‘sent-out” active 
power and reactive power of each generating station 
of over 20-MW capacity will be transmitted to and 
indicated on a “ loading desk ” at the control room for 
that area. The initiating meters will be of the rotating 
type provided for tariff p These will impulse 
to the usual summator, which in turn will transmit 
impulses to Area Control over a Post Office line. At 
the control room, the incoming impulses will be con- 
verted to direct-current to energise a milliameter, 
which will act as the generated-load indicator for the 
corresponding generating station. Summation of the 
direct-currents will give total area generation for trans- 
mission to National Control. On the loading desk 
also, there will be indication of the net inter-control 
area transfers of active and of reactive power. Asso- 
ciated with each generating station and inter-area meter 
will be an instruction device, so that area control will 
be able to see immediately what was the last instruction 
given, what is the present response, and, by means of 
an additional hand-set pointer, the available generating 
plant. On a loading wall-di , feeder flow will be 
displayed in terms of “MW” and “ MVAr” on the 
more important lines or transformer feeders from the 
“— generating stations. 

he initiating devices for all these indications will be 
rotating meters—tariff-type meters for generation, 
and single-phase meters with three-point commutator 
contacts for feeder flow. The feeder-flow meters will 
rotate in either direction according to the direction of 
load transfer, the three-point contact arrangement 
ns, nee "oe ¢ ” to be determined 
one meter. ency indication wiil be given 
from not more than five points in the control area. 
The initiating device will be a newly developed rotating 
frequency meter with a straight-line impulsing charac- 
teristic starting with zero impulses at 45 cycles. The 
error will be within + 0-1 cycle under mains supply 
conditions varying between 44 and 52 cycles and 
between 180 and 260 volts. Standard time, 
time, rate of frequency change and time-error indica- 
tions will be provided in each control room. Except 
for the standard-time indicator, these will be i 
from a local mains supply with a back-up supply locally 


generated, but controlled by system frequency signal!cd 
over a private wire from a suitable grid station. 

It is most important to have such records as will 
permit day-to-day conditions and any emergency con- 
ditions to be analysed, and for these purposes a con- 
tinuous record has definite advantages over logzed 
readings. The following quantities will therefore be 
recorded: any one of not more than five system voltage 
telemeter indications; any one of the frequency tele- 
meter indications; system frequency; rate of fre- 
quency change ; time error ; MW net inter-area trans- 
fer; MVAr net inter-area transfer ; MW total genera- 
tion ; and MW total load for the Area, if practicable. 

Two designs of pen-type recorder are favoured—one 
with the chart driven by a seven-day hand-wound 
spring and balance-wheel escapement, and the other 
driven by a synchronous motor connected to the mains. 
The first has the advantage that it is independent of 


be | mains time-keeping or mains failure. The charts of 


both types are small and not always linear, and the 
time ordinate may be radiused to suit the instrument 
movement. A more accurate type of instrument is 
the wide-scale slide-wire potentiometer-type recorder. 
This has a 10-in. scale with straight-line ordinates and 
has been found satisfactory down to 10 or 20 millivolts 
for full-scale deflection. The instrument is very suit- 
able for the direct summation of a number of total- 
generation telemeters, but it is expensive and heavy 
and is dependent on the mains for operation and time- 
keeping. Recording instruments should be suitable 
for the removal of the previous day’s record, and a well- 
designed tear-off bar is a desirable detail. 

Secure operation of the supply system is dependent 
in the first place on good design and construction, but 
insulating materials may deteriorate, corrosion may 
affect conductors and contact surfaces, and apparatus 
may be misapplied and misusesd. Quite apart, there- 
fore, from the possibility of accidental or deliberate 
damage to equipment, the risk of breakdown is always 
present, and early detection of any tendency towards 
failure is a real contribution to reliable supply. Devices 
for testing the condition of insulating materials and 
bushings and for detecting high-resistance line con- 
ductors and joints have received much attention, par- 
ticularly with a view to obtaining ease of handling by 
‘*non-research ” engineering staff, and in the result 
have been highly successful. The analysis of conditions 
consequent on a system fault requires a thorough con- 
sideration of the load- and fault-current distribution, 
the significance of relay indications, and the value of the 
reports of witnesses. The Masson “ perturbograph ” has 
provided an excellent basis for examining the 50-cycle 
conditions prior to and during a fault, but even with 
fourteen of these instruments distributed throughout 
the country the individual records will often be so 
localised as to have a restricted analytical value. 
Accurate fault location can save appreciable line 
inspection time, and can thereby speed up repairs and 
restoration to service. The method of location by 
reflected-pulse technique has been successfully demon- 
strated both here and on the Continent, and an extended 
trial is to be made by the South Western Electricity 
Board. For the 132-kV system very satisfactory 
results have been obtained for many years by measuring 
the transformer neutral currents over a short fixed 
interval, and calculating the fault position by reference 
to the zero-phase-sequence impedances of the system 
involved. 

The many measurements involved in preparing for 
the design of equipment, in obtaining efficient operation 
and in checking reliability, all combine to form the 
basis from which springs the plan for the future. 
Knowledge of the factors affecting one voltage level 

ive some confidence for a venture to the next level. 
Tnformation on the oe gs og of — —_ . 
used to justify proposals for dealing with those 0 
ap The final test will be in bo neers Be and 
0 ing of the new system, but consi le guidance 
my tape basta tg model system—the network 
analyser. The direct-current analyser its a first- 
approximation analysis of load flows and short-circuit 
conditions. The alternating-current analyser carries 
the precision one stage farther and allows a step-by- 
step examination of system operation and stability. 
More recently, the micro-réseau of Electricité de France 
has provided a scale model of a machine system, both 
mechanically and electrically, which demonstrates 
realistically the effects of load variation and fault 
conditions. 





CONFERENCE ON ORGANISATION OF RESEARCH.—The 
Department of Scientific and Industrial Research an- 
nounce that an international symposium on the organisa- 
tion of scientific and industrial research is to be held in 
London from November 12 to November 15, 1951. The 
sessions will be held in the Council Room at Lancaster 
House, London, S.W.1, except for Session III, on 
“ Sponsored Research,” which will be at the National 
Physical Laboratory, Teddington. Representatives from 
Canada and the United States and from 11 European 





countries will attend. 
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STRUCTURAL PROBLEMS OF 
FUTURE AIRCRAFT.* 


By N. J. Horr, F.R.Ae.S., A.F.I.Ae.S. 


As flying speeds have increased, structural designers 
have had to face difficulties. The introduction of the 
laminar flow wing requires unusual accuracies in the 
manufacture of the wing. Any deviation from the 
prescribed contour due to elastic deformations during 
the manufacturing process, wrinkling of the skin under 
loads, or dimples around rivet heads, is likely to cause 
turbulence, with a substantial increase in the drag. 
Manufacturing companies have installed heavy erect- 
ing jigs to avoid elastic deformations and have adopted 
hand-milling tools to shave off carefully all excess 
material in countersunk rivet heads. The second 
difficulty has been experienced with the control sur- 


faces. Control-force reversals, jamming, and vibrations | | 


have been attributed to small changes in the external 
shape under aerodynamic loads and to the insufficient 
torsional rigidity of the structure. Thirdly, there has 
been a steady trend of increasing loads and decreasing 
wing thicknesses. The effect is an increased weight of 
structural material necessary to support the loads, and 
an increasing flexibility of the structure. The flexible 
wings cannot be analysed as rigid bodies because of 
the strong inter-action between aerodynamic, elastic, 
and inertia forces. 

The principal structural difference between subsonic 
and supersonic wings is the vastly increased importance 
of a small wing thickness in the latter type. In the 
subsonic region the drag of the aerofoil increases 
slowly with thickness. In the supersonic field, the 
minimum drag coefficient corresponding to zero in- 
cidence increases with the square of the wing thickness. 
Consequently, in supersonic flight, the minimum drag 
of a 12-per cent. wing is four times that of a 6-per cent. 
wing. In contrast, in the subsonic region the increase 
is only 14-5 per cent. when the 6-per cent. wing is 
replaced by the 12-per cent wing. 

A wing of the thin-walled monocoque type consists 
of a thin sheet of aluminium alloy shaped to form the 
correct contour and reinforced internally by longi- 
tudinai and transverse stiffening elements known as 
stringers and ribs, respectively. Since the sheet used 
to be only 0-02 in. to 0-032 in. thick, it buckled and 
became slightly wavy under ordinary conditions of 
flight. The waves were fully elastic and they disap- 
peared when the aeroplane landed. The consequent 
unevenness of the wing surface was not objectionable 
80 long as the flying speed was less than 300 to 400 
miles per hour. In the transonic region, buckling of 
the wing skin cannot be tolerated. Moreover, several 
manufacturers have found it impossible to construct 
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(sac) 
thin-walled monocoque laminar-flow wings with the 
required small tolerances. The skin and the stiffeners 
are 80 flexible that the shape of the wing alters when 
it is removed from the erection jig. Finally, the 
ing wing thickness has resulted in increased 
loads in the upper and lower reinforced skin surfaces, 
because the couple of these forces must remain un- 
changed for reasons of equilibrium. Ordinary thin- 
walled monocoque panels can carry efficiently loads 
up to about 2,000 lb. per inch of the width. When 
this loading is exceeded, other types of panel construc- 
tion are preferable. 
The first new type of skin introduced in aircraft con- 
struction was the sandwich skin, consisting of two thin 
but strong external layers between which is sand- 
wiched a thick, ultra-light-weight and weak middle 
layer known as the core (Fig. 1). This construction 
was first adopted in the mass production of aircraft 
by the de Havilland Aircraft Company, Limited. In 
the United States it has been used extensively for the 
main structural elements of aeroplanes built by the 
Chance-Vought Company. Whereas in the de Havilland 
Mosquito aircraft the material of the sandwich was 
spruce plywood and balsa, in the Chance-Vought 
“* Metalite ” the faces are 0-01 in. to 0-024 in. alumin- 
ium-alloy sheets and the core is Peay wood with its 
grain arranged perpendicular to the faces. Experi- 
mental fuselages and wings built by the Air Materiel 
Command at Wright Field had Fiberglas textile faces 
and cellular cellulose-acetate core. Fiberglas cloth, 
woven from a yarn spun of extremely thin glass fibres 
and afterwards impregnated with a synthetic resin, has 
good mechanical properties and weighs about 86 lb. 
cubic foot. Cellular cellulose acetate, an e 
resin, is very weak but weighs only from 4 to 10 Ib. 
per cubic foot. The Glenn L. Martin Company has 
successfully developed a Nap hy ly core in 
resin, is very weak but weighs only from 4 lb. to 10 lb- 
aluminium-alloy foil 0-002 in. to 0-004 in. thick (Fig. 2). 
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for wing ribs, ailerons, flooring, bulkheads and eleva- 
tors. Synthetic glues have been developed for reliably 
bonding any of these faces to the cores. Considerable 
design, production, and service experience has been 
accumulated, but more development work must be 
done before the potentialities of sandwich construction 
can be fully realised. 

One method of reducing wrinkling and increasing the 
load carried per inch run is to use sheet of heavier gauge 
for the skin and to reinforce it with more closely spaced 
stiffeners. The Bristol Aeroplane Company, in inves- 
tigations for the design of the Brabazon trans-Atlantic 
transport aeroplane, found that this system worked 
very efficiently at loadings of 8,000 to 14,000 lb. per 
inch. The National Advisory Committee for Aero- 
nautics found that, with sheet thicknesses of the order 
of } in., the most efficient stringers were thinner than 
the skin and were closely spaced. Another solution 
of the skin problem proposes the rolling of integral 
stiffeners into the sheet (Fig. 3). This procedure, of 
which little is yet known, eliminates the majority of 
the rivets which tend to disrupt the smooth air flow. 
Instead of the continuous sandwich core, a corrugated 
aluminium-alloy sheet can be chosen to connect two 
flat sheets to form a rigid sandwich-like skin (Fig. 4). 
This skin can carry loads of 15,000 to 35,000 Ib. per 
inch. 

When the wing is very thin and the bending moment 
it carries is large, the only structural solution is the 
use of a thick skin. Considerations of weight economy 
lead then to tapered skins. The Bell XS-1 experimental 
supersonic aeroplane has a skin tapering from } in. 
at the wing root to 4 in. at the wing tip. Knowledge 
of the buckling loads of variable-thickness panels of 
arbitrary plan form is still limited. Tho next step 
is to build solid wings; this has been done for some 
guided-missiles. The calculation of the stress distri- 
bution in solid wings of variable thickness and arbitrary 
plan form is another problem awaiting a rigorous 
solution. 

It has been found that the heavy skins, as well as 
the sandwich or corrugated-sheet panels, are rigid 
enough to maintain the wing shape, with ribs only at 
positions where concentrated loads are introduced 
into, the wing structure. The buckling loads of the 
skin panels are increased if the panel width, measured 
in the chordwise direction, is reduced. For this reason 
many modern wings have several shear webs and a 
reduced number of ribs. The opposite is true of the 
Saunders-Roe 8.R.A.1 jet-fighter flying-boat, which 
has a single wing spar, no additional shear webs, and 
heavy ribs spaced only 6 in. apart. 

In highly swept-back and delta wings, bending and 
torsion are intermixed ; a low aspect-ratio supersonic 
wing is a a structure rather than a beam. 
For its analysis new methods must be developed and 
checked against experimental results. The biplane 
arrangement should be suitable for supersonic aeroplane 
design. The structural rigidity inherent in the biplane 
its a drastic reduction in the wing thickness. 
of the interference drag which made biplanes 
objectionable in the subsonic range, would be absent 
in supersonic applications because of the concept of the 
“zone of silence.” 2 

No really new structural problems seem to arise in 
connection with the fuselage of the transonic, super- 
mic, and very large aeroplanes contemplated for the 
ture. The maximum load per inch of the fuse 
circumference has stayed within the limits of 1,000 Ib. 
and 4,000 lb. perinch. The best solution of the fuselage 
design problem is probably the thin-walled reinforced 
monocoque when wrinkling of the skin is not considered 
objectionable, and the sandwich skin when wrinkling 
must be prevented. The greatest problem in connec- 
tion with the fuselages of supersonic aeroplanes is the 
excessive size they must have in order to accommodate 
the large amounts of fuel for jet or rocket propulsion. 
A strength problem arises in connection with the 
strength and stability of the walls of ducts and tanks 
oe to extreme external or internal pressures, as 
well as to excessive temperature gradients. 

Even the best riveting technique has been found 
lacking from the standpoint of surface smoothness. 
Moreover, it is difficult to maintain the exact contour 
wherever heavy internal stiffening elements are 
riveted to the skin. The problem of riveting does not 
exist in sandwich construction where faces and core 
are cemented r by synthetic adhesive. Another 
design in which rivets are not needed was introduced 
by the de Havilland Aircraft Company, who are 
gluing aluminium-alloy stiffeners to the aluminium-alloy 
skin. Redux, the bonding _— used, was developed 
by Aero Research Limited, Duxford, Cambridgeshire. 
Spot welding also has the advantages of better surface 
smoothness and lower cost than riveting. The industry, 
however, is reluctant to accept spot-welded structures 
because of the difficulties of checking the reliability 
of the joint. 

‘The importance of thermal effects in aircraft has 
materially in the past four or five years. 
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The company are now using the honeycomb sandwich 
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AIRCRAFT STRUCTURAL PROBLEMS. 


Fig. 7. BEHAVIOUR OF VISCO-ELASTIC COLUMN. 


. 6. TEMPERATURE OF SPAR CAP. 
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may heat adjacent aluminium-alloy structural elements 

sufficiently to decrease their load-carrying capacity. 

Another effect which is now causing fundamental 

changes in design is the aerodynamic heating. The 

boundary layer round a wing travelling at a supersonic 
d is heated to an elevated temperature. 

At a height of 50,000 ft. the steady-state temperature 
of the aeroplane is computed as 240 deg. F., 630 deg. F., 
and 1,180 deg. F., at Mach numbers of 2, 3, and 4, 
respectively. At sea level, the steady-state tempera- 
tures are 470 deg. F., 980 deg. F., and 1,700 deg. F., 
at the same three Mach numbers. There are few 
experimental or theoretical data on the heating effect at 
extreme heights where radiation is an important factor, 
and the laws of the aerodynamics of continua do not 
hold. By the methods of the kinetic theory of Eases, 
steady-state skin temperatures have been calculated 
for heights up to 150 miles. At a speed of 20,000 ft. 
per second and at a height of 75 miles the temperature 
was estimated to be of the order of 1,000 deg. F. 
Above 150 miles, steady-state skin temperatures do 
not seem to be very critical for speeds foreseen for 
missiles, although meteorites are known to burn u 
after entering the atmosphere of the earth at sce 
higher speeds. High temperatures, however, will be 
reached by —— missiles during their travel 
through the lower atmosphere. Steady-state skin 
temperatures of 2,000 to 4,000 deg. F. have also been 

icted in the not too distant future. 

The strength of aluminium alloy 248-T, which is 
68,000 lb. per s inch at 75 deg. F., decreases to 
10,000 Ib. at 700 deg. F., whereas a medium carbon 
steel which has a strength of 75,000 lb. square inch 
at 75 deg. F., shows a strength of 42,000 at 900 deg. F. 
The use of metals having very high melting points 
offers one ibility of obtaining materials of construc- 
tion suitable for supersonic flight. Tungsten has the 
highest melting point of any metal, a little over 
6,000 deg. F.; its specific gravity is high (19-1). 
Another possibility is K-Monel, which consists of 
two-thirds nickel and one-third copper, with a specific 
gravity of 8-47. It is manufactured by the Inter- 
national Nickel Company. Its tensile strength is 
160,000 Ib. Pat square inch at a temperature of 
75 deg. F., falling to 95,000 lb. per square inch at 
1,000 deg. F., and 21,000 Ib. Po square inch at 1,600 
deg. F. The development of titanium and its alloys 
for structural purposes promises a solution of the 

blem for some time to come. Titanium has a 
higher ge ee (3,270 deg. F.) than iron, nickel, 
and cobalt, from which present commercial heat- 
resisting alloys are made. Its ore reserves on the 
ser — oe are very . Moreover, 
it a low specific vity, 4°5. This places it 
between iron (7-8) and eluminium (2:8). 

At room temperature, unalloyed titanium has a 
strength of about 85,000 lb. per square inch and an 
elastic modulus of 15 x 10° lb. square inch. This 
compares favourably with tablets steel (85,000 and 
29 x 10°) and aluminium alloy (82,000 and 10-3 x 10°). 
Titanium alloyed with mangancse, manganese- 
png ae a “es chromium-aluminium 

strengt: ues ranging from 150,000 lb. square 
— yao Ib. per square inch. In the limited 
num of tests rmed, the fat: strength was 
found to be good; the padeentes ih it was over 
50 per se the ultimate tensile Titanium 
appears to have as good creep properties at 1,000 deg. F. 
as the best aluminium alloy at 000, dog. F. y 
problems of production, ying, shaping, welding, 
and design must yet be solved before titanium alloys 
can be used on a production scale for the structural 
es aircraft. 

A development programme has been going on for 
some time at the National Bureau of ra, fin in 
Washington, D.C., to produce ceramics for the linings of 
rocket engines and for buckets of gas turbines. The 
best properties were obtained, at 1,800 deg. F., with 
oxides of beryllium and of zirconium with slight addi- 
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tions of other oxides. The bulk density of the former 
is 3, that. of the latter 4-9. The modulus of rupture 
in bending and the modulus of elasticity in bending 
were in the neighbourhood of 15,000 lb. per square 
inch and 25 x 10 lb. per square inch, respectively, 
with the former and 25,000 lb. per square inch and 
20 x 10® Ib. per square inch, respectively, with the 
latter. The ceramics are stronger for a given weight 
at such extreme temperatures than any metals 
now available, but they are very brittle and cannot be 
used structurally at present. When applied in thin 
layers as a coating, they may have important applica- 
tions in jet engines and on the surface of wings as a 
protection from oxidation. 

Stainless steel and K-Monel, although heavy, are 
satisfactory materials for aeroplanes flying at super- 
sonic — when the skin is subjected to high loads 
per inch width. For more lightly-loaded elements the 
sandwich skin should become attractive if suitable 
heat-resisting materials could be made available for its 
construction. The faces can be made of stainless 
steel, K-Monel, or possibly of Fiberglas textile. The 
difficulty lies in the core and in the bonding agent. 
A silicone rubber developed for use as a gasket in 
engines is manufactured by the Plastic Division of the 
Chemical Department of the General Electric Cor- 
poration, Pittsfield, Massachusetts. It has a specific 
gravity of 1-422 and stands continuous exposure to 
325 deg. F. and short-time ex to 520 deg. F. 
It is likely that it could be developed as a foamed core 
for sandwich construction having satisfactory strength 
properties at high temperatures. A silicate ion is now 
manufactured by the Union Carbon and Carbide 
Corporation which might serve as a_highly-heat- 
resistant bonding agent for sandwich construc- 
tion. 

From consideration of the heat-conduction equation, 
it appeared likely that thin-walled aeroplane structures 
do not rapidly attain a uniform temperature when 
travelling at a constant speed and at a constant height. 
The temperatures in a somewhat idealised aeroplane 
wing spar were therefore investigated. It was assumed 
that a rocket-propelled parasite aeroplane was launched 
from a “ mother aircraft” at a height of 50,000 ft. 
The — of the aeroplane was assumed to correspond 
toa h number of 3-1 during the entire flight. The 
elimination of the period of acceleration simplified the 
calculations without impairing the significance of 
the results obtained. The wing construction chosen 
for the example incorporated a heavy wing skin, a 
number of shear webs, and comparatively light 
flanges. It was reasonable to assume, therefore, that 
the skin and flange temperatures were equal. The 
simplified structure, representing a shear web and 
adjacent portions of the cover-plate, is shown in Fig. 5. 
The variation of the flange temperature with time after 
launching was calculated and is plotted in Fig. 6. It 
takes about 6 minutes for the flange to approach closel 
the boundary-layer temperature of 600 deg F., whi 
was assumed to be somewhat smaller than the stag- 
nation temperature corresponding to a Mach number of 
3-1. Large variations in temperature exist in aeroplane 
structures even after several minutes of uniform super- 
sonic flight. The middle of the shear web was found to 
have a temperature of 260 deg. F. after 400 sec. when 
the border of the web attached to the flange had 
already attained practically the boundary layer tem- 
perature of 600 deg. F. 

In the foregoing calculations it was assumed that 
heat was transferred from the cover-plates to the web 
by conduction only. In reality, the hot cover-plates 
heat up the air inside the wing and the hot air in turn 
transmits heat to the webs. Unfortunately the great 





wealth of empirical data on convection was obtained 
almost exclusively on individual flat plates and tubes, 
and no information is available on convective heat 
transfer inside a box such as the space enclosed by the 
cover-plates and the shear webs of a wing. A rough 
approximate calculation indicated that the rate at 
which the web is heated by convection should be of 
the same order of magnitude as that obtained for 
conduction. A rough check of the heat transfer by 
radiation in tue wing of the numerical example proved 
it to be insignificant. 

In an actual wing, conduction, convection and 
radiation take place simultaneously and the problem 
of calculating the temperature distribution is further 
complicated by internal installations obstructing air 
flow and radiation inside the wing, as well as by joints 
between structural elements offering additional resist- 
ance to heat flow by conduction. Much more theoretical 
and experimental work is required, therefore, before 
the temperatures in a supersonic wing can be calculated 
with engineering accuracy. 

Because of the non-uniform expansion due to non- 
uniform temperatures, thermal stresses are set up in 
the web of the wing spar. Ihe stresses are also 
influenced by the spar flanges, where the temperature 
must be sensibly equal to that prevailing in the edges 
of the web to which they are attached. The thermal 
stress problem of the spar web can be separated into 
two parts, the determination of the stress distribution 
in sections of the web far from the two ends of the 
spar, and the local disturbances arising at the end 
points of the actual spar of finite length. The first 
part of the problem was solved rigorously by means 
of the theory of plane stress. It was found that very 
high stresses develop after only 50 seconds of flight 
when the maximum temperature in the web is only 
300 deg. F. At first the stresses increase with time. 
They reach their maximum values after about 200 
seconds. When the, flight is continued farther, the 
stresses decrease because the maximum temperature 
in the web remains approximately constant and the 
temperature over the web becomes more and more 
uniform. After an extended period of time the entire 
wing structure must attain practically the same con- 
stant tem When this steady-state condition 
is reached, there cannot be any thermal stresses in the 
structure. 

It is of interest to observe the influence of the ratio 
of flange cross-section to web cross-section upon the 
stress distribution. When the flanges are absent, the 
ratio is zero. In this case, large compressive stresses 
develop in the edges of the web, while the middle por- 
tions are subjected to tension. As the ratio increases, 
the tension also increases and the compression in the 
edges diminishes. This is because the compressive 
force required for equilibrium is furnished to an 
increasing degree by the flanges. When the ratio 
becomes infinite, i.e., the flange cross-section becomes 
very large compared with the web cross-section, the 
entire web is in tension. According to the results, the 
maximum thermal stress is 44,100 lb. per square inch 
after 50 seconds, 80,200 Ib. per square inch after 200 
seconds, and 61,800 Ib. per square inch after 400 
seconds. At these values of stress and temperature, 
structural steel no longer behaves as the perfectly 
elastic material it was assumed to be in the calculations. 
It can be concluded that the thermal stresses arising 
in a steel spar of a wing flying at a Mach number of 3:1 
at a height of 50,000 ft. are most likely to exceed the 
elastic limit and even the yield point, of the material 
after two or three minutes of flight. : 

Without further calculations, the same conclusion 
can be drawn regarding the stresses arising at the ends 
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of the actual finite wing. It is known from the theory 
of elasticity that the stress developing at the corner 
of a finite heated plate attached to an unheated rigid 
wall is infinitely large, i.e., some yielding is bound to 
take place. The region in which the material becomes 
plastic is limited in this case, whereas in the problem 
discussed earlier the plastic region extends throughout 
the entire length of the plate. For this reason the 
stress concentration at the corner point of the plate 
represents @ lesser danger to the safety of the structure 
than the large thermal stress inside the web. The 
theoretical infinitely large value is naturally reduced 
when the perfectly rigid wall is replaced by an elastic 
flange. 

eS viens aircraft, the range of stress in which 
the inelastic deformations are negligible is reduced. to 
such an extent at high temperatures that permanent 
deformations will have to be tolerated under the 
working stresses. This will involve a revision of the 
concepts of safety. At high temperatures the instan- 
taneous elastic, or possibly plastic, deformations 
caused by the application of a load are likely to be 
followed by slowly increasing additional deformations. 
These deformations, representing the effect of creep, 
have been studied in the past 30 years in connection 
with the design of gas and steam turbine blades, 
and the rate of creep was generally listed in units 
of 1 per cent. reached in 10,000 hours. It is unavoid- 
able that much higher rates of creep will be tolerated 
in structural elements of supersonic aircraft and for 
this reason the study of creep phenomena will have 
to be extended. One interesting effect of creep can 
be observed in the behaviour of viscous columns. 
Since every rea] column deviates from perfect straight- 
ness, the initial deflections are magnified under the 
action of a constant end load until the column fails, 
even though the end load is smaller than the Euler load. 
Fig. 7 shows the deflections, plotted against time, of the 
mid-point of a column of linearly viscous material 
such as certain high polymers. After about six or 
eight hours the column becomes crooked when loaded 
with eight-tenths of its Euler load, even though at 
the outset its maximum deviation from straightness 
was only one-hundredth of the radius of gyration of 
its cross section. Metals behave in a much more complex 
manner and are likely to buckle suddenly rather than 
in the gradual fashion indicated ‘by the curve. It will 
be necessary to study creep buckling in detail in order 
to safeguard the integrity of columns at high tempera- 
tures. 

It has long been recognised that defining the safety 
of a structure by a safety factor based on rather 
arbitrarily specified maximum loads and on minimum 
strength requirements for the materials of construction 
has not much physical significance. The rationalisa- 
tion of the safety concept becomes unavoidable for 
supersonic aircraft when safety against creep must 
be compared with safety against exceeding an elastic 
or plastic stress limit. Official civil-engineering circles 
of France are now making a determined effort to intro- 
duce probability calculations in the evaluation of the 
safety of civil-engineering structures. They want to 
establish probability curves for the stresses induced in 
structures by dead and live loads. At the same time 
the strength of the structural materials will also be 
expressed by curves of probability. On the basis of 
this information the probability of the actual stress 
exceeding the strength of the structure can be calcu- 
lated rationally. An interesting feature of this ap- 
proach is that the probability of failure cannot be zero 
but it should be a very small number. What actual 
value should be considered satisfactory might be deter- 
mined from an analysis of structures that have done 
satisfactory service. In the evaluation of the stresses 
caused by the loads in the structures, stress concentra- 
tions due to holes, sharp edges, etc., can be taken 
into account just as well as reductions in the stress 
values because of plastic deformations. 

It is suggested that future aircraft be classified, from 
the standpoint of safety, in three categories—non- 
expendable, semi-expendable, and expendable. All 
aeroplanes flying at present are non-expendable, and 
should remain safe to fly for many years. They are 
generally replaced by new aeroplanes when progress 
renders them obsolete, and not when their lifetime is 
exhausted because of attrition, or mechanical or struc- 
tural failure. The other extreme is represented by a 
guided missile which is used for only a single flight of 
short duration. Its structure need only be strong 
enough to withstand the loading incurred in one flight. 

Although the distinction between expendable and 
not-expendable structures is not very important in 
slow subsonic flight, it attains great importance at 
Mach numbers above 2-0, because of the effect of 
aerodynamic heating upon the behaviour of metals. 
When the structure is heated to high temperatures, 

Melastic permanent deformations take place which 
increase in magnitude with time and eventually lead 
to failure. Obviously it would be senseless to make 
use of special materials and excessive wall thicknesses 
in order to ensure a life of 1,000 hours for a guided 


——_ nme when the warhead will explode after 30 minutes 
of flight. 

The phenomenon of creep, which becomes increas- 
ingly noticeable as the structure is heated, necessitates 
the introduction of the semi-expendable class for 
piloted aeroplanes. It will not be possible to design 
aeroplanes to fly efficiently for an indefinitely long 

iod of time at Mach numbers of 3 or 4. Inelastic 
eformations are bound to take place and a thorough 
understanding of the phenomena will be needed in 
determining just how long a particular aeroplane will 
remain safe. When a consistent theory corroborated 
by experiment is available, the crew and the 
will trust the supersonic semi-expendable aeroplane 
just as much as the non-expendable subsonic aeroplane. 
Even to-day’s transports might be classified as semi- 
expendable: consideration of fatigue implies the 
estimation of the life of the aeroplane, and such a 
rocess is characteristic of the design of aeroplanes 
longing to the semi-expendable class. Nevertheless, 
there is a great deal of difference between designing a 
subsonic transport aircraft for a life of, say, 10,000 hours 
of flight with due consideration of fatigue, and ascertain- 
ing that yielding and creep will not cause failure in a 
supersonic fighter in perhaps 100 hours of service. 





NOTES ON NEW BOOKS. 
Thermodynamics. 


By PROFESSOR GEORGE A. HAWKINS. Second edition. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York, 16. U.S,A. [Price 6-50 dols.); and 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 52s. net.] 


In spite of the generality of its title, the contents of 
this book are confined almost exclusively to those parts 
of thermodynamical theory that students of engineering 
are expected to acquire. Within this field the author, 
who is professor of thermodynamics at Purdue Uni- 
versity, has covered much the same ground as other 
exponents of the same subject, proceeding from the 
elementary concepts to the working cycles of heat 
engines, refrigerating machinery and gas turbines, 
and including also chapters on combustion and 
heat transference. The treatment is essentially 
theoretical, no kind of apparatus being illustrated 
except in a purely diagrammatic form, and perfect 
reversibility generally being postulated for all processes, 
including even polytropic compression and expansion. 
The ordinary British units of weight and measure are 
used throughout, for, though the reader is told that the 
unit of mass is called a “slug,” this name is happily 
disregarded as completely in the text as it is everywhere 
else outside the walls of a few class-rooms. In 
accordance with modern American practice, the single 
letter ‘‘ B ” is used to symbolise British Thermal Units. 
Another novelty for English readers is the description 
of a constant-volume process as “isovolumic”; an 
adjective which has perhaps the advantage of being 
immediately self-explanatory to the average student, 
though it may offend the pedant. 





Electricity in Transport. 
By H. H. ANDREWS, M.I.Loco.E. The English 
Electric Company Limited, Queen’s House, Kingsway, 
London, W.C.2. [Price 12s. 6d. net.] 


Tue title of this book is wider than its contents 
altogether justify; nevertheless, it is worthy of study, 
since it gives an account of the achievements of the 
English Electric group in rt engineering 
during the past 67 years. It may be recalled that the 
English Electric Company was formed in 1918 b 
acquiring control of Dick, Kerr and Company, Limi 
Preston; Willans and Robinson, Limited, Rugby ; 
and the Phoenix Dynamo Manufacturing Company, 
Limited, Bradford. They also purchased the Stafford 
works of Siemens Brothers’ Dynamo Works, Limited. 
At that time, the first and last of these firms had for 
long been engaged in traction work, the latter having 
equipped the first electric railway in the British Isles, 
between Portrush and Bushmills, in 1883, and the 
former having been responsible for the electrification 
of many tramway systems, while both were contractors 
for the rolling stock of the Waterloo and pas henson 
in 1898. Dick, Kerr and Company subs uently 
equipped the first main line in Great Britain to be 
electrified—that between Liverpool and Southport—as 
well as supplying the first trolley "bus in 1910 and 
equipment for the first 3,600-volt direct-current 
electrification in the world—that between Bury and 
Holeombe Brook—two rs later. Coming to more 
recent times, the English Electric Company provided 
the electrical equipment for the rolling stock for the 
Liverpool Street—Shenfield line, after having supplied 
numerous motors for the widespread Southern way 
electrification, including those for the locomotives used 





for hauling freight traffic. Much equipment has also 


been exported to railways abroad. Further, the 
company has made a notable contribution in the field 
of Diesel-electric traction, being responsible for a 
500-h.p. four-coach train which was put into service 
on the London Midland and Scottish Railway in 1928, 
and five years later for a 300-h.p. Diesel-electric 
shunting locomotive on the same system. In 1947, they 
collaborated in the construction of two 1,600-h.p. 
main-line locomotives which are now doing good 
service on important expresses. Again, similar equip- 
ments have been exported to other countries. The 
descriptions of all this plant are clear and concise, and the 
whole book is excellently illustrated. It forms an 
interesting record of what one of the best-known British 
firms have done in improving transport by electric 
railway. 

Differential Equations. 

By Prorgssor H. B. Parurp, Ph.D., LL.D. Third 
revised edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
3 dols.]; and Chapman and Hall, Limited, 37, Essex- 
street, London, W.0.2. [Price 24s. net.] 


THERE are several English works on differentia! 
equations which have enjoyed a reputation among 
British students for many years. This book, by a 
rofessor emeritus of the Massachusetts Institute of 
echnology, is presumably a favourite in the United 
States, since it is now in its third edition and first 
appeared as long ago as 1922. The title is somewhat 
misleading in that a prospective reader or purchaser 
might reasonably expect to find some account of 
partial differential equations in the book. Closer 
scrutiny, however, reveals that only ordinary equations 
are considered, a restriction which ought to be indicated 
clearly in the main title. Although the problems 
involved in the solution of the ordinary equations are 
generally simpler than those associated with partial 
differential equations, they often demand consi: ble 
ingenuity, as every student of the subject knows; and 
skill in their solution can only be acquired by thorough 
practice. The author has aimed at providing the 
student with opportunities for such practice by 
including numerous problems for solution and has 
drawn largely on the: familiar fields of mechanics, 
physics and ——_ for the purpose. The text is 
said to have been carefully revised and a few sections 
rewritten in this third edition, and the numbers of 
exercises for solution and of illustrative worked 
examples have been increased. The standard theory 
has been set out clearly and concisely, but the book does 
not appear to contain any textual matter which is 
novel or not already available to British students in 
books of a similar character at a lower price. 





Construction with Moving Forms. 


By L. E. Hunter, M.Sc., A.M.1.0.E., M.1.Stract.B. 
Concrete Publications Limited, 14, Dartmouth-street, 
London, 8.W.1. [Price 7s. 6d.) 


In this book, one of the “ Concrete Series ” on concrete 
and cement, the author describes, from a basis of first- 
hand experience, the continuous method of constructing 
silos, bunkers and other tall concrete structures of 
uniform cross-section in plan, by the use of moving 
forms which are raised as pouring proceeds. The 
method has its inherent limitations, one of the chief of 
which is the prior requirement that the plan must not 
vary with height, but within that limited field of 
applicability it has great advantages, which the author 
brings out very clearly. In a given time, he states, 
four times as much height of wall can be concreted with 
moving forms as with fixed shuttering; but he also 
quotes details of the labour required to construct a batch 
of 70 square bins of 15 ft. side—224 men with moving 
forms, as against 59 men with fixed shutters. The 
method requires, moreover, that the work should 
continue day and night without interruption, even 
for meals, of more than a few minutes ; but, even so, it 
shows considerable economic benefit in suitable cir- 
cumstances. The author shows clearly how these are 
to be evaluated, and illustrates his points with many 
examples drawn from his personal experience. This is 
a thoroughly practical book, and the inclusion of a 
chapter on the cognate subject of horizontally- 
travelling shutters for quay walls, etc., considerably 
extends its usefulness. 





Transatlantic Paddle Steamers. 


By H. Pour Spratt, B.Sc., A.S.M.E. Brown, Son 
and Ferguson, Limited, 52-58, Darnley-street, 
Glasgow, 8.1. [Price 7s. 6d. net.) 


Mr. Spratt is one of the foremost authorities on the 
early days of steam navigation and has earned that 
position by a great deal of painstaking research among 
original records. In this k, he divides what he 
terms ‘the paddle era of the Atlantic” into three 





periods: the “spasmodic pioneers,” in which steam 
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propulsion was auxiliary to sail; the period of “ sus- 
tained steam power,” made possible by the invention 
of the surface condenser ; and the period in which the 
trangatlantic paddle steamer reached the peak of its 
development. As a chronicle of carefully sifted facts, 
well annotated, and summarised in four excellent 
folding tables at the end, the book is to be commended ; 
it is, indeed, remarkably good value for its modest 
price. The illustrations are not numerous, but three 
of them—those of the Savannah and her machinery, 
and the Dutch steamer Curagao of 1825—are likely to 
be new to most readers. The book would be even 
better, in our opinion, without its concluding reference 
to the ‘‘ clumsy honest old paddles.” A factual history 
is not helped by false sentiment, and there is nothing 
inherently dishonest about a screw propeller. 


Technical Sketching. 


By E. F. Waiter, A.M.I.E.D., A.M.S.E. Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
London, W.C.2. [Price 6s. 6d. net.] 


CHANGING industrial circumstances, and the effect of 
two world wars, have wrought more fundamental 
changes in engineering drawing-offices than their 
present occupants commonly realise. In one particular: 
they have expelled, almost with ignominy, the last 
pretensions to artistic finish in drawings. The result 
has been a certain saving of time ; but the draughtsman 
who could produce a drawing which was also a picture 
was likewise capable of neat and effective sketches, 
from which his juniors, too, learned to express their 
ideas with corresponding neatness and effect. Mr. 
Waller, in the preface to his book, comments on the 
fact that the amount of space devoted to sketching in 
the average text-book on drawing is so scanty; but 
there was little need for such instruction to be included 
in text-books when eery draughtsman could sketch 
and most engineering students were given a good 
grounding in solid geometry. Now, apparently, there 
is such a need, and Mr. Waller has striven to meet it. 
His methods, if carefully and conscientiously followed, 
should produce beneficial results ; but we fear that the 
type of youth who needs the instruction most is hardly 
the type to absorb it from books. 


a 








SPONSORED RESEARCH IN 
GERMANY. 


Durtna 1948 the Department of Scientific and 
Industrial Research, in consultation with the Foreign 
Office, placed several contracts for engineering research 
work to be carried out in Germany. The contracts 
have now been concluded, and translated reports are 
available from the Department, Charles House, 5-11, 
Regent-street, London, 8.W.1. In some cases, no final 
conclusions have been reached, since the work was 
of short duration. Reports Nos. 1, 2, 3, 4, 5, 6, 11 
and 13 were issued earlier this year, and were listed 
on page 303 of our 17lst volume. Thirteen further 
reports have now been published, as follows :— 

No. 7 shows how the rolling strength of gear flanks, 
plotted against their normal life, increases in proportion 
to the viscosity of the lubricant used. The effect of 
viscosity on pitting is also considered. 

Nos. 8, 9 and 10 contain the results of a theoretical 
investigation of the oil pressure between rollers for 
both constant and pressure-dependent viscosity. 

No. 12 describes pulsator tests on gears of mild, 


heat-treated, and case-hardened steels with different} bea: 


tooth shapes. The effects of differences in pressure 
angle, radius of tooth root, tooth form, heat treatment, 
polishing, etc., on the root strength are investigated. 

No. 14 presents numerical and graphical results of a 
computation of the pressure distribution and load in a 
180-deg. journal bearing. 

Nos. 15 and 16 are a continuation of Nos. 3, 4, 5, 
and 6, a theoretical investigation of the deformation 
of loaded gears. 

No. 17 describes apparatus for measuring the density 
and viscosity of oils at pressures up to 2,000 kg. per 
square centimetre, and a capillary viscometer for use 
with both liquids and under pressure. The 
results for 50 different ols are given. .The refractive 
index, conduction of heat, and boundary-layer tension 
are also considered. 

No. 18 describes a disc tester with variable slip 
for investigating fatigue rolling strength under various 
conditions of lubrication. 

No. 19 presents the results of a short preliminary 
test to find the order of magnitude of, and factors 
ro ee the slip between friction wheels of hardened 
steel. 

No. 20 gives the results of experiments to determine 
rolling strength, using rollers of ball-bearing steel 
and Nitroduc in linear contact with hardened test 


pieces. 

No. 22 describes a method for determining tooth- 
ig errors by measuring the tooth deformation under 
oad. Some results are given. 





MULTI-POINT GREASE 
LUBRICATOR. 


Tue drawing reproduced in the accompanying 
figure shows the construction of one of a range of 
Staufferlube ‘“‘ Multigreasors ’’ which have been intro- 
duced recently by Messrs. Trier Brothers, Limited, 
Caldew-street, Camberwell, London, S.E.5. The lubri- 
cator was demonstrated at the Engineering, Marine 
and Welding Exhibition in London this year. The 
special virtue of these grease lubricators, which have 
up to 24 outlets, is the absence of springs and separate 
valves. The three principal types of lubricator are 
the Model FD, which is hand-operated, with a maximum 
of 16 outlets, and suitable for pressures up to 450 lb. 
per square inch ; the Model FZ, with rotary or ratchet 
drive, up to 12 outlets, and a maximum pressure of 
750 lb. per square inch; and the Models FWA and 
FWB, which differ in grease capacity, but have up to 
24 outlets and are designed for a maximum pressure of 
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1,500 lb. per square inch. It is one of the latter models, 
with 12 outlets, that is shown in the drawing; an 
additional 12 outlets would be provided by fitting 
another pump unit on the side of the body that is shown 
blanked off by a cover. These models are suitable for 
rotary, ratchet or motor drive. 

The drive to the pump plungers and the control of the 
inlets and outlets are combined in the following manner. 
The plungers are actuated by a swash plate, and the 
travel of each is adjustable by means of the screw in 
one end. As will be seen, the swash plate is driven 
through a worm and worm-wheel and a pair of bevel 

rs. Grease is admitted to each plunger bore through 

a hole in the main shaft and bevel gear, as shown in the 
lower part of the pump unit, admission and cut-off 
being controlled by the rotation of the shaft in its 
i The path of the delivered grease is shown 
in the upper part of the pump unit; it is through a 
ge in the main shaft and thence to the outlet. 

he arrangements for propelling the grease through a 
sieve into the lower part of the unit, and other details 
of the design, will be clear from the drawing. 





INTERNATIONAL CONGRESS OF INDUSTRIAL HEATING.— 
The fourth International Congress of Industrial Heating 
and Applied Thermodynamics is to be held at the Con- 
servatoire National des Arts et Métiers, Paris, from 
September 29 until October 4, 1952, under the auspices of 
the Comité Consultatif de |’ Utilisation de l’Energie, and 
the patronage of the President of the Republic and other 
high officials of State. An Exhibition of Industrial 
Heating is being arranged at the Parc des Expositions 
de la Ville de Paris, at the Porte de Versailles, from 
September 27 until October 12, 1952, and further parti- 
culars of this may be obtained on application to the 
Commissaire Général de 1l’Exposition du Chauffage 
Industriel, 66, rue de Rome, Paris (8e). A preliminary 
programme of the Congress, which will cover fuels, control 
measures, standardisation, steam and its utilisation, 
internal-combustion engines, high-temperature applica- 
tions of heat, and other subjects, is available, and copies 
of this and of applications to take part in the Congress 
may be obtained from the secretariat, 2, rue des Tanneries, 
Paris (13e). The general secretary of the Congress is 
Mr. Henry Cassan, directeur-général of our contemporary 


BOOKS RECEIVED. 


Garcke’s Manual of Electricity Supply. 1950-51. Com- 
piled under the supervision of FREDERICK C. Garrett. 
Electrical Press, Limited, 23, Great Queen-street, 
London, W.C.2. [Price 70s. net.] 

The African Press and Advertising Annual. 1951, 
Edited by Cuas. R. Pask and Baron V. M. FrEpDrER- 
Icksz. The African Press and Advertising Annual, 
604, Boston House, Strand-street, Cape Town, South 
Africa; and the African and Colonial Press Agency, 
Limited, 8, Red Lion-square, London, W.C.1. [Price 
20s. post free.) 

Sell’s National Directory and British Exporters’ Register. 
Aviation Supplement. 1951. Business Dictionaries, 
Limited, St. Dunstan’s House, 133-137, Fetter-lane, 
London, E.C.4. [Price 10s.] 

University of London. University College Calendar. 
1951-52. University College London, Gower-street, 
London, W.C.1. [Price 8s. 6d.] 

Elektrische Maschinen. By PROFESSOR RUDOLF RICHTER, 
Volume I. Allgemeine Berechnungselemente. Die 
Gleichstrommaschinen. Second revised edition. Ver- 
lag Birkhéuser, Basle, Switzerland. [Price 49-40 
Swiss francs bound, 45:25 Swiss francs in paper 
covers.] 

Chill-Cast Tin Bronzes. By ProressorR D. Hanson 
and Dr. W. T. PELL-WaALPOLE. Edward Arnold and 
Company, 41, Maddox-street, London, W.1. [Price 
75s. net.] 

Unesco. International Conference on Science Abstracting, 
convened by the United Nations Educational, Scientific 
and Cultural Organization, in Paris, from 20 to 25 June, 
1949. Final Report. [Price 12s. 3d. net.] Report on 
Interlingual Scientific and Technical Dictionaries. By 
Dr. J. E. HOLMsTrRom. [Price 1s. 6d. net.) Biblio- 
graphy of Interlingual Scientific and Technical 
Dictionaries. By Dr. J. E. Hotmstrom. [Price 4s. 
net.) H.M. Stationery Office, Kingsway, London, 
W.C.2. 

Theory of Elasticity. By Proressors S. TIMOSHENKO and 
J. N. GooprerR. Second edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 9-50 dols.]; and McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 81s.] 

Industrial Piping. By CHARLES T. LITTLETON. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 8 dols.]; and 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 68s.] 

Aircraft Engines of the World, 1951. By Pau H. 
WILKINSON. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 50s. net.] 

Traffic Control and Road Accident Prevention. By Cap- 
TAIN ATHELSTAN POPKESS. Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
(Price 37s. 6d. net.] 

Patents, Designs and Trade Marks. With Supplement 
Containing the Changes of Patent and Design Regis- 
tration Law under the 1949 Acts. By CHARLEs S. 
Parsons. The Technical Press, Limited, Gloucester- 
road, Kingston Hill, Surrey. [Price 14s. net.] 

Machinery’s Yellow Back Series. No. 2A. <Air-Operated 
Production Aids. No. 27. Compound Change Gear and 
Indexing Problems. By H.W. Harpy. The Machinery 
Publishing Company, Limited, National House, West- 
street, Brighton I. [Price 3s. 6d. each.) 

Vacuum Physics. A Symposium held by the Midland 
Branch of the Institute of Physics in Birmingham on 
27 and 28 June, 1950. Journal of Scientific Instruments 
Supplement No. 1. The Institute of Physics, 47, 
Belgrave-square, London, 8.W.1. [Price 15s.] 

The Autobiography of Robert A. Millikan. Macdonald and 
Company (Publishers), Limited, 16, Maddox-street, 
London, W.1. [Price 21s.] 





TRADE PUBLICATIONS. 


Alternating-Current Vane Relays.—Two-position 
and three-position alternating-current vane relays, 
designed for use either on the track or the line, are fully 
described in a leafiet issued by Metropolitan-Vickers- 
GRS, Ltd., 135, Long Acre, London, W.C.2. 


Brush-Ljungstrém Turbo-Generators.—Full details, 
both practical and theoretical, of the Ljungstrém 
turbo-generators manufactured by them are given in 4 
well illustrated pamphlet received from the Brush 
Electrical Engineering Co., Ltd., Loughborough. 


Fork Truck with Crane and Shovel <Attachments.— 
Mathew Bros., Sandy Lane North, Wallington, Surrey, 
have issued details of a crane attachment and a bucket- 
shovel attachment which they now make for their 
Matbro fork truck. The crane is in the form of a short 
jib with a hook attached directly to it; the jib is moved 
up and down like the fork which it replaces. The 
bucket-shovel is applied in a similar manner, and is 
particularly useful for moving fuel from dumps to 
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TANK LORRY FOR FUELLING 
‘**COMET ’’ AIR LINERS. 


Srxty tank lorries of a new type, known as the 
Dorset fueller, are to be introduced by the Shell 
Petroleum Company, Limited, St. Helen’s Court, 
Great St. Helen’s, London, E.C.3, on international 
airfields to serve the needs.of advanced aircraft, 
such as the British Overseas Airways Corporation’s 
fleet of de Havilland Comet air liners, which are 
expected to go into service next year. Initially, the 
vehicles will be stationed in pairs at each main fuel- 
ling stop on the routes to Johannesburg and Sydney ; 
it is intended to use the two vehicles simultaneously 
to refuel the aircraft at a rate of about 400 gallons a 
minute. They have been designed by the operations 
engineering department of the Shell Company. 
The tanks and pumping equipment are constructed 
by Thompson Brothers (Bilston), Limited, Bilston, 











Fig. 2. LAYOUT OF DORSET FUELLING SYSTEM. 


200 gallons per minute. It is also required to 
defuel the aircraft either by way of the over-wing 
tank fuelling orifices or through pressure connec- 
tions; to transfer fuel from one aircraft tank 
to another for aircraft load adjustment—i.e., 
to defuel one tank while tefuelling another ; and to 
deliver fuel to an aircraft and simultaneously to 
take on fuel from an outside source to supplement 
the capacity of the fueller. The specification also 
called for the use of microfilters on all fuelling 
operations ; and required that the vehicle should 
be self-loading by means of its own pumps, and also 
to be capable of being refilled by the pumps of an 
outside installation, should operate in all climates 
ranging from the Arctic to the tropics, and should 
conform with official Road Transport Regulations, in 
order to transport fuel supplies from the main depot 
to the airport. It was also laid down that the 
vehicle should be simple and reliable to operate, and 
should require the minimum of maintenance. A 
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Staffordshire, and are mounted on Leyland Hippo 19 
H/7 chassis supplied by Leyland Motors, Limited, 
Leyland, Lancashire. 

The Dorset, which is illustrated in Fig. 1, and 
has a fuel capacity of 3,000 Imperial gallons, has 
been designed to carry out “‘over-wing” fuelling 
of individual tanks, using two hoses, at a rate of 
not less than 100 gallons per minute per hose, or 

“under-wing” or pressure-fuelling, by which 
several aircraft tanks are fuelled simultaneously, at 





working life of at least ten years is expected. 

The problem of providing high pumping speeds 
and carrying out the diverse operations required, 
without adding to the cost and complexity of the 
vehicle, has been solved by adopting the layout 
diagrammatically represented in Fig. 2. The five 
compartments of the tank are connected, through 
foot-valves, to a common suction manifold leading 


four-position three-way valve (actually a four-way 
valve with one port blocked), one of two hose lines, 
and one of two pre-setting Wayne-Smith fuel-flow 
meters. The latter can be set to shut off the flow 
after a pre-selected quantity has passed. One of 
these meters, an 8.30, is used with the forward hose 
for under-wing pressure fuelling.. The other meter, 
a T.15, of smaller capacity, is used with the rear hose- 
line, which is brought into action when two hoses 
are used for over-wing fuelling. The third outlet 
of the three-way valve is connected through the 
fuel pump, a pressure-control valve, a 10-micron 
filter, a gate valve and an air separator to a T-junc- 
tion, the other branches of which are connected to 
the other side of the two pre-setting fuel-flow meters. 
Between the pump and the three-way valve is a 
branch suction connection for an outside source ; 
this connection is closed by a gate valve except when 
outside fuel is being delivered either to the tank or 
through the hose lines to the aircraft. 
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From the diagram, Fig. 2, it may be seen that, 
by combining various positions of the valves, 
any one of the specified fuel-transfer operations 
can be carried out. The simplicity of the controls 
may be appreciated by referring to Fig. 3, which 
shows the layout of the control panel, fuel-flow 
and pressure-indicating instruments. Below the 
instrument panel are the two four-way valves 
with the three-way valve between them; the 8.30 
pre-setting meter can be seen on the right, and the 
T.15 on the left. Since the Dorset will be operated 
by men of many different nationalities, whose 
knowledge of the English language may be small, 
the operation of the controls is made clear by 
providing fuel-flow diagrams, related to the control- 
lever settings for each of the various operations. 

The successful development of a valve for con- 
trolling the pump-delivery pressure has made it 
possible to adopt a single centrifugal pump, giving 
a high output with a compact layout; the centri- 
fugal pump also has the advantage that no bearing 
surfaces liable to wear are in contact with the fuel. 
A Pegson type 325H self-priming 3-in. pump, which 
can be seen on the left of Fig. 4, which shows the 
pumping compartment, has been selected; at a 
pump speed of 3,250 r.p.m., it is capable of delivering 
225 gallons a minute against a pressure of 75 lb. per 
square inch. The pump has a step-up gearbox 
giving a speed increase of 61 to 15, the drive being 
by belt from a power take-off on the gearbox of the 
vehicle. 

Thompson-Viberti automatically self-centring and 
locking four-way valves are employed in the Dorset 
fuel system. Cross-sectional views through one of 
these valves are reproduced in Fig. 5, on page 579 ; 
it consists of a cast-aluminium body with a tapered 
bore, housing a four-way plug provided with bonded- 
in metal-to-rubber seals. Normally, a strong spring 
forces the plug up into the taper, the rubber seals 





to two four-way valves ; the other three outlets of 
the four-way valves are connected, respectively, to a 





being thereby compressed. The plug stem carries a 
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ball housing which is keyed to an operating collar 
so that it can slide up and down, but cannot rotate 
relatively to the collar, which runs in a thrust bear- 
ing. The operating collar is actuated by a pivoted 
lever. Below the operating collar is a fixed collar, 
attached to the body of the valve, on which are cut 
four V-shaped notches forming a cam track. Two 
small hardened-steel wheels attached on opposite 
sides of the plug stem engage with the cam tracks in 
such a way that when the valve is seated, the wheels 
are held by the spring in two opposite “ valleys ” 
on the cam track. To rotate the valve plug, 
the operating lever, which carries a cam engaging 
with the ball at the end of the plug stem, must be 
depressed to overcome the spring and force the 
plug off the taper, decompressing the seats and 
at the same time disengaging the wheels from the 
cam track; the lever can then be turned to rotate 
the valve shaft as required. If the operator releases 
the lever before, or after, it is properly located, the 
wheels will make contact with the sloping sides of 
the cam track and, under the action of the spring, will 
travel up the track into the appropriate valley, 
thus centring and locking the valve. 

It has been necessary to provide automatic 
control of the fuel delivery pressure for several 
reasons. Firstly, in aircraft provided with pressure- 
fuelling systems, such as the Comet, as soon as 
the aircraft fuel tanks are filled, the tank 
valves shut off automatically. Without an 
automatic pressure-regulating valve this would 
cause an immediate rise of pressure in the aircraft 
fuel gallery, which could not be tolerated. Secondly, 
the truck is expected to serve a number of different 
aircraft with differing requirements of fuel flow and 
pressure ; and thirdly, it was desired to compensate 
for the frictional losses in the pumping system. 
The pressure-control valve, which has been developed 
by the Shell Company, is shown in cross-section in 
Fig. 6, opposite, and can also be seen in Fig. 4, 
above. In addition to it: use on the Dorset fueller, 
the intention is to use it on airfield static fuelling 
installations, where fuel from main storage is 
pumped direct to the aircraft by way of underground 
pipelines and small dispensing trolleys carrying 
hoses, filters and meters. 

The Shell pressure-control valve (Fig. 7) com- 
prises @ poppet valve carrying a tapered cone seating 
in a tapered stainless-steel insert, arranged diagon- 
ally across the direction of fuel flow ; to each end of 
the valve stem, which is extended on both sides of 
the valve, are attached pi working in cylinders 
formed in the end caps of the valve body. The 
space above the top piston forms an air chamber, 
to which is connected a hand-operated air pump, 





@ pressure gauge and an air-release valve so that 
the pressure may be adjusted to any desired value. 
The space below the lower piston forms a fluid- 
monitoring chamber which can be connected through 
a bleed line to any point in the system at which it 
is necessary to control the pressure ; in the Dorset, 
there are three such bleed lines connected to the 
monitoring chamber through a four-way junction 
piece. The effective areas of the two pistons and 
the poppet valve are equal, so that the valve is in 
static pressure balance ; the angular arrangement of 
the valve, however, provides a degree of dynamic 
unbalance so that, as the flow velocity increases, the 
valve tends to close. 

In operation, the pressure in the air cylinder is 
raised to the required flow shut-down pressure. 
So long as the air pressure is greater than the fuel 
pressure at the controlled station, the valve is held off 
its seat ; as the fuel pressure rises in the monitoring 
chamber and equals the air pressure, the valve is 
progressively closed. The valve is fully automatic 
in that it permits full flow until the maximum fuel 
delivery pressure is reached, and it then meters the 
flow until the shut-off pressure is reached and the 
valve closes completely. When used with the 
Comet, the full delivery pressure is 25 Ib. per square 
inch and the shut-off pressure is 30 lb. per square 
inch. The conical valve seat prevents undesirable 
pressure fluctuations as the valve closes. 

In detecting the sudden rise of pressure at the hose 
nozzle when the aircraft tank-valves close during 
pressure-fuelling, it is clearly inconvenient to take 
the pressure tapping actually at the nozzle ; it is, 
in fact, taken in the fixed piping leading to the 
forward hose reel. To compensate for the frictional 
loss in the hose line, a Venturi nozzle is fitted in the 
pipe and a hollow probe is inserted into the nozzle 
through a gland in the elbow of the pipe. This 
can be seen in Fig. 2. By suitably adjusting 
the position of the probe during installation, it is 
possible to reproduce the hoge-nozzle pressure at the 
probe. The probe is connected through the junction 
piece in the fluid-monitoring chamber. 

When fuelling with both hoses, it is necessary 
also to have a connection from the rear hose reel 
to the fluid-monitoring chamber, since the two 
hose lines can be operated independently and 
one could be closed before the other. To protect 
the pumping system from carrying the entire pump 
pressure when both meter set-stop valves close, 
a third connection to the fluid-monitoring chamber 
is taken from between the 8.30 flow meter and its 
set-stop valve. By this means it has been possible 
to allow much higher flow rates than would other- 
wise be possible. These fuel-pressure bleed lines 
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are indicated in broken lines on the diagram repro- 
duced in Fig. 2. 

Fig. 8, opposite, shows the four-way junction 
Piece, in which are three spring-loaded non-return 
ball valves. One of these, connected to the tapping 
between the 8.30 meter and its set-stop valve, is 
loaded so that it will not lift until the fuel pressure 
in the pipelines reaches 70 Ib. per square inch, which 
occurs when both the flow-meter set-stop valves 
are closed simultaneously. The other two ball 
valves, which are connected to the bleed lines 
leading to the two hose reels, are lightly loaded and 
are deliberately made “leaky ” so that, when they 
are closed, a small quantity of fuel is allowed to 
leak through a passage past the ball; this allows 
for the displacement of the fuel in the monitoring 
chamber when the pressure-control valve opens, 
and also serves to restrict the speed at which the 
poppet valve opens. 

For economy in manufacture, easy accessibility, 
and maximum capacity, the 3,000-gallon fuel tank 
is of almost square section, and is electrically 
welded, the ends being die-pressed in a single opera- 
tion. The tank is divided into five compartments 
to conform to road transport regulations. The 
tank is lined with aluminium, to ensure a high 
standard of fuel cleanliness, and all the internal 
fittings are of aluminium or aluminium alloy, welded 
by the argon-arc process. To reduce the condensa- 
tion of water vapour on the walls of the tank, a 
vent line, fitted with a vacuum and pressure relief 
valve, provides a connection to atmosphere. Seven 
drain valves are provided on the tank, pipework 
and fittings. All pipework is internally and extern- 
ally hot-tinned. The accessibility of the com- 
ponents for servicing may be judged from Figs. 3 
and 4. The three-way and four-way control valves 
and fuel-flow meters are reached from the right- 
hand side of the vehicle, and access to the pump, 
the pressure-control valve, and the micro-filter, 
the outside-source suction connection, and the 
vapour return hose connections, is from the left. 
For major overhauls, the complete pumping, meter- 
ing and delivery equipment can be removed from 
the chassis as a unit. 

The power take-off system provides for driving 
the centrifugal pump and the two hose reels. A 
Thompson split-transmission gearbox is installed in 
the drive behind the Leyland Hippo gearbox, allow- 
ing the drive to be taken through any of the main 
gearbox ratios, either to the rear axles or to the 
power take-off shaft. The forward end of the take- 
off shaft is connected, through a Layrub coupling, 
to a pulley shaft from which the pump is driven at 





about four times the main-shaft speed by multiple 
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Fig. 5. 
FOUR-WAY VALVE. 
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belts; thus the pump is running whenever the 
power take-off is engaged. From the other end of 
the take-off shaft, chains and sprockets transmit 
the drive through a manually-operated double 
cone-clutch unit to the hose reels, which can each 
carry 90 ft. of 14-in. hose, 75 ft. of 2-in. hose, or 
45 ft. of 2}-in. hose. 

It may be of interest to record briefly some of 
the principal features of the well-established 
Leyland Hippo chassis, which was described in 
detail on page 272 of our 162nd volume (1946). 
It has a Leyland six-cylinder direct-injection Diesel 
engine, with a bore of 4-8 in. and a stroke of 5-5 in., 
developing 125 to 130 brake horse-power at 1,800 
T.p.m., and a maximum torque of 410 lb.-ft. at 
90 r.p.m. It has a single dry-plate clutch and 
remotely-controlled five-speed gearbox, the fifth, 
fourth and third speeds being in constant mesh. 
Twin fully-floating rear driving axles are employed, 
With overhead worm drive. The wheelbase is 
17 ft. 9 in., and the turning circle 68 ft. With the 
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Dorset cab, tank and fuel system installed, the 
complete vehicle has an overall length of 29 ft. 10 in., 
width 7 ft. 5 in., height 8 ft. 9 in., and weighs, fully 
loaded, 20 tons 19 cwt. 

The performance of the Dorset surpasses the 
specification appreciably. It can, in fact, deliver 
over 350 gallons of fuel a minute through two 2-in. 
hoses. At London Airport, recently, the prototype 
gave a demonstration, fuelling a Comet air liner. 
A single 2}-in. hose was connected to one of the 
Comet’s two pressure-fuelling points, and fuel was 
delivered simultaneously into three tanks at a rate 
of 208 gallons per minute. Using two Dorset 
fuellers, one to each pressure-fuelling connection, 
it will be possible to pump 6,000 gallons of fuel into 
the tanks of the Comet within 15 to 20 minutes. 





LITERATURE. 


Hydraulic Transients. 

By GrEorGE R. Ricu, B.S., D.Eng. McGraw-Hill 

Book Company, Incorporated, 330, West 42nd-street, 

New York 18, U.S.A. [Price 6 dols.]; and McGraw- 

Hill Publishing Company, Limited, Aldwych House, 

London, W.C.2. [Price 51s.] 

THE monographs sponsored by the American engi- 
neering societies deal with specialised subjects, and 
this book should be welcomed because it explores 
the borderland between the civil, mechanical and 
electrical phases of hydro-electric projects where 
overall operation is concerned. The author, who 
was formerly chief design engineer to the Tennessee 
Valley Authority and is now in practice as a con- 
sultant, makes no claim to originality, but his work 
is valuable because it co-ordinates, in one com- 
prehensive volume, data which have been available 
hitherto only in the journals of technical societies 
and in foreign publications, The practical examples 
and tabulated calculations relating to important 
projects form an excellent guide to engineers 
approaching hydraulic transients for the first time. 
The analytical treatment of the interdependent 
variables which such phenomena involve produce 
differential equations incapable of formal solution, 
and may discourage those attempting to follow 
them with only limited time and mathematical 
equipment at their disposal. Nevertheless, they 
form the basis of two systems for studying water- 
hammer problems. The concluding chapter out- 
lines the graphical methods, but Continental treatises 
deal more effectively with specific problems. While 
basic mathematics forms the foundation of arith- 
metical integration methods, it is within the scope 
of those accustomed to hydraulic calculations. 

The first chapter introduces conventional water- 
hammer theory with Allievi pressure-variation 
charts in terms of pipeline and turbine gate charac- 
teristics. The examples utilise arithmetical integra- 


TANK LORRY FOR FUELLING AIRCRAFT. 


Fig. 8. FOUR-WAY JUNCTION PIECE 
FOR PRESSURE-CONTROL VALVE. 










was! 
% } J D r 
a | bs = 
7 oan: gue ane 
WZ 


‘ail 
TCT) | VR 
TAY 






Leaky 
Ball Valve 


es Gh ree 


VIAN 


MMM 


Direction of 
Fuel Flow 


Non-Return 


Valve Set 
o 





? 2In. 







Fluid 


> Connection for 
Four-Way 

Junction Piece “ENGINEERING” 
tion to calculate the conditions prevailing in a 
pressure-tunnel system, with and without a surge 
chamber, when a by-pass valve is opened or closed. 
The Calame-Gaden equations are applied to define 
the sub-division of the waterhammer wave at the 
junction between the surge chamber and the tunnel. 
Turbine speed-regulation formule, including run- 
away and waterhammer effects, are developed for 
load demand and rejection. These merely deter- 
mine maximum values, and the transient state 
thust be ascertained step by step. The examples 
concern turbine speed rise and pipeline water- 
hammer with normal closure and jammed-gate 
conditions, and the time required for a machine to 
pick up load. These are interesting, because they 
employ model tests for predicting turbine perform- 
ance under normal and abnormal conditions. 

A useful chapter on stability of turbine governing 
is based on Gaden’s Considérations sur le Probléme 
de la Stabilité, using speed-responsive instead of 
accelerometer-type elements. Charts of dimension- 
less coefficients relating the governing and water- 
hammer oscillations to amplitude and phase dis- 
placement between gate and head oscillations are 
based on a mathematical analysis which includes 
the influence of governor compensation and damp- 
ing. These are of general application, and are 
subsequently correlated with turbine type, efficiency, 
rapidity of damping and load characteristics to give 
the initial approximations for two stability studies, 
including the overall effect of parallel operation. 

Transients may occur in pumping installations 
during starting up and after a power failure. The 
latter condition is investigated in Chapter 4, which 
includes typical centrifugal-pump characteristics 
for reversed rotation and flow. These are applied 
to the case where there is no discharge valve and 
the pump runs backwards until the head gates are 
closed. Additional calculations specify the closure 
time for a rotary valve which will prevent water- 
hammer and reversed impeller rotation, This is 
followed by text, diagrams and test results describ- 
ing quick-opening slow-closing surge suppressors, 
their limitations, and their dimensioning in terms of 
flywheel effect and pipeline parameters. Air valves 
for critical points in the pipeline are illustrated by 
an arrangement drawing. No information is given 
about the dimensioning of these protective devices. 

Surge-chamber investigations follow the original 
work of R. D. Johnson, who invented the differential 
type to which one chapter is devoted. This collects 
into one theme data required for establishing trial 
dimensions of the tank, riser, ports and surging 
limits in relation to friction losses, turbine perform- 
ance, stability and critical velocity as a preliminary 
to computing load demand and rejection curves 
by arithmetic integration. One unusual example 
describes a special port design, based on model 





tests, for instantaneous full-load demand and rejec- 
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tion conditions. The tabulated calculations provide 
curves on a time base for conduit velocities and water 
levels in the tank and riser. Comparison with opera- 
ting tests provides a check on the computations. 
Restricted-orifice surge chambers are similarly 
treated, but advantage is claimed for differential 
tanks because, with the former type, waterhammer 
may make governing critical, even with modern 
rapid-response equipment. This, coupled with a 
statement relating conduit length and area to orifice 
dimensions for waterhammer relief, provides a 
criterion for the application of both types which 
warrants investigation. Additional studies on dif- 
ferential tanks dealing with the decelerating head 
on load rejection, suppression of synchronous load 
changes, and the stability of one tank serving two 
turbines, with one on a blocked governor, will be 
appreciated. The curves showing amplification of 
surge levels and tunnel velocities based on arith- 
metical integration illustrate the limitations of a 
practice which is sometimes used to ensure stability. 

It may be questioned whether turbine speed 
regulation and surge-chamber and governor stability 
should disregard the influence of system intercon- 
nection and restricted orifices, both of which permit, 
in theory and practice, reduction of the free surface 
area demanded by the Thoma criterion. The author 
has tacitly recognised in the preface that design 
on the basis of isolated station operation may 
incur unnecessary expenditure, but unfortunately 
he considers the electric analogy too specialised for 
inclusion. Research is being done at the Massa- 
chussetts Institute of Technology and elsewhere on 
this method, because it is realised that interrelated 
changes in the hydraulic and electrical systems 
cannot be studied independently. 

Multiple-purpose projects bring navigation locks 
into the hydro-electric field, but the treatment of 
the problems mentioned in Chapter 7 has been 
confined to German publications, with which the 
author supplements his own work to provide an 
admirable summary of the conditions demanded by 
quiet lock filling if hawser breakages and wrecked 
gates are to be avoided. The main forms of filling 
systems are described. An analysis, with numerical 
examples, incorporating port-entrance contraction 
allowances establishes that the longitudinal header 
type, with uniform port spacing, produces non- 
uniform flow distribution, and that laterals near 
the lower gates may function before those adjacent 
to the upper gates. These effects may disturb 
vessels in the lock. The limitations of mathematical 
analysis are stressed. For lifts of 15 to 30 ft., 
Venturi loops in the terminal structures are pre- 
ferred. These utilise a trapezoidal section at the 
valves to give small initial openings, and flaring 
conduits to reduce chamber inflow impulse forces. 
Analysis of this system includes acceleration head, 
friction and related losses, but neglects water- 
hammer and the effect of translatory motion in the 
chamber on the filling conduits. This leads to a 
differential equation suitable for arithmetical 
integration, and an example with calculated and 
model test results is given. 

Transients in open channels serving hydro-electric 
plant result from sudden output variations, and 
navigation channels are subject to gradual changes 
in tidal elevation. Both questions are treated in 
Chapter 8. The former is based on R. D. Johnson’s 
method, with the introduction of channel slope and 
friction as finite steps; and Airy’s differential 
equations are developed with an infinite series 
solution and extended to navigation channels with 
a lock at one end, and other conditions. Numerical 
examples are included. Apart from minor typo- 
graphical errors, the book is adequately printed, 
indexed and referenced. The calculations and 
descriptive matter make for easy and interesting 
reading for those hydro-electric engineers who 
have occasion to investigate interrelated hydraulic 


and plant problems. 


Applied Mechanics for Engineers. 
By Professor Sm CHARLES INGLIS, F.R.S., Past 
Pres.Inst.C.E., Hon.M.I.Mech.E. Cambridge Univer- 
sity Press, Bentley House, 200, Euston-road, London, 
N.W.1. [Price 42s. net.] 

Tue writer of a book on mechanics for engineers is 

faced with the need for compromise, since a course 


resulting from practical applications, while a course 
in applied mechanics may be so technical and limited 
in its scope as to obscure the meaning and utility 
of the basic principles. It should be possible to 
explain the fundamental ideas in such a way as to 
emphasise their practical value and make them a 
matter of intelligent interest to students of engi- 
neering in universities and technical colleges. Sir 
Charles Inglis easily meets these requirements by 
basing his book on lectures given by him over a 
number of years to students working for an honours 
degree in Cambridge University. 

In restricting the 20 chapters of the book to the 
knowledge of applied mechanics that a student 
may be expected to acquire in his second and third 
years, the author assumes some preliminary know- 
ledge of the fundamental principles of statics, the 
theory of structures, and dynamics, together with 
some aptitude in the solution of straightforward 
differential equations. The treatment falls into 
three main parts. In the first of these, consisting 
of six chapters, the reader gradually acquires a 
working knowledge of statics, starting with the 
basic principles of rigid bodies. Thence his atten- 
tion is drawn progressively to graphical methods 
of solution, and to the theory of taut wires, cate- 
nary problems, stresses in frameworks, and the 
deformation of frameworks. Here, as in the other 
chapters, the scope of the study owes much to 
numerous illustrative examples, which serve the 
dual purpose of giving meaning to the abstractions 
of formal theory and of exciting interest by novelty 
in the case of several problems. The numerous and 
useful diagrams serve further to increase the reader’s 
understanding. This applies also to the exercises 
at the end of each chapter, which together occupy 
about 20 per cent. of the pages, though many 
students, no doubt, would welcome the inclusion of 
the answers to these questions. 

Following a chapter on friction between dry 
surfaces, the second of the main parts introduces the 
dynamical aspect of the subject, under the chapter- 
headings of particle dynamics, kinematics, and 
simple harmonic motion, in which has been incor- 
porated the technique of harmonic analysis. Thus, 
the student should grasp without much difficulty the 
subsequent discussion of circular motion and motion 
along a curve. By easy steps, these topics lead to 
the further consideration of moments of inertia, 
two-dimensional rigid dynamics, the principle of 
energy, and moment of momentum. 

The treatment lacks little in the matter of detail, 
as may be indicated by reference to the third 

of the work, where about one-third of the book has 
been devoted to the study of vibration and allied 
phenomena. Consistent with the aim of the author, 
mathematics is skilfully employed for the purpose of 
expounding mechanical vibrations and practical 
examples of periodic motion, after which due atten- 
tion is paid to the underlying theory of coupled 
systems, aperiodic springs, pressure waves and self- 
excited oscillations. Chapter XX, on gyroscopic 
principles and their applications, merits special 
notice, since Sir Charles Inglis there returns to the 
subject of the Thomas Hawksley Lecture which he 
delivered in 1943 before the Institution of Mechanical 
Engineers, when a general problem of some difficulty 
to many students was explained and exemplified in 
masterly style. It is a matter for regret, however, 
that Lagrange’s equations find no place in the book, 
since they provide means of generalisation important 
in the work of a practising engineer, as indicated in 
standard treatises which have been published during 
the past 25 years in this country and others. The 
point throws up the difference between subjects 
which may be avoided by a student as 

for passing an examination, and studies which he 
will be wise to make if he wishes to take up engineer- 
ing as distinct from teaching. 





INSTITUTION OF ELECTRICAL ENGINEERS.—The annual 
dinner of the North Midland Centre of the Institution of 
Electrical Engineers will be held at the Queen’s Hotel, 
Leeds, on Friday, November 16, when Sir Hubert 8s, 
Houldsworth, K.C., D.Sec., chairman of the National 
Coal Board and Pro-Chancellor of the University of 
Leeds, will be the guest of honour. Applications for 
tickets should be sent to Mr. T. G. Bridgwood, honorary 
secretary of the Centre, Department of Electrical 


PRELIMINARY INVESTIGA- 
TION OF HYDRAULIC LOCK, 
By D. C. Swueney, Ph.D., G.I.Mech.E. 
(Concluded from page 516.) 


Tuat the force opposing relative motion of the 
locked parts must arise from a lateral reaction 
between them is evident, as also is the fact that this 
reaction can be produced only by an out-of-balance 
pressure distribution in the fluid in the working 
clearances. In attempting to account for such 9 
distribution, the conditions arising in the case of 
components having geometrically perfect surfaces 
will be considered first. With the piston parallel to 
the cylinder bore, though not necessarily concentric, 
the clearance space will be uniform in the axial 
direction. The axial pressure drop will be linear and 
there will be a symmetrical distribution of pressure 
around the piston. Hence no out-of-balance trans. 
verse force can arise. If the piston be supposed 
tilted across the bore, either partly or fully, the 
distribution will be modified. In each region where 
the clearance decreases towards the outer end, the 
restriction will cause a general increase in the fluid 
pressure, the reverse taking place on the opposite 
side of the piston. Thus, there will be a resultant 
couple tending to restore the piston parallel to the 
bore. The experimentally-observed movement of 
the piston confirms this conclusion. 

An assumption that the materials are capable of 
elastic deformation goes no-farther in accounting for 
the out-of-balance force, but if the effect of macro- 
scopic surface irregularities is considered, it can be 
shown that the symmetry of the pressure distri- 
bution in the clearance space may be disturbed so 
as to result in a transverse force on the piston. In 
particular, the effect of taper will now be illustrated 
by considering viscous flow between plane surfaces 
of unlimited width. 

In the general case of viscous motion between 
closely-spaced fixed surfaces the rate of flow per unit 
width at any point (z, y) is, 

h® Op 





= —— —, the z tion, . (2 
ape * e x direction (2) 
and 
h® 
V = ~ 5 Fe im the y direction, - (3) 


where fh is the distance between the boundaries at 
the point (x, y) measured in the z direction, 
i.e., normal to the surface containing the x and y 
axes, p is the pressure and yp the viscosity. 

The equation of continuity is 


Oz + by =0, . re - (4) 
which, if » is constant, gives 
é 3 a 3 oP 
= (* z) +5 (1 zr) 0 . (6) 


The solution of this equation for p depends on the 
functional form of h and the boundary conditions. 

Consider the case, illustrated in Fig. 11, oppo- 
site, of steady flow between two closely-spaced 
plane surfaces inclined at a small angle. The co- 
ordinate axes are chosen so that the lower surface is 
in the plane z = 0, with the x axis parallel to the 
direction of greatest inclination. The surfaces, 
which are assumed unlimited in the y direction, 
extend from z = 0 toz =/1. The equation of the 
upper surface is z = h = h, + mex, where 





aa&c¥ —, 
Equation (5) reduces to 
@ (,,% 6 
ie (» ) 0, F . (6) 
which, on integration, gives 
1 1 
it 
DP =D, + (Py — Dg) i , . (7) 
ni 


where p, and p, are the pressures at = 0 and 
x = l, respectively. 

The total thrust R on each surface per unit width 
in the y direction is found by integrating over the 
length I, and is 


R = p,l + (p, — Ps) - (8) 
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in theoretical mechanics often lacks the attraction 
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With parallel surfaces, R = 41(p,; + p.). There- 
fore, for the same pressure difference, the thrust on 
parallel surfaces exceeds that on inclined surfaces 
by the amount 
(py — Dg)t hy — hy 

3 he thy (9) 
With the same inclination of the surfaces in the 
reverse direction, i.e., hy > hs, the value of R, as 
given by equation (9), would be of the same 
magnitude but opposite in sign. 

As an illustration of the magnitude of the force 
when the clearance is small, put h, = 0-0001 in., 
h, = 0-0002 in., ] = 1 in. and p, — p, = 100 lb. per 
square‘inch. The value of R is 16-7 Ib. 

Tapering oil films in the clearance between a piston 
and cylinder may be caused by departures from 
geometric truth of the components in a number of 
ways. The most obvious is that the piston or 
cylinder may taper in the axial direction. Curva- 
ture of the centre line of either component, or 
surface undulations which produce tapers over 
limited areas of the surfaces, are other possibilities. 
In the case of a clearance which has a resultant 
taper diverging towards the low-pressure end, the 
average pressure will be lowest on the side of the 
piston where the separation of the surfaces is least. 
Hence, the position is unstable, and the out-of- 
balance force on the piston will tend further to 
reduce the separation until, in the equilibrium 
position, the piston is pressed against the cylinder 
bore. With a clearance converging towards the 
low-pressure end, however, excess pressure will 
build up in the region of minimum separation of the 
surfaces and tend to push them apart, thus exerting 
a centralising effect on the piston. Of the two 
possibilities, the diverging film seems the more 
likely to occur in practice in units such as piston 
valves or reciprocating pumps. It would occur, for 
instance, with bell-mouthing of the bore, such as 
might arise in machining or from wear. 

The reason for the marked influence of the lack of 
uniformity in the components on the magnitude of 
the locking force observed in the experiments is 
now evident. The complete absence of a locking 
force, particularly in the case of the hard cylinder, 
can be attributed to a taper giving an oil film 
converging towards the outer end over the appro- 
priate section of the piston. The measured dimen- 
sions of the brass and No. 1 mild-steel pistons tend 
to confirm this. That lock occurred more frequently 
in the soft cylinder would appear to be attributable 
to the slight bell-mouthing of the lower end of the 
bore of this cylinder. The influence of small 
dimensional deviations elsewhere, however, may not 
be negligible, and would account for the observed 
variation of force with relative angular position of 
the components. A comparison of the results 
given in Figs. 4 and 5, page 514, ante, shows that 
the greatest locking forces, and therefore the greatest 
reactions were obtained with the case-hardened 
piston. This might be expected, since the diametral 
clearances were least in these cases and the surface 
irregularities on which the reactions depended would 
therefore be proportionately greater. 

The efficacy of circumferential grooving as a 
means of reducing the locking force is easily ex- 
plained. It gives a more nearly uniform pressure 
distribution around the piston by limiting the 
magnitude of the deviations from the theoretically 
perfect linear pressure drop. Grooving the com- 
ponents has the disadvantage that the total leakage 
path is reduced, and the rate of leakage, therefore, 
probably increased. It would appear, however, 
that the width of the grooves need not be large, 
it being necessary to ensure only that their cross- 
sectional area is great’ compared with that of the 
clearance. With a given length of piston or cylin- 
der land available for this purpose, the optimum 
condition should be that with as large a number of 
closely spaced grooves as is practicable. 

The theoretical analysis indicates a linear relation- 
ship between the transverse force on the piston 


R= 





and the pressure difference between the inner and |: yas ; ; : 
outer ends of the clearance. Provided the coefficient — indicates = possible basis for comparison 


of friction is independent of load, this agrees with 
the observed relationship between locking force 
and oil pressure. The agreement provides evidence 
that the phenomenon is purely hydrodynamical. 


sures as high as 5,000 to 10,000 Ib. per square inch, 
the possibility that additional effects may occur 
at pressures considerably in excess of those em- 
ployed in the investigation cannot be ignored. The 
increase in fluid viscosity which occurs at high 
pressures would result in a modified pressure dis- 
tribution, and the fluid pressure and reaction 
between the piston and cylinder might cause 
sufficient distortion of the parts to modify the 
form of the clearances. In either case, a linear 
relationship between locking force and pressure 
could no longer be expected. 

The piston movement and the build-up of the 
locking force can be supposed to occur in three 
stages. Firstly, there is the interval occupied by 
the movement of the piston which brings it into 
contact with the cylinder bore. This has been 
termed the “contact interval.” It will vary 
according to the initial position of the piston, being 
governed by the out-of-balance force on the piston 
and the pressure required to squeeze fluid from 
between the approaching surfaces. Secondly, there 
is the period during which compression of the pro- 
tuberances forming the actual areas of contact takes 


Fig. 11. 
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place and fluid trapped between the surfaces is 
squeezed out still farther. An increasing locking 
force must be a concomitant of this compression, 
and the period is referred to as the “ build-up 
interval.” Thirdly, there is the time required for 
the piston to roll around the cylinder.bore to a 
stable position. The surface compression, referred 
to above, may take place simultaneously with this 
rolling movement. Support for this picture of 
the manner in which the locking force builds up is 
provided by G.I. Chinn* who states that observation 
of leakage past a valve spindle showed that the 
initially annular sheet of oil broke and receded 
until leakage was concentrated in a small sector, 
hydraulic lock commencing with the recession and 
increasing in intensity as it continued. 

Since, as was shown by the observations of piston 
movement, no circumferential displacement oc- 
curred on releasing the piston by reciprocation in 
the bore, the third phase, under the conditions 
obtaining in Figs. 6 and 7, pages 514 and 515, ante, 
was absent. The intervals indicated by these 
curves, therefore, amount to a contact interval and 
a build-upinterval. Further analysis of the contact 


Consider the movement, under the influence of a 





* Communication on ‘‘ Hydraulic Seals,” by T. E- 
Beecham and F. H. Towler. Proc. I. Mech. E., vol. 160+ 


steady radial force, of a piston in a cylinder bore for 
the case in which the clearance is filled with a ° 
viscous fluid. The piston and cylinder are of 
uniform circular cross-section with their centre 
lines parallel, and the difference c in their radii is 
assumed small compared with the piston radius r. 
Fig. 12, on this page, represents a transverse section 
at ahy axial position in the bore, which is of sufficient 
length for end effects to be neglected. A system of 
rectangular co-ordinates is employed in which the 
axes of x and y lie in the surface of the piston, the 
former being axial and the latter circumferential. 
The z-axis is normal to this surface, the origin O 
being at the point of minimum separation of the 
surfaces. The piston is assumed to be moving in 
the direction A O, and at any instant_the displace- 
ment of the centre lines is ¢ c. 

Equating the rate of increase of quantity of fluid 
in a small element h dx dy, where h is the separation 
of the surfaces at the point (x, y), to the rate of 
increase in volume of the element, 


ee = — . + (10) 


where U and V are given by equations (2) and (3) 
on page 580. Hence 
of ht ap 7) : ® dp ah 


lash +e lamoae i man, Cl 
Ox (12 p Ox Oy 12 p dy, dt waned 


The first term in this equation can be eliminated 
since end effects are ignored and any superimposed 
axial pressure gradient will be uniform in the axial 
direction. The circumferential pressure distribution 
is therefore determined by the equation 

ao, h* ap dh 

oy i2 p by - rg . 7 (12) 

The surface separation, h, is approximately 


h =c(1 —ecos@). Hence 
dh eZ 
rT) = —ccos a 
On writing ré@ for y, and integrating, equation 
(12) gives ‘ 
p= p, +Sh& zal + (13) 


where py and hy are, respectively, the pressure and 
surface separation at @ = m. 

The total thrust per unit length on the piston, 
neglecting the component of viscous traction on its 
surface, is 


T 

n= 2| prom 04, 
0 

12 pride (" cos 040 

ec? dt ol — € 008 6” 





arp 1 de 


=e . . (14) 
& a—e at 
thus 

ad i127pr 1 


da eR a-e 


and, by integration, the time required for movement 
between positions «, and «, with a steady force R 
acting on the piston is 
veer €3 = €; |: (15) 
er lLY¥i-g@ Vi-4¢ 
The equation shows that an infinite time would 
be required to bring perfectly smooth surfaces into 
contact (i.e., putting «,=1). However, J. J. 
Bikerman,* commenting on work by E. Heidebroekt 
in which the times required for separation of two 
flat plates immersed in a liquid were measured, 
suggests that the times can be used to give a measure 
of the surface roughness of the plates by deter- 
mining the effective separation of the surfaces when 
in “contact.” Similarly, it can be argued that, 
in the present case, surface roughness will limit the 
maximum effective value of «,, 80 giving finite 
values of t. 
With highly finished surfaces, the value of ¢, 
would be nearly unity and the term in «, large 








t= 








*“A Note on Oiliness and Surface Roughness,” 
Jl. Soc. Chem. Ind., vol. 62, page 41 (1943) 

+ “ Untersuchungen fiber den Schmierzustand in der 
Grenzreibung,” Angewandte Chemie, vol. 54, page 86 








Since modern hydraulic systems operate at pres- | No. 4, page 554 (1949). 


(1941). 
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compared with that in e«,. Neglecting the latter 
term, equation (15) reduces to 
apr « 
t= ——., (16) 
er vVi-@ 


Further, «, may be written as 1 —°, where a is the 
absolute magnitude of the effective separation of 
the surfaces due to surface roughness measured 


along the line of symmetry (A O in Fig.12). Then, 
since ¢ is small compared with the radial clearance c, 


the term : becomes a/ a which, on sub- 

stitution in equation (16), gives 
127 pr 

R Ps V 23° 
To apply this relation to the present case, the 

ollowing assumptions involving constants k, and k, 


are made. Firstly, R="*™, where R’ is the final 


locking force divided by the coefficient of friction 
between piston and cylinder and / is the length of 
the cylinder bore, and, secondly, s = k, (oy + o), 
where o, and g, are the centre-line average values of 
surface roughness of the piston and cylinder, respect- 
tively. On rearranging equation (17) and sub- 
stituting the appropriate experimental constants, 


€: 





t= (17) 


458 x 107¢ 
@K so. = (18) 
Vine Emo dveta 


with R’ in lb., ¢ in seconds, and ¢c and @ in inches. 
In Table II, on this page, values of this expression 
are given for contact intervals, t, derived from Figs. 
6 and 7, on pages 514 and 515. The reactions R’ 
are obtained from the corresponding locking forces 
plotted in Figs. 4 and 5, on page 514. 


TABLE II.—Values of K. 








Axial oO ¢, “4 
Piston. |Setting,| © |7»t%| ¢ z= 
_ 107 in. 107° in. sec. Ib. K 
Hard 
Cylinder. ° 6 
? 5 “24 1] 84 83-5 | 37-2 
C’hardened i 1 45 of? 600 7-62 | 22-9 
wa . 22 8-95 | 14-5 
No. 2 M.S. pet 80-7 60 3-70 | 12-8 
Soft 
Cylinder. @ 1 
: +45 15-2 47 82-3 44-0 
C’hardened r 1-45 15-2 161 10-9 38-2 
bitin Pe 8-70 | 27-7 | 106 8-32 | 34-7 
EB] Bo [8 | Ee] gs 
me ‘. ° +10 | 32-7 
No. 1 M.S. — 4-25 22-0 2 18-6 24-5 
. ° 9-18 | 24-8 
No. 2 M.8. + 0-45 | 89-7 8 18-3 | 17-1 























Having regard to the range of conditions covered 
and the obvious approximations in some of the 
assumptions, the results appear reasonably good 
and afford further evidence in support of the sug- 
gested mechanism of force build-up. 

The properties of the hydraulic fluid and of the 
materials employed for the components may 
influence both the magnitude of the locking force 
and the time required for its generation. From 
equation (7), on page 580, it appears that the 
pressure distribution, and therefore the out-of- 
balance force on the piston, will be independent of 
the viscosity of the fluid provided this is uniform 
throughout the clearance. It is to be expected, 
therefore, that a change in the fluid, like that of the 
material of the components, will alter the locking 
force only if a change in the coefficient of friction 
between the surfaces results. The fact that almost 
the same coefficient of static friction was observed, 
irrespective of the materials employed, has been 
attributed to the presence on the surfaces of the 
usual contaminating films of oxide or other sub- 
stances. Under conditions in which these films 
remain intact, it is apparent that little benefit can 
be expected from the use of special materials, High 
loads or repeated rubbing of the surfaces, however, 
can cause ial breakdown of the films and the 
nature of the materials and of the fluid may then be 


important. An appreciable decrease in friction - 


should be achieved by the use of additives. 

As regards the effect of the material and fluid on 
the rate of build up of the locking force, it is evident 
from equation (17) that the time required for fluid 





to be squeezed from between the surfaces is depen- 
dent on the surface roughnesses. A smooth surface 
finish would appear desirable in cases where delayed 
build-up of the locking force would be advantageous. 
Equation (14) shows that the rate of movement with 
a given transverse force on the piston is inversely 
ot gong to the fluid viscosity. It follows that 

h the contact and build-up intervals should be 
prolonged by the use of a more viscous fluid. No 
reference has been made to the possible effects of 
adhesivity, since the fluid employed in the present 
investigation was a light mineral oil which could 
not be expected to exhibit marked molecular 
bonding activity. With lubricating oils giving a 
strongly adsorbed layer on metallic surfaces, the 
time of approach or separation of the surfaces may 
be modified by the energy required to create or 
destroy the interface. 





THE FORM OF TOOTH 
SURFACES OF CREEP-CUT 
HELICAL GEARS. 

By W. A. Turpttn, D.8c., M.I.Mech.E. 
(Concluded from page 552.) , 

Appenprx III. 

Determination of Creep Fraction for Low-Cuts to 
Lie on Tooth Helices.—If A (Fig. 25) is the pitch- 
point of engagement of hob and work when a low- 
cut is produced, the corresponding point after one 
revolution of the work (if g=0) is A’ and the 
element producing the low-cut has completed S 
cycles during the revolution of the work, S being 
a whole number. If now the creep fraction is given 
a small positive value q (say, between 0 and about 
0-1), the element producing the low-cut compietes 
(S + q) cycles while the work completes one revo- 
lution and the pitch point of engagement of hob 
and work is at B when a low-cut is produced after 
8S cycles of the element concerned. 

It will be seen that A and B lie on a helix of 
opposite hand to the feed helix. If it should happen 
that the lead of the helix containing A and B is 
the same as that of the teeth of the work, and of 
the same hand, then the low-cuts produced at pitch 
points of engagement A, B, C, etc., lie on one tooth 
and are all similarly placed in relation to its tip. 
For example, ridges due to periodic error in the 
dividing worm would be parallel to the tip of the 
tooth. Low lines due to periodic error of low 
frequency would be concentrated on particular 
teeth of the work which would then show no undu- 
lation associated with that error. 

The circumferential distance between A and B 

st .) nd, where d is the pitch diameter 
of the work. The negative sign is used because the 


Fig. 25. 
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(400) 
displacement A’ B is opposite in direction to that 
corresponding to an upward axial movement on 
the feed helix. 


The axial distance between A and B -(=+) fh 


where f is the feed of the hob per revolution of the 
work. The ratio of these quantities is the same as 
the ratio of the circumference of the pitch circle to 
the lead of the helix that contains A and B. Hence, 


tat = (65) s(—EF) = 2 
The low-cuts therefore lie parallel to the tooth-tip 





appin. . : + (20) 


L 
where L = lead of tooth helix. 


are given similar signs 
corresponding helices are of the same 
Thus it may be said that if the hands of 
the tooth helix and the feed helix are the same, a 
small negative value of q causes the low-cuts or 
low-lines to occur on lines more nearly parallel to 
the tooth-tip than for g=0. In general, ridges 


corresponding to a creep fraction g =5 become 


displaced so as to lie parallel to the tooth tip if 
the creep fraction is changed to the value 


f A 
B £(s +). 


Appenpix IV. 


Determination of Change of Creep Fraction to 
cause Overlap of Ridges. It has been seen (e.g., in 
connection with Fig. 4, page 484, ante), that a small 
change of creep fraction from zero so changes the 
direction (parallel to the generator for gq = 0) of 
ridges of high-spots as to permit the generator always 
to lie on one of them. This happens when one end 
of a ridge overlaps the opposite end of an adjacent 
ridge when viewed in the direction of the generator. 
With any creep fraction, however, the high-spots 
may be regarded as lying on a system of equally- 
spaced lines parallel to the generator, and a small 
change in q will cause those lines to become sufii- 
ciently displaced to produce overlap with the 
generator. In other words, the shift and overlap of 
ridges corresponding to g = 0 is a special case of a 
change that may be applied for any value of g. It 
is required to determine a general expression for the 
change that must be made in g to produce overlap 
of the high-spot lines corresponding to it. 

Overlap of Ridges from Dividing-Worm Error.—For 
example, if gq = 0, for the dividing worm, low-cuts 
lie on lines parallel to BC in Fig. 14, page 550, ante, 


spaced by distance AB. Ifg = -, the low-cuts lie on 


lines parallel to BC but spaced at the distance * 
measured parallel to AB. If now q is changed to 
; + e, where e is small compared with =, then the 


shift (relative to a reference cut) of a low-cut made 
at an instant between N and (N + 1) revolutions of 
the work table after the production of the reference 
cut is Ne (AB). If this shift is sufficient to cause 
the line on which the low-cuts lie to overlap the 
starting point of the adjacent line, the shift must 


be equal to the line-spacing, i.e., 
1 


b > 


It follows, therefore, that in order tosecure 


hence 
e= 
overlap of lines corresponding to a creep fraction -, 
the value of e must be at least gq Mvalternatively, 


less than — a to produce overlap in the opposite 
sense. Hence the limits of the value of g within 
which overlap of lines or ridges corresponding to= 


is not secured are 
1 
6 * NO" 
The number of revolutions made by the table in 
causing successive lines of cuts such as JK to cover 
the whole length of a line such as LM is equal to 
LM divided by the pitch BC of successive lines 
measured on LM. 


LM = MN cosec MLN = (Slant height of tooth) X 
cosec MLN 


BC = CQ cosec MLN = f sino sin %, cosec MLN 
Hence 


(21) 


LM Slant height of tooth 
BO ~ fsingsing, —~ 
Average values for the variables lead to 
0-4 Fe 
0-06 x 0-5 x 0-342 
To provide a margin for coarser feeds or shallower 
teeth, N may be arbitrarily fixed at (say) 30. Hence, 
to secure overlap of ridges corresponding (say) to 
q = }, the actual value of g should not lie between 


0-038  o. between 0-517 and 0-483. 


(22) 
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SINGLE-PHASE ELECTRIC TRACTION AT 50 CYCLES. 


Fig. 16: VOLTAGE REGULATION SYSTEM 
ON ALSTHOM LOCOMOTIVE. 
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SINGLE-PHASE ELECTRIC 
TRACTION AT 50 CYCLES. 
(Concluded from page 548.) 


In addition to the Oecerlikon-Winterthur loco- 
motive, which was described in last week’s issue, the 
experimental rolling stock on the Aix-les-Bains—La 
Roche-sur-Foron line includes a 4,050-h.p. C-C unit, 
the mechanical and electrical parts of which were 
both constructed by La Société Alsthom, Paris. 
This locomotive has been designed for hauling 
mixed traffic at a speed of 100 km. per hour when 
supplied with 50-cycle single-phase current at 
20 kV. Its overall length is nearly 62 ft. and its 
total height with the pantographs down is 14 ft. 
The total weight is 118 metric tons, of which the 
electrical equipment accounts for 62-2 tons. The 
bogies are built up of welded tubular elements, and 
the axleboxes are connected to the side frames 
through Silentbloc articulated links. The body, 
which is also a tubular structure, is supported on 
each bogie by two oscillating pivots, which are 
restrained laterally by the Alsthom system of 
spring links and by helical springs, which provide 
transverse stability. The top and bottom of each 
pivot consists of a conical rubber pad, while the 
intermediate part is of steel and supports the 
articulated links. The provision of two pivots on 
each bogie ensures that the frame is always parallel 
to the body, while as the motors are wholly sus- 
pended any transfer of weight between the axles is 
avoided. 

The electrical equipment consists of six forced- 
ventilated motors, which are arranged in pairs, 
each pair having an output of 610 h.p. at the con- 
tinuous rating and of 675 h.p. at the one-hour rating. 
They are connected to the axles through gearing, 
quills and elastic couplings and exert tractive 
efforts of 2,330 kg. and 2,920 kg. respectively, under 
the two rating conditions, giving a maximum service 
speed of 62-5 m.p.h. As will be seen from Fig. 16, 
when the locomotive is operating on single-phase 
current at 22 kV these motors are supplied from the 
transformer @ which has two secondary windings 
band c. One of these windings, b, gives a voltage 
of 540 volts and is connected to the secondary of the 
regulating transformer d, the voltage of which is 
+ 340 volts. The primary of the latter transformer 
1s supplied through the reversing switch e from the 
secondary ¢ of the main transformer, the voltage 
being yes. up to 1,500 volts by means of a 
Series of tappings. In this way a voltage varying 
from 880 (540 + 340) to 200 (640 — 340) can be 
supplied to the motors in 22 steps. When re- 
generative braking is employed the armatures of 
four of the motors are connected through resist- 
ances, while their fields are supplied at a variable 
voltage from the transformer d, thus giving 10 
braking notches. The locomotive can also be 
operated from the 1,500-volt direct-current system, 








Fig. 17. DIAGRAM OF ELECTRIC CIRCUIT 
ON RECTIFIER LOCOMOTIVE. 
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in which case a 500-h.p. motor is used to drive a 
constant-output generator, the latter in turn supply- 
ing the pairs of motors in parallel. Under this 
condition of supply, eight running notches are 
obtained by varying the excitation. The main 
control apparatus consists of electro-pneumatic 
contactors, which are supplied from a 48-cell 
battery with a capacity of 80 ampere-hours. Inter- 
locks are provided to prevent any power being 
supplied from the 20-kV line when the equipment is 
arranged for direct-current operation, and vice- 
versa, 

The auxiliary equipment on this locomotive 
consists of three fans, for cooling the traction motors 
and the interpole shunt resistances, and. an oil 
circulating pump. These auxiliaries are all driven 
by 380-volt 50-cycle squirrel-cage motors, which are 
supplied from an Arno converter, the latter being 
in its turn connected to a single-phase auto-trans- 
former. This converter also drives a shunt-wound 
dynamo, which supplies current to a motor driving 
an air compressor and power for charging the 
battery. When the locomotive is operating on 
direct-current this motor is connected to a generator, 
which obtains its supply from the main convertor 
and can also be used for charging the battery. 
When using single-phase power, current for heating 
is obtained at 1,500 volts from a tapping on the main 
transformer and when the locomotive is running on 
direct-current it is taken from auxiliary connections 
on the main circuit breaker. 

Each pair of motors is provided with two small 
transformers, the primaries of which are connected 
to the armatures and the secondaries are arranged 
in opposition, The resulting voltage of the three 
motor circuits is then supplied to a relay through 
rectifiers. Any large difference due to wheel slip 
will trip the relay and light a lamp in the driver’s 
cabin. 

A third locomotive, for the construction of 
which Alsthom were also responsible, is of the 
B-B type and is equipped with pumpless air-cooled 
rectifiers. It is designed for mixed-traffic service 
at a maximum speed of 62-5 m.p.h., the output 
being 2,840 h.p. at the one hour rating and 2,700 h.p. 
continuously. Its total length is 42 ft. 8 in., and its 
height with the pantographs down 14 ft. 6 in. Its 
total weight is 79 metric tons, of which the 
electrical equipment accounts for 33-5 tons. 
Generally speaking, the mechanical construction 
is similar to that of the C-C locomotive just 
described. : 

The locomotive is fitted with four nose-suspended 
motors, each of which has an output of 675 h.p, on 
continuous rating, giving a tractive effort of 3,000 kg. 
These motors are connected in pairs, as shown at a 
in Fig. 17, and, when single-phase operation is in 
use, are supplied from the line through the main 
transformer 6 and the rectifiers c, the latter 
being connected in parallel. Speed regulation 
is obtained by varying the voltage at the rectifier 
terminals between 0 and 1,350 volts by means of 
the regulating transformer d. Further regulation 








Fig. 18. DIAGRAM OF MAIN CIRCUIT 
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can be effected by shunting the motor field, a total 
of 29 running notches being obtained by a com- 
bination of the two methods. The various controls 
are operated electro-pneumatically by contactors, 
which are supplied from a battery. 

The rectifiers, which are of the air-cooled type, 
have a continuous output of 830 amperes at 1,350 
volts and can carry an overload of 1,200 amperes 
at the same voltage for 10 minutes. They are 
equipped with six main, two auxiliary and two 
excitation anodes, as well as with arc starting 
equipment. The main anodes are provided with 
grids as a protection against reversal and back- 
firing. ‘The two auxiliary anodes are used to 
supply the compressor motor and deliver a unidirec- 
tional current of 100 amperes at 175 volts. They 
are also capable of dealing with the starting peaks. 
The excitation anodes are supplied from a direct- 
current generator and take about 8 amperes at 
80 volts. 

The auxiliary plant comprises four fans for 
supplying cooling air to the motors, rectifiers and 
oil coolers, as well as an oil pump and two motor- 
generator sets for the rectifier auxiliaries. These 
are all driven by 380-volt single-phase motors, 
which are supplied from a tapping on the main 
transformer. The heating circuits are supplied at 
1,500 volts from another tapping. 

In addition to the locomotives, which have been 
described, experiments are also being made with 
three motor coaches. One of these had been in 
service since 1925 in the Paris suburban area and 
its electrical equipment consisted of four nose- 
suspended motors, each having an output of 247 h.p. 
when supplied with direct current at 1,500 volts, 
The coach was adapted for single-phase working 
in the Oullins shops of the French National Rail- 
ways, the changes consisting mainly of replacing 
the direct-current motors by single-phase motors and 
installing ventilating ducts. The layout of the 
new electrical equipment was determined by the 
coach dimensions, to comply with which the trans- 
former was placed near the centre of the body under 
the floor with the contactors close to it and the 
fans under the platforms. Current is collected at 
20 kV from a single pantograph and is led through 
two switch-fuses on the roof to the transformer, 
indicated at a in Fig. 18. This transformer is of 
the forced-ventilated oil-cooled type and has an 
output of 1,035 kVA. The secondary voltage is 
adjustable in 13 stages by means of the electro- 
pneumatically-operated contactors 6. The four 
traction motors c, each of which has an output of 
313 h.p. on continuous rating, are of the com- 
pensated series-wound type and, as will be seen, 
are connected in pairs. They are rigidly mounted 
on the bogie frame and are fitted with flexible 
couplings to facilitate increasing the maximum speed 
from 50 to 75 m.p.h. The contactors are controlled 
automatically from the driver’s cab by a master 
switch with five notches, the arrangement being 
conventional, except that at starting the main 
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motor fields are short-circuited until the coach has 
reached a speed of about 7 m,p.h. 

The auxiliary equipment, which consists of fans 
for cooling the traction motors and field shunts, 
a compressor, a pump for the transformer oil and 
a converter for charging the battery, is driven by 
380-volt single-phase motors. The car lighting is 
supplied from a 380/72-volt transformer, or from a 
battery which is brought automatically into action 
should the normal system fail. Current for the 
lighting in the driver’s cab and for the headlights 
is always supplied from the battery. Heating is 
obtained from a 1,500-volt tapping on the trans- 
former. 

A rake of three vehicles, consisting of two motor 
coaches with a trailer between, is also being tested. 


This rake was formerly employed on the German , 


railways and has been converted to its present use 
by the Société Nationale des Chemins de Fer 
Francais. Each motor coach has a power-driven 
bogie at one end and a trailing bogie at the other, 
while the trailer is a four-wheel vehicle. The main 
transformer is mounted above the power-driven 
bogie and the motors, which are nose-suspended, 
drive the axles through main and intermediate 
pinions and gearing. 

The single-phase current is collected at 20 kV by 
a single pantograph and is led through a fuse to the 
main transformer, which is shown at a in Fig. 19. 
This transformer was originally wound for a fre- 
quency of 16% and its secondary voltage is 800 volts, 
which is too high for the traction motors. Regula- 
tion is therefore effected by the cam-operated 
contactors shown at b, one set of which supplies the 
voltage divider c. The centre of this divider is 
connected through the circuit breaker d to one end 
of an intermediate transformer e and thence through 
the reversing switch f to the motors g. Another 
set of contactors h is connected through the circuit 
breaker d, to the coil e, of the intermediate trans- 
former and thence to the reversing switch. 

The traction motors are equipped with 14 sets of 
brushes, each of which has a current-carrying area 
of 24 sq. cm. This area is, for experimental 
reasons, divided between either three or five brushes 
per set. Three of the motors weigh 2,160 kg. but 
in the case of the fourth the weight has beer reduced 
to 1,850 kg. by making the housing of aluminium 
alloy. Some of the motors have also been fitted 
experimentally with self-contained fans. In this 
way, it is possible to obtain an output of about 
330 h.p., which is sufficient for the requirements 
on the Aix-les-Bains—La Roche-sur-Foron line. 
An interesting point about the auxiliary equipment 
is that the compressors are mounted on the traction 
motors and are driven by direct-current motors 
supplied from a small battery. It is therefore 
possible to obtain compressed air without using the 
pantograph. 

A third rake, consisting of a motor coach and 
trailer, comprises a unit which has been withdrawn 
from the 600-volt direct-current Paris suburban 
system and has been equipped with Westinghouse 
ignitrons. This equipment, which provides a 
constant motor voltage instead of the variable 
voltage employed on the other stock, is installed 
in a compartment on the motor coach at the opposite 
end to the driver’s cab. As will be seen from 
Fig. 20, single-phase current is drawn from the 
overhead line through the fuses a and is supplied 
through the transformer 6 and the anode reactors c 
to the four ignitrons d. It then passes through 
the smoothing reactor e to the control system f and 
the motors g. Virtually, therefore, alternating- 
current apparatus ha: been superimposed on the 
existing direct-current equipment, the accelerating 
resistors and series-parallel change-over arrange- 
ments only being maintained to simplify the trans- 
formation, because the characteristics of the motor 
are not altogether suitable for the Aix-les-Bains- 
La Roche-sur-Foron line. Normally, however, 
speed regulation will be effected by varying the 
voltage, as has been done on the other stock. 
It may be noted, moreover, that the use of accelerat- 
ing resistors necessitates the ignitrons operating 
continuously at constant voltage, a more difficult 
condition than would exist if tap regulation were 
employed. Each pair of ignitrons is capable of 
supplying a rectified current of 650 amperes at 600 
volts, the 30 per cent. ripple in which is reduced by 





the smoothing reactor. The ripple is further 
reduced to 10 per cent. by diverting the 100-cycle 
harmonic through the resonant circuit h. 

In this article an attempt has been made to sum- 
marise the reasons which led the Société Nationale 
des Chemins de Fer Francais to employ single-phase 
electric traction at 50 cycles on the Aix-les-Bains- 
La Roche-sur-Foron line, and to describe the 
equipment which is now being used to investigate 
the advantages and disadvantages of this system. 
It may be repeated that the advantages are that it 
is only necessary to install primary substations at 
intervals of from 30 to 55 miles, and that these 


Fig. 19. DIAGRAM OF PRINCIPAL CONNECTIONS 
ON DO MOTOR COACH. 
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need only contain simple transformers and their 
associated equipment. Added to the saving under 
this heading is that obtainable from the employment 
of a lighter overhead system, owing to the high 
voltage used. Against these advantages must be 
placed the risk of unbalance on the three-phase 
power system, although this is not considered to be 
great and will become of less importance as the 
demand for other purposes increases. The voltage 
drop on the overhead system is considerable, but 
this can, it is thought, be adequately compensated 
by the installation of series capacitors at intervals. 
The principal drawbacks would seem to be the 
lower efficiency of the motors, which is principally 
due to the losses in the shunts of the auxiliary 
poles, and the poor commutation. Considerable 
optimism was, however, expressed on both these 
points at the Annecy conference. Indeed, it was 
stated that it was more difficult to build 1,500-volt 
and 3,000-volt direct-current motors than single- 
phase motors of similar power and lower voltage, 
while the maintenance was about the same in the 
two cases. When rectifiers or other converting 
plant is used, the advantage is felt to be with 50 
cycles, since the machines and equipment are 
smaller than at lower frequencies. Problems in 
the detailed design of the motors, which have been 
encountered and solved, have already been dealt 
with. 

Whether these arguments can be justified or not 
depends, however, on the results of the trials. 
These are not yet available, but we hope that when 
they are full publicity will be given tothem. In the 
meantime, the attitude of the British Railways 
authorities, who were represented at the conference, 
is not without interest. It will be recalled that in 
the Report of the Committee which was appointed 
by the Railway Executive and the London Trans- 
port Executive to consider the question of railway 
electrification, and which was published in the spring 
of this year,* the conclusions reached were generally 
unfavourable to the use of the 50-cycle system. 
It was pointed out, for instance, that the engineers 
of the Deutsche Bundesbahn did not think that 
sufficient experience had been obtained on the 
Hdllentalbahn to justify its adoption, although 
this system had been in use on that line since 1933. 
After calling attention to the drawbacks of the 


* ENGINEERING, vol. 171, page 386 (1951). 








single-phase 50-cycle motor, it was pointed out that 
inter-running between a 750-volt direct-current 
system and a single-phase 50-cycle system would be 
difficult and could only be effected by instailing 
extra equipment, as single-phase 50-cycle motors 
are not suitable for operating two in series on the 
former voltage. It was admitted, however, that 
this difficulty might be overcome by the use of 
ignitrons. -As a result, it was felt that the sinyle- 
phase 50-cycle alternating-current system could not 
be recommended as a standard on British Railways, 
although it might be used with advantage on secon- 
dary lines. At the time this recommendation was 


Fig. 20. DIAGRAM OF POWER CIRCUITS 
ON WESTINGHOUSE COACH. 
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made, it is clear that the Committee were aware 
of the Aix-les-Bains—La-Roche-sur-Foron experi- 
ments. Nevertheless, it would be well if the matter 
were not considered to be settled. It would also 
be highly desirable for British manufacturers to 
investigate fully the possibilities of the 50-cycle 
system in view of the fact that, if it proves successful, 
it may have considerable influence on the progress 
of railway electrification in other countries. 





Rapio Capactrors.—The Radio Industry Council, 
59, Russell-square, London, W.C.1, have issued Sections 
1 and 2 of two specifications covering variable preset 
capacitors with air (RIC/142) and mica (RIC/143) 
dielectrics, respectively. They have also issued Section 3 
of Specification RIC/131, which deals with fixed paper 
dielectric tubular foil capacitors. 
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MEMORIAL TO JoHN LOGIE Barrp.—A memorial 
plaque to John Logie Baird, a pioneer in the development 
of television, was unveiled by Sir Robert Renwick, 
president of the Television Society, outside 22, Frith- 
atreet, Soho, London, W.C.2, on Wednesday, October 24. 
It may be recalled that it was on these premises that 
Baird gave his first demonstration of television in 1926. 
Mr. W. ©. Keay, a founder member of the Television 
Society and a fellow student of Baird at Glasgow, intro- 
duced Sir Robert and a vote of thanks was proposed by 
Mrs. Runge, deputy chairman of the London County 
Council, who were responsible for the erection of the 


plaque. 





Gas-TURBINE POWER STATION.—The National Gas 
Turbine Establishment of the Ministry of Supply are 
building a 10,000-kW gas-turbine power station, which is 
expected to be operating by the end of 1952. It will be 
mainly an experimental plant for studying operating 
techniques, but it will also generate power for the 
Establishment and the waste heat will be used to heat 
the buildings. The station may also supply electricity 
to the national grid. The plant will consist of 4 high- 
pressure turbine running at 3,000 r.p.m. and driving aD 
alternator, and a low-pressure turbine running at 
2,800 r.p.m. and driving a compressor. Kerosene 0r gas 





oil will be used as fuel. 
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Fie. 1. ExprrmentaL Arr-Biast Crrcurir BREAKER. 


THE ELECTRICAL RESEARCH 
ASSOCIATION. 


As recorded in our columns at the time, the 
research laboratories of the British Electrical and 
Allied Industries Research Association, in Wads- 
worth-road, Greenford, Middlesex, were opened by 
H.R.H. the late Duke of Kent on October 22, 1935. 
By 1938, a scheme to double the working space 
available, by the construction of a three-storey 
building on the same site, had been promulgated, 
but little progress had been made when war broke 
out in 1939. About half the three-storey building 
was completed in the first year of the war, but since 
that time no permanent building construction has 
been permissible. As would be expected, the work 
of the Association developed extensively during the 
war and has continued to do so since the termination 
of hostilities. To accommodate the staff and 
equipment required, standard prefabricated build- 
ings were erected, so that, at the present time, some 
90 per cent. of the site of 1} acres has been covered. 
Any really useful extension of the buildings at 
Greenford is thus impracticable. 

In order to enable members of the Association 
and others concerned with the electrical industry to 
see something of the work that has been, and is 
being, done for the advancement of that industry, 
“open days ’’ were held at the Greenford labora- 
tories on October 10, 11 and 12 for the first time 
since the laboratories were opened in 1935. The 
previous day, October 9, was reserved mainly for 
visits by members of the Council of the Association, 
of which the Rt. Hon. Lord Citrine, P.C., K.B.E., is 
President. Dr. 8S. Whitehead, M.A., M.LE.E., 
F Inst.P., is director of research and the total staff 
“numbers about 300. The exhibits arranged for the 
visitors were intended only to show a representative 
cross-section of the Association’s work, some of 
which is carried out extra-murally. Even so, @ 
large marquee had to be erected to stage some of 
the exhibits, a circumstance which made apparent 
both the magnitude of the work and the limitations 
of the present accommodation. We understand 





that it is intended, as soon as possible, to construct 
further buildings for research work at Leatherhead, 
Surrey, where the Association’s secretarial and 
administrative offices are now located. It must 
have been evident to the visitors on the “open 
days” that there is a genuine need for further 
accommodation, and they could have been left in 
little doubt that the new buildings, when available, 
will be put to good use in furthering the interests of 
the members of the Association, of the electrical 
and allied industries in general, and consequently of 
the whole.community. 

In general, the exhibits to be shown on the “ open 
days ’’ were selected on account of their industrial 
importance and related more to the researches now 
in progress than to those which have been com- 
pleted and passed into current practice. The work 
in progress could be seen in the course of a tour 
round the laboratories, but, as previously mentioned, 
a great deal of work is carried out extra-murally in 
the universities, in Government and other labora- 
tories, and at the Association’s separate establish- 
ments, of which the field station at Shinfield, near 
Reading, Berkshire, where investigations relating to 
the uses of electricity in agriculture are carried out, 
is an example. Such work, of course, could only 
be represented by drawings, photographs and models 
which were displayed in the marquee. 

Since 1935, the Association has expended a total 
of nearly 2/. million on research work for its members 
and its annual income has increased from 66,0001. 
in 1935 to 216,0001. in 1950. It will be evident, 
therefore, that to give a representative cross- 
section of the work done and in progress by a 
collection of exhibits was a task of considerable 
magnitude. To study all the exhibits in a single 
day was obviously impossible, but, as they had 
been carefully grouped to cover various more or 
less distinct branches of the work, the visitors were 
able to devote their attention to those subjects in 
which they were particularly interested. The 
research work of the Association may be divided 
broadly into the following sections, covering 
magnetic materials, insulating materials, electrical 
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discharge in gases, switchgear and control gear, 
transmission and utilisation, surges and trans- 
formers, rural electrification and wind power, 
power-plant materials, meter bearings, space and 
water heating, ignition, and the welding arc. 
The divisions, however, are by no means absolute, 
the work in one section frequently affecting that in 
one or more other sections. Fortunately, however, 
an excellent booklet describing the work of the 
Association and the exhibits was prepared in 
advance, and this proved to be a valuable guide for 
the guests at the “ open days ”’ as well as a concise 
permanent record of what has been done and 
what is still in progress. As much of the com- 
pleted work has been published already, the following 
notes refer mainly to work in progress and to the 
permanent equipment of the laboratory, although 
they are very far from being exhaustive. 

The work on magnetic materials covers sheet steel: 
for transformers and materials for permanent: 
magnets, much of the former being concerned with 
the behaviour of single crystals of silicon iron and 
having been carried out in the Cavendish Laboratory 
and in the universities of Nottingham, Bristol and 
Sheffield. An intensive study of silicon-iron sheet,. 
for the purpose of improving its magnetic properties, 
has been carried out at the Cavendish Laboratory 
in co-operation with the research departments of 
several of the sheet-steel manufacturing firms. In 
addition to work of a fundamental character on 
materials for permanent magnets, the Association 
has co-operated with the research department of 
William Jessop and Sons, Limited, in the develop- 
ment of commercial permanent-magnet alloys, and 
several reports on the subject have been issued. 
Equipment for testing the stability of permanent 
magnets has been developed and installed at the 
National Physical Laboratory ; one of the exhibits- 
shown was a balance, made at Teddington, for. 
measuring stability. 

As an example of the work done by the Associa-- 
tion in connection with insulating materials, mention. 
may be made of the fact that the mechanism of the 
electro-chemical breakdown of these materials in. 
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direct-current fields was first discovered in the 
Greenford laboratories and means for delaying the 
breakdown were investigated. As a result of this 
work, the life of paper capacitors in direct-current 
work can be increased several times. The equip- 
ment for investigating insulating materials of all 
kinds includes a crystallographic X-ray set, and the 
exhibits included a range of mechanical-testing 
apparatus designed for studying the relations 
between electrical and mechanical properties, a 
high-voltage Schering bridge for the detection and 
measurement of discharges in insulation, and 
apparatus for long-time corona breakdown tests at 
temperatures as low as — 80 deg. C. Another 
interesting item of equipment exhibited was a micro- 
balance for weighing in vacuo at controlled tempera- 
tures up to 60 deg. C. and capable of reading to 10-’ 
gramme, Special photographic emulsions are 
used for detecting sub-microscopic cracks in conduct- 
ing glazes and conducting faults in aluminium-oxide 
films, and one of the exhibits showed the results 
obtained. Apparatus is also available for investi- 
gating structural changes in dielectrics at pressures 
up to 1000 atmospheres. 

Research work on switchgear has always been, 
and still is, a very important branch of the Associa- 
tion’s activities and has resulted in some significant 
developments, notably the air-blast circuit breaker 
with a short fully-scoured air gap and the oil-filled 
side-blast. baffle pot. The aggregate rupturing 
capacity of the circuit breakers fitted with arc- 
control arrangements licensed under the Associa- 
tion’s patents and now in commercial use exceeds 
1,500 million kVA. Fig. 1, on page 585, shows a 
heavy-duty axial air-blast circuit breaker on which 
much experimental work has been carried out. 

Some iriteresting work which has been completed 
recently and will shortly be published is a photo- 
graphic study of the form and movement of the arc 
during the whole period of arcing. Photographs 
displayed showed the rapid changes in arc form 
which occur as the pressure in the reservoir exceeds 
that necessary to give a velocity equal to that of 
sound in air in the throat of the circuit breaker. 
A notable piece of apparatus exhibited, known as a 
‘“*recollectograph,”” has been developed to store 
recordings of current and voltage waves made during 
faults on a power system before they are detected 
by the protective relays installed. The instrument 
is provided with 72 recording tracks in the form of 
steel wire on a cylinder and can record 12 different 
current and voltage disturbances simultaneously. 
After a fault has been recorded, the cylinder moves 
along its axis, bringing another set of 12 recording 
tracks into use and this can be repeated six times. 
The instrument can “ play back” the recordings 
on the screen of a cathode-ray oscillograph. 

One of the exhibits in the transmission and 
utilisation section was a model direct-current 
transmission system used for the solution of prob- 
lems relating to the control, stability and protection 
of high-voltage direct-current transmission systems. 
Up to 600 miles of cable and 1,050 miles of overhead 
line can be represented, with all the terminal equip- 
ment, control and protective circuits. Fig. 2, on 
page 585, shows the appearance of the apparatus. 
The work in this section covers the transmission of 
power at high voltages, insulated cables, interference 
between power and communications systems, over- 
head lines and earthing, safety and circuit problems. 
For convenience, the experimental work is carried 
on in two laboratories, one of which is mainly 
concerned with heavy current and supply-frequency 
work, while the other deals with light-current 
techniques. Fig. 3, on this page, shows the equip- 
ment installed in a street manhole for tests on lead- 
sheathed cables in ducts. 


(T'o be continued.) 





ELECTRICITY SUPPLY IN FRANCE.—<According to the 
annual report of Electricité de France, the electricity 
consumption in France during 1950 amounted to 33,390 
million kWh, a figure which constitutes a record. Of 
this total, 16,250 million kWh was derived from hydro- 
electric plant and 16,953 million kWh from thermal 
stations. The installed capacity of the hydro-electric 
plant was 6,100 MVA and of the steam plant 4,245 MW. 
The electricity generated by water power increased by 
no leas than 47 per cent. over 1949 owing to the better 
conditions. 


THE ELECTRICAL RESEARCH ASSOCIATION. 
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SAFETY IN AIRCRAFT. 


PRESENT-DAY trends in the airworthiness require- 
ments for civil aircraft and possible methods for 
reducing the damage to passengers in crashes were 
discussed in a lecture entitled “ Modern Trends in 
Civil Airworthiness Requirements,” given by Mr. 
Walter Tye, O.B.E., F.R.Ae.S, to the Royal Aero- 
nautical Society on Thursday, October 18. Considering 
the general relation between safety and airworthiness, 
Mr. Tye said that although no normal person expected 
100 per cent. safety, and possibly the advantage of speed 
offered by the aeroplane was sufficiently attractive to 
allow aircraft to run at a higher risk rate, he thought 
that the safety level of air travel should be comparable 
with that of surface travel. That was still far from the 
case, although American and British statistics showed 
that the accident rates, in terms of aircraft miles flown, 
had steadily diminished over the past 15 years. 

Accidents were usually caused a combination or 
sequence of events involving both rRaterial failures and 
human errors. In some cases, more rapid response 
of the engines to opening the throttles in a baulked 
landing, and better stalling qualities, might have 
helped. In America, full studies were being carried 
out on “ human engineering *—the practical applica- 
tion of psychology, physiology and anthropology to the 
relationship of man and machines; the engineer had 
much to gain from such studies. 

Out of 41 British accidents examined, on 15 occasions 
the aircraft struck the ground, either on approach or 
during cruising, while flying in bad visibility. Approach 
and navigational aids should be developed which pre- 
sented information accurately, reliably and simply to 
the pilot. Systems which demanded an acquired skill 
to be interpreted were potentially dangerous. Air 
collisions and accidents resulting from ditching— 
frequently due to getting lost—could also be reduced 
by improved equipment. 

Mr. Tye then turned to consider trends in airworthi- 
ness regulations, which had to satisfy the demands of 
safety without sacrificing economic efficiency. By 
relating the structural requirements to the fundamental 
factors affecting safety, it had been possible to reduce 
strength margins without detriment to safety. For 
example, the strength requirements for landing gear 
recognised the relationship of landing loads to the 
velocity of descent at impact; gust conditions were 
generally superseding arbitrary manwuvring-load con- 
ditions for wing design, and the definition of the gust 
was becoming more realistic. Greater knowledge of 
flight loads might allow further reduction of strength 
margins, with resulting improvements in payload. 

About 10 years ago the United States had adopted 
a scheme of m«tching the aeroplane to the route, in 
laying down performance requirements. This had 
been developed farther in the United Kingdom. The 
average rates of climb, take-off and landing distance 
for the type of aeroplane were determined; these 
values were then reduced by a margin to allow for 
aeroplane variability, and to allow for the failure of 
one engine. They were then scheduled for a number 
of parameters, such as temperature, altitude, runway 
gradient, and wind-speed, which the operator could 
determine ; the weight of the aeroplane was adjusted 








for each flight to give a certain safety margin under the 
conditions of that flight. The pilot could reduce the 
weight below the calculated value if he thought it 
safer todoso. The variability of performance between 
two apparently identica] aircraft was largely due to 
variation in engine power. If the reason for this was 
fully understood, it might be possible to reduce the 
variation by altering overhaul methods or periods; 
the gain in pay load would more than compensate for 
increased ground-servicing costs. Accidents caused 
by lack of performance did not exceed (and in British 
operation were considerably less than) 8 per cent. of 
the total. To reduce this rate, it would probably be 
necessary to take account of two-engines-inoperative 
conditions, with catastrophic economic consequences. 

Accidents due to airworthiness failure were usually 
associated with some detail which had gone wrong in 
some unforeseen manner. For this reason, consider- 
ably more flying was now required before an airworthi- 
ness certificate was granted ; the aeroplane had to be 
tested over its operating routes with typical crews 
and maintenance procedure. A number of defects 
had been revealed and corrected by these means. 

For a given expenditure of weight, it was likely that 
better protection for the passengers in a crash would 
save more lives than would improved airworthiness. 
From an analysis of accidents during 1946 to 1949 to 
transport aeroplanes, in which the aircraft struck the 
ground, 36 per cent. were not fatal ; in 45 per cent. some 
occupants were killed; and in 19 per cent. all the 
occupants were killed. In those cases where some 
persons were not killed, the accident was potentially 
“ survivab’e” and it should be possible to save more 
people. If the impact speed was high, as when an 
aircraft flew into a hill-side, the fatality ratio (ie., 
persons killed to persons involved) appeared to be high, 
65 to 90 per cent., whether or not fire occurred; in 
accidents at low speeds, such as during approach, the 
outbreak of fire increased the fatality ratio from about 
20 to about 50 per cent. There were, therefore, two 
possible courses : to investigate whether impact speeds 
could be reduced, and to lessen the consequences of 
the impact, whether direct injury or fire. 

About half the aircraft: considered in the analysis 
which crashed at low speed had stalling speeds ranging 
from 70 to 80 m.p.h., and showed a fatality ratio of 
25 per cent. The other half had considerably higher 
stalling speeds and a fatality ratio of 50 per cent. 
Records of accidents to small aeroplanes with stalling 
speeds of 50-60 m.p.h. showed that they were rarely 
fatal. Reversion to slower and simpler aircraft, if prac- 
ticable, would solve many problems. 

An aircraft usually hit the ground with the nose 
first, and the energy was absorbed by crushing the nose 
structure, the aft part of the fuselage being protected 
by the wing. The accelerations in such a crash appeared 
to range from 5g to 20g. American tests had shown 
that the normal safety belt offered adequate protection 
for crash accelerations up to 20g, provided that the 
passenger’s head did not strike the seat ahead or 4 
window frame as he was thrown forward. With shoulder 
harness, accelerations up to 40g could be withstood 
by the human body, and with backward-facing seats 
it was probable that still higher accelerations could be 
survived. If passengers were to be seated forward of 
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the wing, however, there was nothing to be gained by 
providing seats and harness stronger than the aircraft 
structure; in that case Mr. Tye considered that seats 
stressed to 10g should be provided forward, and to 
20g aft of the wing. The requirement at present was 
that seats should withstand 6g; the required increase 
in strength resulted in a weight penalty of about 5 Ib. 
for 10g seats and 15 Ib. for 20g seats. 

To protect the passenger from head damage there 
were three possibilities—backward-facing seats, widely- 
spaced forward-facing seats, or seats facing each other. 
The backward-facing seat supporting the head was 
ideal; it was said, however, without much evidence, 
that passengers did not like them. Forward-facing 
seats widely spaced, i.e., pitched at 45 in. to 50 in. apart, 
were reasonably satisfactory, but were not likely to be 
acceptable for high-capacity short-range aircraft ; the 
conventional 40-in. spacing was ideal for causing head 
injuries. Facing seats showed no advantage in space 
over forward-facing seats. While closely-spaced for- 
ward-facing seats were still employed, the seat back 
should be designed to yield under impact; large- 
diameter thin-gauge tube should be used, and adequate 
padding, such as 2-in. thick plastic foam, should be 
provided ; rubber and other elastic materials were not 
suitable as they caused a rebound. 

The principle for eliminating crash fires was to 
prevent ignitable materials from coming into contact 
with ignition sources. The tanks should be able to 
stand high impact loads, and should be placed so that 
falling structures, etc., were not likely to puncture 
them. They should be remote from sources of igniticn 
and from the aircraft occupants. The hot engine 
surfaces and exhaust gases should be rendered inert 
and cooled. Pumping of fuel and oils after the crash 
should be prevented, and sparks should not be gener- 
ated in brcken electrical circuits. An investigation of 
a large number of crashes of multi-engined military 
aircraft with severe structural damage showed that, 
in 30 per cent. of the cases, the fuel tanks did not 
burst. With better types of elastic-bag fuel tanks, 
therefore, it should be possible to reduce the frequency 
of bursting fuel tanks, which were found to be present 
in 67 per cent. of the crashes where major fires occurred. 
It was not safe to instal tanks in wing leading edges, 
in the fuselage, in the centre-section or close to the 
engines. If wing-tip tanks were used, they could be 
dropped before a premeditated crash, or might be 
torn away safely in an unexpected crash. 

It was doubtful whether the present system for 
spraying fire-extinguisher fluid into the air intake and 
over hot parts of the engine was adequate in regard 
to the quantity of fluid and the rate at which it was 
supplied. With jet engines, the quantity of fluid 
required was so large as to be impracticable, and the 
only course was to stop combustion by turning cff 
the high-pressure cocks; it was believed that this 
caused rapid cooling. Since electrical leads were 
almost certain to be severed, a master switch was 
required to cut off the electric supply at impact. Most 
British aircraft used an inertia-operated switch to 
carry out these operations at the moment of impact, 
but they were not fitted in American-built aircraft. 
The United States were carrying out large-scale re- 
search, ing aircraft under controlled conditions, 
and, said Mr. Tye, he believed that the results of these 
tests would justify the crash switch and promote the 
development of more effective equipment. 
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THE PASSENGER AND CARGO 
LINER ‘‘ RHODESIA CASTLE.’’ 


THE twin-screw passenger and cargo liner Rhodesia 
Castle, which is illustrated above, of 17,300 tons, left 
London on her maiden voyage on October 18. Built for 
the Union-Castle Mail Steamship Company by Harland 
and Wolff, Limited, at their Belfast shipyard, and 
launched there in April, 1951, she is the first of three 
similar vessels to be used by the Union-Castle Line on 
their round-Africa service. A sister ship, the Kenya 
Castle, is expected to go into service early in 1952, 
and the third ship will probably sail later in the same 
year. In general appearance, the Rhodesia Castle 
resembles the company’s 18,400-ton Bloemfontein 
Castle, described in ENGINEERING, vol. 169, page 381 
(1950), except that she has two masts instead of one. 
In both ships, the passenger accommodation is all of 
one class. 

The vessel has an overall length of 576 ft., a length 
between perpendiculars of 540 ft., a moulded breadth 
of 74 ft., and a moulded depth of 35 ft.6in. There are 
four complete steel decks, a lower deck forward and 
aft of the machinery space, a promenade deck and a 
boat deck. The hull is divided into ten watertight 
compartments by nine bulkheads, all extending to the 
upper deck. Fresh water, water ballast, and fuel oil 
are carried in the double bottom. The forward and 
after peaks, also, may be used for fresh water or water 
ballast, and there are deep fresh-water tanks at the 
sides of the shaft tunnel and deep fuel-oil tanks forward 
of the boiler room. The cargo space consists of two 
holds forward, and three aft of the machinery space, 
with additional space in the ’tween decks. Some of the 
cargo spaces are equipped for the carriage of refrigerated 
produce. The cargo hatches are served by eleven 
tubular steel derricks, six of 10-ton, four of 5-ton and 
one of 30-ton capacity. All are worked by electric 
winches. 

Accommodation is provided for 530 passengers in 
one, two, three and four-berth cabins, some of which 
have private bathrooms or shower baths and lava- 
tories attached. All cabins are fitted with hot and 
cold running water and have controllable ventilation. 
The public rooms include a spacious dining saloon on 
the upper deck with seating for 280 passengers, a 
lounge, smokeroom and library on the promenade 
deck, a verandah on the boat deck, and a club room, 
nursery, and children’s play rooms on the bridge deck. 
Additional recreational facilities are provided by way 
of an open-air swimming pool and space for deck games. 
The fire-protection equipment includes a fire-detecting 
and extinguishing system in the cargo spaces and a 
sprinkler system throughout the passenger accom- 
modation. There are nine lifeboats fitted with hand- 
propelling gear and one lifeboat driven by a Diesel 
engine. 

The vessel is propelled by twin screws, driven by 
Parsons-type triple-expansion steam turbines through 
double-reduction gearing. The propelling machinery 
was constructed by the shipbuilders. The ahead 
turbines are of the all-reaction type, but the high- 
pressure and low-pressure astern turbines, which are 
incorporated in the intermediate-pressure and low- 
pressure ahead turbine casings, respectively, are of 
impulse type. Each set of turbines is disposed round 








its main gear-wheel in a manner which makes for ease 
of access and simplicity of overhaul. The low- 
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pressure turbines exhaust into underslung condensers 
of Messrs. G. and J. Weir’s regenerative type, con- 
structed under licence by Messrs. Harland and Wolff. 
The condenser circulating water is supplied by four 
vertical-spindle centrifugal pumps, two for each unit, 
and the condensate passes through a three-stage 
regenerative feed-heating system before re-entering the 
boilers. Two evaporators, working in conjunction 
with a distiller, provide fresh water for the main 
boilers and for ship’s use generally. 

Three oil-fired Babcock and Wilcox watertube 
boilers supply steam for the turbines at a working 
pressure of 450 lb. per square inch at the superheater 
outlet, the total temperature being 750 deg. F. A 
motor-driven regenerative air pre-heater is incorpor- 
ated in each boiler and the boilers have the Howden 
system of forced and induced draught. Two oil-fired 
Cochran boilers provide saturated steam for the various 
hotel services in the ship. 

The propellers are three-bladed and made of man- 
ganese bronze. Thrust blocks of Michell type are 
installed aft of the main gearcases. The steering gear 
is operated electro-hydraulically and the rudder is of 
stream-lined design. With the exception of the stand- 
by main turbo-driven feed pump, the steam-driven 
auxiliary feed pumps and the air ejectors, all the 
auxiliary machinery is driven electrically. For power 
supply, there are two turbo-driven generators and three 
Diesel-driven generators in the engine room. The 
turbo-generator sets have single-reduction gearing and 
each has a normal output at full load of 750 kW. 
Each turbine also has its own surface condenser and 
auxiliaries. The Diesel sets are of Messrs. Harland 
and Wolff’s design and manufacture, and each is 
capable of generating 450 kW. They are complete 
in themselves with pumps, coolers, filters, silencers, 
air compressors and air reservoirs for starting purposes. 

Electricity is supplied for lighting and power at 
220 volts, direct current. In addition to the main 
supply, already described, there is an emergency supply 
obtained from a single Diesel-driven generator of 
75 kW capacity in conjunction with a 200-volt emer- 
gency storage battery which is switched in automatic- 
ally to provide power for steering and for emergency 
lighting, etc., should the main supply fail. There is 
also a low-voltage supply, from a 24-volt nickel-iron 
battery, charged by means of two motor generators, 
which is used for telephones, call systems, etc. The 
electrically-operated watertight doors are of Messrs. 
Harland and Wolff’s manufacture and can be con- 
trolled either from the bridge or locally. Sound 
reproduction equipment is provided for relaying broad- 
cast and other programmes to the public rooms. 





BRITISH RAILWAYS’ DIESEL-ELECTRIC LOCOMOTIVE 
No. 10202.—The British Railways Diesel-electric loco- 
motive No. 10202 began a full schedule of main-line 
working on Monday, October 29, between Waterloo and 
Exeter. At 1.25 a.m. it leaves London with a newspaper 
train, returning from Exeter at 7.30 a.m. The next 
departure from Waterloo is at 1.0 p.m., and the engine 
returns from Exeter for the second time each day at 
5.55 p.m. This represents a total revenue-earning 
mileage of 687 daily and is maintained from Monday 
to Saturday inclusive; Sunday is the only day on 
which the engine goes to a depot. The daily fuel con- 





sumption is about 760 gallons of oil. 
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GARAGE WITH CONCRETE 





GARAGE WITH CONCRETE 
SHELL ROOF. 


A 'sus garage building with a reinforced-concrete 
shell roof supported by prestressed-concrete edge beams 
has been completed recently for the Bournemouth 
Corporation. It provides a column-free covered area 
of about 45,000 sq. ft., being 300 ft. long by 150 ft. 
wide ; the span of 150 ft. is the largest yet constructed 
in this country with prestressed edge beams and a shell 
roof. The building, which will ultimately be dupli- 
cated, is part of a new depot in the Castle-lane district 
of Bournemouth which will occupy a 24-acre site. 
Eventually there will be two garages each enough 
for 99 buses, with a long narrow office block running 
between. Fig. 1 shows the building already finished, 
and the office block can be seen in the background in 
Fig. 2. The scheme will also include a wash building, 
@ maintenance-workshop block, a canteen and recrea- 
tion room, an assembly hall and general administrative 
offices. Provision is also made for sports grounds, etc. 
The narrow office section was arranged centrally 
between the two garages to provide direct access from 
both and at the same time make an effective fire-break 
between them. Although planning is complete, only 
one of the garages and the office block alongside, 
together with the wash building, part of the mainten- 
ance workshops, the canteen and recreation room, are 
included in the present construction programme. The 
main contractors are Messrs. James Drewitt and Son, 
Limited, Boscombe; the contractors for the pre- 
stressed work are the Vibrated Concrete Construction 
Company, Limited, 2 Caxton-street, London, S.W.1; 
the consulting engineers are Messrs. R. Travers Morgan 
and Partners, 11, Victoria-street, London, S.W.1; 
and the architects are Messrs. Jackson and Greenen. 

The layout of the whole garage is planned for a 
working circulation as follows. Vehicles entering the 
depot are taken over by the garage staff. They then 
proceed to the wash building and, after being cleaned 
inside and out, pass on to the fuelling station. From 
there they are driven to the garage, where they are 
parked, facing the exit in readiness to leave for the 
next duty. 

The roof of the new building is a reinforced-concrete 
thin shell structure made up of nine cylindrical-shaped 
vaults with prestressing in the beams. ‘The span, 
which is transversal, bridges the 150 ft. width of the 
building without intermediate support. All nine 
vaults have a radius of curvature of 22 ft. 10} in., a 
rise from springing to crown of 6 ft. 9§ in., and, except 
at the ends and springing where there is a slight increase, 
a shell thickness of 24in. The chord width all through 
is 33 ft. Intermediate edge beams are alike, 10 in. 
wide and 5 ft. 6 in. deep. The external edge beams 
are slightly larger and have an up-stand. The beams 
were cast in situ and post-tensioned by the Magnel- 
Blaton system. An extractable rubber core was used 
to form the cable ducts and the complete cable 
threaded in after the withdrawal of the core. The wire 
used was 0-276-in. (7-mm.) diameter hard-drawn steel 
of 95 to 110 tons per square inch ultimate strength. 
With an extension of 7} in. on the 150-ft. span, the 
stress induced in the 152 wires used in each inter- 
mediate edge beam was 125,000 Ib. per square inch, 
which in turn induced a total compressive force in the 
concrete of 1,136,250 lb. (507-4 tons). Under the 
constructional loads this compressive force was suffici- 
ent to “ hog” the beams § in. A 15 per cent. allow- 
ance was made for losses due to concrete shrinkage and 
to creep in the steel and the concrete, which occur 








Fic. 1. GENERAL VIEW OF GARAGE. 
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Fie. 2. Interior, SHOwmnG SHELL Roor anD PRESTRESSED EDGE BzEamMs. 


with time. 
430 tons. 

In order to minimise the effects of shrinkage, each 
edge beam was cast in three separate stages. Concrete 
used for them had a specified 28-day strength of 6,000 lb. 
per square inch. The mix used was 1:1}4:3 and 
compaction was obtained by vibration. The casting 
of the beams and of the end tie frames preceded the 
construction’ of the shell vaults, but it was not until 
the concrete of the vaults had been cured to a specified 
strength that prestressing was carried out. For the 
vaults proper, the pressure-sprayed method of con- 
creting was adopted, and for this work, where finely 
graded materials only are used, the mix was 1:3. 
Here the reinforcement is of mild steel, most of it in 
the form of mesh fabric, but partly in the form of bars. 
The total design load on each roof bay is 195 tons, and 
of this there is a live-load component of 60 tons. 
Strain-hardened square twisted steel reinforcement 
gives continuity between the edge beams and vaults, 
and although they were separately constructed and 
formed by different methods, the two act together and 
function as a monolithic whole. There are no expan- 
sion/contraction joints anywhere in the structure ; 
stresses resulting from temperature change have all 
been allowed for in the design. 

Columns supporting the roof carry all the vertical 
loading and the moments induced by wind on the 
building as a whole. For these the concrete used was 
@® nominal 1:2:4 mix, which was vibrated. The 
reinforcement was of ordinary round mild-steel rods. 
In general, the foundations, for which a safe ground 
— of 2} tons was taken, are 3 ft. 6 in. down. 

ide the building the clear height from floor to under- 
side of edge beam is 19 ft., a dimension which has been 
adopted to suit trolley buses. There is no roof lighting. 
The calculated value of natural illumination from the 
side lighting provided is 15-00 lumens per square foot 
with the doors open, and 9-50 lumens with the doors 
closed, whereas the recommended value in the Iluminat- 
ing Engineering Society’s Code for garages of this kind, 
where only general maintenance is undertaken, is 
7-00 lumens per square foot. Artificial light comes 
from parabolic di ive reflectors fitted to the beams, 
which direct light along the lanes between the parked 
vehicles. There is no heating, except to the office 


The final prestress is not less than 





block, but the garage and offices are fitted with a 
sprinkler system. The wall infillings of the structure 
are generally of brick. 

The vehicles are washed and cleaned in a small 
separate building, a reinforced-concrete column-and- 
beam framed structure with a flat roof. It is designed 
to take two buses, one behind the other. Each vehicle, 
as it passes through, stands first at the position where 
the inside is cleaned and vacuumed, and then moves 
forward to a second position, where it is sprayed over 
with water from sparge pipes attached to side gantries. 
Refuelling operations are carried out below. a corru- 
gated canopy constructed of thin concrete and canti- 
levered out from the side wall of the garage. Four 
20-gallon per minute electrically-operated meter pumps 
—two for petrol and two for Diesel oil—are installed. 

The maintenance-workshop building, like others in 
the scheme, is a reinforced framed concrete structure, 
roofed principally with thin shell vaults. However, 
whereas the vaulting of the garage block is of straight- 
forward cylindrical form, that of the workshops is of 
north-light construction. With the exception of the 
spans, of which there are two (55 ft. and 52 ft.), the 
dimensions have been standardised all through. The 
bay width is 13 ft., but to free the floor of unnecessary 
interruption, alternate columns have been omitted 
almost everywhere, except where they occur in the 
outside and inner division walls and make no obstruc- 
tion. Prestressing is applied to this roof too; the 
cables here being incorporated in the thickened top 
edge of the vault. When the whole project is com- 
plete the maintenance workshops will be able to deal 
with a fleet of 550 buses. The first section, forming 
part of the present programme, is designed to handle 
250 and is planned and equipped to carry out repair 
work of every kind, including complete overhaul. It 
includes a machine shop, electrical shop, smithy, 
timber mill, paint and body shops, tyre-repair shop, 
and stores Ar all kinds, including one for clothing. 
The inspection pits are of various types: three, 
although intended for the removal of under-floor 
engines in anticipation of probable changes in bus 
design, will for the present be used for buses of normal 
design. Two, with hydraulic jacking equipment, will 
deal with four-wheeled buses, and a further one, which 
also has hydraulic jacking, is for six-wheeled buses. 
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AUTOMATIC TRACK-PLOTTING INSTRUMENT FOR AIRCRAFT. 


DECCA NAVIGATOR COMPANY, LIMITED, NEW MALDEN, SURREY. 





Fie. 1. 


AUTOMATIC TRACK-PLOTTING 
INSTRUMENT FOR AIRCRAFT. 


For rather more than a year the Ministry of Civil 
Aviation have been carrying out flight trials with an 
instrument known as the Flight Log, which automatic- 
ally draws on a chart the track followed by the aircraft. 
Fig. 1 shows the equipment installed in one of the 
Ministry’s Anson aircraft. Designed and constructed 
by the Decca Navigator Company, Limited, 247, 
Burlington-road, New Malden, Surrey, the Flight Log 
is a development. of the Decca Navigator aircraft- 
receiving equipment. It is interesting to record that 
the Decca Navigator system has been used by the 
Central Photographic Establishment of the Royal Air 
Force in conjunction with aerial-survey work for the 
Directorate of Ordnance Survey, for which precise 
navigation is required. Owing to its simplicity, 
accuracy, and wide range of applications as a naviga- 
tional aid, the Flight Log has aroused considerable 
interest among civil-aviation authorities. At the 
meeting of the International Civil Aviation Organisa- 
tion in June it was recommended that the Flight 
Log should be tested in service ; and representatives of 
European air lines and civil-aviation bodies have been 
invited by the Ministry of Civil Aviation to take part 
in flights during the next few weeks over the airways 
of southern England in a Handley Page Marathon 
aircraft equipped with a Flight Log. 

A detailed description of the basic Decca Navigator 
system, in its marine application, was given on page 439 
of our 167th volume (1949). The same principle is 
applied to air navigation, and in fact the existing ground 
transmitting stations for marine navigation also serve 
for aerial navigation. The receiving equipment, how- 
ever, is not identical; the latest aircraft receiver, the 
Mark VII, is designed for the higher cruising speeds 
of aircraft, and gives a much improved service when 
atmospheric noise is high, as may be the case in the 
equatorial thunderstorm belt. Briefly, it may be 
recalled, the Decca Navigator system is a low- 
frequency continuous-wave system, and comprises 

chains ” of four ground stations—three slave stations, 
known as Red, Green and Purple, at the corners of a 
triangle, near the centre of which is a master station. 
The transmission frequencies of the four stations bear 
a fixed harmonic relationship to one another, and the 
slave transmissions are “‘ phase-locked ” to the signals 
transmitted by the master station. Receiving circuits 
in the aircraft detect the four transmitted signals ; 
and according to the position of the aircraft relative to 
the ground stations, there will be phase differences 
between the received slave and master signals. These 
phases differences are indicated, respectively, on three 
integrating rotating-pointer indicators known as the 

, Green and Purple Decometers. 

The Decometer markings correspond with a series of 
red, green and purple hyperbolic position lines marked 
On the maps and charts supplied to the navigator 
(when the Flight Log is not fitted). Each position 
line represents a constant phase-difference between 
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the signals received from the master station and the 
slave station of the corresponding colour. The interval 
between two position lines is known as a “lane.” 
On entering the area covered by a Decca chain, the 
navigator sets each Decometer by means of “ lane- 
identification” signals transmitted by the ground 
stations at every minute for each colour. On marine 
installations and the earlier Mark VI aircraft receiver, 
which is installed in the Anson aircraft shown in Fig. 1, 
the lane-identification signals were indicated on a 
fourth non-integrating instrument, but on the Mark VII 
aircraft receiver, non-counting lane-identification poin- 
ters actuated by a separate movement are incorporated 
in the Decometers; during lane-identification trans- 
missions, the two pointers are coincident. Thereafter, 
the Decometers count the number of lanes traversed 
by the aircraft. To obtain a fix, it is necessary to read 
off two Decometers only and to find on the chart 
the point of intersection of the indicated position 
lines; the two Decometers selected are those which 
give the widest angle of intersection on the chart. 

It will be realised that interpreting the Decometers 
and fixing the position of the aircraft on the chart, 
although completely satisfactory for marine craft, 
is not a procedure which the pilot of a high-speed 
aircraft can undertake readily. For this reason the 
Flight Log, which conveys directly to the pilot his 
position and his ground track, has been developed. 
It also allows the ground speed to be determined, by 
switching in time signals which produce small deflec- 
tions of the recorded track at regular time intervals. 
The Flight Log, which consists of a display head, 
shown on the right of Fig. 1, a torque amplifier, and a 
control panel, on the left of Fig. 1, weighs about 120 Ib. 
and occupies just over 3 cub. ft. of space. The outputs 
of the receiving circuits which drive the two operating 
Decometers in a basic Decca Navigator system are 
fed to the torque amplifier and are used to drive two 
electric motors, one of which traverses a strip chart 
past a 10-in. by 4-in. viewing aperture in the display 
head, in response to one system of Decca co-ordinates ; 
at right angles to the movement of the chart, corre- 
sponding to the other co-ordinate, an ink stylus is 
driven, through a screw mechanism, by the other motor. 
The receiver output is also taken to three Decometers, 
which are used solely for setting up and for checking. 
The Flight Log charts, which are stored in the display 
head, are made up before the flight into a continuous 
roll, the scales being chosen to suit various requirements. 
Push-button controls are provided for setting-up the 
instrument and selecting the appropriate chart so 
that as soon as the boundary of one chart is reached, 
a new chart can be brought into operation. 

It will be appreciated that since the Decca position 
lines are he and that in the Flight Log they 
are transformed to rectangular co-ordinates, the charts 
prepared for use in the Flight Log would show con- 
siderable distortion ; for instance, a circular track might 
appear as an elongated oval. The amount of distortion 
depends upon the angle of intersection of the Decca 


has been found in practice that, provided the chart® 
are well-marked with suitable data, such as constant- 
range “circles,” track distances, etc., the distortion 
is acceptable to the pilot over large areas of the 
coverage. In the Mark 01 Flight Log installed in the 
aircraft illustrated, there is, however, a mechanism for 
overcoming the distortion; instead of using the 
primary position-line patterns to drive the chart and 
the stylus, it is possible to use sum and difference 
patterns—for example, the difference between the 
Red and Green rotations can be transmitted, through 
a differential gear train, to actuate one axis of the 
display head, and their sum can be used to drive the 
other axis. Such secondary patterns have larger 
angles of intersection than the primary patterns, and, 
therefore, show less distortion when converted to 
rectangular co-ordinates. Selectcr switches are pro- 
vided on the control panel for different combinations 
of sum and difference patterns, by means of which 
the whole coverage area can be shown effectively ; 
the use of suitable sum and difference patterns 
makes it possible, in general, to present the chart to 
the pilot in the conventional “north upwards” 
manner. Each chart prepared for use in the Flight 
Log is clearly marked to indicate to the pilot which 
patterns are to be fed to the instrument. 

One of the principal advantages of the use of the 
low-frequency Decca system for aircraft navigation, 
in comparison with very-high-frequency navigational 
aids, is that the range of the system is independent of 
the height of the aircraft. Low- and medium-frequency 
receivers are, however, susceptible to interruptions in 
the reception of normal transmissions by static dis- 
charges. The Decca lane-identification system pro- 
vides a means for correcting such interruptions, but 
in order to avoid the necessity for re-setting, wick 
dischargers are fitted and insu wire is used for 
the aerials. To reduce the static interference arising 
from the impact of charged droplets on the aerial, the 
Decca anti-static aerial has been developed; it is housed 
in a vertical mast of aerofoil section, a shield being pro- 
vided along the leading edge to screen the receiving 
element. The efficiency of the aerial is om pe 
with that of a long-wire system. The vertical shield 
can be used as a very-high-frequency communication 
aerial. An anti-static aerial fitted flush with the skin 
of the aircraft has also been developed. 

The Decca Flight Log, in addition to its obvious use 
for navigation from point to point, provides a complete 
record of the track and ground speed yn fe ight. 
It enables the pilot to hold any desired traffic pattern, 
and as an approach aid it indicates simultaneously the 
displacement of the aircraft from the desired track and 
the rate of approach to that track. There are at present 
three Decca chains in operation—the English chain, 
the Danish chain, and the North British chain. French, 
German and South-West British chains are under 
construction, and it is hoped to establish other chains 
to cover the greater part of western Europe. Fig. 2 
shows the coverage contour within which the accuracy 
is greater than one nautical mile by day and five 
nautical miles by night for 95 per cent. of the time. 
As the master station is a hed the accuracy is 
considerably greater. The ry of Civil Aviation 
consider that the Decca system and the Flight Log 
may provide Europe “ with a better air-navigational 
service than any at present in use or contemplated, and 





position lines and varies over the coverage area. It 


at a much lower cost than for any comparable system.” 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ELEcTRIc PowER SupPppPtLizs.—Officials of the British 
Electricity Authority express optimism that power 
cuts may not be so severe this winter as last. Compared 
with a year ago, the new generators in use this winter 
will increase the capacity by 100,000 kW at Braehead 
and 60,000 kW at Clyde’s Mill. Arrangements have also 
been made to obtain a supply, during certain periods 
of the winter, of 185,000 kW instead of 100,000 kW from 
the North of Scotland Hydro-Electric Board. Supplies 
will also be augmented by a 60,000-kW generator which 
is expected to come into use soon at Portobello. A 
different opinion, however, was expressed by Mr. G. 
Mathers, chairman of the Scottish Electricity Peak 
Economy Committee, at a Press conference held in 
Edinburgh on October 30. He stated that Scotland’s 
power-supply position was likely to be most acute in 
the period just before the New Year. It might be 
necessary to cut supplies during the present month by 
at least 38,000 kW in South-West and South-East 
Scotland. 








COMPETITION FOR DESIGNS FOR SHIPS’ CABINS.—A prize 
of 2501. for the best design for the decoration, furnishing, 
and fitting of a suite of ship’s cabins, submitted in a 
competition organised by the Scottish Committee of the 
Council of Industrial Design, has been provided anony- 
mously. The suite should be suitable for a ship intended 
to serve on any of the world’s trade routes. Competing 
designers are asked to plan the arrangement of a double 
cabin, sitting-room, and private bathroom suite, in which 
the sitting-room would be convertible into a subsidiary 
double cabin. Entries close on January 16, 1952, and 
will be judged by a panel of three, representing the Insti- 
tution of Naval Architects, the Chamber of Shipping, 
and the architectural profession. 





Port REORGANISATION AT DUNDEE AND PERTH.— 
Members of the Docks and Inland Waterways Executive 
are visiting Dundee and Perth on November 15 and 16 
as a further preliminary step in the preparation of a 
scheme for the reorganisation of port administration. 
They will meet Dundee Harbour Trustees and ship- 
builders, a Dundee group of port employers and Dundee 
Chamber of Commerce, and Perth Town Council, Perth- 
shire Chamber of Commerce, and other trading interests, 
also wharfingers at Newburgh, and representatives of 
shipowners and of the Transport and General Workers’ 
Union. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SoOTLAND.—The prize presented by the Institution of 
Engineers and Shipbuilders in Scotland to the best pupil 
in National Certificate courses in naval architecture in 
Scotland has been awarded to Mr. Stanley Milne, 98, 
Queen-street, Peterhead, who will receive it at a cere- 
mony in Robert Gordon’s College, Aberdeen. He is 
employed by John Lewis and Sons, Ltd., shipbuilders, 
Aberdeen. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


MIDDLESBROUGH IRON AND STEEL INDUSTRY.— 
Increasing scarcity of iron and steel occasions grave 
anxiety concerning the extent of tonnage allocations 
when the system of sharing distributable quantities 
becomes operative again next month. Makers’ stocks 
have been heavily depleted this year and the shrinkage 
in imports of raw materials has been serious; in the 
nine months ended September 30 the intake was less 
than a third of the unloadings for the corresponding 
period a year ago. With iron production on a reduced 
scale and the requirements of consumers considerably 
swollén by rearmament plans, the fear of a steel famine 
is growing. Severe cuts in steel exports have been 
made. It was announced on October 29 that the 
shortage of steel ingots might entail a further reduc- 
tion in the weekly number of shifts worked during the 
next two months at the West Hartlepool Works of the 
South Durham Steel & Iron Co., Ltd. The shifts have 
already been reduced from the normal 17 to 15 a week. 





PRODUCTION OF IMPLEMENTS FOR THE FERGUSON 
TRACTOR.—To mark the completion of their 100,000th 
agricultural implement for Harry Ferguson, Ltd., the 
directors of Steels Engineering Products, Ltd., held a 
luncheon at the firm’s Crown Works, Sunderland, on 
Thursday, November 1, during which Mr. J. Eric Steel, 
managing director of the company, made a presentation 
to the directors of Harry Ferguson, Ltd. Steels Engineer- 
ing Products, Ltd., is a wholly-owned subsidiary of 
Steel & Co., Ltd., and the contracts for Harry Ferguson, 





Ltd., represent the greatest part of their agricultural- 


machinery programme, this work having commenced in 
December, 1946. The 100,000th implement to be 
produced was a tiller, the other implements making this 
total being fixed-tine and spring-tine cultivators, three- 
row ridgers, potato spinners, post-hole diggers, steerage 
hoes and manure loaders. Actually, the plant in which 
these instruments are produced is capable of achieving 
an output closely approaching 100,000 implements per 
annum, but, owing to the shortage of steel, the present 
rate of production is approximately 50,000 per annum. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


FvuEL RESERVES.—Industry and power stations in 
Yorkshire began the official coal winter on November 1 
with 300,000 tons more coal in reserve than at the corre- 
sponding date last year. The level of gasworks stocks, 
however, causes anxiety ; they amount to 129,000 tons 
only, representing 3-6 weeks’ average winter supply. 
Electricity generating stations have 5-6 weeks’ supply. 
Industrial stocks at the beginning of the coal winter 
were 573,000 tons, or 4-6 weeks’ supply, representing an 
increase of 112,000 tons over last year. On the other 
hand, house-coal stocks are so low that, in the North- 
Eastern Region of the Coal Board, which includes Shef- 
field, Rotherham, Doncaster, Barnsley and places in the 
Don and Dearne valleys, deliveries until next April are 
to be 6 cwt. less than the permitted maximum. 





STAGGERED HouRS OF WORKING.—Under the elec- 
tricity load-spreading plan, over 1,000 firms in Sheffield 
and Rotherham started staggered-hours working on 
November 5. The object is to remove one-fifth of the 
electricity load from peak periods. There is one late 
shift a week from noon to 8 p.m., on a rota basis until 
the end of the staggered-hours scheme on March 31, 
1952. Some firms are making the necessary saving by 
transferring load to the night shift, while some others 
switch off a proportion of plant during peak-load times. 





NEw COKING PLANT.—A battery of 25 new coke ovens 
is to be installed at Beighton Brookhouse, near Sheffield, 
to replace 25 ovens which have been operating since 
1930. It is expected that the new ovens and by-product 
plant will be ready for use within 18 months. The 
estimated cost is 330,0001. The present plant supplies 
2,000 tons of coke a week to steelworks and provides 
piped gas to Sheffield industry. The large capital 
expenditure is part of a replacement scheme by the 
United Coke and Chemical Co. 





CoaL GASIFICATION.—The results of experiments in 
the underground gasification of coal at Newman Spinney, 
Eckington, near Sheffield, have encouraged attempts to 
burn coal much deeper underground and over greater 
distances. Mr. C. A. Masterman, technical director of 
underground gasification to the Ministry of Fuel and 
Power, states that boreholes are now being sunk to 
reach a seam 200 ft. deep and, if the new project is 
successful, it might grow into an underground system 
extending between 200 to 300 yards from which gas 
would be tapped. In three months about 100 tons of 
coal have been burned underground and some millions of 
cubic feet of gas obtained. 


THE MIDLANDS. 


NICKEL CONCESSION.—As a result of representations 
by the Walsall Metal Trades Association, the Board of 
Trade has granted certain concessions for the use of 
nickel by local manufacturers. For the manufacture of 
saddlery and harness fittings, including spurs, stirrups, 
and bits, nickel silver containing a maximum of 15 per 
cent. of nickel may now be used. The arrangement will 
be subject to licence, valid for six months. At the end 
of that period the position will be reviewed. 








ALLEGED BLACK MARKET IN METAIS.—The Midland 
Branch of the National Union of Manufacturers is 
seeking evidence from its members about illegal deals 
in metals. There have been many allegations in recent 
months that an extensive black market in metals of all 
kinds exists in the Midlands, and the N.U.M. is hoping 
to find evidence of specific cases so that the matter can 
be reported for legal action by the appropriate Ministry. 





PLANS FOR RE-BUILDING BIRMINGHAM.—A_ second 
report on the development plan for the city of Birming- 
ham is now before the City Council. Considerable 
re-location of industry is planned. A site at Adderley 
Park, at present used as a corporation refuse tip, is 
scheduled for housing displaced firms in new factories 
which will be built for the purpose, and it is proposed 
to build flatted factories on a site near the Gun Barrel 
Proof House in Banbury-street. These flats are to 
accommodate firms from the Snow Hill and Whittall- 
street area, near the centre of the city. Another develop- 
ment proposed is the dispersal of certain industries, 
particularly those such as chemical, textile and clothing 
manufacture, which do not conform to the general 





with a proportion of the population, would go to neigh- 
bouring towns, such as Droitwich, Redditch, Cannock, 
Lichfield and Tamworth. 





BLAST-FURNACE RE-LINING.—No. 5 blast furnace 
at the Bilston Steelworks of Stewarts and Lloyds, Ltd., 
has been blown out and is being re-lined. 





BROOKHIRST JUBILEE.—The jubilee of Brookhirst 
Switchgear, Ltd., Chester, a firm that was established 
rather more than 50 years ago by the late Mr. John A. 
Hirst for the manufacture of motor control apparatus, 
was celebrated on Monday, October 22, by the opening 
of an extension to the works. This extension, which 
covers an area of some 45,000 sq. ft., includes assembly, 
test and inspection departments, as well as a packing 
bay and warehouse and a social hall. After the opening 
ceremony, long-service presentations were made to 
136 employees, each of whom had not less than 25 years’ 
service. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


CoaL Exports AND Pir Prop ‘ImMports.—A barter 
plan between Portugal and Britain will mean an imme- 
diate increase in coal shipments to that market. The 
arrangement provides for Britain to supply 50,000 tons 
of coal, about half of which will be Welsh, in exchange 
for wolfram, sulphur and peeled pitprops. Supplies of 
French pitwood for the Welsh mines, however, are causing 
concern. Current contracts have run out and no new 
agreement has been reached. This year the French 
authorities reduced the export quota to 50,000 tons, 
and, so far, have refused to grant any additional quota. 
Last year South Wales imported 200,000 tons of French 
pitwood. In the pre-war years, about 400,000 tons per 
annum were received. 





CARDIFF TO WESTON-SUPER-MARE FERRY BOoats.—A 
proposal for a ferry service across the Bristol Channel 
from Penarth to Uphill, near Weston-super-Mare, has 
been outlined to the Cardiff Development Committee. 
The distance across the Channel is about 12 miles. 
Representatives of Western Marine Co., the firm con- 
templating the project, said it was intended to use two 
boats, to cost about 10,0007. each. Each would carry 
about 40 motor vehicles and there would be an all-the- 
year-round service. 

BLASTING FOR LIMESTONE.—Following several weeks 
of preparation, 50,000 tons of limestone rock were 
blasted in one operation from the face of a quarry on 
the Black Mountains, Carmarthenshire, owned by Bry- 
namman Limestone Products, Ltd. Five tons of explo- 
sives were used. It was the first time that a heading 
blast had been used in a South Wales quarry. 





MAN-POWER REDUNDANCY IN ABERDARE VALLEY.— 
The question of redundancy in some of the new light 
industries in the Aberdare area is causing concern. On 
November 2 the Aberdare Council convened a public 
meeting at which trade organisations and political 
parties were represented. They discussed the position 
at the factory of Murphy Radio, Ltd., Hirwaun Trading 
Estate, where there was a possibility of some 400 
employees becoming redundant by Christmas: It was 
decided to ask the firm to meet a deputation on the 
question, and to request the Board of Trade Regional 
Controller to receive a deputation on the general question 
of redundancy in the Aberdare Valley. 





Boys in Heavy INDUSTRIES.—The youth employment 
officer for Swansea, Mr. K. J. Cutler, in his report to the 
local youth employment committee on November 1 last, 
referred to the fact that fewer boys were entering the 
heavy industries, and, in particular, the tin-plate shops. 
He reported that only five boys had gone into the indus- 
try in a little over two months and that there were about 
30 vacancies. 


ITALIANS IN SouTH WALES.—Several hundred more 
Italians are to be introduced into South Wales industries 
in the near future, according to Sir Percy Thomas, chair- 
man of the Welsh Board for Industry. He told a Press 
conference at Port Talbot that already 380 Italians were 
employed in South Wales and it was proposed to have & 
further 250, some of whom, it was stated, were already 
on their way. 





LEVEL CROSSING AT PorT TALBOT.—Details have been 
published of a 250,0007. scheme to eliminate a level 
crossing responsible for a serious traffic bottleneck at 
Port Talbot. The level crossing is on the main Cardiff- 
Swansea road and a scheme prepared by the Port 
Talbot borough engineer, Mr. G. V. Griffiths, has been 
approved by the Town Council, the Steel Company of 
Wales and the Welsh Board for Industry. It has been 
drawn up for rapid implementation as it is not expected 
that the Ministry of Transport scheme for a by-pass road 





pattern of industry in the city. These industries, together 


will be proceeded with for some years. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Education 
Discussion Circle: Monday, November 12, 6 p.m., 
Victoria-embankment, W.C.2. Discussion on ‘“ The 
Equipment of an Electrical Engineering Laboratory,” 
opened by Mr. A. Draper and Dipl.-Ing. T. Siklos. 
Western Centre: Monday, November 12, 6 p.m., South 
Western Electricity Board’s Offices, Colston-avenue, 
Bristol. ‘ Development of the Electrical System on the 
Bristol Brabazon Mark I Aircraft,”’ by Mr. M. J. J. Cronin. 
North-Eastern Centre : Monday, November 12, 6.15 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“ Protection of Electrical Power Systems,” by Mr. H. 
Leyburn and Mr. C. H. W. Lackey. North Midland 
Centre: Tuesday, November 13, 6.30 p.m., 1, Whitehall- 
road, Leeds. ‘“‘ The Nervous System as a Communi- 
cation Network,” by Dr. J. A. V. Bates. Radio Section: 
Wednesday, November 14, 5.30 p.m., Victoria-embank- 
ment, W.C.2. ‘“‘ Life of Oxide Cathodes in Modern 
Receiving Valves,” by Dr. G. H. Metson, Dr. S. Wagener, 
Mr. M. F. Holmes, and Mr. M. R. Child. District Meeting: 
Wednesday, November 14, 7 p.m., Southern Electricity 
Board’s Offices, 37, George-street, Oxford. ‘‘ Electricity 
Supply Distribution,” by Mr. W. F. Sands and Mr. J. L. 
Taylor. Southern Centre: Wednesday, November 14, 
7.30 p.m., The R.A.E. College, Farnborough. “‘ Elec- 
tricity in this Century,” by Mr. E. A. Logan. 


INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, November 12, 6.30. p.m., Royal 
Victoria Station Hotel, Sheffield. ‘‘ Induction Heating 
in Industry,” by Mr. E. May. Yorkshire Section: 
Monday, November 12, 7 p.m., Hotel Metropole, Leeds. 
“ Productivity and the Machine Tool,’’ by Mr. N. Stubbs. 
Birmingham Graduate Section: Tuesday, November 13, 
7 p.m., James Watt Memorial Institute, Birmingham. 
“ Design and Manufacture of a Tractor,” by Mr. H. E. 
Ashfield. Dundee Section: Tuesday, November 13, 
7.45 p.m., Mathers Hotel, Dundee. ‘‘ Modern Cutting 
Tools and Machine-Tool Design,” by Mr. C. H. A. Welsh. 
Preston Section: Wednesday, November 14, 7.15 p.m., 
The Bull and Royal Hotel, Church-street, Preston. 
“Television,” by Mr. T. Worswick. Institution: 
Thursday, November 15, 7 p.m., The Royal Empire 
Society, Northumberland-avenue, W.C.2. ‘‘ Drop Forg- 
ing,” by Mr. K. Fidler. Leicester Section: Thursday, 
November 15, 7 p.m., College of Art and Technology, 
The Newarke, Leicester. ‘‘ We Must Do Better,” by 
Mr. E. C. Gordon England. South Essex Section: 
Thursday, November 15, 7.30 p.m., Mid-Essex Technical 
College, Chelmsford. ‘‘ Standardisation in Engineering,” 
by Mr. E. L. Diamond. Glasgow Section: Thursday, 
November 15, 7.30 p.m., 39, Elmbank-crescent, Glasgow, 
C.2. “ Some Interesting Set-ups on Modern Machine 
Tools,” by Mr. R. C. Fenton. 

INSTITUTION OF THE RUBBER INDUSTRY.—Midland 
Section: Monday, November 12, 7 p.m., The Pavilion, 
Goodyear Park, Wolverhampton. ‘‘ Material Handling 
in the Rubber Industry,” by Mr. A. J. Bullivant. 

WOMEN’S ENGINEERING Socrety.—London Branch: 
Monday, November 12, 7 p.m., 35, Grosvenor-place, 
Westminster, S.W.1. ‘“ Opportunity and Progress.” 
IIl.—* Training To-Day,” by Mr. J. W. Bispham and 
Mr. 8. L. Whitby. 


INSTITUTION OF CIVIL ENGINEERS.—Railway Engineer- 
ing Division: Tuesday, November 13, 5.30 p.m., Great 
George-street, §.W.1. Discussion on “ Economy in 
Railway Civil Engineering.” Introductory Notes: 
“Economy Through Labour Productivity and Incentive 
Schemes,” by Mr. G. C. Stevens; “ Economy Through 
Organisation,” by Mr. J. T. Thompson; “ Economy by 
Supervision,” by Mr. A. K. Terris; and ‘“ Economy 
Through Design,” by Mr. P. 8. A. Berridge. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 13, 5.30 p.m., 85, The Minories, E.C.3. Lecture on 
“Ships That Serve Ships,” by Mr. T. Clark. Tuesday, 
November 13, 7.30 p.m., Paddington Technical College, 
Saltram-crescent, W.9. ‘The Construction of Marine 
Boilers,” by Lieut.-Comdr. (BE) A. P. Monk. 


ILLUMINATING ENGINEERING SocIETY.—Ttesday, 
November 13, 6 p.m., Lighting Service Bureau, 2, Savoy- 
hill, W.C.2. “The Equipment and Functions of an 
Illumination Laboratory,” by Mr. H. F. Stephenson. 
Liverpool Centre : Tuesday, November 13, 6 p.m., Mersey- 
side and North Wales Electricity Board’s Offices, White- 
chapel, Liverpool. ‘“ Lighting of Architecture,” by Mr. 
G. Grenfell Baines. 

INSTITUTION OF WORKS. MANAGERS.— Merseyside 
Branch: Tuesday, Noyember 13, 6.30 p.m., The Adelphi 
Hotel, Liverpool. Brains Trust Meeting. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—South Western Branch: Tuesday, November 13, 
6.30 p.m., The R.W.A. School of Architecture, Bristol 





“The Heating and Ventilating Systems of the House 
of Commons,” by Mr. J. R. Kell. , 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday 
November 13, 7 p.m., The Grand Hotel, Sheffield- 
“‘Some Simple Theoretical Aspects of Ferrous Metal- 
lurgy,” by Dr. K. W. Andrews. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.— 
Western Group: Tuesday, November 13, 7.30 p.m., 
at the Works of the British Oxygen Co., Ltd., Bristol. 
“ Welding in Vehicle Repair,” by Mr. W. Goodchild. 
East Midlands Centre: Wednesday, November 14, 
7.30 p.m., The Mechanics Institute, Nottingham. ‘ The 
Organisation and Maintenance of Motor Vehicle Fleets,” 
by Mr. R. C. Hunt. North-East Centre: Thursday, 
November 15, 7.30 p.m., The Hotel Metropole, Leeds. 
“Vacuum and Air Brakes,” by Mr. S..H. Edge. 

INSTITUTION OF WATER ENGINEERS.—South-Eastern 
Section: Wednesday, November 14, 2.30 p.m., Institu- 
tion of Civil Engineers, Great George-street, S.W.1. 
“Submersible Pumps and Motors,” by Mr. W. L. 
Gardiner. 

INSTITUTE OF PETROLEUM.—Wednesday, November 14, 
5.30 p.m., 26, Portland-place, W.1. ‘‘ Detergents from 
Petroleum,” by Dr. S. F. Birch. 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
November 14, 6 p.m., Institution of Structural Engineers, 
11, Upper Belgrave-street, S.W.1. ‘‘ Design and Con- 
struction of Concrete Pavements,” by Mr. F. N. Sparks. 

LIVERPOOL ENGINEERING SocreTy.—Wednesday, 
November 14, 6 p.m., 9, The Temple, 24, Dale-street, 
Liverpool. ‘“‘ Water Treatment for High-Pressure Boil- 
ers,”’ by Mr. E. L. Streatfield. 

BRiTIsH INSTITUTION OF RADIO ENGINEERS.—North- 
Eastern Section: Wednesday, November 14, 6 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“ Television Aerial Design,”” by Mr. G. L. Stephens. 

INSTITUTE OF FUEL.—North-Western Section: Wed- 
nesday, November 14, 7.30 p.m., Grosvenor Hotel, 
Chester. ‘‘ Modern Steam Generators,” by Mr. W. C. 
Carter. Hast Midland Section: Thursday, November 15, 
6.15 p.m., East Midland Gas Board’s Showrooms, 
Nottingham. ‘“ Generation Development in the East 
Midland Division of the British Electricity Authority,” 
by Mr. E. R. Knight. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday> 
November 15, 2.30 p.m., Caxton Hall, Westminster, 
S.W.1. ‘“ Instrumentation for Diesel Engines in Service,” 
by Mr. J. D. Thorn. 

Roya Socrety.—Thursday, November 15, 4.30 p.m., 
Burlington House, Piceadilly, W.1. ‘‘ The Mechanical 
Behaviour of Single Crystals of Certain Metals,’”’ by 
Dr. E. N. da C. Andrade, F.R.S., and Mr. C. Henderson. 


INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, November 15, 5 p.m., Geglogical Society’s Apart- 
ments, Burlington House, Piccadilly, W.1. ‘“‘ Major 

in Mining Practice of Rhokana Corporation, 
Ltd., 1940-50,” by Mr. E. K. McDermott, 

SoorkstTy OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group: Thursday, November 15, 6 p.m., 
Institution of Structural Engineers, 11, Upper Belgrave- 
street, S.W.1. ‘“ Roads of the Past: Their Makers, 
Users, Traffic and Mode of Construction,” by Professor 
R. J. Forbes. 

INSTITUTION OF MECHANICAL ENGINEERS.— Midland 
Branch: Thursday, November 15, 6 p.m., James Watt 
Memorial Institute, Great Charles-street, Birmingham. 
** Live Load Tests on Wire Ropes and Fittings,”’ by Mr. 
T. E. Dimbleby. Institution: Friday, November 16, 
5.30 p.m., Storey’s gate, St. James’s Park, S.W.1. Thomas 
Hawksley Lecture on ‘‘ Some Fuel and Power Projects,” 
by Dr. H. Roxbee Cox. AUTOMOBILE DIVISION.— 
Luton Centre: Monday, November 12, 7.15 p.m., Town 
Hall, Luton; and London: Tuesday, November 13, 
5.30 p.m., Storey’s-gate, St. James’s Park, 8.W.1. 
*‘ Independent Rear Suspension,” by Mr. D. Bastow. 


CHEMICAL Society. Thursday, November 15, 7.30 
p.m., Burlington House, Piccadilly, W.1. Various 
original papers. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 16, 6.30 p.m., 39, Victoria-street, S.W.1. Chairman’s 
Address on “‘ Cranes and Lifting Machinery,” by Mr. P. B. 
Hebbert. North-Western Section: Saturday, Novem- 
ber 17, 2.30 p.m., 16, St. Mary’s Parsonage, Manchester. 
Film Evening. 

WEST OF SCOTLAND IRON AND STEEL INSTITUTE.— 
Friday, November 16, 6.45 p.m., 39, Elmbank-crescent, 
Glasgow, C.2. ‘‘ Basic Refractories,” by Drs. J. R. 
Rait and W. F. Ford. 

INSTITUTION OF ENGINEERING DRAUGHTSMEN AND 
DESIGNERS.—Friday, November 16, 7 p.m., London 
School of Hygiene and Tropical Medicine, W.C.1. ‘‘ The 
American Approach to Productivity,” by Mr. R. D. 
Chapman. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Bristol and 
West of England Branch: Saturday, November 17, 3 p.m., 
The Grand Hotel, Bristol. ‘“‘ Production of Heavy 
Castings for Electrical Equipment,” by Mr. N; Charlton. 


PERSONAL. 


Mr. 8. 8. C. Mrrow#ety, C.B., 0.B.E., M.I.Mech.E., has 
been appointed Controller of Guided Weapons and 
Electronics in the Ministry of Supply, in succession 
to Am Curler MarsHat Sm ALEc CorytTon, K.C.B., 
K.B.E., M.V.O., D.F.C., who, as stated on page 559, 
ante, has been made managing director of the engine 
division of the Bristol Aeroplane Co., Ltd. 

Mr. C. H. Greson, A.M.I.Mech.B., A.M.I.N.A., has 
been appointed chief mechanical engineer to the Man- 
chester Ship Canal Co., Ship Canal House, King-street, 
Manchester, as from November 1, in succession to Mr. 
T. A. Gusst, O.B.E., A.M.I.Mech.E., who retired owing 
to ill health on October 31, after 30 years of service with 
the company. 

Dr. J. Warp, B.Sc., M.I.Mech.E., M.I.Mar.B., has 
retired from his post as head of the Department of Civil 
and Mechanical Engineering at the Technical College, 
Huddersfield, and has been appointed technical consul- 
tant to the Norwood Engineering Co., Huddersfield. 
Mr. J. D. WaLKER, B.Sc., A.M.I.Mech.E., lecturer in the 
Civil and Mechanical Engineering Department, has been 
appointed to succeed Dr. Ward. ' 

Mr. N. E. Row#, C.B.E., B.Sc., F.R.Ae.S., M.I.Mech.E. 
Wh.Ex., is to be technical director of Blackburn & 
General Aircraft Ltd., Brough, East Yorkshire, as from 
January 1, 1952. Arm Vick-MarsHAL H. N. THORNTON, 
C.B.E., is also joining the board and will be responsible 
for sales. His office will be at 43, Berkeley-square, 
London, W.1. Caprain C. E. Warp has been appointed 
London manager. The firm have also beer appointed 
agents for the TURBOMECA range of gas turbines, and 
have formed a BLACKBURN-TURBOMECA DIVISION at 
their London office, 43, Berkeley-square, London, W.1, 
to handle sales. 

Mr. R. R. Mappook, B.Eng., A.M.I.B/H., A.M.L- 
Mech.E., generation engineer (construction), Eastern 
Division, British Electricity Authority, has been ap- 
pointed chief generation engineer (construction), Mid- 
lands Division, in succession to Mr. L. F. JEFFREY, 
B.Sc., M.I.C.E., M.I.Mech.E., M.I.E.E., who has recently 
been appointed controller of the East Midlands Division. 

Mr. W. H. Purpm, director of William Doxford & 
Sons, Ltd., Sunderland, has been elected chairman of 
the National Association of Marine Enginebuilders for 
1951-52. Mr. Ewen H. Smrrn, director of David 
Rowan & Co., Ltd., Glasgow, has been elected vice- 
chairman. 

Mr. W. E. MrroHett, the chief engineer, and Mr. 
J. W. Wuaimpenny, the production manager of W. H. 
Dorman & Co., Ltd., Stafford, have been appointed 
to the board of the company as special directors. 

Mr. G..R. FIsHer is relinquishing the appointments 
of general manager of operations for, and director-of, the 
Zinc Corporation, Ltd., and .of director of New Broken 
Hill Consolidated, Ltd., to take up the position, of vice- 
chaifman of Mount Isa Mines, Ltd., as from January 1, 
1952. 

Mr. D. E. Jewirt, M.I.Mar.E., who has been .asso- 
ciated with the marine work of the British Thomson- 
Houston Co., Ltd., Rugby, since 1910, and was appointed 
engineer, marine department, in 1943, retired on October 
31 after 45 years of service. 

Mr. E. H. Discomse, M.1.W., a delegate director and 
commercial manager of Murex Welding Processes Ltd., 
Waltham Cross, Hertfordshire, has retired after upwards 
of 35 years of service with the company. 

Mr. P. J. C. Bovii1, B.Sc., local director and general 
manager of the Chemicals branch of Newton Chambers 
& Co., Ltd., has been appointed vice-chairman of the 
local board. 

Mr. H. BE. Ciarkson, Mr. R. D. Kirk and Mr. R. 
Upwarp, have gone to Australia to join Perkins Diese} 
Overseas Pty. Ltd., after completing their training in 
the maintenance and servicing of Diesel engines with the 
parent company, F. Perkins Ltd., Queen-street, Peter- 
borough. 

Mr. L. A. Jarvis and Mr. G. A. Hunt have been 
appointed to the board of High Duty Alloys Ltd., 
Slough, Buckinghamshire. 

Mr. D. K. G. SLOAN has been appointed secretary and 
chief accountant of the Aluminium Castings Co., Ltd., 
in succession to Mr. R. B. MCMILLAN. 

Mr. D. Hanoock has joined E. Boydell & Co., Ltd., 
as technical representative in South West England. 
He will operate from 134, St. Katherine’s-road, Exeter. 

Sales representation for LANCASHIRE DyNaMo & 
Crypto (Mre.) LTp., in Northern Ireland, is now in the 
hands of Burke & Son, Ltd., 18, Strangford-avenue, 
Belfast. Mr. J. MoCanpiess, M.Sc., M.1LE.E., until 
recently deputy electrical engineer for Belfast, and now 
a director of Burke & Son, Ltd., will act as manager for 
Northern Ireland, 

J. H. Fenner & Co., Ltp., Marfleet, Hull, have opened 
@ new branch at 73-77, Manchester-road, Burnley. The 





manager is Mr. E. Harpy. 
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LIGHT-ALLOY SLUICE GATES. 








SLUICE GATES OF 
‘* BIRMABRIGHT ’’ LIGHT ALLOY. 


TxHIRtTy-ONE sluice gates constructed of Birmabright 
light alloy are being installed on four Thames weirs. 
The weight of the gates is thus considerably reduced, 
and although the gates are not geared and there is 
therefore no advantage from that point of view, the 
size of the counterweights is much less than it was 
with steel gates. The design of the gates has been 
carried out under the direction of the chief engineer 
of the Thames Conservancy, Mr. R. V. W. Stock, M.C., 
B.Sc., M.I.C.E., M.I.Mech.E., with the co-operation of 
Messrs. Birmabright, Limited, Woodgate Works, 
Quinton, Birmingham, 32. 

All the gates are of the radial or sector type agd are 
counterbalanced for hand operation without gearing. 
The advantage of this type pare is that the resultant 
thrust from the water pressure and almost all the 
friction (apart from the slight friction of the sealing 
strips) are concentrated at the pivot pins; thus the 
torque due to friction is small and the gates are readily 
operated by hand. The gates are fabricated from 
standard extruded sections of Birmabright BB 019 
alloy, and have skin- of Birmabright BB 3 alloy. 
The rivets are also a Birmabright alloy. The sealing or 
staunching of the gates is provided by half-round rub- 
bing strips of BB 5 alloy, the strips being attached to 
thin bent plates and mounted on the front of the gates. 
When the gates are lowered the strips are pressed 
firmly against the staunching guides by the water 
pressure. The strips are visible on the open gates shown 
in Fig. 3. The light alloy was supplied “‘ Alochromed,” 
and a coat of zinc-chromate primer was applied before 
painting with the final colour. 

For the Eynsham weir, shown in Figs. 1 and 3, 
— gates, each 5 ft. 6 in. by 2 ft. 6 in., have been 
fabricated by Messrs. Westwood Dawes and Company, 
Stourbridge. These gates are only half the weight of 
similar sized gates in steel which were put in at Marlow 
weir. Messrs. Westwood Dawes have also provided 
13 , 7 ft. 6 in. by 1 ft. 7 in., at Hurley main weir, 
and four gates, 7 ft. by 3 tt. 6 in., at Bray weir. At 
Grafton weir, the Head, Wrightson Aluminium Com- 

y, Limited, 20 Buckingham Gate, London, S.W.1, 

ve built six gates, 5 ft. 6 in. by 3 ft. lin. If all 

these gates ve to be as durable as steel gates, 

the use of Birmabright alloys should be even more 

advantageous for larger, geared radial gates and for 
automatic tipping gateo. 





RovaL AERONAUTICAL SocieTy.—The 5th Louis Blériot 
Lecture organised jointly by the Association Francaise des 
Ingénieurs et Techniciens de ]’ Aéronautique and the Royal 
Aeronautical Society, will be given in February, 1952, by 
Mr. H. Knowler, A.M.1.C.E., F.R.Ae.S., in Paris. The 40th 
Wilbur Wright Memorial Lecture will be given by Sir 
Harry M. Garner, C.B., M.A., F.R.Ae.S. 
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Fie. 3. Gates at Eynsuam, Two LifTep. 
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THE STANDARD OF LIVING. 

Tue phrase “standard of living” is current in 
the pronouncements of sociologists and politicians, 
but precisely what it means is not usually explained. 
Some may measure it by the size of pay packets, 
some by public services described as “free” but 
actually paid for, some may think its most impor- 
tant item would, or should, be the absence of 
regulations controlling their individual activities 
and there may be others who think their standard 
of living is higher than it used to be because they 
now work on only five days a week.. On this reckon- 
ing, it would presumably be higher still if they 
worked only on four. None of these supposititious 
definitions can fairly be said to cover the whole of 
the items which make up the material welfare of 
@ community, and it is with material things that 
the standard of. living appears to be concerned. 
Possibly a definition which would be widely accepted 
is that the standard is determined by the goods and 
services generally available, with a rider to the 
effect that wages and salaries shall be adequate to 
pay for them. 

This broad definition involves the assumption 


b-| that the requirements and wishes of all individuals 


are similar, which is clearly not correct. . There 
are many who now look upon the television service 
as an important contribution to their standard of 
om | Living and probably some, in areas not yet covered, 


4 it is standing idle. 





who think their standard is unfairly reduced by its 
absence. On the other hand, there are considerable 
numbers of people to whom the service is of no 
interest and some, who have been waiting months 


9|or years for a telephone connection, who are 


hostile to it. An examination of the value set by 
different classes of people on the various things 
which constitute the present standard of living 
would lead to ramifications which cannot be pur- 
585| sued here. What is to be noted, however, is that 


586 the constituents of the standard are continually 


changing. Most of those who now look upon tele- 
vision almost as one of the necessities of life had 
never heard of it ten years ago and managed quite 
nicely without it. 

The nation has been assured many times that its 
standard of living is to be preserved and it is to 
be hoped that those who give the assurances realise 
on what that standard is based. The physical, 
chemical, engineering and medical discoveries and 
inventions on which the material prosperity of 
Western Europe and North America is founded 


= were made by physicists, chemists, engineers and 


biologists and not by the mass of the people, but 
the full and proper utilisation of those discoveries 
and inventions depends on the people themselves. 


600} Sir John Anderson, the chairman of the Port of 


London Authority, has stated that in the London 
docks there is a floating grain elevator which cost 
150,0007. It works so quickly that the employees 


602} concerned contend. that it is taking the bread out 


of their mouths and refuse to use it. Accordingly, 
The engineers who designed 
this elevator made a contribution towards raising 
the standard of living; the men who refuse to use 
it are debasing that standard and increasing the 
cost of food, which is an important item in the 
standard. This is but a single example illustrating 
a point of view and a practice which is widespread. 

It has just been said that food is an important 
item in the standard of living; it would be more 
accurate to say that it is the most important item 
and that if food supplies are to be maintained even 
at the present level more effective use must be made 
of the work of the relatively small band of scientific 
workers. It is not necessary to point out that there 
is a world shortage of food; there has been one 
for many years. As we pointed out last week, 
Malthus’s prophecy that the world would starve 
because of population overtaking production proved 
false owing to the greatly increased yields made 
possible by engineering and biological progress. 
As far as this country is concerned, the situation 
was saved by the opening up of the great food- 
producing areas in North America, as a result of 
the same progress. In 1951, however, conditions 
appear to be getting a little nearer to those envi- 
saged by Malthus. North America has not ceased 
to export food, but its population is rising and 
it is consuming more of its own production. It 
is doubtful whether that production can be materi- 
ally increased. Europe obtains food from countries 
other than those in North America, but there is 
no certainty that this can make up for a reduction in 
American supplies. A report published by the 
Food and Agricultural Organisation of Washington 
stated that in 1934-8 Europe, excluding Russia, 
obtained 33 per cent. of the world production of 
food ; in 1947-48, it obtained 25 per cent. 

There is an important factor in this matter, the 
implications of which are probably not always 
realised. Eastern. countries, industrially unde- 
veloped, are demanding the right to emerge from 
tutelage and to manage their own affairs. Lack 
of experience and lack of administrative tradition 
will result in those affairs being managed inefficiently 
for very many years; outputs will fall and prices 
rise. Furthermore, these countries, with rapidly 
rising populations, are attempting to raise their 
own standards of living. They are eating more 
of their own food and, as far as they are able, will 
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compete for outside supplies ; this will raise world 
prices. India, with a rapidly increasing population, 
has already become an importer of food. The general 
situation will be made worse if undeveloped 
countries make a habit of repudiating contracts 
and agreements. This will check the investment of 
foreign capital and further retard development. 
These remarks about food apply also to most of 
the imported raw materials on which the prosperity, 
and the standard of living, of this country depends. 
It may be that the United Kingdom, as a member 
of the British Commonwealth, will be able to obtain 
sufficient supplies of food and most raw materials 
from the Dominions and Colonies, but we must 
expect to have to pay for them. Favourable 
consideration of the needs of these islands will no 
doubt continue to be given by the great Dominions, 
but they will expect something in return for their 
food and raw materials; and that something, in 
sufficient volume, and at competitive prices, will 
only be provided if the workpeople of this country 
take proper advantage of the methods, tools and 
materials which scientific and technical progress 
has made available. Much credit has been claimed 
by some politicians for the percentage rise in output 
which has been attained since the war. How far 
that rise falls short of the possible has been made 
clear by the Anglo-American productivity reports. 
There is another matter which is of importance 
in connection with the maintenance and improve- 
ment of the standard of living. The complicated 
technical processes on which that standard is 
based, which owe their existence to the small 
band of scientific workers, require an important con- 
tribution from that band for their continued opera- 
tion: The mass of the people not only did not devise 
the processes and machines on which modern 
material prosperity is based ; they cannot even keep 
them running without trained scientific assistance. 
As is generally known, there is a shortage of scientific 
workers in this country. Almost as much has 
been said about it as about the standard of living. 
The questions of scientific education and increase 
in the number of scientific workers have been 
discussed many times in these columns and no 
doubt will be discussed again in the future. To do 
so now would be beside the point, but there are two 
minor aspects of the matter which may be men- 
tioned. There are very many trained physicists, 
chemists, and engineers working in Government 
departments of one kind or another. We do not 
suggest that they are wasting their time, but it may 
be suggested that some of their work is not so 
important as increased output. Some of these 
people might usefully be transferred to industry. 
The second matter will probably not be regarded as 
“minor ’’ by those directly concerned. There are 
many women who would make able chemists, 
physicists and biologists, and it may be wondered if 
it is sound policy to discourage them from studying 
for such professons by paying smaller salaries than 
men receive who are engaged on the same work. 
This matter is usually discussed from the point of 
view of simple justice, but it might be considered 
that these women should be encouraged because 
the nation cannot afford to do without their services. 
The country, however, is not suffering only 
from a shortage of trained ‘scientific workers ; there 
is an equal shortage of labour generally. The 
number of the former cannot be increased rapidly ; 
the number of the latter cannot be substantially 
increased at all. Nevertheless, the output from 
industry could be increased almost at once. It is 
merely a matter of dropping rigid demarcation and 
taking proper. advantage of the methods and 
machines which the work of the scientific minority 
has made available. There is reason to believe that 
some labour leaders understand this, but they do 
not appear to be able to persuade their followers 
to act as though they also did. At the inquiry by 
the Railway Staff Tribunal into the railway unions’ 





claim for a 10 per cent, increase in wages, Mr. W. P. 
Allen, speaking for the Railway Executive, said, 
“we are not satisfied with the degree of assistance 
we have received from certain sections of the 
staff . . . in our efforts to improve efficiency and 
reduce general operating costs.” Wages, which in 
1938 totalled 103,750,000/., had increased in 1951 to 
241,250,000/. A rise of this kind, for the same, or 
possibly less, effective work done, merely increases 
the cost of living and reduces its standard for 
everybody. How long it will be before organised 
labour realises that its own greatest advantage lies 
in frankly accepting the possibilities and implications 
of modern industrial methods, and in the abandon- 
ment of practices which waste man-power, none 
can predict; but there is no question that the 
present standard of living cannot be maintained, 
much less increased, in any other way. 





SAFE MEANS OF ACCESS. 


Amone the many obligations placed upon 
employers by the Factory Acts and regulations 
there is one of which the meaning has often to be 
interpreted by the Courts. It is required by s.26 
of the Act of 1937 that an employer must provide 
safe means of access to the places where a workman 
has to work. In a recent case (Farquhar v. Chance 
Bros., Lid. (1951) 2 T.L.R. 666), the facts were as 
follows. A man was employed at a factory where 
there was a glass furnace. Without going into 
details, it is enough to say that, in the course of 
his work, he had to reach a platform which was 
13 ft. 6 in. above the ground. The proper way to 
reach this platform was by a ladder, but the man 
tried to get to the platform by stepping across a gap 
of 4 ft. 6 in. between the platform and a girder a 
little higher up. He slipped and fell, sustaining 
injuries which resulted in his death. To his know- 
ledge, suitable ladders were kept, some in a store 
50 ft. away and others in a store 100 ft. away, and 
he had used a ladder on a previous occasion. In 
these circumstances, the employers were prosecuted 
for not providing safe means of access. The justices 
at Smethwick dismissed the application, but the 
factory inspector appealed to the Divisional Court. 

The appeal was dismissed. The Lord Chief 
Justice said : ‘‘ The employers had provided ladders, 
and if he (the deceased man) did not choose to use 
a ladder which he could have fetched himself, I do 
not think it can be said that the respondents have 
failed to provide a safe means of access.” One of 
the judges (Mr. Justice Hilbery) said, however, 
‘* [should have thought, if I had been free to so find, 
that it would be right to say that you do not provide 
an article as a safe means of access to a place of 
work where work has to be done at a particular 
time, if you merely provide an article which can be 
made into a safe means of access. An article which 
can be made into a safe means of access is not the 
same thing as a safe means of access. A ladder in 
a store, however well maintained it may be, is 
merely a ladder, and, perhaps one of many which 
would be suitable for use as a means of access to a 
place of work. In my view, it does not become 
a means of access to a particular place of work until 
it is placed in such a position as is appropriate for 
its use as a way of getting to that place of work ; 
and that is a question of degree.” His Lordship 
went on to intimate that, if he had been deciding 
the case in a common law action, where the issue 
was whether the widow could maintain her claim 
under the Fatal Accidents Act on the basis that there 
had been a breach of the Factories Act, 1937, he 
would have decided in her favour. 

In support of this opinion, he adduced a decision 
of Mr. Justice Devlin in the case of Pinch v. Tele- 
graph, etc., Co. (1949) 65 T.L.R. 153. In that case, 
the plaintiff had suffered an injury to his eye by a 
flying particle of metal. The Factories Act, 1937, 


‘ 





and regulations made thereunder, required that the 
employers. should provide an effective screen or 
goggles to protect persons engaged in the work on 
which the plaintiff was employed. ‘ In the factory, 
it had been the practice to hang suitable goggles 
near the plaintiff’s machine, but, at the relative date, 
as a consequence of their having been mishandled, 
they were hanging in the foreman’s office about 
300 ft. away. It was proved that the plaintiff had 
not been given special instructions as to where to 
find the goggles. It was held that, in these cir- 
cumstances, the employers had not fulfilled their 
obligation to “‘ provide ” goggles. With all respect 
to Mr. Justice Hilbery, the case of the goggles is 
widely different from those in the case of the ladder, 
if only because, in the latter case, it was in evidence 
that the man who suffered knew where a ladder 
was normally kept. 

As, however, Mr. Justice Hilbery did not dissent 
from the view of the other two judges, and admitted 
that it was a question of the degree of care which an 
employer must take to provide “‘safe means of 
access,” his opinion is academic. At the same time, 
many people will find it difficult to follow his 
reasoning. In every factory, a ladder has to be 
used on occasions. Must an employer see to it that 
there is a ladder available and ready to hand at 
every place where it may be required? To this 
question the answer is plain enough. What more 
can be expected of an employer than that he should 
have a ladder available at any time in a place known 
to all his workmen? It may be doubted whether 
another judge would have found that, in this case, 
the employers had failed to discharge their duty 
under the Statute. But though, in our view, the 
widow could not have made a successful claim at 
common law, it is obvious that she would have been 
entitled to an award of compensation under the 
Workmens Compensation Act, her husband having 
been the victim of an accident arising out of and in 
the course of his employment. That being so, she 
would be entitled to prefer a claim under the 
National Health Insurance Act which would give 
to her all that she could have been awarded under 
a series of statutes which have now been repealed. 





NOTES. 


Tue InstTrITuTION OF MECHANICAL ENGINEERS. 


A THEORY to account for the “cratering” of 
cemented-carbide cutting tools was advanced by 
Dr. E. M. Trent, M.Met., in a paper, ‘‘ Some Factors 
Affecting Wear on Cemented Carbide Tools,” which 
he presented at a meeting of the Institution of 
Mechanical Engineers on Friday, November 2. 
He suggested that the temperature of the rubbing 
surface of the chip, on leaving the body of the work- 
piece, increased rapidly from the time when it 
first made contact with the tool until it broke con- 
tact or until the melting point of the chip material 
(or of some alloy between the tool and the chip) 
was reached. The cratering type of wear in alloys 
containing free tungsten carbide was due to the 
formation of a fused alloy between the chip and 
the tool. The author had obtained evidence that, 
during friction at high speeds, this fused alloy 
could be formed between the tungsten carbide and 
the steel, the melting point of the alloy being not 
higher than 1,300 deg. C., which was much lower 
than that of tungsten carbide and nearly 200 deg. C. 
lower than that of many steels, Experiments 
showed that at 1,325 deg. C. there was a very rapid 
reaction between steel and a tungsten-carbide 
cobalt material; similarly with a material of 
tungeten carbide, titanium-tungsten carbide, and 
cobalt. A cemented carbide of titanium-tungsten 
carbide and cobalt, however, was attacked only 
slightly even at 1,350 deg. C. It was therefore 
reasonable to conclude that the rapid cratering of 
tools of the tungsten-carbide-cobalt type, when 
used on steels at high speeds, was caused by the 
formation of a very thin fused layer between the 
chip and tool surfaces, this layer consisting of an 
alloy of tungsten carbide with steel, which melts at 
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about 1,300 deg..C. This theory explained several 
phenomena, observed in practice, which the author 
enumerated. The discussion was opened by Mr. 
C. Eatough, who remarked that although, as the 
author had said, oxidation was probably not signi- 
ficant as a cause of wear during high-speed con- 
tinuous cutting, as on a lathe, it was probably 
operative in the case of milling with carbide tools, 
since the cutting blades were continually entering 
and leaving the work. Dr. F. T. Bowden, in a 
contribution read by Dr. A. J. W. Moore, said he 
saw no difficulty in accepting the author’s conclusion 
that a temperature rise of about 1,300 deg. C. 
would be reached, and Dr. Moore himseif, speaking 
of the remarkable speed at which the chip’s tem- 
perature was raised, said that there was plenty of 
evidence to show that when friction took place under 
such clean sliding conditions the meaning of the 
coefficient of friction began to disappear, and there 
might be values of 6 or 7, or even 20. In other 
words, the substances welded together. Mr. H. 
Burden disputed the author’s theory of a fused 
layer, citing as evidence against it the observed 
appearance of the backs of chips. He suggested 
that if any alloy were formed its formation was 
intermittent. The chairman, Mr. J. M. Newton, 
B.Sc., closed the discussion with a plea to the 
makers of cemented-carbide tools not to identify 
such tools merely by symbols ; the type of carbide 
should also be stated. 


Tue Ketvin Mepat. 


The Kelvin Medal for 1950, which was awarded 
to Dr. Theodore von K érman, F.R.S., by the Awards 
Committee, consisting of the Presidents of eight 
leading institutions, which selects a recipient every 
three years, was presented to Dr. yon Karman on 
Tuesday, November 6, at a special meeting held in 
the Institution of Civil Engineers, Great George- 
street, London, S.W.1l. Dr. W. H. Glanville, 
F.R.8., President of the Institution of Civil Engi- 
neers took the chair at the special meeting and 
invited Lord Runciman, President of the Institution 
of Naval Architects, to make the presentation. 
Lord Runciman, in doing so, explained that the 
Kelvin Medal was an international award, nomina- 
tions for which were made to the Awards Committee 
by engineering and scientific societies in all parts of 
the world. Dr. von Karman was chosen to receive 
the Medal because of his outstanding work on the 
flight of supersonic aircraft, rockets and guided 
missiles in his capacity as Professor of Aeronautics 
and Director of the Guggenheim Aeronautical 
Laboratory at the California Institute of Technology. 
A vote of thanks to Lord Runciman was proposed 
by Sir Andrew Bryan, President of the Institution 
of Mining Engineers, and seconded by Sir John 
Hacking, President of the Institution of Electrical 
Engineers. At the ordinary meeting of the Institu- 
tion of Civil Engineers, which followed, Mr. A. S. 
Quartermaine was inducted as President by the 
retiring President, Dr. Glanville, and delivered his 
address, which we commence to reprint on page 599 
of this issue. 


HapFIELps’s Heavy Forces Suop. 


On Thursday, November 8, H.R.H. The Duke of 
Gloucester, K.G., performed the opening ceremony 
for a new heavy forge shop at the East Hecla Works, 
Tinsley, Sheffield, of Hadfields, Limited. The main 
purpose of the shop is to improve the firm’s heavy 
special-steel forging facilities, and the equipment 
provided includes two air-hydraulic forging presses, 
one of 2,700 tons and the other of 1,500 tons capacity, 
and the ne ingot re-heating and forged- 
product heat-treatment furnaces. The installation 
has been designed to handle ingots up to 45 tons in 
weight and to produce forgings up to 40 in. in 
diameter or 40 ft. long, rings having a maximum 
diameter of 12 ft., and sleeves measuring up to 
6 {t. in diameter and 10 ft. in length. The new 
building occupies an area of 122,000 sq. ft., and is 
divided into four bays, namely a stock bay, a 
forge bay, a furnace bay and a heat-treatment 
bay. The last three bays have a crane span of 
80 ft., a height of 52 ft. from floor level to crane- 
rail level and a total length of 386 ft. The stock 
bay has the same length as the other three but 
has a crane span of 57 ft. 9 in., and a height 
from floor level to crane rail of 39 ft.6in, The two 





forging -presses are served by 11 gas-fired re-heating 
furnaces. ranging in size from 15 ft. by 7 ft. 3 in. by 
7 ft. to 12 ft. by 6 ft. by 6 ft., while, in the heat- 
treatment section, there are nine furnaces which 
are also gas-fired, the largest measuring 40 ft. by 
14 ft. by 9 ft., and the smallest 15 ft. by 9 ft. by 
6 ft. 7 in. 


MEASURING SMALL PARTICLES. 

At King’s College, University of London, on 
Tuesday evening, November 6, Dr.. H. E. Rose, 
Reader in Mechanical Engineering in the college, 
delivered the first of four public lectures on the 
Measurement of Particle Size in Very Fine Powders. 
Stressing that the accurate determination of the 
geometrical relationships of a small particle was 
seldom of interest in itself, the lecturer emphasised 
the importance, nevertheless, of being able to esti- 
mate and control the sizes and size-distributions of 
particles forming powders used in industrial and 
chemical processes. Examples where such control 
was important were provided by vacuum-tube 
manufacture, in which fine powders were employed 
to absorb residual gases, pigment manufacture, 
where the particle size influenced the life of the paint, 
and cement manufacture, in which the setting-time 
and ultimate strength of the product depended 
on the size of the constituent particles. In the 
case of very fine particles, less than 60 microns in 
diameter, which would pass readily through the 
finest sieve, size-determination depended on an 
ability to measure the particle sizes by some other 
means. The three important quantities were the 
size-frequency, the specific surface, and the shape. 
Size-frequency and specific surface could be deter- 
mined by photo-extinction methods. Surface area 
could also be determined by nitrogen-absorption, 
but the area so found might be many times greater 
than the superficial area determined by the photo- 
extinction method since the nitrogen molecules 
would frequently penetrate interstices in the 
particles. A number of size parameters were in 
common use including, for non-spherical particles, 
four definitions of an equivalent diameter. The 
relations between these were illustrated and some 
analysis was made of a typical size-distribution 
curve. Illustrative lantern slides were also shown. 
In his subsequent lectures, which will be given in 
Kings College on November 13, 20 and 27, respec- 
tively, all at 5.30 p.m., Dr. Rose will elaborate his 
subject and discuss in detail various methods of 
size-estimation. 


Tue Royat InstITvTION. 


The series of Friday Evening Discourses at the 
Royal Institution, 21, Albemarle-street, London, 
W.1, was resumed on Friday last, November 2, 
when the speaker was Sir John Cockcroft, C.B.E., 
F.R.S. Choosing as his subject ‘“ Experiments 
with High-Energy Nucleons and Quanta,” Sir John 
said that the central problem of present-day nuclear 
physics was to discover the nature of the forces 
which held together the protons and neutrons 
in an atomic nucleus against the enormous electrical 
repulsion between the protons. For example, in an 
atom of uranium which had 92 protons in its nucleus, 
the electrostatic repulsion between the protons was 
approximately 10° atmospheres. Reviewing the 
history of atomic physics, the lecturer suggested 
that it could be divided into four periods. The first 
was that of the Curies, the discovery of radio- 
activity and the associated degeneration of the heavy 
unstable elements into lead. The second phase 
was distinguished by the early work of Rutherford 
and Moseley, the development of the nuclear theory 
of the atom, the experiments of Marsden and 
Geiger, and the enunciation by Niels Bohr of his 
theory of stable electron orbits. The third era 
had been called the Golden Age of atomic physics. 
It had witnessed Rutherford’s transmutation of 
light atoms by means of high-speed «-particles, the 
identification of the neutron by Chadwick, the dis- 
covery of the positron by Anderson, the development 
of particle accelerators, such as the Cylotron, and, 
in its closing stages, nuclear fission on a grand 
scale. The fourth and latest phase, that since the 
war, had been marked by.the discovery of still more 
nuclear particles, of which there were now some 
20, either identified or due for discovery in the 
near future. This number included the various 





mesons, transient particles the creation of which 
was believed to be associated intimately with the 
intranuclear bonding forces. riments had 
been carried out with the aid of the Harwell Cyclo- 
tron to determine the nature of these forces, which 
could be neither electrostatic nor magnetic. One 
set of experiments had consisted in bombarding 
a thin sheet of polythene with neutrons released 
from a beryllium target within the Cyclotron. The 
polythene, in its turn, emitted a stream of protons, 
the scatter pattern and energy distribution of which 
could be determined by the aid of an atomic “ tele- 
scope.” Discussing the role of mesons, Sir John 
recalled that their existence had first been predicted 
on theoretical grounds by Yukawa, in Japan, in 
1934. He had calculated that their mass would be 
intermediate between those of an electron and a 
proton and that their life would be of the order of 
one millionth of a second. According to current 
theory, the nucleons were surrounded by meson 
fields, and Fermi had suggested that the interaction 
between a proton and a neutron consisted in the 
transfer of a positive meson from the former to the 
latter, which thereupon became a proton. Other 
interactions could be explained by the exchange 
of neutral, or negative, mesons. The study of mesons 
was now being actively pursued in several countries 
and new facilities for the work were continually 
being provided. The powerful Cyclotron at Chicago 
university was capable of producing streams of 
mesons. Particle accelerators, such as the Cyclo- 
tron, and high-energy X-rays, also found an impor- 
tant applicaticn in the production of new isotopes. 
After referring to the importance of cosmic-ray 
research in nuclear physics, and showing a number 
of lantern slides illustrating atomic disintegrations, 
the lecturer concluded by expressing the view that 
in the next decade important discoveries would be 
made in the atomic field which would greatly 
advance knowledge of fundamental physics. 


Farapay Hovssr Otp Stupsnts’ ASsocraTion. 


The annual dinner of the Faraday House Old 
Students’ Association was held at the Savoy Hotel, 
London, on Friday, November 2, the President 
(Mr. J. C. Thompson) being in the chair. In pro- 
posing the toast of “‘ Faraday House ” the President 
of the Institution of Electrical Engineers (Sir John 
Hacking) said that the functions of the Institution 
and of Faraday House were complementary. The 
first laid down standards of training both in theory 
and practice and the second provided the basic 
instruction necessary to attain those standards. 
Faraday House was unique in that it arranged for 
both types of training to take place during a four 
years’ course, compared with five years by other 
bodies, a policy which necessitated great concen- 
tration on the part of both staff and students. The 
electricity supply industry was passing through a 
difficult period and had not escaped political 
criticism. He hoped, however, that no drastic 
changes would be made, as these might be harmful 
both to the industry and to the public. Technical 
co-ordination had led to economies, but these 
might be frittered away if discontent were caused 
among the workers or energy expended in replying 
to unjustified criticism. The Principal (Dr. W. R.C. 
Coode-Adams), in reply, said it was difficult to 
make the sandwich system comply with the require- 
ments of industry. If civilisation were to continue 
it was necessary to. have engineers, but whether 
this was a good thing, however, was another matter. 
The toast of ‘‘The Guests”’ was proposed by Mr. 
A. W. Berry. In reply, Vice-Admiral Sir Michael 
Denny said that the creation of the new L Branch 
in the Navy had added both to its strength and its 
effectiveness, for present day equipment could not 
be operated without the assistance of specialists. 
Faraday House had provided a large number of 
recruits for this branch and the records showed 
that a high standard had been reached. There 
was still, however, a shortage of personnel. 





InquIRY INTO Loss oF 8.S. “ ExtetH.”—The formal 
investigation into the total loss of the s.s. Eleth while 
on a voyage from Birkenhead to Dundalk, Co. Louth, 
on February 2, 1951, has been fixed for hearing at the 
County Sessions House, Islington, Liverpool, on Tuesday, 
November 27, 1951, at 10.30 a.m. 
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LETTERS TO THE EDITOR. 


TRAINING IN TWO CRAFTS. 
To THe Eprror or ENGINEERING. 


Srr,—I was pleased to see in your Labour Notes 
(issue of November 2), that Sir Godfrey Ince, in his 
recent address to the British Association for Com- 
mercial and Industrial Education, had proposed 
the introduction of intensive training methods, 
which would provide in our apprentices and trainees 
resultant craftsmen skilled in two skilled crafts, 
in place of one in the same amount of time. This 
is a proposition which I have put before the Institu- 
tion of Production Engineers at all the Centres in 
my recent lectures on “The Fundamentals of 
Production Management’ and “ Production Man- 
agement Problems”; it has met with a response 
from production managers, and obviously needs 
further study with the Trades Union Congress. 

The advantages, for the community as a whole, 
of double training in the same period of apprentice- 
ship, traineeship, or extended periods on the 
American basis, are that each skilled craftsman has 
two crafts within his competence, doubling his 
security in jobs which he can tackle, and all manu- 
facturing concerns have a very much improved 
flexibility of skilled labour, which, in the varying 
demands of their product, can be intensively 
utilised to suit high efficiency in the pursuit of 
higher productivity. 

I trust this work will attract the attention of the 
various institutions concerned, now that it has been 
so admirably initiated in its general national context 
by Sir Godfrey Ince. 

Yours faithfully, 
M. Seaman, 
; General Manager. 
The British Oxygen Company, Limited, 
Engineering Works, 
Angel-road, 
London, N.18. 

November 5, 1951. 





TESTS ON CONCRETE WITH 
ELECTRICAL-RESISTANCE STRAIN 
GAUGES. 


To THe Epiror oF ENGINEERING. 


Str,—I was interested to read, on page 531 of 
your issue of October 26, the reply of Dr. Grassam 
and Dr. Fisher to my letter which was published 
on page 468 of the October 12 issue. The main 
point of discussion appears to be the nature of the 
distribution of strain along a longitudinal strip of a 
cylinder undergoing axial compression, and this is 
dependent on the nature of the deformed shape of 
the cylinder. 

The statement that the effect of complete lateral 
restraint at the ends of the cylinder is, theoretically, 
to raise the value of the effective modulus of direct 
elasticity at the ends by 2 per cent. over the value 
existing at the mid-height of the cylinder, which 
might be assumed to be laterally unrestrained, 
appears to be based on the assumption that the 
lateral constraint is produced by forces acting 
normal to the surface of the cylinder. This type 
of constraint would keep generators of the cylinder 
normal to the face of the loading platens at the 
ends while allowing curvature towards the mid- 
height. The generators, however, do not deform 
in this manner. 

The lateral constraint is produced by the frictional 
force developed between the loading platens and 
the ends of the cylinder. This force acts tangentially 
in such a manner as to oppose the lateral expansion 
which would otherwise accompany the longitudinal 
coptraction. This tangential force will therefore 
induce shear stresses at the ends of the specimen 
which will cause curvature of the generators. This 
curvature will be a maximum at the ends and will 
decrease towards the mid-height so that tensile 
strains which are caused by the curvature will be 
greatest at the ends. These tensile strains are 
superimposed on the compressive strain, and the 
gauges which record the overall longitudinal strains 
will therefore show maximum strain at the mid- 





height and decreasing compressive strains towards 
the ends. This curvature effect; and hence the 
variation in axial strain, can be reduced by lubrica- 
tion between the ends of the cylinder and the 
loading platens, but I do not know how the magni- 
tude of the relief can be predicted in any particular 
case. 

The lack of symmetry in my strain distribution 
curves is probably caused by unequal distribution 
of aggregate. The asymmetrical form of strain 
distribution became inverted if the cylinder was 
loaded in an inverted position, and on breaking 
up the cylinder there was found to have been a 
tendency for the coarser aggregate to settle towards 
the bottom of the cylinder. 

I am not clear about the explanation of the fact, 
quoted by the authors, that they obtained a hoop 
strain at the mid-height which was about five times 
that measured at the ends, while at the same time 
they found a uniform longitudinal strain in the 
specimen. I agree with Dr. Grassam and Dr. 
Fisher that the sensitivity factor of an electrical- 
resistance strain gauge depends to a small extent 
on the value of Poisson’s ratio for the material under 
test, and also to a small extent on the nature of the 
adhesive used, and it was for those reasons that I 
originally stated that the factor was “ virtually ” 
a function of the gauge. 

Yours faithfully, 
K. R. PEatriz, 
Lecturer in Civil Engineering. 
The University of Nottingham. 
November 3, 1951. 





METAL ECONOMICS. 
(Concluded from page 555.) 

We conclude below our report of the general 
discussion on “‘ Metal Economics ” held in London 
under the auspices of the Institute of Metals on 
Wednesday, October 17. Mr. D. A. Oliver was 
the second speaker in the afternoon discussion on 
“Scrap Reclamation, Secondary Metals and Sub- 
stitute Metals.” 

Mr. D. A. Oliver stated that what had been said 
that morning was reassuring, as showing that there 
was no need to panic so far as Mother Earth was 
concerned. At the same time, the need for caution 
in economic arguments had been reinforced. In 
the first paper of the afternoon session, that by Mr. 
Bristow, Mr. Sidery and Dr. Sutton, the remark was 
made that the designer had great scope for influenc- 
ing the metal economy side of the project. “‘ Econo- 
mic production calls for the closest collaboration 
between designer, production engineer and metal- 
lurgist,” the authors had said. He would like to 
underline that statement, because there was an 
idea abroad that metal shortages were a figment of 
someone’s imagination in some Ministry, and that if 
only existing designs were adhered to long enough, 
things would right themselves and business be as 
usual. If we were going to make appreciable 
economies in the national industrial field it did 
involve the most “ dreadful’? amount of re-design, 
hard, work, fresh development and testing. In this 
connection, the only case that he could quote which 
had at all an atmosphere of completeness was one 
that had happened in the United States about a 
year ago. The radio and television industry there 
were told that their industry was rather a luxury 
one, and that they could have only about two- 
thirds of the metal they had had previously to 
meet a rapidly rising market. They had faced the 
situation, and sets which previously had weighed 
28 Ib. were re-designed to weigh only 17} 1b. It was 
a brilliant piece of research from beginning to end. 
Transformers were reduced in weight; they ran a 
little hotter, so that some more holes were made in 
the box and little flues put in, and they cooled 
themselves. The watt loss on the transformer was 
greater, but the consumer, rather than not have a 
television set, did not mind paying fractionally 
more on his electricity bill for the running of his set. 
In some cases one metal was sacrificed to save 
another, and magnesium, which fortunately came 
from sea-water, was very effective in protecting 
other metals. In some cases, therefore, the loss 
of the metal was not to be deplored if it saved 
corrosion losses in other directions. 





Standardisation had naturally great possibilities 
for savings, and it was very interesting to find, in 
Mr. Dinsdale’s paper, what was almost a closed- 
circuit economy, with a large measure of self-help 
inside that economy. It looked as though there 
was a move in the right direction for returning scrap 
to the makers, and it seemed to be becoming more 
customary for merchants to give more favourable 
consideration in supplying a particular user if 
he returned his scrap direct to them. Whatever 
might be thought of this, it was undoubtedly 
resulting in greater overall efficiency. Two interest- 
ing points were mentioned in the paper by Mr. 
Bristow, Mr. Sidery and Dr. Sutton. One was the 
possibility of replacing copper-bearing condenser 
tubes by aluminium. In the recent visit to the 
United States of the special team on scarce materials, 
under the xgis of the Anglo-American Productivity 
Council, an experiment in which aluminium or 
aluminium-alloy tubes were actually in a con- 
denser had been referred to, and the information 
given had been that the performance to date was 
very satisfactory. With regard to the use of 
aluminium for *bus-bars, Dr. Smithells had told 
him that it had been standard practice in the 
aluminium industry to use these made of aluminium, 
and recently, in Austria, in a large works he had 
seen a magnificent example of very massive alumi- 
nium ’bus-bars. The jointing difficulties had ap- 
parently been overcome; they were well scraped 
and mated and bolted with steel bolts, and one 
point which was made about them was that, owing 
to their lightness, they did not need such heavy 
supports along the length of the wall against which 
they were running. Another factor which was 
helping the economy drive, particularly in the sphere 
of ferrous metals and highly-complex alloys, was the 
use of the oxygen lance. This was an extra facility 
which had come into the picture in the last few 
years, and was very important in connection with 
limiting the carbon in stainless steels. Mr. Bucknall 
that morning had referred to the enormous import- 
ance of returning scrap to the makers of the par- 
ticular product. The value of this needed emphasis, 
because, very often, provided due care was taken in 
segregation, the maker could recover the metals 
contained in the scrap immediately, with minimum 
losses and resulting in a maximum rate of circula- 
tion. 

Dr. U. R. Evans said that Mr. Bristow, Mr. Sidery 
and Dr. Sutton, in their paper, had made the state- 
ment that “corrosion control can contribute 
substantially to metal conservation.” He fully 
agreed. Conversely, prohibition of adequate cor- 
rosion control could contribute substantially to 
metal shortages. This was a very real danger at 
the present juncture and was not fully realised, at a 
time when, with a view to economy, the non-ferrous 
metals for the protective coating of steel were 
being cut down. Relatively large and valuable 
masses of manufactured steel were jeopardised in 
that way. In this situation, it was surely logical to 
consider the principles which governed the way in 
which protection varied with the thickness of a 
protective coat. It should be noted that the 
principles were utterly different according to 
whether one considered a metal which was anodic 
to the steel basis, such as zinc, or a metal like nickel, 
which was cathodic to the basis. In the case of 
zinc, it was frequently stated that the useful life of 
@ zinc coat was proportional to its thickness. That 
was an over-simplification, but, in certain situations, 
it might serve, and, where it did, it should be 
relatively easy to decide what thickness of zinc 
could be used at the present time, having regard to 
the shortage of zinc and the value of the steel article 
which it was to protect. It was very important to 
notice, however, that this rule failed entirely if the 
zine coating was not uniform. Some years ago an 
authority on galvanising had stated that, below 4 
certain mean thickness of zinc coat, it was impossible 
to get uniformity. Consequently, it would always 
be uneconomic to go below that limiting thickness 
where one could no longer obtain substantial 
uniformity of thickness. 

The case of nickel was mathematically quite 
different, as had been shown to some extent in some 
recent work at Cambridge—work which would be 
published in three papers in the journal of the 
Electrodepositors’ Society. A very small reduction 
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in thickness of, say, nickel plating compared with 
what was customary could seriously cut down the 
effective protection. One of the things which 
worried him, at the present time, was the possibility 
that our reputation for high quality in export goods 
would disappear because someone would be tempted 
to send abroad plated articles which looked very 
like what had been sent in the past, and looked 
very much the same in the showroom, but which 
would look very different after a short time in 
service. That did not apply only to metal plating, 
and it did not always result from a desire for 
economy; sometimes it was due to carelessness. 
In a letter received by him recently, Mr. H. H. 
Burton had written: “I have been observing 
carefully the behaviour of the body protection on 
modern cars made since the war, and it is a fact that 
most of these are already in a much worse condition 
than those of cars made pre-war which are still in 
use. Some of the examples one sees are so shocking 
that one is forced to the conclusion that the steel 
sheeting could never have been properly cleaned 
before the - protective coatings were applied.” 
Speaking quite generally, Dr. Evans concluded, 
there was little doubt that greater care in the choice 
and application of protective coatings, whether 
metallic or non-metallic, would contribute to metal 
conservation quite as much as the organisation of the 
return of the uncorroded residues to the metallurgical 
industry in the form of scrap. 

A communication from Mr. H. J. Miller, of British 
Copper Refiners, Limited, who was unable to be 
present, was read by Mr. N. B. Vaughan, and 
constituted the last contribution to the discussion. 
Mr. Miller wrote that secondary copper and copper- 
base materials arose from three different sources, 
namely, in the first place, “ process scrap,” re- 
covered in engineering and other works from the 
fabrication of various products (this was sometimes 
termed ‘“‘new scrap”). Secondly, there was 
“salvage or demolition scrap,” which was obtained 
from recovery operations consequent upon the 
obsolescence of equipment, apparatus, vehicles, 
buildings, etc. (this was often described as “‘ old 
scrap”). Thirdly, there were residues which 
comprised the slags, skimmings, and other by- 
products arising from the metallurgical industry 
which could not be utilised directly. It must be 
emphasised that the circulating or “‘ run-around ” 
scrap in the metallurgical industry, comprising 
rejected castings and wrought products, together 
with croppings, shearings, and other waste, did not 
enter into the picture of metal scrap supplies. This 
circulating scrap, while being a very high percentage 
of the total throughput of the works, should not 
give rise to any difficulties in use providing there 
was adequate segregation. 

As regards the supplies of scrap from the three 
sources mentioned above, the available statistical 
data revealed the predominant importance of the 
first two groups ; the residue type of material, which 
needed special processing, arose in much lower 
quantities than the other two. Another point 
which might be deduced from the available data 
was that, while over extended periods there was a 
fairly constant arising, or flow, of scrap, there might 
be enormous variations within short periods in the 
supplies of these materials, depending entirely on 
the relative rates of activity of different branches of 
the industry, and on the market “ sentiment.” 
Process scrap or new scrap became available after 
an interval of a few weeks or months from the time 
the semi-fabricated strip, sheet, rod or other pro- 
ducts had been manufactured. The amount of such 
scrap varied widely, say from 10 per cent. to 50 per 
cent. for individual products, though it was probable 
that it averaged about 20 per cent. of the total 
quantity of semi-fabricated material. Clearly, in 
conditions of expanding trade, the time-lag which 
occurred before such scrap was returned to the 
metallurgical works resulted in a temporary scrap 
shortage ; while, on the other hand, in conditions 
of contracting trade, it resulted in a glut. Thus, 
short-term trade cycles had important effects. By 
themselves both the expansion and contraction of 
trade affected the demands for scrap as well as 
virgin metals, because of the necessity of filling up, 
or alternatively of reducing, the “ pipeline” in 
the works organisation. 

The amount of scrap from demolition or salvage 





operations was subject to an altogether different 
series of variations. While it was generally recog- 
nised that the non-ferrous metals were largely 
indestructible, and therefore that they might ulti- 
mately be recovered, there was nevertheless a fairly 
large loss due to inevitable waste and the imper- 
fections of salvaging and recovery. It was not 
possible to state accurately any probable average 
recovery factor, but he would place it at 65 per cent.; 
this, incidentally, was a figure which had previously 
been established for the recovery factor for iron and 
steel products. This recovery factor might be 
expected to apply to copper and copper-alloy 
products after they had reached an average life of 
25 years ; this latter figure was, in itself, merely an 
estimate, as products had a life ranging from a few 
months to upwards of 100 years, Thus the quantity 
of old scrap which came forward at any given time 
bore a relationship to the metal put into service in 
the previous generation. 

To some extent the decision to scrap plant, 
structures, buildings, etc., depended on the avail- 
ability of replacements or improvements, whether 
this was in electrical equipment, ships, motor-cars, 
or other products; thus, decisions about obsoles- 
cence programmes were entirely dependent on the 
availability of new products. In addition, market 
prices had an influence on the rate at which scrap 
was recovered or sold by demolition firms, there 
being a tendency for supplies to be withheld with 
rising prices and to come forward with falling prices. 
It was therefore fairly clear that the supplies of 
salvage or old scrap were subject to a peculiar set 
of laws, and it was for these reasons that the metal- 
lurgical industries could not rely on stability except 
over long periods. It followed from these arguments 
that, with conditions of stable industry over a 
period of 25 years—which conditions had never 
existed and indeed were unlikely ever to exist— 
new scrap would amount to 20 per cent. of the 
metallurgical industries’ turnover for copper and 
copper alloys, and the raw-material feed would be 
65 per cent. old scrap. As, in general, there had 
been a gradual expansion in the consumption of 
copper, subject, of course, to many sudden increases 
and setbacks, old scrap had never reached this 
absolute importance. It was of interest to note 
that, in the years immediately before 1939 in the 
United States, old scrap amounted to 28 per cent. 
and new scrap to 14 per cent., thus giving a total 
of 42 per cent. of the copper consumption, the 
remaining 58 per cent. being virgin metal. This 
was an unusual state of affairs, to a large extent 
brought about by the more or less static industrial 
activity experienced in the decade 1930-39, and 
the performance had not been repeated since. In 
any event, the figure of 14 per cent. for new scrap 
seemed to be on the low side, because of the incom- 
pleteness of the statistics. 

Fears had been expressed by primary-metal 
producers that scrap-metal supplies could exert a 
predominating effect on the livelihood of primary- 
metal producers. This was especially the case under 
conditions of contracting trade, because the flow 
of scrap metals was uncontrollable, such materials 
being thrown on to the market regardless of price 
conditions. Eventually, old copper-scrap supplies 
could exceed the supplies of virgin copper, and, 
although it could not be visualised that this could 
happen for a long time, there was evidence of the 
validity of this contention by the experience with 
lead, where old scrap supplies were now so abundant. 
As regards the uses to which copper and copper- 
alloy scrap could be applied in the metallurgical 
industry, it was his view that the combined efforts 
of scrap-metal merchants and consumers had 
resulted in a satisfactory utilisation of material. 
Under conditions of complete freedom of activity, 
there was an incentive to up-grade scrap, namely, 
to use it for the highest-grade purposes possible. 
In general, it was only in the case of excessive 
up-grading that difficulties occurred. Under condi- 
tions of primary-metal shortage, such as existed at 
the present time, many unnatural forms of incentive 
to employ scrap were experienced. The conditions 
which now existed were most certainly not typical 
of previous years, and, therefore, too much emphasis 
should not be placed on the present conditions, and 
on some of the difficulties encountered. 

For convenience, he regarded the copper industry 





as consisting of eight sections, each of which was 
characterised’ by totally different requirements ; 
these sections of the industry were: (1) copper for 
electrical products; (2) other fabricated copper 
products; (3) brass strip, tubes, etc. (ie. alpha- 
brass products); (4) brass rod and sections (i.e. 
alpha-beta brass products); (5) brass castings ; 
(6) gunmetal and bronze castings; (7) miscel- 
laneous (including special alloys); and (8) copper 
sulphate. Each of these groups differed in its 
capacity for absorbing scrap, because of the fact 
that the inevitable impurities associated with scrap 
had different effects, a matter which was recognised 
by British Standard and other specifications applying 
to the various products. On account of the varying 
effects of impurities, the scrap consumption in the 
eight groups of the copper industry varied from 
nil up to 100 per cent., the latter figure applying to 
those compositions and types of castings made from 
alloy ingots, and also to certain grades of brass-rod 
products, as well, of course, as coepper-sulphate 
manufacture. The relative tonnages involved in 
the eight groups were clearly of importance, and 
when brass castings and brass rod were required 
in large quantities the scrap-metal absorption was 
naturally appreciable. On the average, all the 
eight groups of the copper industry could utilise 
up to 40 per cent. of the total scrap, so that the 
virgin copper requirement was 60 per cent. The 
figures published by the British Bureau of Non- 
Ferrous Metals Statistics for recent months con- 
firmed these percentages. Actually, in pre-war 
years in England, the percentages were probably 
nearer 30 per cent scrap and 70 per cent. virgin 
metal. 

The overall conclusion was that it would not 
always be possible to absorb all the “ arisings ” of 
new and old scrap directly; the excess amounts 
would of necessity have to be treated for recovery of 
the constituent metals. Indeed in the United States 
such recovery had been undertaken for a very long 
time and large quantities of electrolytic copper had 
been produced from secondary materials. Owing 
to the cost of the methods of extraction and 
purification, the prices which the scrap commanded 
were lower than if it were used for direct production. 
Hence this recovery had only been made on mar- 
ginal amounts and, from the arguments which had 
been advanced, these marginal amounts would tend 
to become greater. Efforts must always be made 
to ensure a greater direct use of scrap, as this was 
more economic. To facilitate this, it was most 
important that process or new scrap should be kept 
clean and well segregated, and that, in the case of 
old scrap, there should be the most judicious 
classification. In all instances there should be a 
maximum “up-grading.” Finally, while much 
could be written in regard to the classification and 
preliminary treatments undertaken to render scrap 
more amenable in physical form, and sometimes in 
composition also, for direct use, the commonest 
methods were magneting processes to remove iron, 
burning to remove volatile matter, centrifuging to 
remove water (as from swarf), and baking, shearing 
or masticating to reduce the volume of the scrap, 
as was the case with slittings and turnings. 

The President, in a brief final speech, stated that 
in the debate between what might be called roughly 
the pessimists and the optimists on the prospects 
for the future supplies of metals, it might be said 
that, on the whole, the optimists had put their 
views with the greater force. Industry would hope 
that this reassurance would prove to be well 
founded. It was not certain, at the moment, how 
fully the Institute would be able to report that day’s 
proceedings. The Publications Committee would 
have to look very carefully at existing commitments 
for paper, and see what could be squeezed out to 
use, in some form, a report on the discussion on 
“* Metal Economics.” He was glad to say, however, 
that the proceedings would be reported in the tech- 
nical journals. He hoped that that day’s meeting 
would encourage the Institute to return to this 
subject by way of another discussion during next 
year. It would then be most interesting to see how 
far that day’s opinions and prognoses would stand 
and how far they would require modification. 

A vote of thanks to the authors, moved from the 
chair, was carried by acclamation and the meeting 
terminated. 
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P. W. WILLANS: 
A CENTENARY MEMOIR. 
By K. W. Witans, M.I.Mech.E. 


On November 8, 1851, the year of the Great 
Exhibition, Peter William Willans, inventor of the 
Willans central-valve steam engine, was born in the 
city of Leeds. He was the third child and the 
second son of Obadiah Willans, and his mother was 
Elizabeth Tetley, daughter of Henry Tetley of 
Azenby Lodge, Topcliffe, near Thirsk. From old 
records it seems that the Willans family were of 
Scottish extraction, emigrating to England with 
James I and settling in Yorkshire, where, for 
generations, they had been woollen manufacturers. 
Another branch of the family settled in Ireland. 
The Tetleys were farmers. His mother died at 
the early age of 43; but his father, who died in 
1896, was then 87, his elder sister died in 1940 at 
the age of 92, and his brother, John Russell Willans, 
in the same year at the age of 85. It is probable, 
therefore, that my father would have lived to a 
great age and preserved his mental powers to the 
end, had it not been for a bolting horse. On May 23, 
1892, when he was driving to Brookwood station 
on the then London and South Western Railway, 
his horse took fright at a passing train and bolted. 
My father was thrown out on to his head, fracturing 
his skull, and died without recovering consciousness. 

Looking back on the obituary notices, which 
appeared in every technical journal at the time, it is 
easy to see how myths come into being. My father, 
after a period at a ‘‘dame’s school,” went at the 
age of 10 to the Leeds Grammar School; that was 
in January, 1862. He left the school in 1867 to 
start his apprenticeship. He was undoubtedly 
idle, in the sense that he did not work at his lessons, 
but at the same time his memoirs state that, when 
he reached the Fifth and Lower Sixth forms, his 
verse-making in both Greek and Latin gave promise 
of a brilliant university career, had he not trans- 
ferred to the scientific department of the school. 
The fact is that my father (like his son) worked 
hard at what he wanted to learn and at that alone. 
Again, I doubt very much the statement made in 
another memoir that he was a firm believer in a 
classical education. In the late eighties and early 
nineties, educationists were already at loggerheads 
on that debatable issue and I suspect that it was 
convenient to ascribe views on the subject to anyone 
whose opinion was sought on other matters. 

In 1867, my father began an apprenticeship with 
the firm of Carrett and Marshall, in Hunslet. 
Shortly before he came out of his time, in 1872, the 
firm changed hands and also their name, eventually 
to become much better known as Hathorn, Davey 
and Company. My father was asked to continue as 
an improver, but, as his great friend W. H. Massey* 
had left Leeds for London, and as a vacancy for a 
draughtsman existed at John Penn’s works at 
Greenwich, he went South and started there. It 
was while he was working at Penn’s that he studied 
the theory of steam engineering, as far as it was 
then known; and it was from that time onwards 
that he learned mathematics, not by attending 
evening classes, but by seeking out the knowledge 
required for the solution of immediate problems. 
In later years, he paid generous tribute to the help 
given to him by his close friend, John Macfarlane 
Gray, to whom he owed much of his knowledge 
of the higher mathematics. 

While still at Penn’s, my father took out his first 
engine patent, No. 974 of 1874. This patent 
covered steam engines with three lines of reciprocat- 
ing parts, the steam distribution to each line being 
controlled by valves driven by the adjacent line. 
Reverse rotation was obtained by changing the 
sequence. The first engine of this type was built 
at Penn’s and drove the pattern-shop machinery for 
many years; but the firm were not prepared to 
undertake its manufacture, so my father left them 
and, in company with W. H. Massey and a Mr. 
Ward, started the firm of Willans and Ward to 
develop the invention for both stationary and 
marine purposes. Tangye Brothers took the 
licence for manufacturing the engine for land use, 
while Hunter and English, of Bow, built it for 


* For obituary notice of W. H. Massey, see ENGINEER- 
ING, Vol. 149, page 529 (1940). 








marine purposes. This engine suffered from certain 
basic defects, the main one being that the exhaust 
from the cylinders passed into the crank chamber 
and thence to the condenser or atmosphere, but 
it was, without doubt, the first commercially 
successful enclosed-type engine. In 1880, my 
father married, and, together with Mark Heaton 
Robinson, founded the firm of Willans and Robinson 
at Thames Ditton, to build engines under patents 
Nos. 974 of 1874 and 1572 of 1880, the latter patent 
remedying certain detail defects of the earlier one. 
The firm also built yachts and launches. 

In 1884, pressed by Colonel R. E. B. Crompton 
and W. H. Massey, my father supplied a launch 
engine, direct-coupled to a dynamo, for experiments 
in train lighting on the Metropolitan District Rail- 
way; and, in the same year, four direct-coupled 
generating sets, using modificd launch engines, 
were supplied to Buckingham Palace for electric 
lighting. From this date, the use of this modified 
launch engine, known as the “Triple Tandem 
Special,” for electric generating, outstripped its use 
for marine purposes, until, in 1884, the central-valve 
engine was introduced. In 1889, the works were 
largely destroyed by fire, the boat-building shed 
alone escaping. By this time, the demand for 
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generating sets had become very great, and so the 
boat-building business was given up, the boat shed 
becoming a temporary machine shop. 

From this time onward, my father was concerned 
with the development of the central-valve engine 
and, later, with a variation of the engine, with the 
line of valves outside the cylinders. In 1886, he 
read his first paper before the Institution of Civil 
Engineers on the electrical regulation of the speed 
of steam engines. In 1888, he read his classic 
paper on economy trials of a non-condensing 
engine; and a third paper on condensing trials 
would have been presented by him during the 
1892-3 session, had he not died before it could be 
delivered. 

At the time of his death, technical education was 
developing rapidly and, in view of this, and having 
regard to the important bearing which his paper on 
steam-engine trials had on the theory of steam 
engines, it was to be expected that the obituary 
notices of his career should lay stress on his ability in 
research. Looking back, however, and taking into 
account trends in the engineering industry, I feel 
that his reputation should rather stand on his 
introduction of interchangeable manufacture, as 
early as 1886. It is clear from a letter in my 
possession that, in October of that year, he was 
just completing the design of the first series of 
central-valve engines. This range covered engines 
with low-pressure cylinders ranging in diameter 
from 5 in. in the “ A” size to 20 in. in the “I” 
size. These engines could be built as simple, 





compound, and triple-expansion units with one, 
two or three cranks. Not only were all paris 
strictly interchangeable, but the low-pressure 
pistons of one size were used as intermediate- 
pressure pistons in a larger size, and high-pressure 
pistons in a size larger still. All the parts were made 
for stock and, when an order was received, the 
necessary items were drawn from the stores and 
assembled. 

He was notable, too, for his ability to handle men ; 
and, among his other characteristics, could, and 
did, give honest advice to competitors, taking the 
long view that, by helping them, he was bound to 
develop his own knowledge. His contributions to 
discussions at meetings of scientific institutions were 
marked by a perfect courtesy, and criticism that was 
invariably constructive. His dry, satirical sense of 
humour made conversation with him a delight and 
this, coupled with his geniality and rather old-world 
courtesy to his men, made his death a disaster to 
them, and led to unusual scenes of grief at his 
funeral, which was attended by the whole of the 
works personnel. The accompanying’ portrait—the 
last photograph of him that was taken—was 
reproduced from a works group and distributed to 
all the employees of the firm, together with a 
reproduction of the memorial brass that was placed 
in the church at Thames Ditton. 

Had he lived, I feel sure that he would have 
concentrated still more on the development of 
good relations between the firm and their work- 
people, and it is probable that he would have 
blazed as broad a trail in this direction as he did 
in steam-engine design. He died just as the results 
of his work were beginning to bear fruit. I am 
certain that he would have continued to benefit his 
workpeople in every possible way—while demanding, 
in return, a straight deal from them. After the 
fire in 1889, the engineering trades unions attempted 
to take advantage of the situation to obtain condi- 
tions which he considered unfair. A strike followed 
which he fought to a finish, and never afterwards 
would he employ a trade-unionist. 

In addition to his steam-engine inventions, he 
was undoubtedly the true and first inventor of 
the epicyclic reverse gear for marine purposes, in 
which the thrust of the propeller is used to keep a 
friction clutch in engagement; this was patent No. 
4340 of 1889. I think that he was also the first 
inventor of a magnetic coupling, his patent being 
No. 16347 of 1890. Couplings of this type were 
installed at Bankside generating station not long 
before his death, in connection with 350-kW central- 
valve engines. 

P. W. Willans was a heavily-built man, standing 
5 ft. 104 in. in his socks, though he did not look 
his height. His hobbies were figure skating and 
fly-fishing, and he would think nothing of walking 
12 miles to a stream, fishing all day, and walking 
12 miles back. It was, perhaps, a pity that the 
growth of the electrical industry took his mind so 
completely off marine engines; had he continued 
to build them, the development of high-pressure 
high-superheat types might have been pioneered 
in this country, instead of on the Continent. As it 
was, his launch engines were such an advance 
on contemporary practice that he was compelled 
to build boats as well, to overcome the boat- 
builders’ reluctance to install them. 





PRINCESS AIR TRANSPORT COMPANY, LIMITED.—To 
study the factors affecting the operation of Saunders-Roe 
Princess flying boats, and in order to be in a position to 
tender for their operation should the opportunity arise, 
a company has been formed of which three-quarters of the 
share capital is being subscribed by Saunders-Roe, Ltd., 
Cowes, Isle of Wight, and one quarter by Airwork, Ltd., 
15, Chesterfield-street, London, W.1. 

FirtH BROWN TOOLS, LIMITED: COLOUR FILM.— 
Messrs. Firth Brown Tools, Limited, Carlisle-street, 
Sheffield, E.4, have produced a colour film, entitled 
“ First and Best,” illustrating the manufacture and uses 
of their range of drills, reamers, shears, files, saws for 
hot and cold metals, and other engineers’ tools. The 
film, which runs for about 35 minutes, was shown 
privately on November 6 at the Dorchester Hotel, 
London, W.1, to a large party of guests, who were 
received by Lord Aberconway, chairman, Mr Eric 
Mensforth, managing director, and other members of the 
board. It was made by Mr. S. H. Thorpe, F.R.P.S., the 
firm’s photographer, and is a notable example of colour 
cinematography under difficult conditions. 
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THE INSTITUTION OF CIVIL 
ENGINEERS : PRESIDENTIAL 
ADDRESS.* 

By A. S. QuarTerMaInE, C.B.E., M.C., B.Sc. (Eng.). 
Mr. V. A. M. Rosertson, in his presidential address 
in 1949, covered the progress of civil engineering on 
the railways of Great Britain during the past 20 years, 
and volunteered to leave sufficient matter for a future 
presidential address by a railway engineer. Knowing 
his generous nature, I sought for the leavings, but with 
little success. I was, however, heartened by Robert 
Stephenson’s prophetic words, in his address to this 
Institution in 1856, when he said: ‘Our British 
Railways present a fertile theme for observation.” 
I am accordingly venturing to take the early days of 
railway construction as a background, before making 
reference to some of the conditions with which we are 
now confronted. As so much of my life has been 
associated with what was formerly the Great Western 
Railway, it would, I feel, be appropriate to select as 
an example of early railway construction some of the 

works of that famous engineer, I. K. Brunel. 

In March, 1833, Brunel was appointed engineer for 
the construction of a railway from London to Bristol, 
and it is noteworthy that he had refused to allow his 
name to be considered when it was proposed to select 
the engineer by means of a competition among the 
candidates for the lowest estimates for building the 
line. His views on the proposal were definite. “ You 
are holding out a premium,” he said, ‘‘ to the man who 
will make you the most flattering promises. It is quite 
obvious that the man who has either the least reputa- 
tion at stake, or who has most to gain by temporary 
Success and least to lose by the consequences of 
disappointment, must be the winner in such a race.” 
It is fortunate for us to-day that attention was paid 
to these words. Brunel was selected, and we are now 
reaping the benefit of his foresight and skill, and the 
hard work and careful thought he gave to the con- 
struction and future success of the railway. 





* Delivered in London on Tuesday, November 6, 
1951. Abridged. 











THe WHARNCLIFFE VIADUCT. 


Isambard Kingdom Brunel, born in 1806, the only 
son of Sir Marc Isambard Brunel, had the benefit of 
a liberal education, followed by engineering training 
under a father who was an engineer of exceptional 
ability. From the age of 17, young Brunel was regu- 
larly employed in his father’s office, and at 20 was 
resident engineer during the later and more difficult 
period of the construction of the Thames Tunnel. This 
work involved so many difficulties, emergencies and 
failures that it is not surprising that Brunel learnt 
what was to serve him so well throughout his life— 
endurance and self-reliance. Although he had this 
good start in his career, his appointment as engineer 
to the Great Western Railway at the early age of 27 
was remarkable proof of the directors’ confidence in his 
strength of character and his ability. 

Before the Bill for the railway could be deposited, 
full financial support was necessary, and, as this was 
not forthcoming in time, a Bill for a curtailed project 
was deposited in November, 1833; this was for one 
railway from London to Reading and another from 
Bristol to Bath. The Bill was thrown out by the 
House of Lords, but during its passage through com- 
mittee in the Commons, Brunel, whose cross-examina- 
tion lasted 11 days, excelled himself in dealing with the 
varied and violent opposition. Among the opponents 
were those interested in canals, rivers, and stage 
coaches ; land owners and farmers near London who 
feared competition with produce from a distance ; 
those who wanted the railway nearer to them, and 
those who wanted it farther away. By the following 
autumn, sufficient money had been raised to enable 
the directors to deposit a Bill for the complete line 
from London to Bristol, thereby avoiding one criticism 
of the previous proposal, that the railway had a head 
and a tail, but no body, and was neither “ Great ” nor 
“‘ Western,” nor even a “ Railway.” 

The principal objection now centred on the location, 
which had been determined with that skill and courage 
displayed by Brune] in all his works. His idea was to 
build a line of very easy gradients and curves, except 
where this was physically impracticable towards the 
Bristol end of the line. Here he concentrated his 
rather steep gradients of 1 in 100 in two comparatively 





short lengths totalling four miles, so that, if assistant 
engines were needed, their use would be restricted to 
this limited portion of the 118-mile journey. Apart 
from these two inclines, the gradients consisted of 
71 miles of level or flatter than 1 in 1,000, and the 
remaining 43 miles not steeper than 1 in 660. Similarly, 
the curves for the first 100 miles from London were 
very flat, only a short length being as sharp as 85 chains 
radius, and the rest between 100 and 500 chains. 

The opponents of the Bill contended that the railway 
to Bristol should be by means of an extension, from 
Basing to Bath, of the railway sanctioned in the previ- 
ous session by the Southampton Railway Act. Brunel 
maintained that the gradients of a line from Basing to 
Bath would be unsatisfactory, but the opponents, 
while admitting that the gradients would be more 
severe, stated that they were so balanced that the rises 
and falls compensated one another and the line was 
therefore, in effect, practically level. The chairman of 
the committee commented that, on this theory, the 
Highlands of Scotland would be as good as anywhere 
for the construction of a railway. 

Another strong line of attack was centred on the 
proposed tunnel of nearly two miles in length at Box, 
which was described as “‘ monstrous and extraordinary " 
and “most dangerous and impracticable.” Though 
Brunel’s persuasive powers overcame this opposition 
also, it is recorded that, when the line was opened, 
many passengers left the train before reaching Box 
Tunnel, and finished the journey by road. 

The greatest contest was in the House of Lords, 
where the battle was fought in committee for 40 days, 
the opposing counsel, Mr. Sargent Mereweather, 
delivering a four-day speech, during which he claimed 
that almost every conceivable injury would be inflicted 
by the G.W.R.—the Thames would be choked up for 
want of traffic, the drainage of the country destroyed, 
and Windsor Castle left without water. Eton College 
would be ruined, as London's most abandoned inhabi- 
tants would come down by train and pollute the minds 
of the scholars, and the boys themselves would run up 
to Town and indulge in all forms of dissipation. In 
spite of all these and many other gloomy prophecies, 
the Bill was finally passed, receiving the Royal Assent 
on August 31, 1835. 

Construction of the railway then proceeded at a 
speed which we cannot fail to admire when we take 
into account the scarcity of assistants with engineering 
experience, and the almost complete absence of mech- 
anical equipment. On the other hand, Brunel did not 
suffer from shortage of labour, or from the delaying 
action of Town and Country Planning Acts. Started 
late in 1835, the line from’ London to Maidenhead, 
24 miles long, was opened in June, 1838 ; to Twyford, 
another seven miles, in July, 1839; to Reading, a 
further five miles, in March, 1840; and to Chippenham, 
a total of 94 miles, in May, 1841. The line from Bristol 
to Bath was opened in August, 1840, and the final 
line from Bath to Chippenham, including Box Tunnel, 
in June, 1841. 

The first contract at the London end was for the via- 
duct across the Brent Valley near Hanwell, let in 
November, 1835, 24 months after the Royal Assent to 
the Bill, and completed in 18 months. It is 300 yards 
long and 65 ft. high, comprising eight elliptical arches 
of 70 ft. span, each pier being formed of twin pillars 
slightly tapered on all faces, and surmounted by stone 
capitals. It was named the “ Wharncliffe Viaduct ”’ 
after Lord Wharncliffe, who was so helpful when the 
Bill for the railway was before the House of Lords 
Committee, and is illustrated in Fig. 1, on this page. 

The next structure worthy of special mention is the 
brick arch bridge over the River Thames at Maiden- 
head, a standing tribute to the skill and courage of 
Brunel, and to his pleasing sense of proportion. The 
bridge is formed of two flat elliptical arches, each of 
128 ft. span and a rise of 24 ft., with four semi-circular 
arches of about 28 ft. span at each end. The work was 
started in 1837 and the centering eased after 12 months, 
which operation delighted the critics, as the eastern 
main arch distorted slightly, though the western one 
was unaffected. The contractor admitted his error 
in easing the centering too soon, and rebuilt the defec- 
tive portion of the eastern arch. The centering was 
then left in position until late in 1839, when it was 
blown down by a violent storm, leaving the critics 
once more in despair, as the arch and the whole of the 
bridge remained in perfect condition. Since then it 
has required only superficia] maintenance, and carries 
to-day the heaviest modern locomotives and high-speed 
traffic. When it became necessary in 1890 to quadruple 
the line, the widening was carried out to the same design 
by an addition on each side, the stone string courses 
and capping being refixed or reproduced on the new 
up and down stream faces. Tie-rods 1} in. in diameter 
were inserted at regular intervals across the bridge 
between the new spundrels, but not so as to show on 
either face. 

Nine miles farther on, between Twyford and Reading, 
is the start of the cutting through Sonning Hill, nearly 
two miles long, with an average depth, for half a mile, 
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of nearly 60 ft., involving a total excavation of about 
1} million cubic yards. The first contractor started 
at the end of 1837, but failed to make the promised 
progress and was replaced by three others, one of 
whom also failed early, due to trouble with his men. 
The work was ultimately completed in December, 1839, 
by direct labour under a resident engineer, and included 
two bridges across the deepest part of the cutting, 
one a three-arch bridge for a turnpike road, and the 
other a typical Brunel timber bridge for a minor road. 

From this point westwards to Box Tunnel, 100 miles 
from London, the works were considerable and varied, 
including lengthy and high embankments, and deep 
cuttings, many of which gave trouble due to the 
unstable nature of the clay; a variety of bridges, 
including two over the Thames at Basildon and Mouls- 
ford, each consisting of four 62-ft. brick arch spans ; 
a stone viaduct just west of Chippenham, followed 
by a high embankment for over two miles, and then 
three miles of almost continuous deep cutting leading 
to the tunnel under Box Hill. This tunnel, the subject 
of so much criticism during the passage of the Bill, 
was the longest contemplated at that time. 

The strata to be penetrated consisted of great oolite 
or Bath stone at the eastern end, followed westwards 
by light clay, inferior oolite and marl. The half-mile 
length through the Bath stone, forming Contract No. 1, 
was to be left unlined, the remainder, Contract No. 2, 
being lined with brickwork throughout. The six 
permanent and two temporary shafts, varying in 
depth from 70 ft. to 260 ft., were completed in time 
for the two contracts to be let for the tunnel construc- 
tion in 1838. Apart from two steam pumps, to deal 
with the heavy influx of water, men with horses, 
manual tools, and gunpowder accomplished the work. 
The excavated material was drawn up the shafts by 
horses turning rope drums, and, at the peak of the 
work, 4,000 men and 300 horses were employed. The 
flow of water from numerous fissures impeded pro i 
and for eight months a section of the work was stopped, 
as the water gained on the steam pump, flooding the 
workings and rising to a height of 56 ft. in one of the 
shafts. This was eventually overcome by the installa- 
tion of a second steam pump of 50 h.p. In February, 
1840, when two-thirds of the tunnel was constructed, 
three additional shafts were sunk to provide more 
working faces, as completion was becoming increasingly 

t. Brunel and his resident engineer, William 
Glennie, forced the pace, and by continuous night and 
day work the tunnel was finished ready for the opening 
of the last section of the line in June, 1841. 

The Inspector-General of Railways, Sir Frederick 
Smith, reporting on the line on June 28, 1841, described 
the unlined portion, which in places is 40 ft. high, as 
“ formed by excavating the natural rock in the shape 
of a gothic arch, no part of which is lined with masonry.” 
Much fear was entertained in regard to the safety of 
the tunnel, and this was increased by the statements 
of an eminent geologist, the Rev. Dr. W. Buckland, 
in May, 1842, when he expressed the view that those 
portions of the tunnel constructed through the great 
oolite and left unsupported were peculiarly liable to 
danger, and he feared that the vibration caused by 
railway carriages would tend to loosen and detach 
masses of stone. This resulted in a special examination 
being made by Sir Frederick Smith’s successor, Major- 
General C. W. Pasley, who upheld Brunel’s opinion, 
stating that he was perfectly satisfied with the security 
of the tunnel. After a severe frost in 1845, a small 
piece of rock fell from the bottom of one of the tempor- 
ary shafts, and arches were turned under this and one 
other shaft. About 50 years later, a further section 
was lined after a fall following an exceptional frost. 

The works between the tunnel and Bristol were 
generally more varied and heavy than those on the 
London side of Bex. They include a second tunnel 
near Box, 200 yards long, a handsome arch bridge of 
90 ft. span over the River Avon at Bathford, a long 
and high retaining wall holding up the Kennet and 
Avon Canal, two short tunnels and a viaduct of 33 
arches, leading to an 88-ft. span arch bridge over the 
Avon at Bath station, which itself was built on arches. 
Leaving Bath, the railway again crossed the Avon by 
two 80-ft. span timber arches on a 60-deg. skew, 
followed by a viaduct of 7l\arches, another part viaduct 
and part retaining wall one-third of a mile long, and a 
walled cutting leading to Twerton Tunnel, 264 yards 
long. After this there were two miles of high embank- 
ment, a deep cutting, Saltford Tunnel, 176 yards long, 
another long embankment and deep cutting, two short 
tunnels—subsequently opened out—and then a 1,000- 
yard tunnel at Brislington and two shorter tunnels, one 
of which was also — out at a later date. Finally, 
in the last mile, there were bridges over the Avon, 
the feeder canal, and the Floating Harbour, leading 
to the terminus at Bristol, which, like the station at 
Bath, was built on arches. The original station at 
Bristol forms to-day the present Nos. 13 and 15 plat- 
forms, and the roof, still in good condition, is an 

example of handsome timber work. 
(To be continued.) 





LABOUR NOTES. 


WILLINGNESS to co-operate with the new Govern- 
ment was ex in an announcement issued by the 
General Council of the Trades Union Congress at the 
close of its meeting on October 31. Reference is made 
in the statement to the long-standing practice of the 
T.U.C. to work amicably with whatever Government 
is in power, and, through consultation jointly with 
the Ministers concerned and the other side of industry, 
to find practical solutions to the social and economic 
problems — the country. In such joint consulta- 
tions, as in all its other activities, it would be the 
constant aim and duty of the T.U.C. to ensure the 
steady re and betterment of the general condi- 
tions of Britain and of British trade unionists. The 
T.U.C. would continue in that duty under a Conserva- 
tive Government. 





Since the Conservative administrations of pre-war 
days, the statement continues, the range of consultation 
between Ministers and both sides of industry had 
increased considerably, and the machinery of joint 
consultation had improved enormously. The T.U.C. 
expected of the new Government that it would maintain 
to the full this practice of joint consultation. On its 
own part, the T.U.C. would continue to examine every 
question solely in the light of the industrial and econo- 
mic implications involved. It was necessary that the 
trade-union movement should always be free to 
formulate and to advocate its own policies. Over and 
above the main trade-union functions of improving 
wages and working conditions, the T.U.C. was con- 
cerned to develop the resources of industry generally, 
and to promote a higher standard of life for all. 





In the future, as in the past, the statement con- 
cludes, the T.U.C. would urge upon the Government 
the acceptance of those policies which, from its own 
experience, the T.U.C. believed to be the best in the 
interests of the country as a whole. From the same 
standpoint, the T.U.C. would retain its right to dis- 
agree with the new Government, and publicly to oppose 
it, whenever, in the opinion of the T.U.C., the necessity 
for so doing existed. The issue of this announcement 
was felt in some quarters to indicate that efforts might 
be made by the T.U.C. General Council at an early date 
to resume discussions with Ministers on the subject of 
a i for women. It is also known that the 
General Council is anxious to press for the imposition 
of stringent measures for the reduction of the cost of 
living. The General Council has also announced that 
the Trades Union Congress for 1952 will take place at 
the Winter Gardens, Margate, from Monday, Septem- 
ber 1, to Friday, September 5. 





Warnings of the possibility of serious industrial 
unrest under the new Government are contained in the 
Railway Review, the official journal of the National 
Union of Railwaymen, for November 2. Mr. J. B. 
Figgins, the union’s general secretary, and a member 
of the T.U.C. General Council, states that the possi- 
bility of such disruptions is widely feared, and that, 
unless Sir Walter Monckton, the Minister of Labour, 
can keep “ a sharp eve on his ee in the Govern- 
ment, these fears may be transformed into living 
realities, as they were after the first World War.” 
Referring to the union’s claims for increased wages, 
Mr. Figgins considers that the Railway Executive did 
not appreciate the. potential dangers to railway trans- 
port which are now becoming increasingly evident. 
The union has made up its mind that the present 
unsatisfactory state of affairs shall not continue, and 
it has resolved not to tolerate the persistent failure of 
the Executive “‘ to face its responsibility to the men and 
to the nation.” 





Mr. H. W. Franklin, the President of the National 
Union of Railwaymen, and a member of the executive 
body of the Labour Party, in an article in the same 
issue of the Railway Review, suggests that the political 
changes which have taken place, as a result of the 
general election, meant that the union would need to 
make use of all its organised strength in order to 
safeguard the rights of its members. He considers that 
it would be extremely difficult for the union’s negotia- 
tors to advocate more wages and better conditions 
under a Government which openly believed that wages 
must be related to revenue and profit. This was a 
serious issue confronting railway staffs. 





To meet the electricity-supply situation, Clyde 
shipbuilding and ship-repairing firms returned to a 
five-and-a-half day working week on Monday last. 
The four-hour Saturday shift will be resumed to- 
morrow, November 10, and will continue throughout 
the winter. Last year, electricity officials drew up a 
scheme to show the day on which consumers in a 
particular area would be liable to a power cut, and, on 
the basis of that plan, it was agreed that each shipyard 
should work from 10 a.m. to 2.30 p.m. on the day on 





which an interference with electricity supply was likely ; 
the 44-hour working week being made by the Satur. 
day shift. The shipyard men do not like the scheme, 
however, and, on Monday of this week, nearly one 
thousand employees at the Dumbarton shipyard of 
Messrs. William Denny and Brothers, Ltd., went on 
strike for the day in protest against it. Another 
thousand men, employed by Messrs. Barclay, Curle 
and Co., Ltd., Glasgow, also staged a one-day token 
strike, on the following day, for similar reasons. 





The practice of mayer se | Italians to make good 
man-power shortages is steadily spreading in a number 
of British industries. It was announced recently that 
some hundreds of Italians employed in steel and tin- 
plate mills in West Wales during the past year are to 
be offered extensions to their contracts. As stated in 
“Notes from the Industrial Centres,” on page 590, 
an additional 250 Italians are to be engaged for employ- 
ment in various industries in South Wales in the near 
future. To meet the man-power needs of the Eastern, 
Southern, Western and London Midland Regions, 
Ministry of Labour permission has been granted for 
the employment of one thousand Italians by British 
Railways. The first 150 labourers under this scheme 
were due to arrive in Britain last Wednesday and are 
expected to be employed on permanent-way main- 
tenance work for the Southern Region. No arrange- 
ments have been made for the technical training of 
these men, no special provision for their instruction in 
English, as their services will be used solely for un- 
skilled manual work. 





Demands for a token strike, to take place on Monday 
next, November 12, were made at a meeting at Salford 
last Tuesday of representatives of employees in the 
engineering and electrical industries. A resolution 
was calling upon the 150,000 operatives in 
these industries in the Manchester district to cease 
work for one hour at 4 p.m. on that day, in accordance 
with the recommendations of the Manchester federation 
of shop stewards. It was stated that such action 
would ‘‘ demonstrate the determination of the men to 
secure the full 20s. a week wage increase” demanded 
by the Confederation of Shipbuilding and Engineering 
Unions. It may be recalled that a joint meeting of 
the two sides of the industry to consider this wage 
claim is due to take place on Wednesday next. 





Normal working was resumed on Tuesday last by the 
employees at Tilbury docks who, since October 5, had 
been working to rule and refusing overtime. The 
dockers agreed to return to normal practices on condi- 
tion that none of their number would accept permanent 
work until such time as a clear understanding had been 
reached between the employers’ organisation and the 
union concerning the number of permanent workers 
whom the employers would be permitted to engage. 
The dockers have thus been successful in their endea- 
vours to prevent the recruitment of additional men on 
a permanent weekly basis, until such time as they are 
satisfied that the employers will not engage too many 
gangs of such men. Nearly 1,900 dockers had been 
involved in the dispute. Threats by the employers 
to stop engaging men who would not conform to the 
“normal practices and customs of the port ” were not 
generally put into practice. 





As previously recorded in these columns, the restric- 
tions in working were introduced as part of a protest 
by the dockers at Tilbury against the engagement of 
additional men on a weekly basis by one of the larger 
firms of master stevedores. The dockers and their 
Union have maintained that the use of permanent men 
was unfair, owing to the fact that the permanent gangs 
were almost invariably given the best and most profit- 
able jobs. They feared that any considerable exten- 
sion of the practice of employing some men on & 
weekly basis would lead to the remainder being left 
with only the “dirtiest” jobs. Another objection 
was the alleged reluctance of the employers to take 
the older dockers on to their regular staffs. 





More than four thousand lightermen and tugmen 
at the Port of London, who have also been working to 
rule and refusing overtime, since October 12, have 
continued their go-slow policy. Discussions between 
representatives of the lighterage employers’ organisa 
tion and officials of the Watermen, Lightermen, 
Tugmen and Bargemen’s Union took place in London 
at the Ministry of Labour during the early days of 
this week, but without any apparent result. The go- 
slow action was taken by the men, with the approval 
of the union, in order to enforce claims for certain 
additional wage payments. In some instances, lighter- 
men taking part in the go-slow movement have been 
returned by their employers to the dock labour pool 
for alleged breaches of their agreements. This dispute 
has resulted in considerable delays in the turn-round 
of shipping at the Port of London. 
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GAS TURBINES FOR ELECTRICITY 
AND PROCESS-HEAT 
PRODUCTION.* 


, By W. E. P. Jounson, A.F.C., C.P.A. 


THe paper manufacturer requires steam for his 
processes and, if we accept that, we must turn our 
thoughts to the method of supplying steam by modi- 
fying the cycles we have considered. we look 
at the cycle outlined in Fig. 1, we find that the cycle 
efficiency is 18 per cent. (with the figures already 
assumed). Therefore, it follows that apart from some 
small losses in the cycle due to leakages, radiation and 
friction, about 74 per cent. of the heat energy supplied 
by the fuel must be passing out from the exhaust. 
In fact, on the basis of the assumptions made, the 
exhaust temperature is about 350 deg. C. (662 deg. F.) ; 
thus, it is quite feasible to recover a proportion of this 
heat in some type of waste-heat boiler. Fig. 2 shows 
this elaboration of the previous cycle. The amount 
of recovery of heat from the exhaust in such a boiler 
will depend in large measure on the surface area 
furnished and therefore on the size and cost of the 
unit. Very tentatively, we can assume an efficiency 
of some 45 per cent., in which case the total efficiency 
of the cycle would be of the order of 51 per cent. if 
we total up power and process steam supplied: At the 
same time, it must not be overlooked that on the basis 
of the figures assumed there will be a definite relation- 
ship between the power supplied and the process steam 
supplied. In fact, for every 1,000 kW of power, we 
shall have roughly 5,700 lb. per hour of steam at 
30 lb. per square inch and 15 deg. F. superheat. The 
ratio of power to steam heat will vary with the turbine 
inlet temperature and the heat extractions of both 
the air heater and the waste-heat boiler, though it is 
unlikely that the possible variation is going to be 
sufficient to satisfy all plants. Furthermore, the total 
thermal efficiency is not the best that can be obtained, 
although the result can be improved by raising the 
efficiency of the waste-heat boiler. Assuming that, 
in the unlikely case of more electrical power being 
required in relation to the processed steam than this 
scheme is capable of giving, we can arrange for this 
by incorporating a back-pressure turbine in the 
processed-steam supply line, as shown in Fig. 3. 
Although this means that we shall be back to the 
familiar schemes for this part of the power supply, 
it should be remembered that, due to the production 


es 


“Excerpt from a paper on “The Applicability 
and Present State of Gas Turbine Technology,” presented 
to the British Paper and Board Makers’ Association at 
the 62nd general conference, held in Edinburgh on 
October 24, 





of power by the gas turbine, it would be unnecessary 
val on any steam to a condenser. 
he difficulty with the foregoing schemes, exemplified 
in Figs. 2 and 3, is that the thermal efficiency of the 
cycle is restricted by the high-temperature limitations 
of the air heater and turbine. It will be observed 
that, in one sense, the steam boiler and the air heater 
are really “ playing out of position,” in that the air 
heater is subjected to the high gas temperatures whereas 
the steam boiler operates at much lower exhaust tem- 
oe. By reason of the better heat transmission 
m steam, the tube temperatures in a steam boiler 
are more nearly approaching those of the steam rather 
than the gas, whereas in an air boiler the. reverse is 
the case. Consequently, in the schemes considered, 
apart from questions of efficiency, the air heater might 
easily be the stumbling block. In any case, it is 
certain that expensive materials would have to be 
used in its construction, which could well put the 
scheme out of court. There appears to be a solution, 
however, which has certain attractive features. 
If the position of the air heater and boiler are reversed 
in the schemes considered, we then have the situation 
that it is the steam boiler that gets the high-temperature 
gas whereas the air heater gets the gas exhaust at a 
much lower temperature, as shown in Fig. 4. Thus, 
both units would be operating in conditions that 
experience has already shown us they can handle. 
The steam raiser ceases to be a waste-heat boiler but 


the customary heat exchanger used in many gas-turbine 
engines. There need be nothing special about the 
steam boiler other than that it is likely, in certain cases, 
to be required to have the rather unusual properti 


heat may be left in the exhaust = to supply the gas 
turbine. The proposition, in fact, appears to be a 
perfectly feasible one, based to a very large extent on 
existing knowledge. An approximate estimate of the 
total thermal efficiency of the cycle in Fig. 4 has been 
carried out, but without using a steam turbine (i.e., 
all steam to process). The following figures, together 
with reasonable practical pressure losses in the system, 
were used in the estimate : 


Higher calorific value of coal .. 12,000 B.Th.U. per Ib 
Air: coal ratio in boiler +e o- S032 

Air-heater thermal! ratio ee .. 80 per cent, 
Axial-compressor mayne A (polytropic) 86 per cent, 
Gas-turbine efficiency (polytropic) .. 86 per cent. 

Turbine inlet temperature és -. 700 deg. C, (1,292 


Using these assumptions, it was found that the total 
thermal efficiency was approximately 75 per cent. 
The boiler efficiency required was found to be about 
70 per cent. For 1,000 kW of power the process-steam 
supply at 30 lb. per square inch (gauge) and 15 deg. F. 





sw would be about 32,000 Ib. hour. 
ratio of power to steam supply atl of course, be 


just another steam boiler, while the air heater becomes | 8™ 


of a low thermal ratio or efficiency in order that enough | energy 


deg. F.).| furnace. It is not possible to 
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raised by putting in the steam turbine, as shown in 
Fig. 4. 


We must consider, however, the question of control. 
In other words, having satisfied ourselves that it is 
possible to make out a scheme that has prospects of a 
good efficiency at the design load condition, we must 
consider what arrangements can be made to cover the 
case, for example, where process steam is to be main- 
tained and power reduced, or vice versa, As the scheme 
stands in Fig. 4, we should have the position that as 
one item is reduced so is the other. The proportion 
of one to the other will not remain the same but, for 
any given percentage load in a given installation, the 
proportion will be fixed in advance by the design condi- 
tion. To overcome this, it is suggested that we put 
in a second combustion chamber, as shown in Fig. 5. 
Alternative situations are shown for this combustion 
chamber, the first in the direct main stream of gases 
from the boiler to the air heater, and the second in a 
by-pass from the air-turbine exhaust leading into 
the main stream again before the air heater. The 
particular circumstances of a specific installation 
would probably determine which arrangement to 
use but, in either case, the effect would be that, if steam 
requirements fell in relation to power requirements, 
then the fuel supply to the boiler could be reduced and 
the power maintained or increased by burning fuel in 
the second combustion chamber. In the case where 
power is to be reduced whilst maintaining steam 
supply, of course, this could easily be achieved if the 
generator could be arranged to supply current to the 
id. Alternatively, some waste seems inevitable, 
and it would have to be arranged to bleed off or by-pass 
the air turbine, thus leading the hot air directly into 
the furnace supply line. The loss of efficiency would 
not be great, since a good proportion of the heat 

in the air would be picked up again in the 
boiler and air heater. 

The basic idea of combining steam and gas turbines 
seems to have in i —_—- for . waste-heat 
users, and there are probably many variants of the 
schemes shown which would be of use in certain cir- 
cumstances. One other scheme of this type is as 
follows. In certain paper-mills it has been found 
economically advantageous to use Diesel engines to 
generate the power and to use steam boilers merely to 
raise the steam. Ifa ight gas turbine with direct 
oil burning and without a heat exchanger were to be 
used instead of a Diesel engine we could gain two 
advantages. Firstly, we should have a lower capital 
cost for our generating unit and, secondly, we could 
use the turbine exhaust to supply hot gases to the 

the rev with a 
Diesel engine since practically all the available o: 
lohan ant of the-ek, but in a gas turbine only about 
one fifth of the oxygen would be removed, leaving 
four fifths to carry on the coal combustion. Thus, the 
furnace would be supplied with very hot air and the 
coal required for heating the boiler correspondingly 
reduced. It is true that the simple gas turbine would 





burn about twice as much oil as would the Diesel but, 
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whereas the Diesel would throw away some 60 to 65 
per cent. of its heat in jacket-water heating and 
exhaust, the gas turbine would pass all its waste heat 
to the furnace with considerable saving in coal. 

This type of plant would only find its application 
in cases where the power required did not exceed a 
certain amount in relation to the process steam required. 
For instance, a simple gas turbine giving about 500 kW 
would exhaust about 13 lb. per second of air and gas 
at a temperature of, say, 400 deg. C. (752 deg. F.). 
In this, we could burn perhaps 2,000 Ib. per hour of 
coal, yielding 32,500,000 B.Th.U. to the steam, assum- 
ing a boiler efficiency of 73 per cent. and a heating 
value for the coal of 12,000 B.Th.U. per pound. This 
heat would generate about 29,000 Ib. per hour of pro- 
cess steam at 30 Ib. per square inch (gauge) and 
15 deg. F. of superheat. The figures are approximate 
and would be capable of some variation but are 
accurate enough to give an idea of the power to process 
steam ratio. To make a considerable variation in this 
ratio, we should have to modify the arrangement in 
some way and would probably arrive at something 
closely approaching the arrangement in Fig. 4, not 
necessarily with the steam turbine but with an oil- 
burning combustion chamber as the main supply of 
heat to the gas turbine. Prior to the combustion 
chamber there would be a heat exchanger in the flue 
gases of the steam boiler which would have the effect 
of cutting down the oil required by the turbine by 
about one third. This arrangement is shown in 
Fig. 6, on page 601, without a steam turbine. Using 
this scheme (which should be quite flexible), if the boiler 
arrangement is varied, a high-efficiency installation can 
be obtained, probably at about the same cost as a Diesel- 
engine generating plant cum steam-boiler arrangement. 

It will be seen that there are quite a large number 
of possibilities for incorporating a gas turbine into 
plants that require both electrical power and heat for 
process work, Even with the cycles touched upon, 
the field has been only sketchily explored. Very 
much more work requires to be done and specific cases 
considered. The best arrangement will no doubt vary 
from case to case and only a complete technical and 
economic investigation would decide the best scheme. 





ANNUALS AND REFERENCE BOOKS. 


Garcke’s Manual of Electricity Supply—The 48th 
edition of this well-known annual contains two impor- 
tant differences from its immediate predecessor. 
The section dealing with British electrical and allied 
manufacturing companies, which was a feature of earlier 
issues, has been restored and should prove as useful in 
the future as in the past. Particulars of all the opera- 
ting districts within the respective sub-areas of the 
Area Boards have also been arranged in alphabetical 
order for greater convenience of reference. After 
a statistical survey of the progress of electricity supply 
in this country during 1949-50, some information 
is given regarding the position in foreign countries, 
together with extracts from the annual report of the 
British Electrical and Allied Manufacturers Association, 
which give a good idea of manufacturing developments. 
Details of Government departments and associations, 
institutions and societies connected with the electrical 
industry follow, after which come the main sections 
of the annual. The first of these deals with the 
constitution, duties and organisation of the British 
Electricity Authority and also gives particulars of the 
location, capacity and equipment of the generating 
stations; operating data are also included. Infor- 
mation regarding the 14 English Area Boards, the 
North of Scotland Hydro-Electric Board and the 
Area Consultative Councils is given, and on the electri- 
city undertakings in Ireland, the Isle of Man and the 
Channel] Islands. Next comes the section dealing 
with the finances of the electrical manufacturing and 
allied companies. Finally, there is a useful directory 
of executive personnel. The publishers are the 
Electrical Press, Limited, 23, Great Queen-street, 
London, W.C.2, and the price is 31. 10s., carriage paid. 





THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians will be held on Wednesday, 
November 14, at the restaurant ‘“‘ Chez Auguste,” 47, 
Frith-street, London, W.1, at 12.45 for 12.55 p.m. Lieut.- 
General Sir Humfrey Gale, K.B.E., C.B., will speak on 
“ The Place of the Arts Graduate in Industry.” 





PRONE POSITION FOR AIRCRAFT PrLots.—In a bulletin 
issued recently by the Society of British Aircraft Con- 
structors, it is recorded that an RS4 Desford trainer 
aircraft, constructed by Reid and Sigrist, Ltd., Braun- 
stone Works, Braunstone, Leicestershire, is carrying out 
flight trials at the Royal Aircraft Establishment with the 
pilot accommodated in a prone position, in which greater 
manoeuvring accelerations can be tolerated. For safety 
during the trials, a normally-seated pilot is also carried 
in a rear cockpit. 





SMOKE-EXTRACTION UNIT FOR FIRE FIGHTING. 


WOODS OF COLCHESTER, LIMITED, COLCHESTER. 








Fria. 1. 


Fan anp TRAILER UNIT. 

















Fie. 2. Fan Connecrep To Fiexrete Douctine. 


FUME AND SMOKE-EXTRACTION 
UNIT FOR FIRE FIGHTING. 


Ons of the principle obstacles encountered in fighting 
fires is the dense smoke and fumes arising from incom- 
plete combustion. To overcome this, a compact and 
easily transportable smoke-extractor fan mounted on 
a trailer has been constructed, at the request of the 
Ministry of Works, by Messrs. Woods of Colchester, 
Liniited, Braiswick Works, Colchester, Essex, an 
associate of the General Electric Company, Limited. 
It is used most effectively in fires which break out 
in basements. The unit, which is shown in Figs. 1 and 
2, herewith, consists of a 15-in. diameter aerofoil fan 
driven by a Buxton-tested flameproof motor suitable 
for operation in all Group II gases and vapours—i.e., 
hydrocarbon gases, those likely to be encountered in 
the petroleum industry, coal-tar products, cellulose- 
solvents and paint vapours. 

Owing to its aerodynamic efficiency, it is claimed, 
the Woods fan has an extraction capacity about four 
times that of earlier types of fan which have been 
employed in fire-fighting. Depending upon the resist- 
ance of the duct, the rate of extraction varies between 
2,000 and 5,000 cub. ft. per minute. The fan motor 
and impeller are housed in a portable steel case, 
17 in. wide and 17 in. high, provided with handles so 
that it can be easily carried by two men. Fig. 1 shows 
the fan unit mounted in a cradle on a two-wheel trailer 
equipped with a petrol-driven generator set. On 
reaching the fire, the fan unit, to which is attached an 
electric cable coiled on a spring-loaded spool on the 
trailer, is lifted from its cradle and carried to the 
building. Fig. 2 shows the fan unit removed from the 
trailer and connected to a flexible duct, which can be 
extended as desired within the building. Two lengths 
of flexible ducting, of asbestos cloth internally rein- 





forced by a coil spring, are carried on each side of 
the trailer. They can be clipped on to spigots at either 
end of the fan casing so that’ they can be used for 
sucking fumes and smoke away from the fire or for 
blowing them away by an air blast ; the latter method, 
however, has the danger that the draught may increase 
the rate of combustion. 

The Woods smoke-extraction unit, which has 
recently carried out successful fire-fighting trials, is 
still under development, and a more powerful. 19-in. 
diameter aerofoil fan may be adopted. 





H.M.S. “‘ EaGLe.”—This vessel, the largest British 
aircraft carrier afloat and the twenty-first ship of the 
Royal Navy to bear the name Eagle, was provisionally 
accepted at sea, on behalf of the Admiralty, on Octo- 
ber 31. She was constructed at Belfast by Harland 
and Wolff, Ltd., her keel having been laid down on 
October 24, 1942. The vessel was originally named 
Audacious, but was renamed Eagle on January 21, 
1946. She was launched on March 19, 1946, by H.R.H. 
Princess Elizabeth. 





BROADCASTING IMPROVEMENTS IN NORTH-WEST ENG* 
LAND.—Two more of the 12 low-power transmitting 
stations which the British Broadcasting Corporation 
are proposing to erect to improve the service in north- 
west England were recently brought into operation at 
Whitehaven and Barrow. Both transmitters are 10wW 
radiating the North of England Home Service programme; 
Whitehaven on 434 m. (692 ke.) and Barrow on 202 m. 
(1,484 ke.). Ultimately, the power will be 2. kW, but, 
pending completion of the permanent installation, 4 
somewhat lower power is being used temporarily. As 
announced on page 355, ante, three similar stations are 
already in operation in south-west England. 
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BATTERY-CHARGING EQUIPMENT. 


CHLORIDE BATTERIES, 


LIMITED, MANCHESTER. 





BATTERY-CHARGING EQUIPMENT 
FOR LABORATORIES AT IMPERIAL 
COLLEGE, 


An interesting electrical installation has recently 
been completed by Chloride Batteries, Limited, Clifton 
Junction, near Manchester, at the Imperial College of 
Science and Technology, South Kensington, London. 
It consists of specially-constructed battery-charging 
and control gear and has been designed to provide 
direct-current supplies at various voltages for students 
working in the College laboratory. The original 
apparatus installed for this purpose had seen well over 
20 years’ service. The only part of the old system 
to be retained is a 110-volt battery which consists of 
55 Chloride cells with a capacity of 300 ampere-hours at 
the 10-hour discharge rate. This has now been re- 
erected in a more convenient position and its associated 
apparatus has been dismantled to make way for a 
“Cycloc ” automatic constant-voltage charger and a 
metal-clad voltage selection/distribution panel, which 
closely resembles a G.P.O. telephone switchboard, as 
will be clear from the accompanying illustration. 

The battery is tapped at the positive end and at 
cells 12, 24 and 55 to give a nominal voltage range of 
24, 48 and 110 volts. A Cycloc charger rated at 
0 to 20 amperes at 2-3 volts per cell is connected across 
each of the tapped sections and is designed to maintain 
the output voltage at a constant level within narrow 
limits over a fixed range of current. Since each 
section of the battery is ccnnected across its own 
individual rectifier, the load under normal conditions 
of up to 20 amperes is supplied by that rectifier, while 
the cells, receiving their trickle charge at 2-3 volts, 
are maintained in a fully charged condition. All 
loads in excess of the maximum rectifier rating, how- 
ever, are automatically transferred to the battery. 

The charging equipment is housed in two floor- 
mounted cubicles, the first containing the two rectifiers 
for the 12-cell sections of the battery, and the second, 
across which float the remaining 31 cells. The 
rectifier and battery circuits can be isolated if required, 
by means of a three-pole 60-ampere rotary switch. 
The voltage selection and distribution board is con- 
structed in angle-iron with sheet steel panels finished 
in stoved black enamel. Along the front are three 
horizontal rows of plug sockets labelled “12 cells,” 

24 cells,” and “55 cells,” respectively. The 
sockets in each row are wired together at the back 
and taken through a switch to a terminal block, which 
1s connected to the battery and rectifiers. A small 
shelf projecting from the front of the switchboard 
Supports a group of counterweighted plugs numbered 
to correspond with the 47 bench positions served by 
the new system. By pushing the requisite bench 
position plugs into the correct selection sockets, there- 
fore, a supply at any one of the three nominal voltages 
available can be provided at any or all of the various 
laboratory benches. 





“ SCIENTIFIC RESEARCH IN AUSTRALIA”: ERRATUM. 
eel In the left-hand column on page 565, ante, in the 20th 
line from the bottom of the column, the reference to 


a acid or borax” should read “boric acid or 
rax.”’ 





BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 


Flexible Polyvinyl-Chloride Film and Sheeting.—A 
new specification, B.S. No. 1763, covering flexible 
polyvinyl-chloride film and sheeting (unsupported) has 
now been issued. It applies to two types of sheeting, 
namely, type 1: general-purpose plain (unprinted) 
film and sheeting, and type 2: printed film and sheet- 
ing of type 1. The specification covers material of 
nominal thickness in the range 0-004 to 0-015 in., and 
contains detailed clauses regarding the mechanical 
properties of the sheeting together with particulars of 
its colour stability and the colour stability of the 
print. Appendices concern methods of test. [Price 
38., postage included.] 


Steel Tubes for Mechanical, Structural, and General 
Engineering Purposes—A new specification, B.S. 
No. 1775, covering steel tubes for mechanical, struc- 
tural and general engineering purposes, is the third of 
a series for steel tubes, the other two being B.S. No. 980, 
relating to steel tubes for automobile purposes, and 
B.S. No. 1717, concerning steel tubes for cycle and 
motor-cycle purposes. The new publication relates 
to plain carbon-steel tubes not exceeding 16 in. in 
outside diameter of six types, namely: hot-finished 
welded (referred to as type HFW), hot-finished seam- 
less (type HFS), cold-drawn seamless (type CDS), 
electric resistance butt-welded (type ERW), cold- 
drawn electric resistance butt-welded (type CEW), 
and oxy-acetylene butt-welded (type OAW). Tubes 
of type HFW, HFS, CDS and OAW are specified 
in four grades, namely, 11, 13, 15 and 20; tubes of 
type ERW in grades 11, 15 and 20; and those of type 
CEW in grades 11, 15, 24 and 28, the numbers indicat- 
ing the minimum yield strength in tons per square inch 
in all cases. The specification includes a number of 
general clauses, applicable to all types of tubes, and 
dealing with such matters as material, straightness, 
lengths, galvanising, and methods of test and inspec- 
tion. Each type of tube is then dealt with in detail, 
and. at the end of the specification are tables of dimen- 
sions, properties, ete. [Price 3s., postage included.] 


Single-Bucket Excavators.—A new specification deals 
with crawler-mounted friction-driven single-bucket 
excavators comprising face shovels, dragline excavators, 
drag shovels, skimmers, grabbing cranes, lifting 
cranes and pile drivers, the shovel or bucket-capacity 
ratings ranging from } to 24 cub. yards. The object 
of the specification is to secure the general observance 
of such fundamental principles as appear desirable to 
ensure reliability and safety without impeding the 
excavator manufacturer in his selection of the most 
appropriate design for a particular purpose. In 
general layout and contents, the specification follows 
lines substantially similar to the specifications dealing 
with cranes. Stability is dealt with in some detail, 
and careful consideration has been given to the arrange- 
ment of the controlling hand levers and pedals. [Price 
6s., postage included.] 





INSTITUTION OF MECHANICAL 
ENGINEERS: PRESIDENTIAL 
ADDRESS.* 

By A. C. Hanrzey, C.B.E., B.Sc. (Eng.), M.I.Mech.E. 
(Concluded from page 535.) 


THE most urgent requirement when I joined the 
Armaments Section of the Air Ministry was for a 
reliable gear to control a Vickers machine gun and 
enable it to fire between the blades of the tractor 
single-engine single-seater fighter aircraft which had 
then replaced the old “pusher” machines. The 
Vickers gun had to be within reach of the pilot, 
so that he could clear the stoppages which were so 
frequent with guns of that day. The gun had therefore 
to fire through the sweep of the propeller, and the first 
solution, fitting deflectors made of steel to the blades, 
proved useless because of the reduction in speed of the 
aircraft and the large percentage of the bullets deflected. 
British aircraft were designed to give the pilot the 
best field of view and the best manwuvrability and 
performance. In some machines, the engine was forward 
of the main planes, and the pilot with the gun alongside 
him was behind. Thus long linkages with bell cranks, 
cross-shafts, etc., with bearings on the fuselage were 
necessary to connect the engine to the gun. The pilot 
frequently altered the engine revolutions during combat, 
and each resulting change of torque flexed the fuselage 
and frequently jammed the gears, with disastrous results. 
Step by step some slight improvements were being made, 
but the need for an effective gear became more urgent 
because the Germans had produced a very efficient 
one, the Fokker, and this was giving them great 
superiority in the air. 

The German problem was simpler, because they had 
standardised a vertical engine, placed immediately in 
front of the pilot and with the machine-gun alongside 
the engine on the same mounting, so that a short 
rotary shaft, independent of the fuselage, was all that 
was required. When the situation became desperate, 
Hopkinson’s methods came into play, and ensured the 
thorough examination and, subsequently, intensive 
development of an idea brought into the department 
by Mr. George Constantinesco. To many the idea 
would have at first appeared silly, but, as Sir Harry 
Ricardo has said, Hopkinson’s method on occasion was 
to try something really silly and see what happened. 

Mr. Constantinesco explained that he could, by 
hitting a piston at one end of a pipe full of oil under 
pressure, make a percussion wave travel along the oil 
column with the velocity of sound in oil, about 1,000 m. 
a second, and operate another piston at the far end. 
Hopkinson directed me to follow up this idea at an early 
stage in the experiments ; and I will now describe some 
of the incidents of its development which illustrate 
the effective use of imagination under his leadership, 
without which it would never have become the successful 
“C.C.” gear, as it was to be called. 

The first models were too heavy, too clumsy, and also 
too complicated in the method of applying to the oil 
column the pressure which was necessary to put the gear 
in operation. But stage by stage a gear was produced 
which gave encouraging results with a gun in experi- 
mental aircraft, firing on the ground into a butt. 
Meanwhile, test benches were fitted up so that a gun 
could be fired through a tin disc rotated at a controlled 
speed, and belts of 200 rounds of ammunition were 
soon being fired through a single hole in the disc. 
In combat, however, a belt of ammunition is fired in 
short bursts, and at varying engine speeds ; when this 
was tried on the test bench an alarming number of 
stray shots appeared in the tin disc, many of which 
would have holed the propeller. 

Intensive experiments were made at varying speeds 
and number of bursts and the results analysed. The 
analysis showed that definite groups of strays occurred 
at constant revolutions with bursts of any length, 
and that, when the constant revolutions were reduced 
or increased, the angle of the group of — relative 
to the timed group was reduced or increased. 

It was soon found, by calculating the time from the 
angle between the groups, that this must be due to the 
percussion wave, after it had operated the “ trigger 
motor ” (Fig. 4, on page 604), being reflected back to the 
generator piston and forward again with sufficient 
power to operate the trigger motor a second and even 
a third time. (In Fig. 4, A is the initial clearance of 
0-5 mm.; B is the tripping movement; C is the 
minimum over-run after tripping 1 mm.; and D 
indicates the trigger-motor push-rod, which had to be 
free of the joint-cover axis pin.) This defect in the 
trigger motor appeared most serious and almost fatal 
to further development, but the team suggested fitting 
at the end of the oil pipe near the trigger motor & 
damping valve with a small hole drilled through ite 
head and down its stem (Figs. 6 and 7). 

The valve would open and let the oncoming wave 
operate the piston and then close to damp out the 





* Delivered in London, October 19, 1951. Abridged. 
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return of the wave through the small hole. This 
suggestion was immediately successful, but there still 
remained stray shots when short bursts were fired, 
and these were thought to be caused by slow or short 
first movements of the trigger motor as the oil pressure 
was being built up to start the gear. We were at once 
assured that the ammunition was beyond suspicion and 
was so designed that the percussion cap either detonated 
effectively or not at all; therefore it could cause a 
misfire but not a delayed or stray shot, and the strays 
must be due to the C.C. gear. However, “ believing no 
man and desiring to prove all things ” we took out the 
bullets and cordite from a number of rounds and touched 
them off on a Vickers gun lock, after we had inserted 
varying numbers of cigarette papers to prevent the 
extractor slide, through which the firing pin‘ had to 
pass, from coming hard home against its stop (Fig. 7). 
With the first few pieces no perceptible differences in 
the detonation of the caps were noticed, but when more 
were added there was a most astonishing result. The 
firing ye was bent down and slowed down while being 
pushed through the hole in the extractor slide and, 
owing to its being out of line, the crisp, almost smokeless 
detonation became a low smoky “ woof.” 

Some makes of ammunition were better than others, 
and an improved design of cap was made, but, mean- 
while, it looked again fatal to our gear, because weak or 
short strokes of the trigger motor produced the 
cigarette- r effect on the extractor slide, and badly 
timed an aes shots were the result. However, 
the team again provided a quick, simple, and fully 
effective solution for the difficulty by lengthening the 
trigger-motor piston so that, when at rest, it was 
pushed hard against the trigger-motor cylinder end to 
cover the oil inlet (Fig. 6). The end of the piston was 
thus made to act as a valve offering only one-quarter of 
its area to the impact of the wave. 

If the wave was sufficiently strong to dislodge the 
piston from its seat acting only on one-quarter of the 
area, it ensured a full sharp stroke, and if not the wave 
was simply inoperative. Many similar flashes of 
imagination were necessary to produce the control 
mechanism which eventually enabled the pilot, with 
very light thumb pressure and no interference with his 
control of the aeroplane, to fire single shots or bursts of 
~~ length at will, and with two guns. 

he wave generators were at first driven from engine 
power take-offs, and when there was a reduction gear 
between the engine and propeller its ratio in reverse 
had to be fitted between the om gr and the C.C. gear. 
This became complicated, and, in fact, dangerous 
when epicyclic gears were used, as on some Rolls-Royce 
engines, with slightly different ratios with different 
“ marks ” of the same engine. Here again, the method 
of imaginative direct approach to the problem was 
applied, and the wave generator, cylinder, and piston 
were mounted on the engine casing, and the operating 
cam was fitted directly on the back of the propeller 
boss, thus cutting out all gears and timing directly 
from the propeller itself. There were many more 
difficulties to be overcome but they were all met in the 
same spirit, and the C.C. gear became remarkably 
reliable and almost universally used until well after 
the 1914-18 war. 

After the 1914-18 war, I became a partner in the 


consulting engineering firm of Maxted and Knott, and 
was chiefly engaged on the building of cement works at 
home and abroad until, in 1924, I joined the Anglo- 


Iranian (then the Anglo-Persian) OilCompany. During 
the next 26 years, mainly at the head office in London, 
but with some spells in Persia, I have seen the oil 
production of the company increased from under 
4 million to more than 30 million tons a year in Persia, 
and the company’s interest in the Iraq and Kuwait 
pier Companies developed on a very large and increasing 
e. 


During this period, under the inspiring leadership of 
the late Lord Cadman and of his successor as chairman, 
Sir William Fraser, C.B.E., and of many others, such 
as Mr. J. A. Jameson, C.B.E., who pioneered and 
pea ae the —— in Persia, teams drawn from 
every branch of engineering, science, physics, archi- 
tecture, medicine, and, indeed, every walk of life have 
contributed to the building of A as it is to-day, 
with a refining capacity of upward of 25 million tons 
a year and all the services required for a township of 
more than 150,000 people, on what was little more than 
a desert island 40 years ago. 

During the period, geophysical methods for the 
search for oil have been used to augment the older 
geological methods; rotary or mud-flush systems of 
drilling have superseded the older cable tool or per- 
cussion system, enabling wells to be drilled faster and 
to greater de ; special methods have been deve- 
loped, usi vanced designs of mechanical equipment, 
to enable drilling to proceed under pressure, and the 
wells to be brought in without loss of oil even tho 
pressures in excess of 6,000 lb. per square inch my 
encountered. Multi-stage separators are used at the 
oil fields, with long horizontal steel vessels capable of 
working at pressures up to 1,500 Ib. per square inch, to 





reduce the well pressures and separate the gases with 
@ minimum loss of the valuable light fractions. 

Pipelines, which were 6 in. or 8 in. in diameter, of lap- 
welded steel with screwed joints, have been super- 
seded by 12 in. to 16 in., or more, solid-drawn steel 
pipes with welded joints, and, later, by longitudinally- 
welded prestressed steel pipes up to 36 in. in diameter, 
also with welded joints. Main oil pipeline pumps were 
steam-driven and reciprocating. Later, steam turbine, 
internal-combustion engined and electrically-driven 
centrifugal pumps were used, and are now arranged on 
the largest pipelines, either as multi-stage in parallel, 
or single-stage in series. Distillation and refining plant, 
at first of the intermittent shell-still type, simply 
boiling the crude oil, have been replaced by large 
continuous pipe-still distillation benches with automatic 
control of fractionation, each with a capacity of more 
than 4 million gallons a day, and by complicated 
plants of which the most recent is the catalytic cracker, 
costing millions of pounds and giving new and improved 
products. 

The first deep well to be drilled in Great Britain was at 
Portsmouth, in 1936, and when a depth of 249 ft. had 
been reached, the rotary bit, 23 in. in diameter, stuck 
at 206 ft. 6 in. during normal pulling-out procedure. 
After much pulling with the hoist, during which the 
bit was sie 3 ft., the 14-in. diameter wire line on the 
blocks broke. The breaking load of the single line 
was 43 tons, but, as there were six lines on the blocks, 
a pull of 258 tons must’ have been applied. A new 
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(5355) 
wire was strung with eight lines on the blocks, but 
prolonged efforts failed to move the bit ; and attempts 
to jar it down, combined with the application of the 
full torque of the rotary table, were equally of no avail. 
Hydrochloric acid was then pumped around the bit to 
dissolve the surrounding chalk, and pulling, jarring, 
and rotating were yet in unsuccessful. It was 
therefore decided to drill a hole through the obstruction 
alongside the bit, and the drill pipe was disconnected 
and clamped below the floor of the derrick to enable 
the rotary table to be used to drill the new hole. 
Several _ of bit were used for enlarging the hole 
to 6 in. diameter and attempts were made to drill 
additional holes, but all efforts to free the stuck bit 
failed. 

The situation became desperate and something had 
to be done. A review of the position showed that the 
hoist had not been able to apply sufficient pull, the 
rotary table could not supply sufficient torque, further 
holes could not be drilled round the bit, and further 
use of acid seemed useless. More power actually at the 
bit itself was obviously necessary. A great reservoir 
of energy was available in the six drilling boilers, but 
the hoist and rotary table could not apply sufficient of 
that energy where it was actually needed. 

The idea then occurred of connecting the steam 
pressure to the pipe already ip nosition alongside the bit 
and applying the energy direct as a steam jet. Urgent 
telephone messages established that the rotary flush 
armoured-rubber hose would withstand the steam 
temperature and pressure, and the depth of water in the 
hole would obviously not put too much back pressure 
on the jet. The application of steam caused sudden 
surges of fluid from the hole to be blown 30 ft. up the 








derrick, and created such disturbances round the }it 
that it was freed completely in about 2 hours. Figs. 8 
to 12, opposite, show the various methods tried. 

My service with the Anglo-Iranian Oil Company was 
interrupted by periods of seconded service on work for 
the Ministry of Aircraft Production and with the 
Petroleum ‘Warfare Department. During 1940, I was 
associated with a team on the development of a Royal 
Aircraft Establishment design for a stabilised automatic 
bombsight which was eventually used for high-altitude 
high-accuracy bombing with the largest bombs, and 
which was successfully used for sinking the Tirpitz in 
a Norwegian fjord. Here again, the imaginative direct 
approach was used when difficulty was experienced in 
getting reliable results in controlling the high-pressure 
air to the servo-motors through a valve which was 
operated by gyro-controlled low-pressure air acting on 
aneroid-type diaphragms. All the low-pressure air 
system was dispensed with, and the high-pressure air 
was controlled by piston valves, specially designed not 
to interfere with the gyro performance when attached 
to it. 

In 1942, in anticipation of a successful invasion of 
the French coast, there arose an urgent operational 
requirement for a pipeline to supply petrol across the 
English Channel to support the advance of the allied 
armies across Europe. None of the usual methods for 
constructing a submarine pipeline could be employed 
because of tidal currents, the time factor, and the 
certainty of enemy interference. The successful use 
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of a number of flexible pipes of small diameter, covered 
by the code name “ Pluto,” was described by me in 
detail in the 1945 annual lecture to the Graduates 
Section, London. 

During the period 1942 to the end of the 1939-45 
war, I had the privilege, as Technical Director of the 
Petroleum Warfare Department, of being associated 
with flame-weapon development, and with the develop- 
ment of means for clearing fog at airfields, to avoid 
the great losses being experienced by bombers on 
return from operations, and to enable operations to be 
carried out under previously impossible weather condi- 
tions. The problem had been under consideration for 
many years and the basic requirements of heat to 
establish clear visibility under various conditions had 
been determined. Some experiments had been carried 
out, but further development had been stopped in 
1939 because of the great cost and of the difficulties 
in applying the required heat smokelessly. 

In 1942, the need for fog clearing had become so 
urgent that cost no longer mattered, and intensive 
development was restarted, with the highest priority. 
The imagination and initiative displayed in the true 
Hopkinson spirit by the Minister responsible, the Rt. 
Hon. Geoffrey Lloyd, and by the Director-General, 
Major-General Sir Donald Banks, K.B.E., D.S.O., and 
their combined team from the figuting Services, Civil 
Service, civil scientists and engineers resulted in the 
installation within six months of an effective “ Fido, 
as it was called, at an operational airfield. It was 
built with readily available tanks, pumps, and pipes 
alongside a runway in daily use. Experimental work 
was pushed forward at many establishments and in a 
wind tunnel, but the early success was achieved by 
making full-scale trials under service conditions with 
the keen co-operation of the Royal Air Force, Jong 
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before such trials: would normally have been con- 
sidered possible or advisable. All complications were 
strenuously avoided, and simple burners were devised 
which would burn petrol smokelessly, after the pre- 
liminary heating period, at rates in excess of 25 gallons 
a yard an hour, thus supplying sufficient heat for any 
conditions. They were installed-at 15 airfields in 
Britain, one in France, one in the United States, and 
one on the Aleutian Islands. 

After the 1939-45 war, I returned to the Anglo- 
Iranian Oil Company and witnessed a period of great 
expansion in all phases of the petroleum industry, but 
particularly in the construction of large-diameter long- 
distance pipe-lines. Great attention has been given 
to the problems of dealing with expansion and con- 
traction in these lines and to whether they should be 
built above or below ground. In the latter case, pro- 
tection against corrosion becomes of great importance, 
and much attention has been given to pipe coatings 
and wrappings and to cathodic protection. Protection 
agaist corrosion is also a very serious problem in 
connection with all oil fields and refining plant, tanks, 
jetties, and, indeed, throughout the whole of industry, 
and offers a vast and important field for experiment 
and research. 

Looking back now over the last 40 or more years, 
the most vivid impressions which remain with me are 
that I was extremely fortunate, first, in receiving a 
wide, rather than a too specialised, education, and, 
secondly, in coming later under the inspiring leadership 
at different times of many outstanding men. The 
ideal method of training an engineer will continue to 
provide material for discussion as long as there are 
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engineers to be trained; but, whatever changes may 
be made to meet changing conditions, I consider it 
fundamentally important, and indeed imperative, that 
all young men should be able to experience the influence 
of sound leadership at all stages in their education and 
training so that they may be inspired to use imagina- 
tion and initiative and to develop self-reliance. It is 
our senior members who must provide this leadership, 
each in his own sphere of activity. 





ELECTRICITY SUPPLY BREAKDOWN IN OXFORDSHIRE.— 
A breakdown occurred on the 33-kV system of the 
Southern Electricity Board at Sandford-on-Thames, 
Oxfordshire, on Sunday, October 28, owing to a length 
of steel wire being thrown over the overhead lines. Asa 
result, the poles supporting the lines gave way and the 
conductors sagged over the road. A large area of 
South Oxfordshire and North Berkshire was without 
electricity until an alternative supply could be arranged. 





REGULATIONS FOR RoyaL SHOw, 1952.—Revised 
regulations regarding the exhibition of implements, 
machinery, etc., at next year’s Royal Show, to be held 
at Newton Abbot from July 1 to July 4, have just been 
issued by the Royal Agricultural Society. In general, 
the regulations follow the pattern for preceding years, 
the revisions referring to charges for space, tickets for 
exhibitors and their assistants, arrangement of stands, 
removal of exhibits and the provision of adequate guards 
on machinery in motion. The closing date for receipt 
of applications for space in the showground is given as 
November 19, 1951. 
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ELECTRIC POWER SUPPLY IN 


EUROPE. 


Two noteworthy decisions, one of which was designed 
to facilitate the exchange of electric power across the 
frontiers of European countries and the other to 
remove obstacles to the hydro-electric development of 
frontier waterways, were made at a meeting of the 
Committee on Electric Power of the United Nations 
Economic and Social Council, which was held in 
Geneva at the beginning of October. As regards the 
first, the Committee noted that existing legislative 
provisions regulating transfers of electric power were 
very old. It therefore reached the conclusion that 
comparable procedures should be adopted in each 
country to simplify the relevant formalities and thus 
to promote the rational utilisation of Europe's electric 
power resources. With this end in view, it was recom- 
mended that the following rules should be adopted by 
national legislatures. A “‘ guaranteed exchange ” takes 
place when the electric power exported is offset by the 
import of a quantity of roughly equivalent value in 
accordance with conditions laid down in a previously 
concluded contract. An “unforeseeable supply ” 
occurs when emergency measures have to be taken 
to improve system operation or to cope with unforeseen 
circumstances. Contracts and, in general, all instru- 
ments giving rise to “ guaranteed exchanges ” shall be 
submitted to the Ministry in charge of electricity and 
shall not take effect until approved by that Ministry. 
Such approval may be subject to certain conditions 
and may be withdrawn for reasons of public policy. 
The Ministry in charge of electricity shall fix annually 
the quotas which may be freely imported or exported 
as “unforeseeable supplies,” in both capacity. and 
power, without prior ministerial authorisation being 
Te 
Xs regards the facilitation of the hydro-electric 
development of frontier resources, the Committee 
noted that such development gave rise to so many 
political, legal and administrative difficulties that com- 
panies hesitated to undertake it and in some cases 
abandoned it. As the hydro-electric resources still 
undeveloped became fewer it was therefore more and 
more necessary to remove such obstacles, in’ order to 
satisfy the requirements of European economy. The 
committee therefore drew the attention of governments 
to the importance of introducing into conventions 
regarding such developments a clause laying down that, 
where neighbouring states participate in the construc- 
tion of works, such works shall be treated by each 
state in the same way as if construction were taking 
place on their own territory, irrespective of the site 
chosen. It also pointed out that supplies of equipment 
and materials should not be c either import or 
export duties, and that, if special taxation was imposed 
in either of the two states, adequate compensation 
should be granted to the other for any damage sustai 
by it or persons as a result. Finally, both states should | 
grant the necessary residence, working, entry and exit 
permits required by persons needed by the con- 
cessionaire for the construction of the works. 





It was recommended, as far as construction is con- 
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cerned, that the best site should be selected after an 
examination of the locality by a joint commission 
composed of representatives of the two countries 
concerned. This examination should be conducted on 
the basis of technical considerations, irrespective of the 
position of the frontier. In the event of a country 
setting up several joint commissions with another 
country, that country’s representatives on these various 
commissions should consist, in part, of the same 
individuals. With regard to operation, it was recom. 
mended that power allocated to one of the two states 
and produced on the territory of the other should be 
exempted from all taxation and legal restrictions and 
that the power allocated to one state should be export- 
able to the other in accordance with the provisions 
governing the export of power in force in the state 
entitled to the power. It was also recommended that 
if either state were unable to utilise the power allocated 
to it on its own territory, it should do nothing to 
prevent it being exported to the other state. Taxes 
on companies should be levied in accordance with the 
conventions on double taxation between the countries 
concerned, and where such conventions do not already 
exist they should be concluded. The joint conces- 
sionary undertaking should be provided with the 
necessary currency transfer facilities, both during the 
construction period and for operating requirements, 
and workers should be allowed to transfer their wages 
to their country of origin. 

The Committee learnt with satisfaction that the 
secretariat had initiated two series of negotiations, 
one between Yugoslavia and Austria for the develop- 
ment of the hydro-electric resources of the River Drave, 
and the other between Yugoslavia and Italy to promote 
immediate exchanges of vower between those two 
countries ; and to study the possibilities of developing 
these exchanges in future. 

A group of experts is to meet early this month to 
prepare an order of priority for the subjects contained 
in an initial plan on rural electrification. A detailed 
study on transfers of electric power across European 
frontiers has also been prepared by the secretariat. 
This contains an analysis of the factors leading to and 
impeding such ers and of the various existing 
categories of supplies and exchanges. It also contains 
an examination of the probable trend of consumption 
and production. A special chapter is devoted to the 
influence of progress on production and transmission 
and to the utilisation of new sources of electric power. 
The Committee expressed the wish that this study, 
which it regarded as a very valuable source of informa- 
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tion, should be given general distribution as soon as 
possible, in view of its special interest. 

This session of the committee was attended by 
40 delegates, representing 13 countries, and by four 
observers from the International Union of Electric 
Power Producers (Uniped) and the World Power 
Conference. Mr. A. Smits (Belgium) and Mr. J. 
Etienne (Switzerland) were elected chairman and 
vice-chairman, respectively. 





SCHOLARSHIPS IN NAVAL ARCHITECTURE.—The Council 
of the Institution of Naval Architects have awarded 
the following scholarships in naval architecture: the 
1851 Exhibition Commissioners post-graduate research 
scholarship for 1949, to Mr. I. M. Yuille, for one further 
year ; the 1951 Sir William White post-graduate scholar- 
ship to Mr. M. C. Eames ; the 1951 Elgar scholarship to 
Mr. R. R. Phillips; and the 1951 Vickers-Armstrongs 
scholarship to Mr. G. A. Smith. The Aluminium 
Development Association research scholarship in the 
application of light alloys to ship construction, for 1949, 
has been awarded to Mr. J. B. Caldwell for a further 
year. 

HEAT TRANSMISSION.—The Spiral Tube and Com- 
ponents Company, Limited, Osmaston Park-road, Derby, 
have sent us a copy of a small book entitled “‘ Finned 
Tube,” which they have compiled and published ex- 
pressly “to fill a gap in the literature available to 
purchasers and users of heat-transmission plant.”” The 
book is not a catalogue of equipment but a short treatise 
on heat-transfer and its applications. Part 1 deals with 
design and begins with the theory of heat conduction 
and convection. The Reynolds, Prandtl, Nusselt, and 
other numbers are introduced and their significance 
explained in a simple and lucid way. Subsequent 
sections deal with condensation and boiling, the proper- 
ties of gases and the evaluation of mean temperature 
differences. The significance of the finned tube is 
briefly explained. Part 2 deals with applications of 
heat-transmission plant. Tubular heaters working with 
steam or hot water are considered and hints are given 
on drainage and venting and on making provision for 
expansion and contraction of the tubes. Other sections 
deal with water and oil coolers, refrigeration, compressed- 
air coolers and corrosion. Part 3 contains a number of 
useful tables, including tables of saturated and super- 
heated steam. The book is to be distributed widely, 
without charge, and the Company will be pleased to 
send copies of it to engineers and other technicians on 
receipt of a request made on their firm’s notepaper. 
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ULTRASONIC TEST APPARATUS 
FOR PNEUMATIC TYRES. 


In 1943, owing to the scarcity of rubber, it became 
necessary to devise a non-destructive method of deter- 
mining whether the internal structure of aircraft tyres 
had been damaged by landing stresses and whether 
they were therefore unfit for re-treading. As a result, 
a method was developed which depends on the fact 
that any internal discontinuity, such as the imperfect 
bonding between the rubber and fabric, which fre- 
quently occurs with used tyres, will lead to the presence 
of an air film and ultrasonic waves will be almost 
completely reflected from the boundary between this 
air and the rubber. This fact is made use of in a 
machine which has been jointly developed by the 
Dunlop Research Centre and the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, and has recently been installed at the Fort 
Dunlop Works of the Dunlop Rubber Company. 

This machine, which has been designed for tyre 
testing on a production basis, can detect faults with an 
area of % in. by $ in., or more. It consists of a steel 
cabinet containing an ultrasonic generator and valve 
amplifiers, as well as pneumatic-handling equipment 
for lowering the tyres into a tank of water, where 
they are tested. A general view of the machine, 
showing the pneumatic-loading equipment, is given 
in Fig. 1, Fig. 2 is a rear view of the cabinet showing 
the group of cam-operated valves referred to later. 
As will be seen, a pneumatically-operated extensible 
arm projects from the front of the cabinet and can 
be moved outwards so that a tyre can be loaded on 
to it. The arm then lifts the tyre, moves it inwards 
and lowers it on to two rollers, which are mounted in 
the tank above the water. These rollers are driven 
through gearing by a }-h.p. motor and are used to 
rotate the tyre at speeds up to 10 r.p.m. during a test. 
This enables the tyre first to be rotated quickly so 
that it is wetted and then more slowly for the ultra- 
sonic test. — Finally, it is turned very slowly or stopped 
in order to locate the flaw precisely. A water bath is 
used to ensure a good transmission path between 
transmitter and receiver, as well as to ensure that there 
is negligible absorption, and reasonable acoustic match- 
ing or reflection at the boundary between the water and 
rubber. Ifa dry contact were used it would be practic- 
ally impossible to exclude air, with the result that the 
wave would be almost wholly reflected. 

As shown in Fig. 3, opposite, the ultrasonic trans- 
mitter is connected to a quartz crystal, which is § in. 
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Fie. 4. Cavrry Grvine 50 prr cent. SIGNAL 
STRENGTH. 


in diameter and is mounted in a brass holder at a dis- 
tance of 1 in. from the rubber in the wall of the 
submerged tyre. The ultrasonic beam is radiated at an 
angle of 120 deg. and is picked up by a number of 
receiving crystals, which are spaced round the outer 
wall of the tyre. Leads are taken from each of these 
crystals to separate amplifiers, the outputs of which are 
used to give a visual indication on the meters as well 
as to operate six alarm circuits, consisting of a relay 
and a red indicating lamp. Each amplifier has inde- 
pendent controls so that its meter indication and the 
point at which the lamp lights can be set. 

The frequency of the ultrasonic generator is 50 kilo- 
cycles per second and the output is about 1 watt. 
The choice of frequency has been determined by the fact 
that as the frequency increases the angle of the radiated 
beam decreases until at about 1,000 kilocycles it is 
almost parallel and its diameter is nearly equal to that 
of the transmitter crystal. Furthermore, the absorp- 
tion of ultrasonic energy by rubber increases rapidly 
with the frequency, so that the practical industrial 
limit of the latter is about 500 kilocycles. As has been 
said, the instrument is designed to use about one-tenth 
of this value, the result being that the angle of radiation 
is wide and a single transmitter can serve six receiving 
crystals. Reasonable signals can also be obtained 
without using elaborate high-gain amplifiers. 
_ As regards operation, after the tyre has been lowered 
into the tank it is rotated quickly, so as to wet it and 
remove any air bubbles. If desired, a small quantity 
of non-foaming wetting agent can be added to the 
water. The ultrasonic generator is then adjusted to 
give a meter reading of about 80 per cent. of full-scale 
deflection on each of the indicators. In this connection 
it may be pointed out that the apparatus does not 
depend in any way on absolute calibration, but simply 
upon the fact that a particular area of the tyre can be 
considered “ good,” and all other parts are tested 
relative to this portion. Next the speed of rotation of 
the tyre is reduced, the value chosen depending on its 
diamete r and the size of the fault which is being sought. 

or instance, a large aeroplane tyre (or any tyre on 
which faults greater than 1 in. by 1 in. are being 
sought) can be rotated at 6 r.p.m., but lower speeds 

ve been found to be better for smaller tyres and 
smaller faults. About a 90-deg. arc of cross-section is 
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scanned by the crystals at each revolution and means 
are provided so that the transmitter can be rocked 
about an axis by an electric motor, thus enabling the 
whole tyre to be examined in a few revolutions. Small 
variations in the tyre structure cause small and rapid 
variations in the meter readings, but, with experience, 
these can be easily distinguished from true faults, such 
as actual or incipient looseness between layers of fabric. 

The pneumatic-handling equipment is supplied from 
the works compressed-air mains and is automaticall 
controlled by cam-operated valves by means of which 
the loading and unloading speeds can be adjusted. 
The ultrasonic generator is provided in duplicate. 
There is also a spare receiver, amplifier and meter panel, 
so that the electronic equipment of the tester can be 
serviced without interruption. Fig. 4 is an illustration 
of a typical cavity which has been detected ultra- 
sonically and would give a drop in signal strength 
of about 50 per cent. A drop in signal strength of 
about 100 per cent. would result from the cavity shown 
in Fig. 5. The first of these instruments to be installed 
at Fort Dunlop is being used for a range of tyre covers 
with rim diameters from 14 to 24 in., of widths from 44 
to 17 in., and up to 300 lb. in weight. 





Dust PROBLEMS AND THE VENTILATING ENGINEER.— 
A course of ten extra-mural lectures on “‘ Dust Problems 
and the Ventilating Engineer ” will be delivered at the 
Royal Sanitary Institute, 90, Buckingham Palace-road, 
London, S.W.1, on Tuesdays, January 15, 22 and 29, 
February 5, 12, 19 and 26, and March 4, 11 and 18, 1952, 
commencing at 7 p.m. Different speakers will be 
responsible for each lecture, the subjects chosen. being 
“‘ Physical Properties of Dust and Aerosols,” ‘‘ Physio- 
logical Aspects,” “‘ Estimation of Dust,” “‘ Dust Explo- 
sions,” ‘“‘ Protective Measures,” ‘‘ Electrostatic Pre- 
cipitation,” ‘‘ Theory of Air Filtration,” “‘ Application of 
Air-Cleaning Devices,” {‘ Testing of Air Filters,” and 
“Dust Conveying,” in chronological order. The lec- 
tures, each of one hour’s duration, are being held under 
the auspices of the National College for Heating, Ven- 
tilating, Refrigeration and Fan Engineering at the 
Borough Polytechnic. Tickets of admission may be 
obtained, free of charge, from the clerk to the Governors, 
Borough Polytechnic, London, 8.E.1. 





THE IRON AND STEEL INDUSTRY 
IN 1895 AND TO-DAY.* 
By Prorsssor R. Hay, B.Sc., Ph.D. 
(Concluded from page 568.) 

THERE have been great changes in the field of metal- 
lurgical education in Scotland. With the rise of 
physical chemistry during the early part of the century, 
the tendency has been to pass from the analytical to 
the physical-chemistry approach to metallurgical 
problems. When Glasgow University introduced the 
de; in metallurgy in 1912, it was under the name 
of “ Applied Chemistry,” thus emphasising the chemi- 
cal importance of the approach to metallurgy. Phy- 
sical metallurgy, however, was not neglected, and, 
under the able guidance of Dr. C. H. Desch, F.R.S., who 
was one of the pioneers of this branch of study, metal- 
lography occupied an important place in the teaching 
of metallurgy in Glasgow. This branch has been 
developed by the introduction of teaching in X-ray 
and high-vacuum techniques, but it has always been 
borne in mind that these are tools to the metallurgist, 
rather than that the metallurgist should be primarily 
a physicist by training and outlook. Evening-class 
education was developed along similar lines and for 
many years the College Certificate in Metallurgy was 
based upon a chemical foundation and received wide 
recognition. Because of this strong chemical bias, it 
was easy for students to obtain the qualification in 
metallurgical chemistry which was sponsored by the 
Royal Institute of Chemistry. To meet the ever- 
increasing needs of evening students, National Certifi- 
cates in Metallurgy were introduced three years ago. 
In Scotland, these certificates are issued by a joint 
committee set up by the Institution of Metallurgists and 
the Scottish Education Department and follow the 
pattern already established in engineering and chemistry 
by having two standards, the Ordinary Certificate, 
awarded after three years of study in chemistry, physics, 
mathematics and metallurgy, and the Higher Certifi- 
cate, awarded after a further two years’ study in 
physical chemistry and metallurgy. 

Sexton, in his presidential address in 1895, laid 
great emphasis on the development of a good metallur- 
gical school in Scotland and asked for the support of 
the local industrialists to this end. To-day, in my 
opinion, we do possess a good metallurgical school in 
Scotland and we do receive strong support from the 
local industrialists. For many years, the system of 
governing the College has been through —— depart- 
mental committees, which are composed of academic 
persons and leading industrialists. It is through these 
committees that the West of Scotland Iron and Steel 
Institute can bring its influence to bear on educational 
policy, the President of the Institute being an ex-officio 
member of this Committee. 

Before leaving the educational side, I wish to mention 
a further development which I think will prove of the 
greatest importance in the future of the industry. In 
1946, a new course of study was introduced in the Royal 
Technical College, Glasgow, with the object of ade- 
quately combining theory and practice. In developing 
this course I was very conscious of the fact that only 
in an industrial plant can a student receive a proper 
practical training. Furthermore, it was not reasonable 
to expect a firm to take college students and spend 
much time and money on their training. I have always 
found that firms are very willing to take students for 
practical experience in the long vacation, but in this 
new scheme I wanted something more. Therefore it 
seemed much better that the College should take the 
properly-qualified students from industry. The scheme 
was based on a fair distribution of time between 
college and industry, fixed at six months in college 
and six months in industry over a period of four 
years. As the principal lecture courses are given 
from October to March, this partition was compara- 
tively easy to arrange. The curriculum is built on the 
principle of pure-science subjects followed by engi- 
neering and metallurgy in all its branches. Thepractical 
experience is arranged to dovetail into the theoretical 
training at each stage. 

Just as there have been great changes in the compo- 
sition of the industry and in the educational facilities, 
so there have been great changes in the epproech to 
research. In the period of my predecessor, the research 
which interested the industrialists was entirely of a 

ractical nature. It is true that Sir Lowthian Bell had 
— active just prior to this time in the study of 
blast-furnace reactions and had made assertions based 
on his work on efficient furnace operation and on the 
height of the furnace. Nevertheless, most of the 
papers presented to the Institute, and the discussion 
thereon, dealt with practice and operational experiences 
of the authors and members. h, as we under- 
stand it to-day, was quite unknown, and no laboratories 
existed for this particular purpose. To-day, not only 
do the large producing firms possess well-equipped 

* Presidential address delivered before the West of 
Scotland Iron and Steel Institute on Friday, October 19, 
1951. Abridged. 
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research laboratories, but many of the larger firms 
who use the ucts of the industry are equally well- 
equipped. The same statement can be made concern- 
ing the principal refractory manufacturers in Scotland. 

During the period of about sixty years which covers 
the whole life of the Institute, and of which I have 
outlined the conditions at the beginning and the end, 
the Institute has continued to grow and to meet the 
needs of its members. With the rapid change in 
conditions in recent years it is my opinion that a change 
on the emphasis of the work of the Institute will be neces- 
sary if continued health is to be expected. No longer 
are there the same number of practical experts available 
from which to draw for membership and for active 
support in papers and discussions. There is, however, 
an increasing supply of well-trained workers in the 
industry, and in industries which are closely allied to 
iron and steel production. It therefore seems logical 
that increasing attention will have to be given to the 
problems associated with the product and its uses. 
Papers dealing with the fundamental aspects of prob- 
lems in which applied physics may largely feature will 
also have to be attracted to the proceedings of the 
Institute. Such topics should receive a good discussion 
in view of the increasing membership ing suitable 
academic qualifications. It is hoped that a few such 
papers will be presented for discussion each year. The 
Institute must encourage its younger members to 
present papers by ensuring that a friendly but critical 
atmosphere prevails in discussion. BY so doing the 
Institute will help to foster the spirit of self reliance in 
the younger members and from this may arise more of 
the spirit of adventure. It has long been one of the 
criticisms levelled at our technological staffs that they 
are slow in applying research discoveries to practical 
operations. There is a certain justification of this 
tardy outlook in so far as modern plant tends to very 
large throughputs and any wrong application may have 
dire results. On the other hand, with modern know- 
ledge any such wrong applications can often be foretold 
and a frank discussion in the form of a paper to the 
Institute could be most helpful in this direction. It is 
interesting to note that this slowness in applying 
knowledge has persisted from earliest times. Had 
James Beaumont Neilson been a blast-furnace manager 
instead of a gasworks manager it is very probable he 
would not have invented the hot blast. In this same 
connection it is interesting to read in the discussion on 
Wiggin’s oy ny (Jour. of Iron and Steel Inst., 
vol. XLVIIT (1895), p. 181) that R. M. Thompson, of 
New York, said “ it almost seemed as if England knew 
how to produce good things but was not quite so ready 
to use them after they were produced.” 


| 
LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ Port TOWNSVILLE.”’—Single-screw cargo vessel, 
with accommodation for twelve passengers, built by 
Swan, Hunter, and Wigham Richardson, Ltd., Wallsend- 
on-Tyne, for the Port Line, Ltd., London, E.C.3. Main 
dimensions : 460 ft. between perpendiculars by 64 ft. 6 in. 
by 41 ft. 6} in. to upper deck; deadweight capacity, 
10,790 tons on a draught of 28 ft. 9 in. ; gross tonnage, 
8,070; cargo space, 311,910 cub. ft. insulated and 
292,850 cub. ft. uninsulated. Wallsend-Doxford six- 
cylinder opposed-piston reversible oil engine, developing 
7,500 b.h.p. at 114 r.p.m., constructed by the Wallsend 
Slipway and Engineering Co., Ltd., Wallsend-on-Tyne. 
Speed, 154 knots. Trial Trip, October 22. 

M.S. “ JEPPESEN Mzrsk.’’—Single-screw cargo vessel, 
carrying twelve passengers, built and engined by Bur- 
meister & Wain, Copenhagen, for Mr. A. P. Méller, 
Copenhag D k. S§ d vessel of an order for 
two. Main dimensions: 445 ft. between perpendiculars 
by 63 ft. 6 in. by 41 ft. 6 in. to upper deck ; deadweight 
capacity, 9,625 tons on a draught of 27 ft. 8} in. ; 
capacity, 635,450 cub. ft., bales. Ten-cylinder single- 
acting two-stroke Diesel engine, developing 9,200 b.h.p. 
at 115 r.p.m. Speed on trial, 17-25 knots, loaded. 
Delivered, October 24. 

M.S. “ STANBURN.”’—Single-screw cargo vessel], built 
by the Burntisland Shipbuilding Co., Ltd., Burntisland, 
Fife, for the Stanhope Steamship Co., Ltd. (J. A. Billmeir 
& Co., Ltd.), London, E.C.2. Main dimensions: 435 ft. 
between perpendiculars by 59 ft. 6 in. by 38 ft. 11 in. to 
shelter deck ; deadweight capacity, 10,350 tons on a 
draught of 25 ft. 10 ir. ; gross tonnage, 5,575. Haw- 
thorn-Doxford four-cylinder opposed-piston two-stroke 
Diesel engine, developing 3,300 b.h.p. at 110 r.p.m., 
constructed by R. and W. Hawthorn, Leslie & Co., Ltd., 
Newcastle-upon-Tyne. Speed, 12} knots. Trial trip, 
October 29. 

M.S. “ Port NELSON.”—Single-screw cargo vessel, to 
carry twelve passengers, built and engined by Harland 
and Wolff, Ltd., Belfast, for the Port Line, Ltd., London, 
E.C.3. Main dimensions: 460 ft. between perpendicu- 
lars by 64 ft. 6 in. by 41 ft. 6 in. to upper deck ; dead- 
weight capacity, about 12,000 tons on a draught of 
27 ft. 6 in.; gross tonnage, 8,375. Harland-B. & W. 
seven-cylinder single-acting two-stroke oil engine. Trial 
trip, October 30 and 31. 








NOTES ON NEW BOOKS. 


The Craft of the Metalworker. 


By R.S. DUDDLE. Technical Press, Limited, Gloucester- 
road, Kingston Hill, Surrey. [Price 17s. 6d. net.] 


On ty in the technical college, school or home workshop 
can a man freely undertake, without trade-union 
objection, such varied metalworking processes as 
marking-out, scraping, drilling, grinding, engraving, 
turning, planing, sand-blasting, oxy-acetylene cutting, 
forging, embossing, rolling, drawing, riveting, mould- 
ing, hardening and tempering. These, and others, are 
the subjects of Mr. Duddle’s book, and it is for such 
would-be craftsmen that he has written it. The scope 
is, perhaps, rather too wide for a book of 155 pages 
which also contains nearly 300 illustrations, but the 
author has countered this criticism in advance by 
giving a bibliography of books that are more specialised. 
As an introduction to many skills, however, it is a 
useful book which should contribute to the maintenance 
of the oldest tradition in mechanical engineering—the 
hand working of metals. 





Symposium on the Identification and Classification of 
Soils. 


Special Technical Publication No. 113, American 
Society for Testing Materials, 1916, Race-street, 
Philadelphia 3, Pennsylvania, U.S.A. [Price 1.65 dols.] 


Tue five papers in this symposium were presented at a 
meeting of the American Society for Testing Materials, 
held at Atlantic City, New Jersey, on June 29, 1950, 
under the chairmanship of Mr. G. W. McAlpin, princi- 
pal soils engineer in the Bureau of Soil Mechanics, 
Department of Public Works, State of New York. 
The purpose of the symposium was to bring before the 
society some of the procedures in current use for 
identifying and classifying soils for engineering pur- 
poses. In the first paper, Professor D. M. Burmister 
gives his views on the principles of identification and 
classification of soils, emphasising the essential differ- 
ences between these two concepts. He then describes, 
with examples, proposed systems of identification for 
granular and clay soils based on particle-size distri- 
bution and simple plasticity tests. The classification 
system proposed by the Bureau of Reclamation is 
described by E. A. Abdrin-Nar. This is a modification 
of Casagrande’s classification system for airfield 
construction as used by the United States Corps of 
Engineers in the last war. The soil classification 
systems of the Highway Research Board and of the 
Bureau of Public Roads are described by W. F. 
Abercrombie and E. A. Willis, respectively. Both of 
these are modifications of the grouping of highway 
subgrade soils proposed by Hogentogler and Terzaghi 
in 1929, in which eight soil groups, designated A-1 to 
A-8, are defined. Finally, E. J. Felt outlines the 
identification and classification procedures of the 
Division of Soil Survey, U.S. Department of Agriculture. 
In this, the position of a soil stratum in the geological 
system is clearly defined, in addition to the character- 
istics of its particle-size analysis. 





Chambres d’ Equilibre. 
By PROFESSOR ALFRED Stucky. Ecole Polytechnique, 
University of Lausanne, Switzerland. [Price 15 Swiss 
francs.] 


In this monograph, the subject of surge tanks is pre- 
sented as part of a course on the harnessing of water 
power. This branch of hydraulics is obviously of great 
importance to Swiss engineers and, consequently, is 
carried considerably farther than is usual in English 
texts. The book opens with a clear statement on the 
object of surge tanks and a “ee explanation of the 
phenomena of water hammer. The treatment here is, 
in general, that given by MM. J. Calame and D. Gaden, 
simplified to suit the needs of students. The second 
chapter treats of surge tanks of special shapes and com- 
pares, for the case of total instantaneous closure of a 
valve in the pipeline, the methods of Pressel, Scho- 
klitsch and a simplification of the former, due to the 
author. Chapter III deals with the oscillations in a 
surge tank of constant section, for total instantaneous 
and slow valve operation, explaining the semi-graphical 
method of Calame and A weakness of the text 
is that a number of graphs are drawn from the Théorie 
des Chambres d’Equilibre, by these two authors, and 
there is now some difficulty in obtaining their book, 
which was published in 1926. The effect of the govern- 
ing of the turbine on the motion in the s tank is 
the subject of Chapter IV, and the final two chapters 
treat of tanks of expanding, throttling and differential 
forms. The book provides an excellent introduction 
to its subject, as a preparation for the study of papers 
by specialists. Readers who consult it in a library 
should note that, as issued by the Lausanne Polytech- 
nic, it is accompanied by a foolscap list, in typescript, 





listing errata on 13 pages of the book. 


BOOKS RECEIVED. 


An Introduction to Applied Mathematics. By PROFESsoR 
J. C. JaEcER. Oxford University Press (Geoffrey 
Cumberlege), Amen House, Warwick-square, London, 
E.C.4. [Price 35s. net.] 

Department of Scientific and Industrial Research. Report 
of the Chemistry Research Board, with the Report of the 
Director of the Chemical Research Laboratory for the Y ear 
1950. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 3s. 6d. net.] (See p. 563 ante.) 

Ministry of Local Government and Planning. The 
Rag Flock and Other Filling Materials Act, 1951. 
E. 7 1 tory Memor d H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 3d. net.] 

Overseas Economic Surveys. Portugal. By M.S. HENDER- 
SON. With annexes on Madeira and the Azores, 
[Price 3s. net.] Honduras. By G. E. STockiey, 
[Price 1s. net.] H.M. Stationery Office, Kingsway, 
London, W.C.2. 

Ministry of Transport. Railway Accidents. Report on 
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1,000-KW GAS-TURBINE 
ALTERNATOR SET 
FOR THE ROYAL NAVY. 


Tue advent in recent years of the gas turbine as a 
practical prime-mover, with its potential advan- 
tages of compactness, light weight, and low main- 
tenance requirements, in addition to those of 
self-contained operation and quick starting already 
associated with the Diesel engine, led the Admiralty 
to consider the development of a gas turbine-driven 
alternator suitable for naval requirements. A 
development contract was therefore placed by 
the Admiralty at the beginning of 1948 with Messrs. 
W. H. Allen, Sons and Company, Limited, Bedford, 
who have had long experience with steam turbo- 
generators for naval service. 





It was appreciated that the fuel consumption of 


which entitles them to design data, advice on produc- 
tion methods, and the use of certain testing facilities. 

After carefully balancing the conflicting require- 
ments of low weight and space with reasonably 
good efficiency, a comparatively simple open-cycle 
set was chosen, having an axial-flow compressor 
with a compression ratio of 44:1, driven by a two- 
stage turbine ; an annular two-pass cross-flow heat 
exchanger; a multi-chamber combustion system 
disposed symmetrically round the engine; and a 
separate single-stage power turbine driving the 
Allen alternator through Allen-Stoeckicht epicyclic 
gearing. The drawings reproduced in Figs. 2 (on 
page 610), 3 (page 611), and 11 (on Plate XX XVIII), 
show the general arrangement of the set, and Figs. 9 
and 10, on Plate XX XVII, show it erected for test- 
ing. The set is within the required height of 7 ft., 
and has a length of 16 ft. and a width of 8 ft. 6 in. 
The total weight of the gas turbine, including heat 
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a gas turbine in the present stage of development, 
especially when designed for maximum reliability 
and long life, is high compared with the Diesel 
engine, although of the same order as a steam 
turbo-generator. It was therefore decided that a 
gas turbine-driven alternator should be built to 
a clearly-defined naval specification for base-load 
Operation. Messrs. Allen commenced the design 
at the beginning of 1948, and the unit was success- 
fully run at full speed and full power early this 
year. The results already achieved in such a short 
Space of time have been brought about by concen- 
trating a new gas-turbine team on the problems, 
and by the extension of existing facilities. The 
firm have set aside a section of their Biddenham 
Works for the assembly of gas turbines and for the 
installation of special machine tools required for 
lade manufacture. In addition, they have built 
on behalf of the Admiralty a fully-equipped and 
instrumented test house, which is shown in Fig. 1, 
herewith. The work has been greatly facilitated by 
® cousultancy agreement between the Bristol 
Aeroplane Company, Limited, and Messrs. Allen, 





exchanger but excluding alternator, is 84 tons. 
The unit is without a baseplate, a three-point 
mounting being effected by mounting the compressor 
independently. The supports on either side of the 
heat exchanger are flexible and take care of thermal 
expansion. The set is carried on resilient rubber 
mountings to minimise the effect of shock loading 
due to under-water explosions. 

The Admiralty specification called for a set of 
1,000-kW maximum continuous rating, with a 
20 per cent. overload for 10 minutes, to be suitable 
for operation at all loads up to overload under 
temperate (60 deg. F.) or tropical (100 deg. F.) 
conditions, and capable of running satisfactorily 
in parallel with steam turbo-alternators. The 
governing requirements were a 2} per cent. speed 
change for 50 per cent. load change, and the ability 
to accept or shed 100 per cent. load without the 
emergency gear operating. The fuel was to be 
Diesel oil (Admiralty reference fuel B 310), and a 
maximum fuel consumption of 1-27 lb. per kilowatt 
per hour under tropical conditions, in the range 
60 to 100 per cent. power, was specified. Total 


head pressures of 14-1 Ib. per square inch (absolute) 
at the compressor intake and 15-1 Ib. per square 
inch at the power-turbine outlet were called for, 
thus allowing for very high inlet and exhaust 
trunking losses. The engine was to be entirely 
self-contained and to be as small as is consistent with 
reasonable accessibility, the maximum height 
available being 7 ft., and every reasonable oppor- 
tunity was to be taken to reduce weight without 
sacrificing reliability. Shock loadings of 40g 
upwards, 25g downwards and l5g athwartships 
were specified. Finally, a life of 100,000 hours 
was to be aimed at, this period being made up of 
65,000 hours at 80 per cent. power under temperate 
conditions, 33,000 hours at 80 per cent. power under 
tropical conditions, and 2,000 hours at full power 
under tropical conditions. The principal dimen- 
sions, etc., are shown in Table I, herewith. 


TABLE I.—Basic Design Particulars. 








Continuous maximum rating at power-turbine 
coupling, including fouling margin, b.h.p. --| 1,612 
Estimated specific fuel consumption at C.M.R., 
Ib. per b.h.p. per hr. se at oy --| 0-745 
Estimated thermal efficiency at power-turbine 
~— at C.M.R., percent. .. 3 -+| 10°75 
Mass flow at C.M.R., lb. persec, .. me oak. ae 
Max. gas temperature under tropical conditions, 
deg. C. % hen a of aid -s 
Max, gas temperature under temperate conditions, 
deg. C. ns a - ad “a .-| 650 
Compressor speed, r.p.m. approx. .. o% .-| 8,000 
No.of compressor stages. . os of” oan oe 
No. of compressor-turbine stages .. oh - 2 
Estimated compressor adiabatic efficiency, per 
cent, = oe - o% al --| 84 
Estimated compressor-turbine adiabatic efficiency, 
roemnt. .. ee v3 os oh .-| 85 
Power-turbine speed, r.p.m., approx, --| 6,750 
No. of power-turbine stages . . x a ai 
Estimated power-turbine adiabatic efficiency, 
per cent... oe oe °° ole .-| 84 
Alternator speed, r.p.m., approx, .. she .-| 1,500 
Type of combustion chambers as “0 .-| Straight- 
through 
No. of combustion chambers 8 
Type of burner o* es - “ Simplex ” 
No. of heat exchanger passes, hot gas > os 1 
cold air .. “3 2 
Heat-exchanger thermal ratio, percent. .. -+| 70 








Notr.—The output stated is that obtained with the high inlet 
and exhaust losses specified. Without these abnormal losses, the 
C.M.R, electrical output would be 1,250 kW (temperate condi- 
tions), the thermal efficiency would be 24 per cent., and the 
— fuel consumption 0-625 Ib. per brake horse-power per 

The mechanical design is based on the component- 
assembly principle, i.e., each assembly is remov- 
able from the machine independently of the others. 
The compressor casing is split on the horizontal 
centre-line, as shown in Figs. 12 and 13, Plate 
XXXVIII, and the top half is easily removable for 
inspection purposes without breaking any pipe 
joints. The centre bearing can be inspected by dis- 
mantling the air pipes connected to the top half of 
the casing and removing the top half casing, which 
is also split on the horizontal centre-line. The two 
turbines can be readily inspected after removal 
of the compressor air-delivery pipes and the com- 
bustion chambers, by splitting the casing vertically 
between the compressor turbine and power turbine 
and moving the compressor, with its associated 
turbine, away bodily, while supporting-its weight 
by an overhead crane. If necessary, either the 
power-turbine or the compressor-turbine assembly 
can be removed end-wise as a unit for further 
dismantling. The gear case is split horizontally 
and the epicyclic-gear assembly can be removed 
vertically for inspection or dismantling. 

The compressor is of the axial-flow multi-stage 
type. The rotor, shown in Fig. 14, Plate XX XVIII, 
is of a special built-up design to reduce its moment 
of inertia to as small a value as possible in order to 
assist the speed governor during sudden large load 
changes. The inlet end of the shaft is manufac- 
tured from 1 per cent.-chromium molybdenum 
steel, and the outlet end of Nitralloy steel hardened 
at the bearing journals. The rotor wheels are of 
1 per cent.-chromium molybdenum steel to British 
Standard Specification En. 19, the discs being 
secured to each other on the faces of the bosses 
by means of dowel pins, through which the torque 
is transmitted. The complete rotor-disc assembly 
and the shaft ends are clamped together by a steel 
bolt passing through the centrally-bored discs. 
Due allowance is made in the design of this bolt to 
withstand any load due to thermal expansion, etc., 
during running. Concentricity is maintained be- 
tween the compressor-disc assembly and the two 





stub shafts under all conditions of speed and 
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HALF SECTION ON POWER-TURBINE EXHAUST DUCT FLANGE. 


Fig. 2. LOOKING FROM COMPRESSOR END. 


HALF SECTION ON C.L. OF INTERCONNECTORS AND POWER-TURBINE EMERGENCY Trip, 














temperature, since they are butted together on the 
faces with Hirth couplings. 

The rotor blades (Fig. 14), which are of aerofoil 
section, are each’ machined integral with its root 
from 13 per cent. chromium stainless-iron bar. 
The blades. are wired together in groups of ten, 
for ease of assembly, and are lightly located between 
the rims of adjacent wheels by means of a groove 
machined in the roots, which engages with a corre- 
sponding register on the discs. The assembly of 
the discs and blades is carried out with the axis 
of the rotor vertical, The blade profiles were 
machined by Messrs. Centrax, Limited. The 
stator blades are of Monel-metal rolled strip, also of 
aerofoil section, cast .nto combined roots, and spacers 
and secured in grooves in the casing. The casing is 
of cast-steel construction, split on the horizontal 
centre-line. Double-skin construction of the stator 
casing is adopted to ensure sufficient space for an 
adequate amount of air blow-off, but it has since 
been found that this is not necessary. 

The heat exchanger, illustrated in Fig. 15 on 
Plate XX XVIII, is of the tubular cross-flow recu- 
perative type, arranged with a single pass on the hot 
exhaust-gas side and two passes on the cold inlet-air 
side. It is built of eight similar segments, each con- 
taining just over 2,000 tubes, the total number being 
16,500. The shell is of fabricated aluminised mild 
steel, fitted with tubes of the Yorkshire Copper 





Tripping 








Company’s “‘ Yorcalnic,” ,-in. in outside diameter, 
0-020 in. thick, which are secured to the mild-steel 
tubeplates by expanded ferrules. The ferrules are 
expanded by means of a hydraulically-operated 
riveting gun, which was developed and supplied by 
Messrs. Aviation Developments, Limited, 229-231, 
High Holborn, London, W.C.1. The ferrules are 
threaded on to an expanding mandrel, which is then 
loaded into the riveting gun, as shown in Fig. 4, 
opposite. The first ferrule and the mandrel are 
entered into the tube and, on firing the gun, the 
mandrel is drawn back through the ferrule, expand- 
ing it and the tube into the tubeplate. After 
expanding, the inside diameter of the ferrule is the 
same as that of the tube bore, as shown in Fig. 5. 
This method of tube assembly has been found to be 
satisfactory and extremely rapid. 

The machine is provided with a multi-chamber 
combustion system consisting of eight chambers, 
which are disposed symmetrically about the axial 
centre-line of the turbine shaft. The combustion 
chambers were designed and made by Messrs. 
Joseph Lucas, Limited. The inner flame tubes are 
of Nimonic 75 nickel-chromium alloy, cooled by 
the secondary air. The outer air casing is of mild- 
steel sheet, aluminised and fitted with two bellows 
expansion pieces to take up the differential expan- 
sion between the turbine casing and the heat 
exchanger. Each end of the combustion chambers 





ENGINEERING” 
is secured by a special quick-release type of 
joint. 

The compressor turbine, illustrated in Figs. 6 
and 7, page 612, is of the two-stage axial-flow type. 
The two rotor wheels, of G18B steel, and the stub 
shafts, are bolted together by a prestressed man- 
ganese-molybdenum bolt passing through the cen- 
trally-bored wheels, and designed to withstand the 
high expansion which occurs in the wheels them- 
selves. Hirth couplings are again utilised to locate 
the wheels and the Nitralloy stub shaft. The shaftis 
hardened on the bearing journals. The rotor blades 
were manufactured by the “‘ plunge ”’ grinding pro- 
cess patented by the Bristol Aeroplane Company, 
and are of Nimonic 80A, secured in axial fir-tree 
serrations in the periphery of the wheels, each blade 
being fixed by a locking key. All stator blades are of 
Nimonic 80 material, produced by the lost-wax 
process of precision casting. The first-stage blades 
are riveted in groups to segmented strips to form 
assemblies easy to handle. Each second-stage 
blade is secured in a groove in the intermediate 
casing ring and located circumferentially by means 
of two pegs. The inner end of the blades has 4 
cylindrical projection which fits into a radial hole 
in the diaphragm. This engagement is such that 
the stator blade is free to expand radially towards 
the centre of the diaphragm, and the diaphragm t0 
expand radially outwards. The diaphragm ¥ 
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F ig. 3 SECTION ON GOVERNOR AND OIL PUMP, LOOKING FROM ALTERNATOR END. 
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protected by heat shields designed to prevent 
distortion due to the temperature gradient. 

The compressor-turbine casing consists of an 
inner and outer member designed to minimise 
thermal stresses due to expansion and to allow all 
parts to expand freely and yet remain concentric. 
A centre casing ring of heat-resisting material is 
located in the main casing by means of radial keys, 
in such a manner that it is free to expand in a radial 
direction at all points on its circurference. Inner 
segmented shroud rings of H.R. Crown Max steel 
are arranged to expand circumferentially in grooves 
in this casing ring. This arrangement maintains 
the blade-tip clearances at all loads, thus improving 
the efficiency and also making it quite safe to shut 
down and start up quickly. Cooling air from the 
compressor passes around the inner casing and 
through passages in the centre casing ring before 
joining the main gas stream. The coupled com- 
pressor and driving turbine shafts are supported 
in three bearings. Allowance for any mal-alignment 
of the shafts is made by connecting them by means 
of a quill shaft forming an extension of the turbine 
shaft, which is located in the bore of the compressor 
shaft. The driving torque is, however, transmitted 
through a normal gear-tooth muff coupling. 

_ The power turbine is of the axial-flow type, con- 
sisting of a single-stage unit, mechanically indepen- 
dent of the compressor turbine. The materials and 
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general construction of the turbine are similar to 
those already described for the compressor turbine, 
with the exception that the rotor wheel is of Jessop’s 
H40 ferritic steel. The bearing is connected 
radially to the outer main turbine casing by four 
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radial fabricated struts passing through streamline 
aerofoils, which are themselves integral with the 
mild-steel power-turbine exhaust-diffuser ducting 


y | assembly. 


Great attention has been paid to the efficient 
cooling of the rotors and casing. There are several 
cooling systems so arranged that air from the 
compressor delivery passes through es in 
the turbine casings and up both sides of the 
turbine rotor discs, finally joining the main gas 
stream. 

All main compressor and turbine bearings are of 
the sleeve type, the design generally following well- 
established steam-turbine practice. The i 
are of steel, lined with white-metal, with the excep- 
tion of those which may be subjected to higher tem- 
peratures, which are of mild steel, lined with lead 
bronze. They are lubricated and cooled by oil at 
a pressure of approximately 10 Ib. per square inch. 
Ball and roller bearings are incorporated in the 
auxiliary drives. The thrust bearings are of the 
Michell type. Journal bearings are fitted with 
thermocouples and thrust bearings with hydraulic 
wear gauges. The casing glands of the compressor 
and turbine, as well as the inter-stage glands, 
are of the labyrinth type, consisting of stationary 
stainless-iron fins working in conjunction with 
stepped shaft journals, The turbines and their 
driving shafts are coupled by means of continuously- 
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lubricated couplings of the internal-tooth type. 
Oil is fed by centrifugal force through internal 
passages to each tooth engagement. 

Speed reduction between the power turbine and 
alternator is achieved by a double-helical Allen- 
Stoeckicht epicyclic gear,* illustrated in Figs. 16 
and 17, Plate XX XIX, which offers the maximum 
saving in weight and space. The gear is designed 
on the well-known Stoeckicht principle (which 
ensures equal load sharing, not only between the 
planet wheels, but also between the helices), and is 
capable of transmitting 1,800 h.p. continuously with 
a turbine speed of 6,750 r.p.m. and an alternator 
speed of 1,500 r.p.m. There are no high-speed shaft 
bearings in the gear unit, the sun wheel, which 

supported between the three planet wheels, 
being connected to the power turbine by means 
of a flexible coupling of the double-helical-tooth 
type. 
The Allen alternator is of the open self-ventilated 
rotating-field salient-pole type, continuously maxi- 
mum rated to develop 1,000 kW at 0-8 power 
factor, 50 cycles, three phase, at a pressure of 
400/480 volts when driven at 1,500 r.pm. The 
machine is capable of developing 20 per cent. over- 
load for a period of 10 minutes. The stator wind- 
ings, which are of high-conductivity copper, insu- 
lated with moulded micanite, are held in position 
by synthetic-resin-bonded fabric wedges. The 
rotating-field windings are of robust strip-on-edge 
construction. The rotor poles are secured to a 
steel shaft which is carried in a single split-sleeve 
pedestal-type bearing and arranged for rigid coup- 
ling to the gearwheel shaft. The bearing is arranged 
for pressure lubrication, oil being provided from the 
turbine lubrication system. A carbon-pile voltage 
regulator is connecte1 in the exciter-field circuit, 
and to obtain quick voltage response a permanent- 
magnet pilot exciter is employed, belt-driven from 
the main exciter. The use of a permanent-magnet 
pilot exciter avoids the necessity for a small com- 
mutator and brush gear. It comprises a four-pole 
permanent-magnet rotor in a normal stator frame, 
the output from which supplies the field of the main 
exciter via a metal-oxide rectifier located in the air 
stream of the main exciter at the bottom of 
the commutator end bracket. The exciter is of 
the two-bearing type, flexibly coupled to the 





* Epicyclic gear units of this type were described in 
ENGINEERING, Vol. 171, page 117 (1951). 
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rotor shaft, and is provided with a shunt-field 
regulator. 

The set has no baseplate, a three-point mounting 
being effected by mounting the compressor inde- 
pendently. The supports on either side of the inlet 
to the heat-exchanger are flexible and take care of 
thermal expansion. 

The lubricating-oil syster closely follows usual 
steam-turbine practice, embodying two separate 
valveless gear-type oil pumps (Fig. 3). One pump 
delivers oil at about 120 Ib. per square inch (gauge) 
to the governor oil system, while the other delivers 
oil at approximately 45 Ib. per square inch for 
bearing and gear-teeth lubrication. The pumps are 
arranged for driving in tandem, either by an electric 
motor when starting up, or by the turbine shaft 
through gearing during normal running. A clutch 
arrangement enables the drive to be automatically 
transferred from the motor to the turbine when the 
latter has reached a speed sufficient to maintain the 
pressure in the oil system. The oil for the governor 
pump is taken from the lubricating system so that 





the oil for both systems passes through a filter and 
cooler. The oil systems are shown in Fig. 8, 
herewith. 

The turbine is provided with a simple fuel-oil 
system employing Lucas Simplex-type burners. 
The quantity of fuel delivered to the combustion 
chambers is varied by the opening of a throttle 
valve fitted in the fuel-supply pipe to the burners 
and controlled by the speed governor through an 
oil relay. A hand-controlled throttle valve is used 
when starting up. The fuel pump is a Lucas type 
B, driven through gearing from the compressor shaft. 
An emergency shut-off valve is incorporated in the 
fuel system, which operates automatically in the 
event of the turbine over-speeding or on failure of 
the lubricating-oil pressure. This valve is also 
arranged to close on manual operation of trip cocks 
situated both on the turbine and on the control 
panel. Four of the eight inter-connectors fitted 
between the combustion chambers are fitted with 4 
torch igniter assembly, each assembly consisting 
of a thermocouple, a plug and the torch itself. 
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temperature, since they are butted together on the 
faces with Hirth couplings. 

The rotor blades (Fig. 14), which are of aerofoil 
section, are each’ machined integral with its root 
from 13 per cent. chromium stainless-iron bar. 
The blades. are wired together in groups of ten, 
for ease of assembly, and are lightly located between 
the rims of adjacent wheels by means of a groove 
machined in the roots, which engages with a corre- 
sponding register on the discs. The assembly of 
the discs and blades is carried out with the axis 
of the rotor vertical. The blade profiles were 
machined by Messrs. Centrax,’ Limited. The 
stator blades are of Monel-metal rolled strip, also of 
aerofoil section, cast into combined roots, and spacers 
and secured in grooves in the casing. The casing is 
of cast-steel construction, split on the horizontal 
centre-line. Double-skin construction of the stator 
casing is adopted to ensure sufficient space for an 
adequate amount of air blow-off, but it has since 
been found that this is not ‘ 

The heat exchanger, illustrated in Fig. 15 on 
Plate XX XVIII, is of the tubular cross-flow recu- 
perative type, arranged with a single pass on the hot 
exhaust-gas side and two passes on the cold inlet-air 
side. It is built of eight similar segments, each con- 
taining just over 2,000 tubes, the total number being 
16,500. The shell is of fabricated aluminised mild 
steel, fitted with tubes of the Yorkshire Copper 





Tripping 





Company’s “‘ Yorcalnic,”’ #,-in. in outside diameter, 
0-020 in. thick, which are secured to the mild-steel 
tubeplates by expanded ferrules. The ferrules are 
expanded by means of a hydraulically-operated 
riveting gun, which was developed and supplied by 
Messrs. Aviation Developments, Limited, 229-231, 
High Holborn, London, W.C.1. The ferrules are 
threaded on to an expanding mandrel, which is then 
loaded into the riveting gun, as shown in Fig. 4, 
opposite. The first ferrule and the mandrel are 
entered into the tube and, on firing the gun, the 
mandrel is drawn back through the ferrule, expand- 
ing it and the tube into the tubeplate. After 
expanding, the inside diameter of the ferrule is the 
same as that of the tube bore, as shown in Fig. 5. 
This method of tube assembly has been found to be 
satisfactory and extremely rapid. 

The machine is provided with a multi-chamber 
combustion system consisting of eight chambers, 
which are disposed symmetrically about the axial 
centre-line of the turbine shaft. The combustion 
chambers were designed and made by Messrs. 
Joseph Lucas, Limited. The inner flame tubes are 
of Nimonic 75 nickel-chromium alloy, cooled by 
the secondary air. The outer air casing is of mild- 
steel sheet, aluminised and fitted with two bellows 
expansion pieces to take up the differential expan- 
sion between the turbine casing and the heat 
exchanger. Each end of the combustion chambers 








is secured by a special quick-release type of 
joint. 

The compressor turbine, illustrated in Figs. 6 
and 7, page 612, is of the two-stage axial-flow type. 
The two rotor wheels, of G18B steel, and the stub 
shafts, are bolted together by a prestressed man- 
ganese-molybdenum bolt passing through the cen- 
trally-bored wheels, and designed to withstand the 
high expansion which occurs in the wheels them- 
selves. Hirth couplings are again utilised to locate 
the wheels and the Nitralloy stub shaft. ‘The shaftis 
hardened on the bearing journals. The rotor blades 
were manufactured by the “‘ plunge ”’ grinding pro- 
cess patented by the Bristol Aeroplane Company, 
and are of Nimonic 80A, secured in axial fir-tree 
serrations in the periphery of the wheels, each blade 
being fixed by a locking key. All stator blades are of 
Nimonic 80 material, produced by the lost-wax 
process of precision casting. The first-stage blades 
are riveted in groups to segmented strips to form 
assemblies easy to handle. Each second-stage 
blade is secured in a groove in the intermediate 
casing ring and located circumferentially by means 
of two pegs. The inner end of the blades has 8 
cylindrical projection which fits into a radial hole 
in the diaphragm. This engagement is such that 
the stator blade is free to expand radially towards 
the centre of the diaphragm, and the diaphragm 0 
expand radially outwards. The diaphragm ¥ 
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> of protected by heat shields designed to prevent vearbeeand BEFORE EXPANDING radial fabricated struts passing through streamline 
6 distortion due to the temperature gradient. J aerofoils, which are themselves integral with the 
“s The compressor-turbine casing consists of an \ mild-steel power-turbine exhaust-diffuser ducting 
- inner and outer member designed to minimise| ; ee ey assembly. 
= thermal stresses due to expansion and to allow all i Great attention has been paid to the efficient 
nen: parts to expand freely and yet remain concentric. cooling of the rotors and casing. There are several 
yd A centre casing ring of heat-resisting material is cooling systems so arranged that air from the 
located in the main casing by means of radial keys, compressor delivery passes through passages in 
od in such a manner that it is free to expand in a radial the turbine casings and up both sides of the 
‘tia direction at all points on its circurrference. Inner turbine rotor discs, finally joining the main gas 
ades segmented shroud rings of H.R. Crown Max steel stream. 
are arranged to expand circumferentially in grooves All main compressor and turbine bearings are of 
nial in this casing ring. This arrangement maintains the sleeve type, the design generally following well- 
po the blade-tip clearances at all loads, thus improving established steam-turbine practice. The bearings 
lade the efficiency and also making it quite safe to shut are of steel, lined with white-metal, with the excep- 
, of down and start up quickly. Cooling air from the tion of those which may be subjected to higher tem- 
a compressor passes around the inner casing and peratures, which are of mild steel, lined with lead 
wot through passages in the centre casing ring before bronze. They are lubricated and cooled by oil at 
sae Joining the main gas stream. The coupled com- a pressure of approximately 10 Ib. per square inch. 
: pressor and driving turbine shafts are supported Ball and roller bearings are incorporated in the 
v4 in three bearings. Allowance for any mal-alignment auxiliary drives. The thrust bearings are of the 
at of the shafts is made by connecting them by means Michell type. Journal bearings are fitted with 
=~ of a quill shaft forming an extension of the turbine thermocouples and thrust bearings with hydraulic 
hole shaft, which is located in the bore of the compressor . wear gauges. The casing glands of the compressor 
‘hat shaft. The driving torque is, however, transmitted | general construction of the turbine are similar to|and turbine, as well as the inter-stage glands, 
rds through a normal gear-tooth muff coupling. those already described for the compressor turbine, | are of the labyrinth type, consisting of stationary 
» to _ The power turbine is of the axial-flow type, con-| with the exception that the rotor wheel is of Jessop’s | stainless-iron fins working in conjunction with 
is sisting of a single-stage unit, mechanically indepen-| H 40 ferritic steel. The bearing is connected |stepped shaft journals. The turbines and their 
dent of the compressor turbine. The materials and| radially to the outer main turbine casing by four | driving shafts are coupled by means of continuously- 
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lubricated couplings of the internal-tooth type. 
Oil is fed by centrifugal force through internal 
passages to each tooth engagement. 

Speed reduction between the power turbine and 
alternator is achieved by a double-helical Allen- 
Stoeckicht epicyclic gear,* illustrated in Figs. 16 
and 17, Plate XX XIX, which offers the maximum 
saving in weight and space. The gear is designed 
on the well-known Stoeckicht principle (which 
ensures equal load sharing, not only between the 
planet wheels, but also between the helices), and is 
capable of transmitting 1,800 h.p. continuously with 
a turbine speed of 6,750 r.p.m. and an alternator 
speed of 1,500 r.p.m. There are no high-speed shaft 
bearings in the gear unit, the sun wheel, which 

supported between the three planet wheels, 
being connected to the power turbine by means 
of a flexible coupling of the double-helical-tooth 
type. 

The Allen alternator is of the open self-ventilated 
rotating-field salient-pole type, continuously maxi- 
mum rated to develop 1,000 kW at 0-8 power 
factor, 50 cycles, three phase, at a pressure of 
400/430 volts when driven at 1,500 r.p.m. The 
machine is capable of developing 20 per cent. over- 
load for a period of 10 minutes. The stator wind- 
ings, which are of high-conductivity copper, insu- 
lated with moulded micanite, are held in position 
by synthetic-resin-bonded fabric wedges. The 
rotating-field windings are of robust strip-on-edge 
construction. The rotor poles are secured to a 
steel shaft which is carried in a single split-sleeve 
pedestal-type bearing and arranged for rigid coup- 
ling to the gearwheel shaft. The bearing is arranged 
for pressure lubrication, oil being provided from the 
turbine lubrication system. A carbon-pile voltage 
regulator is connecte| in the exciter-field circuit, 
and to obtain quick voltage response a permanent- 
magnet pilot exciter is employed, belt-driven from 
the main exciter. The use of a permanent-magnet 
pilot exciter avoids the necessity for a small com- 
mutator and brush gear. It comprises a four-pole 
permanent-magnet rotor in a normal stator frame, 
the output from which supplies the field of the main 
exciter via a metal-oxide rectifier located in the air 
stream of the main exciter at the bottom of 
the commutator end bracket. The exciter is of 
the two-bearing type, flexibly coupled to the 





* Epicyclic gear units of this type were described in 
ENGINEERING, Vol. 171, page 117 (1951). 
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rotor shaft, and is provided with a shunt-field 
regulator. 

The set has no baseplate, a three-point mounting 
being effected by mounting the compressor inde- 
pendently. The supports on either side of the inlet 
to the heat-exchanger are flexible and take care of 
thermal expansion. 

The lubricating-oil syster: closely follows usual 
steam-turbine practice, embodying two separate 
valveless gear-type oil pumps (Fig. 3). One pump 
delivers oil at about 120 lb. per square inch (gauge) 
to the governor oil system, while the other delivers 
oil at approximately 45 Ib. per square inch for 
bearing and gear-teeth lubrication. The pumps are 
arranged for driving in tandem, either by an electric 
motor when starting up, or by the-turbine shaft 
through gearing during normal running. A clutch 
arrangement enables the drive to be automatically 
transferred from the motor to the turbine when the 
latter has reached a speed sufficient to maintain the 
pressure in the oil system. The oil for the governor 
pump is taken from the lubricating system so that 
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the oil for both systems passes through a filter and 
cooler. The oil systems are shown in Fig. 8, 
herewith. 

The turbine is provided with a simple fuel-oil 
system employing Lucas Simplex-type burners. 
The quantity of fuel delivered to the combustion 
chambers is varied by the opening of a throttle 
valve fitted in the fuel-supply pipe to the burners 
and controlled by the speed governor through an 
oil relay. A hand-controlled throttle valve is used 
when starting up. The fuel pump is a Lucas type 
B, driven through gearing from the compressor shaft. 
An emergency shut-off valve is incorporated in the 
fuel system, which operates automatically in the 
event of the turbine over-speeding or on failure of 
the lubricating-oil pressure. This valve is also 

to close on manual operation of trip cocks 
situated both on the turbine and on the control 
panel. Four of the eight inter-connectors fitted 
between the combustion chambers are fitted with a 
torch igniter assembly, each assembly consisting 
of a thermocouple, a plug and the torch itself. 
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Complete reliability at starting is ensured with this 
arrangement, as each chamber is ignited directly 
from a torch. As a double safeguard in the event 
of one or more of the torches failing to ignite, the 
inter-connectors ensure satisfactory ignition in all 
the chambers. 

The speed-control governor is of the centrifugal 
type, driven from the power-turbine shaft, and 
operates the fuel throttle valve through an oil 
relay. The oil relay is supplied with high-pressure 
oil and is arranged so that in the event of a failure 
of the lubricating-oil supply the machine is auto- 
matically shut down. To assist the speed governor 
during sudden load changes, a small flywheel is 
fitted on the high-speed shaft and housed in the 
reduction-gear casing, while the compressor rotating 
assembly is specially designed to have a low moment 
of inertia. The speed governor is provided with a 
manual speed-regulating handwheel on the governor 
itself, capable of adjusting the speed of the power 
turbine at no-load within 5 per cent. above or below 
the rated speed. A small electric motor is also 
embodied in the governor gear, enabling this speed 
adjustment to be effected from both the switch- 
board and the control panel. 

Overspeed trip governors of the shock-proof 
unbalanced-ring type are fitted to both the com- 
pressor and the power-turbine shafts, arranged to 
operate an emergency shut-off valve in the fuel 
system by destroying the pressure in the oil relay 
when the speed exceeds the rated speed by a 
predetermined amount. Hand trip-cocks are fitted 
both on the machine and on the control panel. 

The starting procedure is briefly as follows. 
The compressor is run up by an electric motor to 
approximately 1,500 r.p.m. (taking approximately 
16 h.p.). The torch igniters are then lighted by 
means of an ordinary sparking plug, and when the 
thermocouples indicate that they are operating 
satisfactorily, the main fuel supply is switched on 
to the burners. Further thermocouples indicate 
when each combustion chamber is alight, and upon 
verification that all chambers are functioning 
satisfactorily, the turbine is accelerated on the hand 
throttle valve. The starter motor continues to 
assist the turbine up to a speed of approximately 
2,500 r.p.m., when the turbine becomes self-sustain- 
ing and its speed overtakes the starter motor, 
which disengages by means of a free-wheel clutch. 
As the turbine speed approaches no-load speed, 
the automatic speed-control governor takes over 
control of the fuel supply through the oil-operated 
throttle valve. The time required to reach the 
no-load condition is approximately one minute. 
Normally, the turbine is run for five minutes at this 
condition for warming up before proceeding to 
higher loads, but if necessary it is capable of accept- 
ing full load straight away, giving a time for obtain- 
ing full load of approximately 14 minutes. No 
“barring-over ” of the machine is necessary after 
shutting down, but oil circulation to the bearings 
is continued for a few minutes. 

The Bristol Aeroplane Company have carried out 
tests on the compressor and compressor turbine as 
separate independent units. These tests proved 
the adiabatic compressor efficiency to be 86 per 
cent. compared with the design figure of 84 per cent., 
and that the compressor turbine exactly achieved the 
design efficiency of 85 per cent. at the designed 
point, and exceeded this figure by 1 per cent. at 
lower duties. Pressure combustion tests carried 
out on the combustion chambers at the normal 
working pressure by Messrs. Joseph Lucas, Limited, 
proved the combustion efficiency to be slightly in 
excess of 98 per cent. Aerodynamic tests were 
undertaken by Messrs. Allen at their Bedford 
Works on scale models of the compressor inlet and 
outlet ducting, the heat-exchanger return header 
and the power-turbine exhaust diffuser, to reduce 
the flow-path losses to a minimum. Methods of 
securing the heat-exchanger tubes were the subject 
of a number of experiments at Bedford, resulting in 
the use of expanded ferrules as already described. 

The unit, without the heat exchanger, has been 
on test since early this year. Full speed, full load 
and overload were achieved in the first series of 
tests with the minimum of mechanical “teething ” 
troubles. A comprehensive series of performance, 
governing and endurance tests are now in hand. 
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Cornish Engineers. 

By BERNARD HOLLOWOOD. Holman Brothers, Limited, 

Camborne. [Published for private circulation.] 
WHEN the author of this commemorative volume 
undertook to prepare a survey of the history of the 
well-known engineering firm of Holman Brothers, to 
mark the completion of 150 years since the founda- 
tion of the business by Nicholas Holman in 1801, 
he encountered at once a difficulty that is regrettably 
frequent in such circumstances ; namely, that the 
records of their early years either had not been 
systematically kept at all, or that they had been 
destroyed as soon as they ceased to have any 
practical utility. In the present instance, however, 
Mr. Hollowood was more fortunate than many similar 
researchers, in that the contacts of the founder 
and his immediate successors with other engineering 
pioneers were so extensive that it proved possible, 
after all, to piece together a fairly connected 
narrative from references such as those in surviving 
documents relating to Watt, Trevithick and others, 
and to provide an authentic background from the 
recorded history of Cornwall and the main Cornish 
industries. Moreover, the fact that the business 
has been continuously in the hands of the one 
family, and that Cornish newspapers have taken 
an interest above the ordinary in the achievements 
of local firms, afforded additional sources of infor- 
mation which, if rather disjointed in detail, amount 
in the aggregate to something really useful. 

By dint, therefore, of patient research, which those 
who have pursued similar studies will be able to 
appreciate in spite of the author’s modest reticence 
regarding it, Mr. Hollowood has managed to produce 
a volume not unworthy of the accomplishments 
that he chronicles. Five generations of Holman’s 
have contributed to the development of the business, 
now known all over the world as makers of rock 
drills and other mining equipment, but originally 
general engineers of the type who were prepared to 
undertake any kind of work that might come their 
way. Nicholas Holman (1777-1862), a blacksmith, 
was followed by his two sons, John (1819-90) and 
James (1825-92), and they, in turn, were succeeded 
by John’s two sons, John Henry (1853-1908) and 
James Miners (1857-1933), to whom, in conjunction 
with a Scotsman, James McCulloch, was due the 
establishment of the rock-drill side of the business. 
Their joint patent for ‘‘ Machines for Drilling Rocks, 
etc.’? was No. 4567 of 1881, and the machine that 
they produced was first demonstrated at Dolcoath 
in December of that year. Of John Henry’s two 
sons, Mr. Treve Holman is now chairman, and joint 
managing director with his brother, Mr. Kenneth 
Holman and his cousin, Mr. Percy Holman, whose 
brother, Leonard, was also a director until his death 
two years ago; and there are four more, of the 
fifth generation, also active members of the board 
of directors. 

A wide variety of work in addition to boilers and 
steam engines, rock drills and air compressors has 
been undertaken from time to time, especially 
during the two world wars, and this will be found 
duly recorded in Mr. Hollowood’s book, accom- 
panied by numerous illustrations from photographs 
and documents, and from paintings and drawings 
by Mr. Terence Cuneo; not to mention the repro- 
duction of John Norden’s map of Cornwall, dating 
from 1728, which forms the front end-paper. The 
firm have, indeed, gone “a long way since the 
pack mules carried Nicholas Holman’s boilers 
across the Andes to Cerro de Pasco,” to the silver 
mines which cost Trevithick so dearly; and the 
story of their 150 strenuous years has a wider 
interest as explaining and justifying the intense 
pride of the Cornishman in Cornish achievements, 
especially those of the Cornish engineers, in face 
of the problems inherent in their environment. 





Diamond Toors.—A lecture on “ Diamonds in 
Physical Instruments,” will be delivered by Mr. P. 
Grodzinski, A.M.I.Mech.E., at the South-East London 
Technical College, Lewisham-way, London, S.E.4, on 
Monday, November 19, commencing at 7 p.m. 





SCIENTIFIC RESEARCH IN 
AUSTRALIA. 


(Concluded from page 566.) . 


Tue Division of Electrotechnology, besides main- 
taining standards, has done some interesting work 
on the properties of dielectrics and developed a 
bridge method of measuring permittivity and loss 
factor at frequencies as low as 0-4 cycle per second. 
A simple approximate expression has been found 
for deducing loss factor at still lower frequencies 
from the current that flows after sudden application 
of a direct voltage. This anomalous effect, known 
as charge soaking, can be produced in paraffin wax 
by prolonged heating, or by adding small quantities 
of liquid alcohols to the wax. The investigation is 
being pursued farther with pure hydrocarbon 
docosane instead of paraffin wax, since the latter is 
a mixture of hydrocarbons of different chain lengths. 
It will make a valuable contribution to a com- 
prehensive study of the dielectric properties of 
materials, with particular emphasis on the mech- 
anism of dielectric loss. Long-chain hydrocarbons 
and their derivatives have been selected for this 
research mainly because of their fairly simple 
molecular and crystal structure. An unexpectedly 
high dielectric absorption, observed in solid secon- 
dary alcohols, has been further investigated in 
pure alcohols and mixtures of alcohols with pure 
hydrocarbons and with paraffin wax. The absorp- 
tion has been found to depend on the method of 
solidification of the compound, on the chain length 
of the alcohol, and on the time interval between 
preparing the sample and measuring its dielectric 
properties. The high absorption is attributed to 
the presence of long chains of hydroxyl groups 
linked by short-range hydrogen bonds. 

As industry and technology develop in Australia, it 
will be found necessary, no doubt, to extend the 
range of physical standards, more particularly in 
the direction of acoustics, in which branch of science 
the Division of Physics has already started research. 
For the time being, however, attention is being 
directed to the more urgent needs of industry ; 
to such good purpose, indeed, that most of the 
demands for the calibration of precision equipment 
can now be met. Standard scales of a yard and a 
metre have been purchased from abroad, together 
with a Société Génévoise universal comparator, 
whereby length measurements can be determined 
henceforward in terms of Commonwealth standards. 
A geodetic base is also being set up, for calibrating 
surveying tapes. It embodies 47 concrete pillars, 
of which one set of surfaces must be aligned to 
within + 0-04 in. of a common vertical plane 
extending over the 50-metre length of the base, 
while the alignment of another set of surfaces must 
be within + 0-02 in. of a common horizontal plane. 
Changes in base length will be observed by means 
of Invar sag-wires fixed between pairs of pillars, 
and temperature will be controlled by electronic 
equipment. Tests of the latter have proved so 
satisfactory that similar temperature-control systems 
are to be used in the corridor where surveying tapes 
are calibrated, and in the cases housing the com- 
parators used for end standards. 

New methods are under development for inter- 
ferometric standardisations of length and angle, 
among the equipment being a multiple-beam inter- 
ferometer, and apparatus for producing highly 
reflective films on glass surfaces by evaporation and 
sputtering techniques. By the use of these instru- 
ments, standards of eurface finish on glass have been 
absolutely calibrated to such precision that irregu- 
larities of the order of 10 Angstroms, i.e.,4 x 10-®in., 
in depth were measurable. A liquid surface has been 
used as a natural reference for calibrating the 
flatness of steel surfaces and of optical flats up to 
6 in. in diameter. The problem of producing, on 
hardened steel, lapped surfaces of sufficiently high 
quality for interferometric studies is the motive for 
research into the grading of fine abrasives, for which 
a Grayson settling apparatus and a supercentrifuge 
are used. By the polishing technique recently 
developed, hard-steel optical flats are now being 
made on which the maximum scratch depth is only 
about one millionth of an inch. Lapped finishes of 
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excellent quality are also being produced on copper 
and stainless steel. 


The common practice of wringing gauges together | 


has been found to cause surface damage of molecular 
dimensions. This is being investigated, for glass 
and metal surfaces, by experiments on the magnitude 
of the tangential and normal forces existing between 
surfaces in wringing contact. For general research 
into minute changes or differences of length, a 
highly sensitive capacitance displacement meter has 
been evolved which depends for its action on the 
measurement of frequency-change in an inherently 
stable electronic oscillator. In this apparatus 
stabilisation is a serious problem. It has been 
achieved as regards variations in mains voltage, 
but to minimise the effects of temperature, the 
major frequency-determining components have to 
be housed in a chamber maintained at a constant 
temperature of 50 deg.C. The technology of length 
micrometry has permitted a gear 12 ft. in diameter, 
hobbed at the Bendigo Ordnance Factory, to be 
examined for evidence of machining inaccuracies. 
Undulations on the tooth flanks, due to periodic 
errors in the hobbing machine, have been recorded 
and analysed by a method not hitherto used for 
undulation records. Another new method of test 
has served to determine the combined effect, in 
precision lathes, of axial float of the spindle and 
squareness of the surfacing slides. 

The Australian secondary standards of mass, 
used in the Metrological Laboratory, were re-verified 
during 1950 by comparison with the primary 
standard. The latter, a platinum-iridium kilogram, 
was imported and determined in terms of the 
International kilogram, as well as included in the 
decennial intercomparison of British National 
Standards, before being shipped to Australia. 
Continued observations on five sets of rhodium- 
plated brass screw-knob weights have revealed mass 
changes in most of them. Among quantities often 
associated with mass, with which the Standards 
Laboratory is concerned, are volume and density. 
For this class of work a hydrostatic balance, a liquid 
bath and an electronic temperature controller for it 
have been set up recently, and experiments have 
been carried out to examine techniques appropriate 
for the use of transfer pipettes. Refrigeration is 
available for measuring liquid densities at low 
temperatures, though the accuracy in such cases 
is not so high as it is for temperatures around 
20 deg. C., where liquid densities can be measured 
with a precision of one part in 100,000. 

Also associated with mass standards is the calibra- 
tion of materials-testing machines, and increasing 
attention is being paid to the needs of industry for 
precise determinations of force, pressure, stress, 
strain, hardness and angular speed. Developments 
in these directions include the supply and installa- 
tion in Australia of a 50-ton deadweight loading 
machine in which portable force-measuring devices, 
such as proving rings, can be accurately calibrated. 
Concurrently, experiments are in hand to study the 
long-term stability of wire resistance strain gauges, 
for which work a four-channel electrical measuring 
bridge has been specially designed. In the case of 
direct measurements of hydrostatic pressure, it is 
remarked that the accuracy at present attainable 
by use of the conventional plunger-in-cylinder 
type of deadweight tester is governed by the 
accuracy with which the effective diameter of the 
plunger-cylinder combination can be measured. 
Accordingly, a modified form of pressure-gauge tester 
has been designed in which the plunger-cylinder 
combination for a particular range of pressure can 
be completely removed from the apparatus, thus 
permitting the cylinder to be placed in a measuring 
machine in which its internal diameter can be deter- 
mined to a higher order of accuracy than has been 
possible hitherto. For the verification of industrial 
hardness-testing machines, a deadweight penetrator 
machine of the type designed by the National 
Physical Laboratory, and recently described in 
ENGINEERING,* is shortly to be constructed. The 
relations between the Laboratory and industry 
in this class of work are exemplified by a recent case 
where light-load indentations were made and 
demonstrated at high magnification to a manufac- 
turer of hardness-tester indenters, in order to 





* See page 57, ante. 


exhibit the special requirements of diamond-pyramid 
indenters for use in micro-hardness testing. 

Assistance to various industrial bodies has also 
been given to solve vibration problems arising, for 
example, from road traffic or heavy machinery 
adjacent to buildings, precision workshops or instru- 
ment rooms. For explorations of this sort prior 
to vibration isolation, two methods of measurement 
are being investigated. One employs optical inter- 
ferences in combination with a stroboscopic light 
source, and the other depends on change of electrical 
capacitance. Preliminary tests indicate that both 
methods are very promising, and a single vibrometer 
is accordingly being constructed to incorporate both 
principles. The optical interference elements will 
enable the pick-up to be calibrated directly in terms 
of light wavelength, while the capacitance device 
will permit the vibrational wave forms to be 
observed by means of compact and easily portable 
apparatus. 

Vibrations on a different scale, albeit not without 
important industrial applications, are the pre- 
occupation of the Organization’s Division of Radio- 
physics and Radio Research Board. They are 
exploiting the peculiar advantages offered by radar 
in meteorology and in aids to navigation, in which 
latter sphere of application a new project of great 
promise is a system whereby the radar display seen 
on a high-power ground installation can be relayed 
to an aircraft in flight. With such a device, the 
pilot is able to ‘“‘see ” his own aircraft in relation 
to the ground radar, including other aircraft, hills 
and all such navigational hazards within range. 
Experimental microwave radio transmitters, serving 
as navigational beacons, have also been extensively 
tested in the vicinity of Sydney to appraise their 
use to aircraft for such purposes as homing, route 
flying, collision prevention, and the conduct of 
“holding ” and “approach” procedures. Similar 
tests of these beacons as aids to marine navigation 
in coastal waters are also in prospect. 

The application of radio technologies to the study 
of extra-terrestrial physics continues actively in 
Australia, where the year’s observations of galactic 
noise have led to the discovery of about 20 new 
radio stars. The distribution of radio energy among 
wavelengths of 14 to 5 m. differs for different stars, 
suggesting that there are probably at least two 
types, one of which has the same thermal emission 
spectrum as a very rarefied gas at a temperature of 
some million degrees. Fluctuations in radiation 
intensity for individual radio stars are not the 
same at points on the earth only a few tens of miles 
apart. The inference that the sources of fluctua- 
tions originate relatively locally—probably by scat- 
tering at irregularities of the earth’s ionosphere—is 
supported by the observation that the fluctuations 
from a single source exhibit an annual variation. 
However, the mechanism which generates galactic 
noise is not yet established, and measurements over 
a wide range of wavelengths have demonstrated 
that the known facts cannot be adequately explained 
by the theory that galactic noise originates in 
thermal radiation from ionised rarefied gas in inter- 
stellar space. Indeed, the distribution of radiation 
intensity conforms closely with what is known of 
the distribution of matter within the galaxy, and a 
“cause and effect” relation between the two is 
therefore a reasonable assumption. An outstanding 
discovery is that, in addition to a marked concen- 
tration towards the centre of the galaxy of which 
the solar system is a part, an important maximum 
occurs at right angles to that direction, suggesting 
that this galaxy is a spiral (like the nebula visible 
in Andromeda) rotating with the spiral arm 
leading. This conception entails a revision of 
astronomers’ present ideas on the sense of rotation 
of galaxies. 

Systematic studies, on wavelengths ranging from 
1 cm. to 500 cm., of radio emission from the sun 
have suggested the existence of a “base level” 
of radiation due to thermal emission from the outer 
solar atmosphere. Increases above this base level 
of intensity have been analysed into various separate 
source components, attributable, for example, to 
exceptionally hot regions in the sun’s atmosphere, 
or to the same source as sunspots. During such 
so-called noise storms, the apparent source travels 





across the sun’s disc faster than the associated sun- 
spot, indicating that the source is very high up 





in the’ solar atmosphere. Other components, 
termed outbursts, are sporadic short-lived pieno. 
mena, attributed to eruptions of gas from the sun 
outwards into its atmosphere at speeds in the 
region of 1,000 km. per second. A fourth type of 
disturbance, called an isolated burst, is not yet 
associated with any visible phenomena and is, at 
present, the sole evidence for a remarkable type of 
solar explosion lasting for no more than a few 
seconds. 

The Organization is co-operating with the Physics 
Department of the University of Melbourne in a 
programme of research in nuclear physics and 
cosmic rays, the ultimate aim being to further the 
understanding of the constitution of the atomic 
nucleus and of the forces which hold it together, 
The equipment available for the nuclear physics 
investigations includes a million-volt electrostatic 
generator, already in use, and a 600-kV generator, 
in course of construction, to provide high intensity 
sources of neutrons and y-rays. In the cosmic. 
ray studies, the disintegration produced in the 
earth’s upper atmosphere by high-speed particles 
from outer space is being analysed by means of 
ionisation chambers, a cosmic-ray spectrometer, 
and apparatus for measuring meson decay. The 
practical applications of nuclear physics are receiv- 
ing increasing attention for chemical, metallurgical, 
and biological and medical research. Pile-produced 
radio-isotopes, from Harwell and from the United 
States Atomic Energy Commission, are regularly 
obtained and many different “isotopically 
labelled * compounds have been made to meet 
local demands, especially for radioactive assay 
procedures. 

In the foregoing survey of the Organization’s 
activities, attention has been especially directed to 
the material physical sciences. It will have been 
remarked, no doubt, that many fairly obvious 
subjects for research, having applications in indus- 
trial engineering and aeronautics, lie outside the 
scope of the Organization. They are, of course, 
undertaken by other Government departments as 
well as by some of the universities. It is important 
to appreciate, however, that more than half of the 
Organization’s reported investigations are concerned 
with biological, agricultural and related subjects 
which figure very prominently in the economy of 
the Australian Commonwealth. In the broad 
sence, it may be said that all the principal animal 
and vegetable industries of Australia are under 
continuous examination, with consequences that 
are profitable to the well-being of science as well as 
of the industries concerned. In certain directions, 
such as irrigation and meteorology, the physical 
sciences exert important influences on agricultural 
prosperity and are correspondingly recognised as 
proper fields for research by the Organization. The 
Section of Meteorological Physics, in particular, has 
been doing really fundamental work on atmospheric 

esses, concurrently with more immediately 
applicable experiments on such matters as the use of 
motor-driven fans for preventing low-level frost 
damage in fruit-growing districts, and the artificial 
precipitation of rain by “seeding” appropriate 
cloud formations with crystals of solid carbon 
dioxide, sown by aircraft. The opinion has now 
been clearly formed that this method has a high 
probability of success when the upper levels of 
suitable clouds are at least 7 deg. C. below freezing 
point. Similar trials are in prospect with silver 
iodide and water spray as means of promoting 
droplet formation. : 

The examples of research selected for mention 
in this review are typical of the Organization’s work 
as a whole, in that they convey the impression of 8 
very high standard among the scientists of the 
Commonwealth, and of an admirable balance 
between the needs of industry for applied work and 
the prosecution of fundamental research as a worth- 
while contribution to the general advancement of 
science. The support afforded to an Australian 
Research Association by the Organization, and the 
Commonwealth Treasury support of the Organiza- 
tion itself—now in the region of 2,000,000/. per 
annum—are substantial additional evidence that 
scientific and industrial research may confidently 
expect to grow in concert with the future prosperity 
of the Commonwealth, which they are doing % 
much to promote. 
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THE ELECTRICAL RESEARCH 
ASSOCIATION. 


(Concluded from page 586.) 


THE investigation of surge phenomena, directed 
mainly to the solution of problems relating to light- 
ning and its effects on various items of equipment, 
as well as to the performance of devices intended to 
reduce the damage it may cause, forms an important 
part of the work of the Association for which purpose 
full use is made of the facilities available at the 
National Physical Laboratory. The effect of surges 
on transformers is also studied, as well as other 
matters which concern the design and construction 
of transformers, such, for instance, as the calculation 
of stresses due to short circuits, temperature 
gradients and the production of noise. For the 
calculation of short-circuit stresses in transformers 
several assumptions have to be made to render the 
subject amenable to mathematical treatment, and 
& special experimental transformer has been made 
to check the validity of the assumptions. In this, 
the two dise windings are arranged so that the degree 
of asymmetry can be controlled; the method of 
measurement was demonstrated. Another trans- 
former in use at the Laboratories is designed for the 
study of temperature gradients and oil flow. An 
interesting piece of equipment designed and con- 
structed by the Association is illustrated in Fig. 4, 
on this page. It is a high-speed single-sweep 
cathode-ray oscillograph for use in conjunction 
with the surge generator, which is visible in the 
background. The oscillograph is shown in the 
lower part of the illustration near the centre, and 
of the three units on the left the upper one is the 
generator-tripping unit and the other two are 
power units; that on the extreme right is a surge 
counter. The cathode-ray tube is of the sealed-off 
type. An accelerating voltage of 10 kV is employed 
and the time taken for the spot to traverse the 
screen can be varied from 0-2 p sec. to 300 pu sec. 
The camera used to record the phenomena depicted 
on the screen is fitted with a Wray lens of f1-0 
aperture. 

Although at first sight it is not quite obvious 
why rural electrification and wind power should 
be combined as they are in the E.R.A., the reason 
18 that small wind-driven electric generators may 
be used to supply electrical energy in isolated farms 
and other premises situated in districts a consider- 
abie distance from any public supply area. As 
previously mentioned, the E.R.A. has a field station 
for the study of rural electrification problems at 
Shinfield, Berkshire. Only the preliminary stages 


are handled at Shinfield, subsequent studies being 
conducted on farms and horticultural “holdings. 
Early investigations on wind power are made at 
Shinfield, but the later work is necessarily carried 
out at specially selected sites in various parts of the 
country. Most of the exhibits staged to illustrate 
this part of the Association’s work took the form of 
photographs and models, although several easily 
portable instruments, such as anemometers, were 
shown. The aim in connection with the application 
of electricity to agriculture and horticulture is to 
produce barn and field machinery, crop-drying 
equipment, soil-warming apparatus, etc., which 
will be effective, economical in use and acceptable 
to the supply authorities from the point of view of 
load factor. In the study of potentialities of wind 
power for the: generation of electricity researches 
are being made on the wind régimes on various 
selected sites, the behaviour of wind flowing over 
hills of different formation, on the design of wind- 
driven plants, and on the performance of pilot 
plants of up to 100 kW capacity. One such plant 
is now being built at Costa Hill, on the Orkney 
mainland, by the North of Scotland Hydro-Electric 
Board and Messrs. John Brown and Company, 
Limited. Theplant will be connected to the supply 
network of the island, and tests carried out during 
the coming winter will provide performance and 
operational data. 

Another section of the Association’s work relates 
to space and water heating. In connection with 
space heating investigations have been carried out 
on the heat-pump since 1947, particular attention 
having been paid to sources of low-temperature 
heat suitable for heat pumps of small capacity. 
Comparatively recently, a 10-h.p. heat pump has 
been installed at the Shinfield field station for 
warming the laboratories there; a photograph of 
this installation is reproduced in Fig. 5, on this page. 
One of the exhibits relating to space heating was a 
scale model of a domestic sitting room, the walls of 
which were lined witk metallised paper. It has been 
shown, both by means of scale models and in full- 
scale trials, that, using metallised paper having a 
surface reflectivity of the order of 80 per cent., the 
time required for the transient heating of a room 
is only about one-third of that needed with ordinary 
wallpaper on uninsulated walls. The reduction, it 
is interesting to note, is about the same as would 
be effected by lining the walls with high-quality 
insulating boards. 

A few years ago, the Association initiated research 
on the electro-physics of the welding arc, in colla- 





boration with the British Welding Research Asso- 
ciation, and the work, which covers the investi- 


Fie. 5. Heat Pome at SHINFIELD. 


gation of direct- and alternating-current arcs in 
ferrous-welding practice, involves the use of electro- 
magnetic and cathode-ray oscillographs, high-speed 
ciné and slit photography, as well as of stroboscopic 
methods. This class of equipment was shown in 
use in several of the exhibits during the open days. 
Of particular interest among the exhibits were the 
demonstrations illustrating the work that has been 
done, and is being continued, to improve the 
argon-arc welding process now being used in industry 
to a considerable extent for welding aluminium 
metal and various light alloys. A characteristic of 
the alternating-current argon-arc is that, normally, 
the arc is extinguished when the plate becomes 
negative in the course of a complete cycle, unless 
open-circuit voltages of the order of 100 volts r.m.s. 
are maintained. To enable a lower voltage to be 
employed and still maintain the arc, high-frequency 
spark injection, a large capacitance in series with 
the arc and special circuits have been successfully 
applied in industry, but the sparks have caused 
severe radio interference. A new method, however, 
has been developed at Greenford, and was demon- 
strated in use during the open days, by which the 
argon-are can be maintained for welding aluminium 
with an open-circuit voltage of less than 50 volts 
r.m.s. This is achieved by injecting into the welding 
circuit an electronically-timed short-duration im- 
pulse of some 200 to 300 volts to simulate a much 
higher open-circuit voltage. The impulse, which is 
effectively shock-free, is a capacitative discharge 
across the arc gap through a cold-cathode strobo- 
scopic-type valve which is triggered at the welding- 
current zero. Injection of the impulse into a step-up 
transformer produces a spark for initiating the arc 
from cold without the need for bringing the electrode 
into contact with the work; once initiated, the 
arc is maintained by the lower-voltage impulse. 
Among the advantages claimed for the method, 
which is being patented, are the low open-circuit 
welding voltage, and the comparative freedom from 
radio interference, the latter being demonstrated 
on a television receiver. The demonstration also 
included a stroboscopic picture of the arc in slow 
motion, together with a cathode-ray oscillographic 
display of the arc current and voltage. 

We must mention, in conclusion, that as the above 
is merely a brief survey of some of the exhibits, 
the whole of which only represented a cross-section 
of the work of the Association, the article can give 
but a faint impression of its magnitude. It may, 
however, serve to give some idea of the nature of 
the work, but it would be easier to do so, and 
possibly more effective, if the open days could be 





held more frequently. 
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HEAVY FORGE SHOP AT 
HADFIELDS LIMITED, 


SHEFFIELD. 


Wits the object of improving their heavy special- 
steel forging facilities, Hadfields Limited, have 
erected a new forge shop equipped with two modern 
air-hydraulic forging presses, one of 2,700 tons and 
the other of 1,500 tons capacity, together with the 
necessary re-heating and heat-treatment furnaces, 
at their East Hecla Works, Tinsley, Sheffield, 9. 
The shop was recently completed and the opening 
ceremony was performed by H.R.H. The Duke of 
Gloucester, K.G., on Thursday, November 8. A 
general view of the two presses and of the forge 
bay of the new shop is reproduced in Fig. 1, on this 
page, and a closer view of the 1,500-ton press, 
seen in the backgroun( in Fig. 1, is given in Fig. 4, 
on page 617. The new shop has been designed to 
handle ingots up to 45 tons in weight and to pro- 
duce forgings measuring up to 40 in. in diameter 
or up to 40 ft. in length, rings having a maximum 
diameter of 12 ft., and sleeves measuring up to 
6 ft. in diameter and 10 ft. in length. The forge 
shop, the arrangement of which is shown in eleva- 
tion in Fig. 2, and in plan in Fig. 3, is near the 
steelmaking plant and is also conveniently placed 
in relation to the machine shops. As will be seen 
in Fig. 2, the building consists of four bays, namely, 
the heat-treatment bay, the furnace bay, the forge 
bay and the stock bay. The total floor area is 
122,000 sq. ft. The three main bays have a crane 
span of 80 ft., a height from floor level to crane- 
rail level of 52 ft., and a total length of 386 ft. The 
stock bay is of the same length, but has a crane span 
of 51 ft. 9 in. and a height from floor level to crane- 
rail of 39 ft. 6 in. 

The foundations of the new forge shop, as may 
be seen in Fig. 2, comprise a number of foundation 
blocks and, to minimise the heavy timbering of 
, individual excavations, it was decided to excavate 

the entire site to a depth of 3 ft. The depth of this 
bulk excavation was further increased to 10 ft. 
in the area occupied by the furnace and the press 
foundations. Owing to the nature of the ground, 
as revealed by test borings, it was decided to drive 
in pre-cast concrete piles, ranging in length from 
25 to 30 ft., for the majority of the column founda- 
tions, the remainder being formed of the usual 
rectangular concrete blocks. The furnace founda- 
tions were constructed of concrete, suitably rein- 
forced, and the press foundations, which were also 
of reinforced concrete, were taken down to a depth 
of approximately 40 ft. Two vertical watertight 
cylindrical pits were required in the heat-treatment 
bay to house two tanks to be used for the quenching 
of long forgings. These tanks, the position of which 
is shown in the lower right-hand corner in Fig. 3, 
are each 8 ft. in diameter and 54 ft. deep. The 
upper edges of the tanks are just below floor level. 
The tanks, one of which is to contain oil and the 
other water, are formed of cast-iron segment rings 
bolted together, caulked and pressure grouted ; 
each has a capacity of 17,000 gallons. After com- 
pletion of the foundations the site was backfilled 
with furnace slag, and a 6-in. concrete floor was laid 
in the stock, furnace and heat-treatment bays. The 
floor in the forge bay consists of 2-in. and 4-in. thick 
steel plates laid on sand. The excavation, piling 
and concreting work and the making of the rail 
tracks, roadways and building work was carried 
out by Sir Robert McAlpine and Sons (Midlands), 
Limited. The consultants for the design of the 
buildings and the foundations were Messrs. Bylander 
. and Waddell, London, 

The forge building is of the usual steel-frame 
construction and is fitted with continuous ridge 
ventilators. The steelwork was supplied and 
erected by Banister, Walton and Company, Limited, 
Manchester, in association with the Cargo Fleet 
Iron Company, Limited, Middlesbrough. The walls 
are of brickwork 7 ft. high and, above this, the 
building is completely covered with corrugated 
sheeting, with the exception of two runs of vertical 
glazing in the side wall of the heat-treatment bay. 
The total area glazed, namely, that in the side wall 
and that on the roof, is 45,000 sq. ft., and the 
approximate area covered by corrugated sheets is 
194,300 sq. ft. The sheeting of the building was 
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carried out by Carter-Horseley (Engineers), Limited, 
and the sub-contractors for the glazing were Messrs. 
Mellowes and Company, Limited, Sheffield. 

The two forging presses, which are operated by a 
common pressure water station, have been designed 
and supplied by the Loewy Engineéring Company, 
Limited, London and Bournemouth, and manufac- 
tured by F.B. Engineers, Limited, Sheffield, and 
Light Machines, Limited, Yeovil. One of the main 
features of the press plant is its high working speed 
and ease of operation over a wide range of forging 
work. To make this possible, and also to allow for 
the greatest flexibility, it was decided to install an 
air-hydraulic accumulator station in preference to 
direct pump drive. Trials so far made have shown 
that penetration speeds of 6 in. per second and 
upwards can be achieved on both presses at full 
power, and, for planishing and finishing opera- 
tions, well over 100 strokes per minute have been 
maintained. This flexibility and high speed are of 
particular importance in the forging of highly- 
alloyed steels, where the maximum amount of work 
must be accomplished per heating cycle. 

The suspension of the upper entablature on the 
presses is a special feature by which it is possible 
to dispense with nuts or collars on the main columns, 
The design embodies a small crosshead resting on 
the head of the column. From this crosshead are 
suspended forged-steel tie bolts’ which hold the 
entablature securely against the upper column nuts. 
Both presses are provided with three-point guiding 
of the moving crossheads to take up the effects of 
eccentric loading or other forces occurring during 
forging operations. The 2,700-ton press has three 
cylinders and the 1,500-ton press one cylinder. 
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GENERAL View OF Force Bay. 


The application of the three-point guiding in a 
three-cylinder press is believed to be novel and is 
achieved by having the central cylinder rooted into 
the moving crosshead, the upper end of the cylinder 
sliding in a sleeve fitted into the upper entablature. 

Each press has a moving table which is divided 
into three parts, a centre portion and two outer 
portions. The table sections can either be connected 
together to form one table, or the two outer sections 
can be operated independently by special double- 
acting hydraulic cylinders, a draw-bar being pro- 
vided for coupling the tables to the hydraulic move- 
ment. This gives great flexibility of operation 
when dealing with a wide variety of forging work. 
Further, each press has a multi-station ejector to 
facilitate handling during high-speed piercing and 
die-forging work. Hydraulic table locks are also 
provided for the accurate centring of the tables 
when such work is carried out. The table and 
ejector controls are interlocked electrically 90 
that movement of the ejector can only take place 
when the tables are in the ejecting position, and 
also to ensure that the tables cannot be moved until 
the ejectors are in the retracted position. Lubrica- 
tion of all moving parts has been adequately pro- 
vided for by means of mechanical lubricators and 
grouped nipple assemblies. Shock absorbers ensure 
smooth operation of the presses. 

The main control valves for the presses are 
operated by servo valves which give sensitive 
control and enable a high working speed to be 
maintained without effort on the part of the oper- 
ator. Low-pressure water pre-filling devices are 
| Provided for the idle movements of the presses 
20 that the high pressure is used only during the 
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actual pressing strokes. The air-hydraulic pressure 
water station consists of an accumulator with air 
and water bottles and five high-pressure hydraulic- 
pump units. This station, which is housed in a 
two-storey brick building erected in the stock bay 
between the two presses, as can be seen on the lower 
left-hand side in Fig. 3, also contains an electrical 
substation for the supply of electricity to the pumps 
and to the forge building itself. For reasons of 
Space, the hydraulic pump units are mounted on 
separate floors, three being on the ground floor and 
two on the upper floor. Four pumping units are 
normally in operation, the fifth unit acting as a 
standby. Electrically-controlled and hydraulically- 
Operated valves control the delivery from the 
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pumps through by-pass apparatus and the entire 
system is designed to ensure maximum economy 
of working under all operating conditions. 

The forge bay is served by three forging cranes 
built by Sir William Arrol and Company, Limited, 
Two have a capacity of 75 tons and are fitted 
with separate 20-ton auxiliary crabs, and the 
third is of 40 tons capacity with a separaté 10-ton 
crab. The driver’s cab on all these cranes is 
at a height of some 12 ft. above the floor level. 

All the furnaces in the forge shop are situated 
in the furnace bay, the re-heating furnaces dis- 
charging into the forge bay, while those of the 
heat-treatment type discharge into the heat- 
treatment bay. Eleven coke producer-gas fired 
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re-heating furnaces serve the two forging presses 
and all have been provided by Priest Furnaces, 
Limited, Middlesbrough. Six of the furnaces, 
namely, Nos. 3, 7, 8, 9, 10 and 13, in Fig. 3, are of 
the bogie-hearth type. Three have effective dimen- 
sions of 14 ft. in length, 7 ft. in width and 7 ft. in 
height; the other three are 15 ft. long, 7 ft. 3 in, 
wide and 7 ft. high. The remaining five reheating 
furnaces, namely, Nos. 1, 2, 6, 12 and 14, in Fig. 3, 
are of the fixed-hearth type, three having dimensions 
14 ft. by 7 ft. by 7 ft., and two 12 ft. by 6 ft. by 6 ft. 
Fig. 5, on Plate XL shows, from right to left, 
reheating furnaces 1,2 and 3. All are of the revers- 
ing regenerative type, both air and gas being 
preheated. The air passes through regenerators and 
the gas through a tubular metallic needle-type 
recuperator. The reversing equipment has several 
features of interest. The air-waste gas valve, which 
is of the rotary type, has a water-cooled paddle and 
drum, enabling it to deal with high-temperature 
exhaust gases with a minimum of leakage. Gas 
reversal is effected by means of water-sealed dipper- 
type valves. The functioning of the reversing 
equipment is entirely automatic and electrically 
controlled. From the reversing unit, gas is led to 
the furnace through lagged mains terminating at the 
combustion ports, to which air is distributed through 
underground flues These combustion ports are 
arranged alternately to direct the products of 
combustion over and under the stock. 

The furnaces are of robust construction, the side 
and back walls being enclosed in mild-steel casing ; 
the fronts and doors are constructed of hematite- 
iron castings. The bogies and ancillary equipment 
are similar to those of the bogie heat-treatment 
furnaces described below. All re-heating furnaces 
have a maximum working temperature of 1,350 deg. 
C., this being controlled within the limits of 
+10 deg. C., from 550 deg. C. upwards. The 
removal of ingots from the furnaces, for forging, is 
conducted, in the case of the fixed-hearth type, by 
using a porter bar and a balance weight, and, in 
the case of the bogie type, by means of lifting tongs. 
The ingots are normally manipulated under the 
presses by means of Arrol turning gear and burden 
chain controlled from the crane cage. 

The nine gas-fired furnaces serving the heat- 
treatment bay are all of the bogie-hearth type. 
Two are 40 ft. long, 14 ft. wide and 9 ft. high; two 
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are 30 ft. long, 12 ft. wide and 9 ft. high; one is 
30 ft. long, 12 ft. wide and 7 ft. 6in. high; three are 
15 ft. long, 9 ft. wide and 6 ft. 7 in. high, and one 
is 20 ft. long, 10 ft. wide and 9 ft. high. The situation 
of the five larger furnaces, A, B, E, J and K, is seen 
in Fig. 3, and one of the two largest A and B is 
illustrated in Fig. 7, on Plate XL. These five 
furnaces have been constructed by Priest Furnaces, 
Limited, and resemble in many respects the re- 
heating furnaces; they are of the air-regenerative 
type, with similar combustion arrangements and 
reversing equipment. As, however, the maximum 
temperature requirements are lower, pre-heating of 
the gas is unnecessary. The bogies, which are 
constructed from rolled-steel sections, are carried 
on steel wheels with stub axles and have an insu- 
lated refractory hearth. Sand seals are 

along each side and a special bridge construction is 
adopted in the furnace back wall to allow an 
extension of the bogie to pass beneath it and provide 
a means of sealing at this point. The maximum 
working temperature of the Priest heat-treatment 
furnaces is 1,250 deg. C. 

Tempering furnaces F, G and H, in Fig. 3, are 
intended for precise temperature treatment within 
a range of 100 deg. to 750 deg. C. They are of the 
re-circulation type and have been designed and 
installed by Brayshaw Furnaces and Tools, Limited, 
Manchester. The tempering furnaces F, G and H 
are seen from left to right in Fig. 6, on Plate XL, 
the fourth, furnace I on the extreme right, being a 
Brayshaw hardening furnace which is described 
below. Furnace F, the largest of the three ‘tem- 
pering furnaces is also shown in Fig. 8, on this page, 
and Figs. 10 and 11, om page 619. It has a bogie 
area measuring 30 ft. in length and 12 ft. in width 
and has a loading capacity of 45 tons. 

The three tempering furnaces differ fundamentally 
from the usual type in that, instead of burners being 
used for heating the work chamber, the heat is 
generated in a combustion unit which is entirely 
separate from the furnace proper. This is seen in 
Figs. 10 and 11 and also in Fig. 8. The heating 
medium consists of large volumes of hot gases which 
are continuously circulated at high veldcity by 
powerful fans through the furnace chamber, in a 
closed system of ducting. The control of the 
furnace temperature, to + 3 deg. C., is relatively 
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simple since it is only necessary to regulate the 
temperature of the circulating gases by adding to 
them small quantities of fresh gases burnt in the 
external combustion chamber. The direction of the 
flow of gases is automatically reversed at pre- 
determined intervals in order to apply the heat to 
the load from each side in turn. The furnace com- 
bustion chamber has been designed for use with low- 
pressure air and either town gas having a calorific 
value of 500 B.Th.U. per cubic foot, or coke- 
producer gas which has a calorific value of 132 
B.Th.U. per ‘cubic foot. The furnace chamber 
works under a slight positive pressure and seals 
are provided on the doors and bogies to prevent 
the loss of circulating gases. 

The two smaller recirculation-type heat-treatment 
furnaces, G and H, having a hearth area 9 ft. wide 
by 15 ft. long and a maximum loading capacity of 
30 tons, use the same principle of recirculation and, 
in general, embody the same features of constrac- 
tion as the large 30-ft. furnace F. They are of a 
more simple downflow type, however, without 
reversing gear, the hot gases entering the furnace 
chamber through the furnace arch and returning 
for recirculation through ports at each side of 
the furnace. Operating in conjunction with, and 
of a size identical with the two 15-ft. tempering 
furnaces G and H, is a Brayshaw hardening furnace 
(I) designed to work at temperatures of from 
550 deg. to 1,250 deg. C. It is directly-fired by two 
separate sets of burners, one set firing under the 
furnace arch and the other set to fire 
through ports in the bogie hearth, with independent 
adjustment between the two sets of burners. 
Recuperation is arranged for both the air and the 
gas, the recuperators being of the metallic needle 
type. The waste flue-gases are exhausted to the 
atmosphere by a positive motor-driven exhaust 
fan. 

The haulage of the bogies in the case of both the 
reheating and the heat-treatment furnaces is 
provided for by electrically-driven rack wheels 
engaging with pin-type tracks located centrally 
below the furnace bogies Where two bogie-type 
furnaces are in adjacent positions, a twin haulage 
unit is used in which a single electric drive with 
reduction gearing is situated between the furnaces 
to operate either of the bogies, a system of clutches 
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ensuring that only one may be moved at a time. 
The haulage equipments, all of which were supplied 
by Priest Furnaces, Limited, are electrically inter- 
locked with the door lifting gear, which is itself 
electrically operated, to ensure that the door is open 
prior to the withdrawal of the bogie. The heat- 
treatment bay is served by two 40-ton cranes 
having 10-ton auxiliary hoists. These have been 
supplied by the Butterley Company, Limited, 
Derby, as have also a 10-ton crane in the furnace 
bay and a 40-ton crane, having an auxiliary hoist 
of 10 tons capacity, in the stock bay. The 10-ton 
crane in the furnace bay has been installed chiefly 
for maintenance purposes, while the 40-ton crane 
in the stock bay is for the handling of ingots. As 
in the case of the three cranes in the forge bay, 
the above four cranes operate on a 230-volt direct- 
current supply. 

As indicated above, clean gas of a calorific value 
of 130 B.Th.U. per cubic foot is distributed to the 
furnaces from a 30-in. diameter overhead ring 
main situated at a height of 28 ft. above the floor 
level. The main is supplied with fuel gas at a 
pressure of 2} Ib. per square inch, from the com- 
pany’s own coke producer plant. The pressure 
within the ring main is maintained at 30 in. w.g., 
by means of an oil-operated gas-pressure regulator 
supplied by Electroflo Meters, Limited, London. 
Shut-off valves and gas-pressure governors are 
fitted in all branch pipes and the gas is supplied to 
the furnaces at a pressure of from 6 in. to 8 in. w.g., 
except in the case of the four Brayshaw heat- 
treatment furnaces, which operate on a gas pressure 
of from 28 to 30 in. w.g. 

The temperature of each of the 20 furnaces in the 
furnace bay is automatically controlled by an 
electronic potentiometer temperature recorder- 
controller. Two furnaces have been fitted with 
pressure-control devices, and gas and air-flow 
meters and pressure gauges have also been provided. 
In addition to those forming part of the automatic 
temperature-control equipments, thermocouples are 
inserted in the furnaces at various points to assist 
the operators to maintain equal temperature distri- 
bution throughout the hearth loads. 

In addition to the two vertical quenching tanks, 
54 ft. in depth, previously mentioned, two hori- 
zontal rectangular welded tanks, each of 30,000 
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gallons capacity and measuring 40 ft. in length, 12 ft. 
in width and 10 ft. in depth, and two smaller rec- 
tangular tanks, each of 7,800 gallons capacity and 
measuring 14 ft. by 9 ft. by 10 ft. deep, are available 
in the heat-treatment bay. They were supplied by 
Fawcett Preston and Company, Limited, Brom- 
borough, Cheshire, and their positions can be seen 
on the plan, Fig. 3, and also in Fig. 9, on page 618. 
In all cases, one of the twin tanks is employed for 
water and the other for oil quenching. River water 
is used for cooling the water tanks, the overflow 
being connected to the main drainage system of 
the shop. In the oil tanks, centrifugal pumps are 
employed for circulation purposes, on the closed- 
circuit principle. Adequate oil coolers are incor- 
porated on the oil circuits to enable the temperature 
of the oil to be maintained within the required 
limits when quenching. 

The incoming three-phase 50-cycles electricity 
supply to the forge shop is taken from the main 
substation of the works, by a feeder cable to the 
forge substation at a pressure of 11,200 volts, 
where it is connected through oil circuit-breakers 
of 150 MVA capacity, manufactured by A. Reyrolle 
and Company, Limited, Hebburn-on-Tyne, to two 
1,500-kVA 11-2/3-3-kV oil naturally-cooled trans- 
formers, supplied by C. A. Parsons and Company, 
Limited, Newcastle-upon-Tyne. The secondaries of 
the transformers are connected to a 3-3-kV switch- 
board manufactured by Switchgear and Cowans, 
Limited, Manchester. The 3-3-kV supply is then 
reduced to 400 volts, the standard for all the 
motors in the shop, in two C. A. Parsons 500-kVA 
oil naturally-cooled transformers for distribution 
throughout the building through a switchboard sup- 
plied by Crompton Parkinson, Limited. A direct- 
current supply of 230 volts for the cranes is 
obtained through a 500-kW mercury-arc rectifier 
supplied by the General Electric Company, Limited. 
All cabling, the greater part of which is required 
for the furnace motors, has been supplied by 
British Insulated Callender’s Cables, Limited, and 
is arranged in an underground trench, as is shown 
on the plan, Fig. 3. A 2-in. diameter compressed- 
air main, supplying air at a pressure of 100 Ib. per 
square inch, serves the three main bays, connections 
being available at numerous points throughout the 
shop for such operations as scale blowing, chipping 
and grinding. An oxygen supply line has been 
installed by the British Oxygen Company, Limited, 
in the stock bay, for the surface treatment of ingots. 

In addition to the hydraulic service, water is 
required for quenching and oil-cooling purposes 
in the heat-treatment bay, and also for the 
cooling of the exhaust and blowing fans and the 
air and gas reversing valves in the furnaces. As 
already indicated, both clean and river water are 
employed, the former being used for the accumu- 
lator plant, the presses, and in where small- 
bore pipes are installed, while the latter is used for oil- 
cooling and quenching purposes and for cooling the 
air and gas reversing valves. The water service 
has been installed by William Press and Son. 
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THE ORGANISATION OF 
RESEARCH. 


THE organisation of scientific and industrial research 
has been the theme of a four-day International 
Symposium, organised by the Department of Scientific 
and Industrial Research and held in London this 
week. The meetings, which were attended by a 
large contingent of delegates from Western Europe, 
chiefly directors of scientific research, and presidents 
of scientific academies in the eleven continental coun- 
tries represented, marked the conclusion of a five- 
weeks tour by a mission, sponsored by the Organisation 
for European Economic Co-operation (0.E.E.C.), 
which visited eight European countries to study the 
organisation and application to industrial purposes of 
scientific research in each. The visits of missions to the 
United States to study industrial productivity have 
become a familiar feature of recent years. Possibly as 
one result of these visits, and apparently somewhat 
belatedly, though we are none the less glad to record 
it, it has been discovered that the countries of Europe, 
the source of so many of the scientific discoveries on 
which the modern world depends, can learn from each 
other something to their mutual advantage. Thus, 
although productivity teams continue to visit the 
United States to study American industrial methods, 
increased attention is being given to conditions at 
home, in Europe, revealing a wealth of experience 
not only in the field of productivity, but also in that of 
scientific research applied to industry. 

The delegates to the symposium were welcomed at 
Lancaster House on Monday, November 12, by the 
Lord President of the Council, who remarked that the 
occasion was the first on which the responsible leaders 
of industrial research in Western Europe had met 
together to discuss their problems. The present was 
particularly opportune for such discussion, for there 
was a pressing need to raise the industrial efficiency 
and economic well-being of Western Europe. Of all 
the factors which influenced international well-being, 
said Lord Woolton, fundamental science seemed likely 
to have the greatest effect in the long run. It had long 
been the policy of the British Government to support 
this branch of science by financial or other means, and 
to leave it free to develop. Applied research, however, 
presented a different problem. In this field, co-opera- 
tion between scientists, engineers and economists was 
essential to the efficient use of money, material and 
manpower. Industry itself must be responsible for the 
bulk of applied research and development, but it had 
become established practice in Britain for a considerable 
proportion of applied research to be undertaken jointly 
by Government and industry through the medium of 
industrial Research Associations. 

The field of applied science, however, said Lord 
Woolton, offered scope not only for national, but also 
for international, co-operation. Western Europe was 
at a disadvantage compared with larger countries, 
such as the United States, or Russia, by reason of her 
division into small political units. In the United States, 
for example, when a great and costly industrial develop- 
ment had to be undertaken, there was no need to 
erect a multiplicity of pilot plants or duplicate the 
engineering of prototype machines. One such plant 
or machine could serve the needs of states as widely 
separated as Massachusetts, Texas and California, for 
the sole reason that they were politically united. In 
Europe, however, where this unity was lacking, the 
same problem must be tackled independently by all the 
highly-industrialised countries. 








There were a number of schemes, said the Lord 
President, particularly those connected with the ex- 
ploitation of natural resources, which were suited to 
international co-operative research. One of these was 
low-shaft blast-furnace development, an expensive 
enterprise which, nevertheless, had attracted a number 
of countries who were willing to co-operate by pro- 
viding money and manpower. Fuel research figured 
prominently in the list drawn up by 0O.E.E.C. and, 
among fuel problems, there might be mentioned total 
gasification of solid fuels and underground gasification 
of coal, both of which were of interest to many coun- 
tries and required costly large-scale investigation if 
their economic possibilities were to be explored satis- 
factorily. In the sphere of raw materials, also, there 
were many problems of common interest. One of 
considerable immediate practical importance was the 
production of phosphate, fertilisers with less, or even 
without, sulphuric acid. In this work, chemists, 
engineers, economists and agricultural experts were 
already co-operating. 

The Lord President was followed by Sir Ben Lock- 
speiser, Secretary of the Department of Scientific and 
Industrial Research, who stressed that, at the present 
critical juncture, the future of Europe depended largely 
on the efficient organisation and application of science, 
by which alone standards of living could be maintained 
or improved. Fundamental research did not require 
organising but the same was not true of applied research. 
The latter was undertaken solely for the economic and 
social berefits to be derived from it and, if only because 
some of the objectives towards which it might be 
directed were preferable to others, it required organi- 
sing. No single type of organisation, however, was 
likely to suit all countries, because, although the 
problems of all were similar in character, they were 
different when considered, as they must be, in the 
gam social and economic contexts of each country. 

Britain, for example, the Government had assumed 
certain community responsibilities in fuel and power, 
agriculture, transport, food supply, health and housing, 
and a considerable scientific effort was maintained by 
the Government to promote the efficiency of these. 

Research for the manufacturing industries, continued 
Sir Ben, was in a different category. Industries varied 
greatly in character ; some had been based on science 
from the start, others had won through by empirical 
methods. Firms also varied considerably in size and, 
although size and efficiency did not necessarily go hand 
in hand, size affected a firm’s ability to do its own 
research. In Britain, the small firm played a distinctive 
and vital part. The number of firms large enough to 
conduct their own research on a substantial scale was 
only some hundreds, but those too small to do so 
could be counted in thousands. Nearly three-quarters 
of the country’s industrial undertakings employed less 
than 100 persons and, of these, more than half had less 
than’ 25 employees. It was for this reason that a 
co-operative research system, sponsored by the Depart- 
ment of Scientific and Industrial Research, had grown 
up in Britain in the past 30 years. In the United 
States, as in Britain, large firms with considerable 
financial resources, undertook most of, the applied 
research, but there were also research institutes which 
undertook sponsored research on a confidential and, 
frequently, naif Sen pe basis. In Canada, where 
industries were frequently separated by long distances, 
a very flexible system of government-sponsored research 
had grown up under the National Research Council, 
which also catered for local needs by the establishment 
of laboratories in, for example, the Prairie and Maritime 
Provinces. In all cases, however, the main problem 
was to bring science to the aid of firms which, for one 
reason or another, did not undertake research them- 
selves. If every firm did, in fact, do so, there would be 
far too few scientists to go round. This was a basic 
reason for undertaking co-operative research. Similar 
considerations applied across national boundaries. 

The turning of science, conducted outside industry, 
to industrial advantage remained an urgent problem, 
said Sir Ben. As was being increasingly realised, this 
did not happen by itself. Three of the major Research 
Associations had now set up companies to undertake 
the commercial development and exploitation of their 
work. Such companies must be run on strict commer- 
cial lines. Good science was not always good business, 
and great care was desirable in the selection of objec- 
tives. What was known as “ operational research ” 
could also be of great value, and could produce 
relatively quick returns by enabling industry to make 
the best use of what it had available. He thought that 
such research was worthy of the attention of scientists 
since, aided by statistical and other scientific methods, 
it had shown the way to better organisation, better 
management and a better use of existing resources. 

At subsequent sessions, papers were read by delegates 
on co-operative and sponsored research, the adminis- 
tration of research and the application of its results in 
their various countries. One session was held at the 
National Physical Laboratory. The discussion con- 
cluded yesterday evening. 
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NEW HEAVY ENGINEERING WORKS 
OF THE GENERAL ELECTRIC 
COMPANY. 


Tue General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, have made an 
important contribution to increase the country’s 
manufacturing papery of large electric generating 
and other plant by extending their works, both at 
Witton, near Birmingham, and at Erith, Kent. At 
the former place, where production has now been 
taking place for over 50 years, a new factory has been 
built for the erection and testing of large steam-driven 
and water-turbine driven alternators, as well as for 
mctors for rolling mills, mine winders and ship propul- 
sion. The existing transformer and _high-tension 
switchgear works have been enlarged and a new press 
shop has been equipped. At Erith extensions have 
been made to the Fraser and Chalmers Engineering 
Works to give increased capacity for the production of 
steam turbines, mine winders and turbo-compressors. 

The new heavy engineering works at Witton, a view 
of the exterior of which is given in Fig. 1, cover an area 
of about 2} acres and are erected on a site which was 
used during the war to accommodate 34 underground 
air-raid shelters. Where these interfered with the 
foundations for the stanchions of the new building they 
were completely removed, while the others were broken, 
open filled and consolidated. Test holes revealed the 
presence of hard compressed sand at a depth of about 
12 ft., with a complete absence of water. As this sand 
was suitable for a loading of 4 tons per square foot, 
piling was unnecessary and the main stanchions are 
therefore carried on concrete blocks varying in size 
from ‘22 ft. by 10 ft. to 24 ft. by 12 ft., which were 
sunk to a depth of 14 ft. At one end of the building, 
the ground was excavated to depths of 24 ft. and 30 ft. 
to provide room for the overspeed test pit.and oil 
pa while over the rest of the area a layer of poor- 
quality scil was removed and replaced by a filling of 
pit slag followed by a surfacing of hard core. — 

The building is a steel-framed and _ brick-filled 
structure, the outer walls being faced with Blockley 
bricks. To secure adequate natural lighting and to 
reduce the heat losses, the roof is of the ridge type 
with three-tier glazing and is protected by metal 
sheeting with } in. fibre board. The cost of a north 
light roof was prohibitive, as the building runs east and 
west. The floor is constructed for loads ranging from 
2 tons to 3 tons per square foot, the areas round the 
pits, test sections and stores being finished with con- 
crete and the erection and winding sections with wood- 
block flooring. 

The main erection test bay, which is illustrated 
in Fig. 2, is 525 ft. long by 100 ft. wide in a single 
span, the height to the eaves being 70 ft. It is served 
by two 110-ton travelling cranes, which can be used for 
a maximum lift of 200 tons. At the east end are four 
core-building pits, each of which is 6 ft. deep. These 
are equipped with hydraulic jacks for compressing the 
core stampings, three being designed for a total loading 
of 200 tons and the fourth for 50 tons. Facilities are 
provided for ring flux testing of the cores, both during 
assembly and when completed. On the south side is 
an electronic balancing machine which is capable of 
balancing rotors up to 50 tons in weight to an accuracy 
of one-tenth of an ounce at the periphery. 

A photograph showing the test beds, where the stators 
and rotors meet after being assembled in single lines 
down the length of the shop, is reproduced in Fig. 3, 
opposite. They include a raised bed for turbo-alterna- 
tors, an overspeed rotor test pit, and a test bed for 
water-wheel alternators. These beds are all situated at 
the west end of the bay and occupy a floor space of about 
160 ft. by 100 ft. A bay, 40 ft. wide, runs along the 
full length of the building on the north side. About 
half of this is devoted to forming rotor windings and to 
certain finishing processes on the stator coils, while 
the remainder is used as offices and stores. Above the 
stores and winding sections is a floor, the greater part 
of which is devoted to the manufacture of stator coils 
and formers. This floor is served by a 5-ton dual- 
capacity lift, which is designed to handle loads of 
2 tons at 150 ft. per minute or of 5 tons at 50 ft. per 
minute. The cage of this lift is 28 ft. long by 10 ft. 
wide, and accommodates an aluminium truck with a 
mahogany top, on to which the coils are loaded. Rails 
in the floor of the cage register with similar rails in 
the floors of the winding bays. 

The main test bed for the turbine-driven alternators, 
which is illustrated in Fig. 4, Plate XLI, is 133 ft. 
long by 19 ft. wide. It comprises a central platform 
8 ft. high, on either side of which is an alternator bed 
50 ft, 6 in. long and 6 ft. 3 in. above the shop floor. 
One machine can therefore be erected or dismantled 
while a second is on test. Each of the alternator 
beds is built to form a pit below the machine and is 
aeevines = yp for the closed-circuit ventilation 
of air-cool alternators. A hydro; detraini 
tank also forms part of the ous onan re = 
alternators with this system of cooling can be run 
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under operating conditions. All the testing can be 
effected at full voltage and current on all sizes of 
machine, two saturable reactors being provided 
whereby loads up to 100 MW at very low power factor 
can be imposed. Tubular copper ’bus-bars, with a 
diameter of 4 in. and # in. thick, connect the alternator 
to the reactors. These aré suitable for voltages up 
to 22 kV, their large diameter minimising skin effect 
and eliminating any risk of corona. Particular 
attention has been given to the lubrication system. 
In the event cf a breakdown of the oil pumps a header 
tank, designed for a working pressure of 50 lb. per 
square inch, and having a capacity of over 2,000 
gallons, ensures an adequate supply of oil to the bear- 
ings during the time taken to shut down the plant. 
For complete tests, constant speed with no risk of 
overspeed is essential. For this reason, the driving 
motor, which is mounted on the central platform, is 
of the induction type and is connected through two 
induction regulators and a 2,000-kVA step-down 
transformer to the 11-kV mains. The regulators give 
a variable voltage from 0 to 760 volts to meet the 
requirements of starting and stopping the plant on 
test. They may also be used to provide a supply when 
reactance measurements are being made on the stator 
windings. The motor is rated at 2,000 h.p. at a speed 
of 2,950 r.p.m. and has a double shaft extension so that 
it can readily be coupled to alternators mounted on 
either of the test beds. Should extra driving power 
be required, a second motor can be coupled in tandem. 
A steel platform, which extends the full length of 
the test bed on the south side, is provided with two 
removable sections, each 20 ft. 6 in. long by 13 ft. 9 in. 
wide, adjacent to the alternator beds. The fans and 





Matin EREcTION AND Test Bay. 


coolers for air-cooled alternator ventilation systems 
are mounted on one of these sections ; and the hydrogen 
and carbon-dioxide control panels and gas supplies for 
hydrogen-cooled alternators are on the other side. The 
control board from which the whole of the test plant is 
operated, is situated on the steel platform alongside 
the middle section of the test bed, and is illustrated in 
Fig. 5, Plate XLI. 

The rotor overspeed pit, of which mention has already 
been made, is of heavily-reinforced concrete construc - 
tion and is over 60 ft. long by 11 ft. wide between the 
concrete sides. The arrangement of the 300 tons of 
steel reinforcement used is illustrated in Fig. 6, Plate 
XLI. The sides of this pit are protected over a length 
of 37 ft. 6 in. by steel boxes which are filled with sand 
and set in panels 5 ft. 6 in. deep. A final facing of 
timber, 10 in. thick, completes the provision made 
to absorb the energy which would be released in the 
event of a large rotor bursting in an overspeed test. An 
escape tunnel, with entrances at each end, extends the 
full length of the pit. The pit is completely covered 
by seven slabs, each weighing 30 tons and constructed 
from rolled-steel joists and flange plates 14 in. thick. 
The box section thus formed is filled with concrete. 
A sand-filled steel box, faced with thick timbers, forms 
the underside of the slab. These slabs are secured by 
heavy cast-iron wedges, so that the entire covering is 
dovetailed in position. Ventilation is provided by 4 
centrifugal fan which draws air from the pit and dis- 
charges it to atmosphere through a circular duct under 
the stores floor. A general view of the interior of the 
pit is given in Fig. 7, Plate XLI. j 

Since variable speed is essential for overspeed testing, 
a direct-current motor arranged with Ward-Leonard 
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control is provided for driving the rotor through 
gearing. This motor is rated at 2,000 h.p. and is de- 
signed for a voltage range of 0/600/750 volts and for 
speeds up to 900 r.p.m. The motor and its gearing 
are mounted on a bedplate so that they form a self- 
contained transportable unit, which can be lifted readily 
from the pit, and used to drive a variable-frequency 
alternator for the overspeed testing of water-wheel 
alternators. The test control board is mounted on 
floor level to the west of the pit and is of the flat back 
type. 
The test bed for water-wheel alternators covers a 
floor area of about 44 ft. in diameter and comprises a 
central pit 8 ft. in diameter and 6 ft. 6 in. deep. Cast- 
iron floor plates arranged symmetrically to form eight 
legs, as can be seen behind the 60-MW stator in Fig. 3, 
on which the alternator and test equipment are mounted, 
radiate from the pit, at the bottom of which is a 
100-ton hydraulic jack. This jack is supported on a 
ball bearing to carry the weight of the rotor on starting. 
As soon as rotation begins the oil enters the Michell 
thrust bearing and the jack is released. 

A 2,000-h.p. direct-current motor is mounted on 

top of the alternator in place of the exciter for driving 
purposes. It is Ward-Leonard controlled and provides 
a speed range from 0 to 800 r.p.m., so that in many 
cases it can be used for running the alternator at over- 
speed. Where higher speeds are required, the alter- 
nator with the exciter in position is run as a synchronous 
machine, and is supplied from a 5,000-kVA, 5,000-volt 
alternator at a frequency up to 150 cycles. As 
already mentioned, this machine is driven by the 
2,000-h.p. direct-current motor, normally used in the 
overspeed test pit. 
_ The power plant for all test requirements, which 
includes two motor-generators, two induction regu- 
lators and a grid-controlled rectifier, is housed in an 
indoor substation adjacent to the test beds. This 
substation also contains the high- and low-voltage 
switchgear for test and works supplies. Adjacent to 
this building is an outdoor substation in which seven 
transformers and two saturable reactors are installed. 
‘wo air-blast water spray coolers are also situated 
in this area. One is for the water for the oil cooler 
and the hydrogen and air coolers in the closed ventilat- 
ing circuits of the alternators on test, and the other 
for the electrolyte from the liquid starter of the 
~,000-h.p. driving motor on the alternator test bed. 
Supplies are obtained at 11 kV from the mains and from 
the works power station. A 460-volt, three-wire direct- 
current supply for the cranes and general works 
services is also available, and there is an emergency 
400-volt three-phase four-wire feeder for the essential 
test-plant auxiliaries, which is brought into service 
«utomatically should the main supply fail. 

fhe main power unit comprises a 750-h.p. 440-volt, 
synchronous induction motor, which is directly -oupled 





to a 4,000-kVA alternator, a 2,000-kW direct-current 
generator and two exciters. The motor is connected 
to the 11-kV supply through a 750-kVA step-down 
transformer, and the alternator is specially wound to 
generate at voltages of 11 kV, 6-6 kV, 5-5 kV or 3-3kV, 
according to the stator connections used. This plant 
has two main functions. Firstly, it can be run as a 
motor-generator for the Ward-Leonard control of the 
2,000-h.p. motor in the overspeed test pit or the 
driving motor for water-wheel alternators. When so 
used, the alternator is connected to the 11-kV supply 
and operates as a synchronous motor to drive the 
2,000-kW generator, the 750-h.p. motor being used 
solely for bringing the set up to synchronous speed. 
Secondly, the 4,000-kVA machine may be driven as an 
alternator for supplying current for ring flux tests on 
stator cores, and for stator reactance measurements. 
In both cases the power factor is very low so that the 
750-h.p. synchronous induction motor will usually 
provide a satisfactory drive. If necessary, additional 
driving power can be obtained by running the direct- 
current generator as a motor. Excitation current 
for the machines under test, is obtained from a 360-kW, 
400-volt motor-generator, which also supplies direct- 
current for heating the rotor windings while they are 
being compressed in the slots. 

A variable-voltage alternating-current supply for 
the 2,000-h.p. driving motor on the alternator test 
bed is obtained from a 2,000-kVA 11,000/380-volt 
outdoor transformer, in conjunction with two motor- 
operated induction regulators. Each is rated at 
500 kVA and provides a voltage range from 0 to 760 
volts. The two outdoor saturable reactors, which 
provide the load on the alternators on test, are rated 
at 75 MVA at 22 kV and 11 kV, or at 37 MVA at 6-6 kV. 
They can also operate at 100 MVA at 15 kV on a three- 
hour rating. Direct-current for saturating the reactors 
is obtained from a 325-kW grid-controlled pumpless 
steel tank rectifier in the indoor substation. 

There are a total of seven transformers in the outdoor 
substation, all of which operate at 11 kV. The largest 
of these is rated at 4,000 kVA and is used to give a 
heavy current supply to the test bay. This unit 
receives power from the 4,000-kVA alternator of the 
main motor-generator set in the indoor substation. 
The secondary winding can be connected in star or 
delta to give a voltage of 880 or 550. 

Three transformers, two rated at 1,000 kVA and one 
at 500 kVA, are installed to supply the 440-volt 
alternating-current distribution system, and a 750-kVA 
unit provides power for the 750-h.p. driving motor 
of the main motor-generator set. The remaining units 
supply the induction regulators and grid-controlled 
rectifier and are rated at 2,000 kVA and 600 kVA, 


ay gene 
he switchgear in the indoor substation comprises 
an eight-panel metal-clad switchboard, with circuit 





breakers of 250 MVA rupturing capacity, which are 
remotely controlled from a board in the substation. 
It controls the two incoming and the six outgoing 
feeders. The 440-volt alternating-current distribution 
system, and the essential test auxiliaries, are controlled 
from an 18 panel air-break switchboard, the various 
panels cn which are in single, double or four tiers, 
depending upon the size of circuit breaker and the 
type of equipment involved. Flat-back switchboards 
are provided for the heavy-current alternating- and 
direct-current supplies to the test beds and core 
pits, and for the 460-volt direct-current distribution 
system. , 

Power cables and heavy current ’bus-bars in the main 
erection and test bays are supported from the stan- 
chions at high level. The heavy current *bus-bars are 
of aluminium strip or channel, depending on the current 
capacity. For the 5,000-ampere bars, 8 in. by 3} in. 
channel was chosen, as it provides more efficient 
cooling and reduces the skin effect when the bars carry 
alternating current. The three ’bus-bars are arranged 
in triangular form, the lower bar being suspended from 
a plate which bridges two porcelain insulators and also 
carries the insulators which support the two upper 
bars. f Slots in the supporting plates and in the ’bus-bars 
allow for any movement due to expansion. The 
expansion joints consist of aluminium strip arranged 
in packs of eight, with three packs for each "bus-bar. 
Similar expansion joints are used for the "bus-bars 
made from 4 in. by } in. aluminium strip. All the 
’bus-bars are painted mat black to assist radiation 
and thus to increase their current-carrying capacity. 
For essential house services, such as works lighting 
and office fans, the totally-enclosed “ plug in ” ’bus-bar 
system is used. The "bus-bars are enclosed in a sheet- 
metal casing with tap-off units at 3 ft. intervals, and 
run down each side of the works above the crane 
walkway. 

Other essential services, which are also run at high 
level, include a 150 lb. per square inch steam main 
for process work, a low-pressure steam main for heating, 
the condensate main, and compressed-air and gas mains. 

The heating and ventilating system in the new 
factory is designed to maintain an internal temperature 
of 65 deg. with an outside temperature of 32 deg. F. 
The total heating load is over 12$ million B.Th.U. per 
hour. Heat is distributed by units of the blower type 
with outlets 14 ft. above the floor. These heaters are 
supplied from a low-pressure ring main, the flow being 
regulated automatically by a thermostatically con- 
trolled motor-operated valve. The fresh air and re- 
circulating air ducts are fitted with motor-operated 
dampers, which, together with the two-speed fan 
motors, are remote controlled from a master switch- 
board. Further regulation of the rate of air change is 
provided by extractor fans, which are mounted at 
high level and are arranged for group control from 
this board. In order to provide supplementary heat- 
ing, and to reduce the height, a double 3-in. pipe is 
run immediately below the vertical glazing on the 
south side of the building. An axial-flow fan and 
heater is placed at each of the main doors. These fans 
are started automatically when the door opens, so that 
a blanket of warm air is provided. 

As shown in Fig. 2, the main erection and test bay 
is lighted by 48 1,000-watt high-pressure mercury- 
vapour discharge lamps, which are mounted at a height 
of 70 ft. above the floor. These lamps are spaced at 
30-ft. centres in three rows 31 ft. apart. This lighting 
is supplemented by continuous lines of 80-watt low- 
brightness fluorescent lamps, which are arranged round 
the sides and ends of the bay in Perspex trough reflec- 
tors at a height of 30 ft. In this way a high intensity 
of illumination is maintained over the fitters’ benches 
and on the vertical surfaces of the machines under 
construction. The average service illumination result- 
ing from the two systems of lighting is 25 lumens per 
square foot. 

The alterations to the transformer works at Witton 
consist of an extension of 175 ft. to the main erection 
bay, the addition of a new drying stove, which will 
accommodate the. largest transformers, and new oil- 
treatment plant and storage tanks. The west bay of 
the works has also been extended to house the core- 
preparation section and a new bay has been added 
to accommodate the dispatch department, stores and 
light winding and small assembly sections. The 
high-tension switchgear works has been extended 
by 300 ft., part of which provides the greater head- 
room necessary for the production of very high voltage 
circuit breakers. The fabrication section has also been 
extended by 175 ft. 





1,700-KV ImpuLsSE GENERATOR: ERRATOM.—We are 
asked to say that the material used for the tanks in 
which the transformers, capacitors and other units of 
the 1,700-kV impulse generator, described on page 555, 
ante, was Paxolin synthetic-resin bonded-paper, manu- 
factured by Micanite and Insulators Company, Limited, 
and not Bakelite. 
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INDUSTRIAL CENTRES. 


SCOTLAND. 


in the first 10 months of 1951, up till the end of October, 
were responsible for a launching total nearly 6,000 tons 
greater than that of the corresponding period last year. 
The tonnage rate was maintained, although 13 fewer 
ships were launched, the larger types of tankers under 
construction accounting for the higher output figures. 
Six vessels, aggregating 54,850 tons, were launched from 
Clyde yards during October, making a total of 58 vessels, 
comprising 329,654 tons gross, in the first 10 months of 
1951, compared with 68 ships, making together 330,466 
tons gross, in the corresponding period of 1950. 





HypDrRO-ELECTRIC PLANT IN PERTHSHIRE.—A scheme 
for using the water of a new reservoir under construction 
at Upper Glendevon, Perthshire, for generating elec- 
tricity, has been approved by Fife Water Supplies 
Committee. The county engineer, Mr. C. Huddleston, 
estimates that it should produce not less than 1,500,000 
kWh a year. For a similar amount of current to be 
produced by a generator at Dunfermline, 2,000 tons of 
coal would be needed. 





THE NEED FOR FURTHER POWER STATIONS.—Mr. T. 
Lawrie, general manager, North of Scotland Hydro- 
Electric Board, speaking in Glasgow on November 7, 
at the annual dinner of the Glasgow and West of Scotland 
branch of the Electrical Contractors Association of Scot- 
land, said that more power stations would have to be 
built, and built faster, if this country were to improve her 
agricultural production, maintain her industrial position, 
and reduce frustration and drudgery in the home. The 
present rate of construction should be doubled now, he 
added, and doubled again in 1961, to put an end to 
power cuts. 





GiasGow WaATER-SUPPLY DEVELOPMENTS.—A 36-in. 
water main to extend supplies to new areas of industrial 
and housing development in the West of Glasgow has 
now been laid to about half its length between the 
Mugdock reservoir and the Forth and Clyde canal at 
Cloberhill. Later it will be continued to, and then under, 
the River Clyde, and extended as far as Crookston, 
which is expected to be reached about the end of 1953. 
The continuation of the line from Cloberhill awaits 
approval, by the Department of Health for Scotland, of 
the Corporation’s plans to construct the necessary tunnel 
under the Clyde. The project is estimated to cost 
1,000,0007. 

ROAD TRANSPORT OF DISTILLATION COLUMN.—A 
distillation column—part of a plant being installed at 
a new chemical factory at Grangemouth—132 ft. long 
and weighing 40 tons, arrived at Grangemouth on 
November 7, after being brought by road from London 
in 11 days, namely, two days ahead of schedule. It was 
carried by two 100-h.p. Diesel lorries from the works of 
the makers, G. A. Harvey & Co. (London), Ltd., London, 
S.E.7. A film-making unit of the British Transport 
Commission recorded the journey. 





REPAIRS TO ORDIE Viapuct.—Ordie Viaduct, Perth- 
shire, which carries the main railway line from Perth 
to the North over the valley of the Ordie, is being 
strengthened and repaired by engineers of British Rail- 
ways. One-half of the 300-ft. long viaduct, which is 
more than 100 years old, has been closed, but temporary 
arrangements enable the full volume of traffic, normally 
heavy, to be carried. 





SHIPMENTS OF COAL.—-During the year up till the 
end of September, 400,129 tons of cargo and bunker coal 
were shipped from Glasgow. This compared with 
362,003 tons for the corresponding period of 1950. In 
the six months to June 30, 1939, shipments were 1,708,761 
tons, and for the corresponding period of 1913, 4,016,070 
tons. Commenting on these figures on November 6, Sir 
Patrick Dollan, chairman of \he Scottish Fuel Efficiency 
Committee, said there would never be a properly balanced 
economy in this country, no matter what Government 
were in power, until the quantity of coal exported was 
equivalent to that exported in 1939. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


TRAFFIC ON TEES.—At a meeting of the Tees Conser- 
vancy Commissioners, held at Middlesbrough last week, 
statistics submitted revealed that exports from the 
Tees in September were the lowest recorded in any 
month since August, 1949. The total was 40,000 tons 
less than in September last year, owing principally to the 
decrease in coastwise shipments of coal and in loadings 





31,1151. <A contract for finishing the building, at a cost 
of 153,8321., has now been let, but it\is stated that the 
total cost of the scheme, including plant and equipment 
and the purchase price of the land, is 281,533. Against 
this, however, it is anticipated that the closing down 
of the old depots at Haymarket and Wingrove will 
result in considerable economies in operational costs, 
as well as in labour charges. Unfortunately, for a 
number of reasons, it has been announced that the new 
depot cannot be opened and brought into service for 
about two years. 





THE LATE MR. J. L. CARR.—We regret to record the 
death of Mr. John Liddle Carr, which occurred at Tim- 
perley, Cheshire, on Surday, November 4, at the age 
of 62. Mr. Carr was educated at Durham University, 
and subsequently held positions with the Newcastle-on- 
Tyne Electricity Supply Company and the Bradford 
Corporation Electricity Department. He served with 
the Royal Engineers during the 1914-18 war and joined 
the Manchester Corporation Electricity Department in 
1919. He was appointed chief electro-technical engineer 
in that Department in 1927 and distribution engineer in 
1944. Four years later he became technical and research 
engineer of the North Western Electricity Board. Mr. 
Carr was elected an associate member of the Institution 
of Electrical Engineers in 1919 and was transferred to the 
class of member in 1943. He was a frequent contributor 
to the proceedings and had been awarded Paris Electrical 
Exhibition, Institution and Transmission Section, 
premiums. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


ITALIAN LABOUR IN THE MINES.—It was hoped that, 
by the end of December, there would be 1,500 Italians 
working in Yorkshire collieries, but, so far, the number 
is only 84. At 114 Yorkshire pits, which could take 
Italians, the miners refuse to work alongside them in 
spite of the overtures of miners’ leaders. The 84 Italians 
are working at 13 pits, including Bullcroft Main, where 
22 are employed. Eight other pits have stated that they 
will take Italians. 





DECLINE IN STEEL PRODUCTION.—A Board of Trade 
report states that steel production in Sheffield shows signs 
of a further decline, and that steel manufacturers con- 
tinue to refuse new orders. Grave concern is expressed at 
the shortage of scrap, and, on account of the great uncer- 
tainty concerning the supply of raw materials, it is 
becoming increasingly difficult to retain firms’ interest 
in overseas markets. Rolling mills are refusing to accept 
orders for 1952, pebding the introduction of a steel 
rationing scheme. 


ROLLING-STocK CONSTRUCTION.—The carriage and 
wagon shops of British Railways at Doncaster are 
very short of steel and a special appeal has been made 
to the Government for supplies. It has been necessary 
to direct some skilled men to the labour pool, and it is 
feared that the number of employees affected may reach 
300 if, as seems likely, the 1952 programme for building 
100 coaches has to be retarded. 


THE MIDLANDS. 


THE Size OF BIRMINGHAM FacrTorRIEs.—The first 
annual abstract of statistics recently published by the 
Central Statistical Office of the City of Birmingham 
clearly confirms that small factories still predominate in 
the city. The statistics show that in December, 1948, 
1,490 factories in Birmingham employed between 10 and 
25 persons each, and 841 had 25 to 50 employees. A 
further 512 factories employed 50 to 100, and, in the 
medium-sized group, between 200 and 300 were employed 
by each of 107 factories. Two factories had between 
7,500 and 10,000 employees, and only one had more than 
10,000. 





A New LIGHTWEIGHT Moror-Car.—The Reliant 
Engineering Ce., Ltd., of Twogates, Tamworth, have 


of manufactured iron and steel for overseas destinations. | particular regard to economical running. 
Alderman B. O. Davies, who presided, agreed with a | 747-5 c.c. water-cooled engine and a four-speed gearbox, 
remark that they were obviously passing through a | and is stated to do over 50 miles per gallon. The first 
“bad patch ” at present, but he thought that there was | vehicle is being exhibited at the Cycle and Motor Cycle 
better weather ahead on the horizon. He added that, | Show at Earl’s Court, London. Production is expected to 
last year, this country bought from Germany 2,000,000 | begin next summer. 

tons of scrap, and that, this year, so far, it had been 


SHIPBUILDING ACTIVITIES.—Scottish shipbuilding firms | ?°8ible to obtain only some 500,000 tons. 


"Bus Depot aT NEWCASTLE.—In 1949, the Corpora- 
tion of Newcastle-upon-Tyne purchased a hangar from The p li dentate wee heii ben 
an aircraft factory, at a cost of 9,500/., for the purpose of jurpose 
converting the material into a ‘bus depot. The on many uses of nickel, which came into force on October 
hangar has been dismantled and conveyed to a 5-acre 
site at Statyford-lane, Newcastle, but these operations 
and the work of re-erection brought the cost up to 


It has a 


CONFERENCE ON NICKEL PLATING.—A one-day con- 
ference was held at the Midland Institute, Birmingham, 
on November 6, by the Institute of Metal Finishing 
(incorporating the Electrodepositors’ Technical Society). 


1. he question of alternative materials also came 
under review, but it was stated that none of the alterna- 
tives so far put forward had been a success. The con- 
ference decided that the Minister of Supply should be 
asked to discuss the question of saving nickel rather than 
prohibiting its use. It was pointed out that recent 
research has made it possible to achieve the desired 
protection of metals with a much reduced consumption of 
nickel, and that, by using this newly acquired knowledge, 
more nickel would probably be saved than by the present 
prohibition of certain uses. 





TRANSMISSION LINE ON MALVERN HILis.—The pro- 
posal by the Midlands Electricity Board to erect a power 
line over the Malvern Hills is being resisted by the 
National Trust, which holds covenants over much of 
the land in the area. The proposed power line is to be 
carried overhead on towers, and it is this feature to which 
the Trust objects. The Minister of Fuel and Power 
decided recently that 600 yards of the line, which would 
have been prominent on the skyline, should be taken 
underground, but the Trust has asked for a further 500 
yards to be so laid, to preserve the amenities. The 
Electricity Board have not acceded to the request, and 
the National Trust has now issued a writ, seeking an 
injunction to restrain the Board from erecting an over- 
head line at the point in dispute. 





IRON AND STEEL.—Supplies of iron and steel for manu- 
facturing purposes in the Midlands continue to be a 
source of great difficulty, and two deputations from the 
area are to go to the Ministry of Supply to state the case 
of the manufacturers. The Midland Branch of the 
National Union of Manufacturers is to send one deputa- 
tion, and the Midland regional committee of the Engi- 
neering Industries Association are also collecting evidence 
from its members to support their own claim for special 
consideration. The smaller firms, in particular, are in 
urgent need of assistance. In the case of the re-rollers, 
short-time working is the general rule, and conditions 
show no signs of improving. The Wedaesbury Employ- 
ment Committee stated recently that some of the re- 
rollers will be forced to close down completely unless 
supplies of semi-finished steel are received soon. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


HORIZON-MINING SCHEMES.—After two years’ work, 
the neighbouring mining valleys of Aberdare and the 
Rhondda have been linked by a 3,250-yards long tunnel, 
400 ft. underground. It marks the close of the first 
stage in the 4,000,000/. scheme for horizon mining at the 
Mardy Colliery in the Rhondda and the Bwllfa Colliery 
in the Aberdare Valley. More than 100,000 tons of spoil 
have been removed from the tunnel, which is 15 ft. wide 
and 11 ft. high. About 2,800 men will eventually be 
employed in the 12 seams of the two collieries, which 
has coal reserves estimated at 120,000,000 tons. Daily 
production will reach 4,000 tons. 





BoRING FOR ANTHRACITE.—Boreholes will be sunk 
shortly in the Dulais Valley to find the best sites for new 
pits in the South Wales anthracite area. Under the 
National Coal Board’s development plans, announced 
last year, seven new pits will be sunk in South Wales, 
four of them in the anthracite area. 





PROSPECT OF A WALES-EIRE AIR SERVICE.—Members 
of the Welsh Advisory Council for Civil Aviation flew to 
Dublin during the past week to discuss the possibility of 
a new air service linking Wales with Eire. Discussions 
were with representatives of the Aer Lingus Company. 
The prospects for the inception of the new line depend 
on the availability, next summer, of the new Rhoose 
airport, near Cardiff. 





EMPLOYMENT IN ABERDARE VALLIES.—When & depu- 
tion from Aberdare Urban Council and. various trade 
unions met Capt. H. P. K. Oram, Board of Trade Con- 
troller for Wales, to discuss redundancy caused in the 
Valley by the closing of a radio factory, it was stated 
that negotiations with a prominent firm to take over an 
empty factory at Robertstown were reaching the closing 
stage and that this step would provide employment for a 





developed a new three-wheeled motor-car, designed with 





large number of workpeople. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 19, 5.30 p.m., Victorla-embankment, W.C.2. 
Informal Meeting. Discussion on “ Light Electrical 
Engineering and the Mechanical Engineer,’’ opened by 
Mr. T. E. Goldup. Mersey and North Wales Centre: 
Monday, November 19, 6.30 p.m., Town Hall, Chester. 
“ Fibrous Glass for Electrical Insulation,’’ by Mr. A. M. 
Robertson. London Students’ Section : Monday, Novem- 
ber 19, 7 p.m., George Hotel, Reading. ‘‘ Medical and 
Industrial Uses of Radio-Frequency Energy,’ by Mr. 
H. Burton. Measurements Section : Tuesday, November 
20, 5.30 p.m., Victoria-embankment, W.C.2. Three 
papers on “‘ Universal High-Speed Digital Computers,” 
by Professor F. C. Williams and others ; and “ Position 
Synchronisation of a Rotating Drum,” by Professor F. C. 
Williams and Mr. J. C. West. Hast Midland Centre: 
Tuesday, November 20, 6.30 p.m., Electricity Service 
Centre, Irongates, Derby. Joint Meeting with InstrTvu- 
TION OF MECHANICAL ENGINEERS (East Midlands Branch). 
“ Diesel Locomotives,” by Mr. A. P. Goodman. Southern 
Centre: Wednesday, November 21, 6.30 p.m., 17, New 
Canal, Salisbury. Informal Meeting. Utilization Sec- 
tion: Thursday, November 22, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘‘ Electrical Control of Dangerous 
Machinery and Processes: Part III.—Remote Super- 
visory Control,” by Mr. W. Fordham Cooper. 

ILLUMINATING ENGINEERING Society.—Sheffield 
Centre: Monday, November 19, 6.30 p.m., The Univer- 
sity, Western Bank, Sheffield, 10. “‘ Home Lighting,” 
by Miss M. Wardlaw. Bradford Group: Thursday, 
November 22, 7.30 p.m., Yorkshire Electricity Board 
Offices, 45-53, Sunbridge-road, Bradford. ‘“‘ Lighting 
of Departmental Stores,” by Mr. A. W. Jervis. 

INSTITUTION OF PRODUCTION ENGINEERS.—WNorth- 
Eastern Section : Monday, November 19, 7 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘“‘ Gear-Cutting Procedure,” 
by Mr. H. Pearson. Derby Section: Monday, November 
19, 7 p.m., School of Art, Green-lane, Derby. “ Artistic 
Metal-Box Production,” by Mr. G. F. Gledhill. Man- 
chester Section: Monday, November 19, 7.15 p.m., 
College of Technology, Manchester. ‘‘ The Electron 
Microscope,”” by Mr. M. Venner. London Graduate 
Section ; Tuesday, Noyember 20, 7.15 p.m., 36, Portman- 
square, W.1. “ Cold Forging and Thread Rolling,” by 
Mr. T. C. Parker. Birmingham Section: Wednesday, 
November 21, 7 p.m., James Watt Memorial Institute, 
Birmingham, 3. ‘‘ Management and Production,” by 
Professor J. R. Immer. Edinburgh Section : Wednesday, 
November 21, 7.30 p.m., North British Station Hotel, 
Edinburgh. ‘‘ Selection and Application of Electrical 
Equipment,” by Mr. N. V. Pestereff. Coventry Graduate 
Section: Thursday, November 22, 7.15 p.m., Geisha 
Café, Hertford-street, Coventry. ‘‘ Production of a 
British Sports Car,”” by Mr. J. Silver. 

SHEFFIELD Socrery OF ENGINEERS AND METAL- 
LURGISTS.—Monday, November 19, 7.30 p.m., The 
University, St. George’s-square, Sheffield. ‘ American 
Alloy-Steel Rolling Practice,” by Mr. R. Stewartson. 

CHEMICAL ENGINEERING GROUP.—Tuesday, Novem- 
ber 20, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘‘ Recent Trends in Chemical Engi- 
neering,” by Professor D. M. Newitt. 

INSTITUTE OF FUEL.—Tuesday, November 20, 5.30 
P.m., Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, S.W.1. ‘‘ Automatic Control Systems 
for the Coal Feed of Gas Producers,” by Dr. 8S. A. Burke 
and Mr. G. A. Sparham. Midland Section: Tuesday, 
November 20, 6 p.m., James Watt Memorial Institute, 
Birmingham, 3. Film Display. North-Western Section : 
Wednesday, November 21, 6.30 p.m., Engineers’ Club, 
Manchester. ‘Comparative Tests on Commercial CO, 
Recorders,” by Mr. L. J. Flaws and Mr. W. Hill. York- 
shire Section: Wednesday, November 21, 6.30 p.m., 
The University, Leeds. ‘‘ Boiler Research,” by Dr. 
E. G. Ritchie. 

INSTITUTION OF ENGINEERS-IN-CHARGE and ASssociA- 
TION OF SUPERVISING ELECTRICAL ENGINEERS.—Tuesday, 
November 20, 6.15 p.m., Magnet House, Kingsway, 
W.C.2. “ High-Frequency Heating,” by Mr. M. 0’C. 
Horgan. . 
rl INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—Tuesday, November 20, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow, C.2. “The History and 
Development of Machinery for Paddle Steamers,” by 
Mr. G. E. Barr. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEF§8.—North East Coast Branch: Tuesday, November 
20, 6.30 pP.m., Neville Hall, Newcastle-upon-Tyne, 1. 

Air Conditioning in Textile Factories,” by Mr. A. L. 
Lonsworth. Birmingham Branch ; Thursday, November 
22, 5.30 p.m., Imperial Hotel, Birmingham. “ Gravity 
and lorced-Air Heater Batteries,” by Dr. A. Rowan. 





INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North 
East Centre: Tuesday, November 20, 7 p.m., Dunelm 
Hotel, Durham. “Vehicle Development During the 
Last Decade,” by Mr. W. C. Wilson. Midlands Centre: 
Tuesday, November 20, 7.30 p.m., The Crown Inn, 
Birmingham. ‘“ Vacuum and Air Brakes,” by Mr. S. H. 
Edge. North West Centre: Wednesday, November 21, 
7 p.m., The Victoria Hotel, Wigan. ‘‘ The Performance 
of Heavy-Duty Oils,” by Mr. M. Towle. Institute : Thurs- 
day, November 22, 6.30 p.m., The Royal Society of 
Arts, John Adam-street, W.C.2. ‘“‘ The Trend of Brake 
Design as It Affects Service,” by Mr. J. W. Kinchin. 


IRON AND STEEL INSTITUTE.—Wednesday, November 
21, 10 a.m. and 2.30 p.m. ; and Thursday, November 22, 
10 am., 4 Grosvenor-gardens, Westminster, S.W.1. 
Autumn General Meeting. For programme, see page 
461, ante. 


ROYAL SOCIETY oF ARTS.—Wednesday, November 21, 
2.30 p.m., John Adam-street, W.C.2. “The Reclama- 
tion of Abandoned Industrial Areas,” by Professor L. 
Dudley Stamp. 

RoyaL METEOROLOGICAL SocreTy.—Wednesday, 
November 21, 5 p.m., 49, Cromwell-road, South Kensing- 
ton, 8.W.7. ‘‘ Cold Fronts Over the British Isles,’”’ by 
Mr. H. W. Sansom; and ‘The Apparent Diurnal 
Temperature Variation in the Lower Stratosphere,” by 
Mr. R. H. Kay. 

NEWCOMEN Society.—Wednesday, November 21, 
5.30 p.m., Institution of Civil Engineers, Great George- 
street, Westminster, S.W.1. Annual Meeting. ‘‘ Peter 
William Willans (1851 to 1892),” by Mr. K. W. Willans. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, November 21, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
** Diesel Rail Traction,’’ by Mr. R. W. Stuart Mitchell. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—London 
Section : Wednesday, November 21, 6.30 p.m., London 
School of Hygiene and Tropical Medicine, Keppel-street, 
W.C.1. ‘“‘ Developments in High-Frequency Trans- 
mitter Cables,’”’ by Mr. R. C. Mildner. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Y orkshire 
Branch: Wednesday, November 21, 6.30 p.m., Great 
Northern Hotel, Leeds. ‘‘ The Baitings Reservoir,”’ by 
Mr. T. E. 8. White. Institution: Thursday, November 
22, 6 p.m., 11, Upper Belgrave-street, S.W.1. ‘“‘ The 
Structural Engineer as Arbitrator, Expert Witness and 
Advocate,”” by Mr. Gower B. R. Pimm. 


INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Branch: Wednesday, November 21, 7.15 p.m., Royal 
Aircraft Establishment Technical College, Farnborough. 
“Problems in the Manufacture of Experimental Gas 
Turbines,”’ by Mr. L. H. Leedham. Institution (Steam 
Group): Friday, November 23, 5.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. ‘‘ The Control of Boilers Fired 
by Solid Fuels in Suspension,” by Mr. Llewellyn Young. 
AUTOMOBILE Division.—Scottish Centre: Monday, Nov- 
ember 19, 7.30 p.m., 39, Elmbank-crescent, Glasgow, 
C.1. Address by Centre chairman, Mr. A. Craig Mac- 
donald. North-Eastern Centre: Wednesday, Novem- 
ber 21, 7.30 p.m., The University, Leeds. General Dis- 
cussion Meeting, opened by Mr. H. N. Tuff. 

INSTITUTE OF BRITISH FOUNDRYMEN.—North-East 
Scottish Section: Wednesday, November 21, 7.30 p.m., 
Imperial Hotel, Keptie-street, Arbroath. ‘“ Foundry 
Sand Control Technique,’”’ by Mr. W. Y. Buchanan. 

INSTITUTION OF SANITARY ENGINEERS.—Thursday, 
November 22, 5.30 p.m., Conference Room, National 
Hall Gallery, Olympia, W.14.~ ‘‘ One-Pipe Plumbing : 
Some Recent Experimental Hydraulics at the Building 
Research Station,’’ by Mr. A. F. E. Wise. 


INSTITUTE OF REFRIGERATION.—Thursday, Novem- 
ber 22, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, Westminster, 8.W.1. 
“The Place of Carbon Dioxide in the Field of Refrig- 
eration,” by Mr. N. W. Kennedy. 


INSTITUTE OF METAILS.—Birmingham Local Section : 
Thursday, November 22, 7 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham. ‘‘ Metal 
Economics,” by Professor A. J. Murphy. 


RoyaL AERONAUTICAL SocieTy.—Thursday, Novem- 
ber 22, 7.30 p.m., St. Mary’s College, Cheltenham. 
** Problems of Transonic Flight,” by Mr. A. N. Clifton. 


BRITISH Society OF RHEOLOGY.—Friday, November 
23, 2.30 p.m., Institute of Physics, 47, Belgrave-square, 
Westminster, S.W.1: ‘‘ Soil Mechanics, as Related to 
the Performance of Cross-Country Vehicles,” by Mr. 
J. Evans and Mr. P. Payne. 


NortH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 23, 6.15 p.m., North 
of England Institute of Mining and Mechanical Engineers, 
Neville Hall, Newcastle-upon-Tyne. “ An Analysis of Ship 
Vibration Using Basic Functions,’ by Dr. J. E. Richards. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 23, 6.30 p.m., 39, Victoria-street, Westminster, 
S.W.1. Annual General Meeting, and Annual General 
Meeting of the Benevolent Fund. 





PERSONAL. 


THE Rr. Hon. OLIVER LYTTELTON, D.S.O., M.C., 
M.P., has relinquished the chairmanship of Associated 
Electrical Industries, Ltd., Crown House, Aldwych, 
London, W.C.2, on his appointment as Secretary of 
State for the Colonies. Sm GrorGe E. Barey, C.B.E., 
M.I.Mech.E., M.I.E.E., M.I.P.E., has been elected 
chairman in his stead. 

Mr. A. LEwis COCHRANE, M.I.N.A., has been elected 
President of the Shipbuilding Employers’ Federation, 
1, Chester-street, Grosvenor-place, London, 8.W.1, in 
succession to Mr. CHARLES CONNELL, M.A., M.I.N.A. 
Mr. J. G. STEPHEN, M.I.N.A., becomes senior vice- 
president, while Mr. T. Eustace Sirsa, T.D. J.P., 
M.I.N.A., and Mr. C. A. WINN, M.I.N.A., have been 
appointed vice-presidents. Mr. ROBERT COUSLAND, 
M.I.N.A., and Mr. H. H. Ha@an, M.I.N.A., have been 
elected, respectively, chairman and vice-chairman of the 
Conference and Works Board. 

Mr. S. F. Hotroyp and Sm Joun Rigsy, Bt., have 
been elected directors of the Exors. of James Mills Ltd., 
Bredbury Steel Works, Woodley, near Stockport, 
Cheshire. 

Srr CHARLES MCLAREN, K.C.B., has retired owing to 
ill-health after nearly 13 years as director-general of 
Ordnance Factories. As a temporary arrangement, 
Mr. T. E. Harris, C.B., C.B.E., will officiate as director- 
general. 

Mr. F. pe B. Hart, M.I1.E.E., has retired from his 
positions as executive director and joint manager of the 
developments and special projects department of British 
Insulated Callender’s Construction Co., Ltd., but will 
retain his seat on the board of directors. 

Mr. LAWRENCE HALPIN and Mr. JOHN H. OSBORN, 
elder son of the late Mr. 8. Eric Osborn, who were 
appointed local directors of Samuel Osborn & Co., Ltd., 
Clyde Steel Works, Sheffield, 3, in January, 1951, have 
now been elected to the board of directors. 

Mr. P. W. PaInTER, M.I.R.S.E., director and general 
manager of Metropolitan-Vickers-G.R.S., Ltd., 132-5, 
Long Acre, London, W.C.2, has retired and has been 
succeeded by Mr. J. C. KusBate, M.B.E., A.M.I.Mech.E., 
A.M.LE.E., M.I.R.S.E. 

Mr. J. Jones, M.I.Mech.E., has been made managing 
director of the National Gas and Oil Engine Co., Ltd., 
Ashton-under-Lyne. Mr. C. F. BARNARD has been 
appointed general manager and elected a director and 
the Hon. A. C. GeDDEs has relinquished his position on 
the board. 

Mr. R. W.C. REEVES, M.I.E.E., has joined the board of 
the Belmos Co., Ltd., electrical engineers, Bellshill, 
Lanarkshire. 

Mr. A. J. Bupp, B.Sc.Tech., has been appointed 
assistant superintendent, motor department, Metro- 
politan-Vickers Electrical Co., Ltd., Trafford Park, 
Manchester, 17. 

Mr. J. H. Dypge, Mr. G. LE B. Diamonn, C.B.E., 
Proressor F. H. GARNER, O.B.E., and Dr. F. J. DENT 
have been made members of the research committee of 
the Gas Council, 1, Grosvenor-place, London, 8.W.1. 
Mr. F. M. Birks, C.B.E., is to continue to serve on the 
committee. 

Mr. BE. Toon, formerly works manager of Weldall and 
Assembly, Ltd., Stourbridge, has been appointed works 
director of the firm. 

Mr. GEORGE BAKER, chairman of John Baker and 
Bessemer, Ltd., Rotherham and Kilnhurst, has retired 
after nearly 50 years of service. Another director, 
Mr. Epwarp BAKER, has also retired. Mr. 8S. E. BAKER 
has now been elected chairman and Messrs. HENRY, 
BERNARD and R. C. BAKER have been appointed to the 
board. 

Mr. F. C. BurstaLt, formerly export director, has 
been appointed joint general manager, Automatic 
Telephone and Electric Co., Ltd., Strowger Works, 
Liverpool, 7. Mr. R. H. G. LEE has been appointed to 
the post of export director. 

Mr. J. W. F. RussEL, M.1.Struct.E., 2, Grosvenor- 
place, Newcastle-upon-Tyne, has been appointed technical 
adviser and agent to Marbello & Durus, Ltd., and the 
Concrete Case Hardening Co., Ltd. Mr. D. R. SNAPE 
has been made contracts manager for both companies. 


As from November 1, the mechanical drives section of 
the PacKAGE SEALING Co., Ltp., Ealing, and MEssrs. 
H. D. ENGINEERS, Gerrards Cross, Buckinghamshire, are 
to be known as Industrial Drives Ltd., 44, Uxbridge- 
road, Ealing, London, W.5. 


Joun HarPer & Co., Lrp., Albion Works, Willenhall, 
have purchased the foundry known as St. James Works, 
Poole, Dorset, previously operated by PooLE FouNnDRY 
Lrp., to help to meet the demand for Harper castings. 


THE TECHNICAL AND SCIENTIFIC REGISTER of the 
Ministry of Labour and National Service has been moved 
from York House, Kingsway, London, W.C.2, to Almack 
House, 26-28, King-street, St. James’s-square, London, 
S.W.1. (Telephone: TRAfalgar 7020.) 








ENGINEERING. | Nov. 16, 1951. _ 








240-MW POWER 
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240-MW POWER STATION AT 
BANKSIDE, LONDON. 


WE are now able to give some further details of the 
new Bankside power station in the London Division 
of the British Electricity Authority, a brief description 
of which was published on page 564 of our 17\1st 
volume. There has been a power station on this 
Thames-side site, opposite St. Paul’s Cathedral, for 
over 50 years and, even before the war, it had been 
decided to re-build it. The implementation of this 
decision, however, encountered considerable public 
opposition, but the shortage of generating plant and 
oF suitable sites in the London area secured Govern- 
ment approval on condition that oil, instead of coal, 
was used as fuel. Experiments were also made on 
models in a wind tunnel at the National Physical 
Laboratory to determine the conditions necessa 
for the exhaust gases to clear the dome of the Cathedral. 

The station is being built in two halves to a design 
by Sir Giles Gilbert Scott, R.A., and, as the illustrations 
on this page show, its construction is proceeding apace. 
Fig. 1 shows the interior of the generating house with 
the first of two 60-MW turbo-alternator sets, supplied 
by the British Thomson-Houston Company, Limited, 
Rugby, in position. The complete station will have 
four units of this capacity. The main building will 
have a total frontage to the river of 543 ft., and, 
before it, there is now being constructed the jetty 
illustrated in Fig. 2. Acvess to the jetty from the 
station will be through # tunnel of 9 ft. 8 in. diameter. 
Similar tunnels are being built to carry the circulating 
water. 

There will be eight boilers in the completed station, 
six of which will supply sufficient steam to operate 
all four turbo-alternators at full load. The first four 
of these boilers now under construction by Messrs. 
Foster Wheeler, Limited, Ixworth-place, London, 
8.W.3, will each have a normal output at their 
economic rating of 300,000 lb. of steam per hour at a 
pressure of 950 lb. per square inch, and a temperature 
of 925 deg. F., when burning 21,300 Ib. per hour of 
heavy fuel oil having a calorific value of 18,250 B.Th.U. 
per pound. 

The two turbines under construction are two-cylinder 
units, the low-pressure cylinders of which are of double- 
flow type. They will operate at an inlet steam pressure 
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UNDER CONSTRUCTION AT BANKSIDE. 
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Fie. 2. New Jetty; St Pavut’s CaTHEepRAL IN BACKGROUND. 
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Fic. 3. Gimpzrs ror 320-rr. Stack rn Posirion. 


current at 15 kV. Each generator will be onneccted 
to a 66,000-kVA transformer. The main switchgear 
will be suited on three floors of the switchhouse. _ 

Fig. 3 shows girders in position for the 320-ft. 
chimney-stack. The flue gases will be scrubbed in two 
towers with river water to which finely-divided chalk 
will be added. 


and temperature of 900 lb. per square inch and 900 
deg. F., respectively. The condensing and feed- 
heating plant is being supplied by Messrs. Richardsons, 
Westgarth and Company, Limited, West Hartlepool, 
and will employ a closed-feed system. 

The alternators will be air-cooled by external fans 
and will generate three-phase 50-cycle alternating 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP ie Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING ” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
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**RARE’”’ METALS. 


THERE can hardly be a man occupying a responsible 
position in engineering who has not felt an effect 
or a repercussion of the insufficiency of metals and 
alloys since the war. The cause of this irksome 
diversion from the normal work of engineers is 
not the near-exhaustion of the mineral resources of 
the earth’s crust, since fears on this account, which 
have been expressed many times in the past, have 
recently been almost dispelled; it is rather that 
the output from mines and furnaces has not kept 
pace with the demand. The capital invested in the 
metal-producing industries has been inadequate 
in relation to that invested in the  metal- 
consuming industries, largely due to rearmament 
in the 1930’s, followed by the war and now by 
another period of rearmament. 

In London, a discussion on “ Metal Economics ” 
was held under the auspices of the Institute of 
Metals last month; it was reported on pages 519, 
553 and 596 of our issues of October 26, November 2 
and 9, respectively. Professor A. J. Murphy, 
who took the chair, gave an opening address, in 
which he said that a movement of the balance be- 
tween the supply of and the demand for the principal 
non-ferrous metals had been manifest since the 
beginning of the century. The basic forces sprang 


t| from three elements, the first being the increasing 


population of the world, the second the essentially 
exhaustible, non-renewable character of mineral 
resources, and the third the world-wide demands 





for higher standards of living. Of the commonly- 
used metals, he said, lead, zinc and copper were 
gradually moving into the class of the relatively 
scarce materials, while iron, aluminium, magnesium 
and titanium were likely to remain plentiful for a 
much longer period. The three questions which he 


616 | Put to the meeting were: what could be done to 


improve available supplies, how could better use 
be made of present resources, and what substitute 
could be used in the place of metals which were 
becoming difficult to supply ? 

Since that discussion was held, the Anglo- 
American Council on Productivity have published 


24 the report* of a team which visited the United 


States in June and July this year to “ inquire into 
measures being taken and planned in the engineering 
and allied industries in the United States for the 
conservation and efficient utilisation of scarce 
materials, and to concern itself primarily with the 
immediate short-term problem but also to be put 
in touch with any long-term steps (involving basic 
1 | changes in design) being currently planned.” It is 
to be hoped that this report will be even more 
widely read than the many previous productivity- 
team reports, because it deals with a situation that 
affects the whole of the engineering industry, 


3] and because a definite course through the maze of 


factors can only be taken if clear thinking and 
actions proper to the circumstances are widespread. 

The productivity team, consisting of eight 
members led by Sir Graham Cunningham, K.B.E., 


38 | have been specially mindful of the effects of re- 


armament. They point out, too, that although 
efforts are being made to expand the production 
of numerous scarce raw materials, these are mainly 
long-term measures, and they are, moreover, limited 
by shortages of labour, productive equipment and 
capital resources. The short-term policy must 
therefore be to encourage the conservation and 
efficient use of the scarce materials. The team 
found that in the United States the expression 
“very short supply” is defined as an availability 
of up to nearly 80 per cent. of true demand (though 
“true demand” itself is apparently not defined). 
An availability of this order may not appear to be 
very serious, but the priority accorded to defence 
production aggravates cuts in civilian and export 
consumption. Thus, in a case where there is a 
total availability amounting to, say, 70 per cent. 
of total demand, and the defence requirements, to 
be met in full, constitute 20 per cent. of the total 
demand, then civilian consumption must be cut 
by rather more than one-third. 

The productivity team report that great progress 
has been made recently in the United States with 
the use of very low-alloy or plain carbon steels 
containing small additions of boron, mainly for 
components of small section. The addition of 
boron to suitable steels in this country could save 
scarce ferrous alloys or other alloying elements, and 
they recommended that precise information should 
be obtained on the potential savings. On the 
other hand they found that American industry 
lagged behind British industry in the use of a 
smaller proportion of scarce alloying elements in the 
manufacture of jet engines for aircraft. The 
shortage of some non-ferrous metals in the United 
States appeared already to be impeding industrial 
production. Aluminium and magnesium showed 
considerable prospects of rapid expansion and 
should replace scarce non-ferrous metals. Vigorous 
short-term conservation measures were being taken, 
particularly with nickel, lead, and tin, and the team 
suggest that these measures deserve further study 
by interested British industries. The conservation 
of plastics and their use as alternatives to metals 





* Saving Scarce Materials: Report of a Specialist 
Team which Visited the United States of America in June 
and July, 1951. Anglo-American Council on Pro- 
ductivity (U.K. Section), 21, Tothill-street, London, 


S.W.1. [Price 2s. post free.) 
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did not appear to have made substantially greater 
progress in the United States than in this country. 
One interesting development, they found, was the 
use of plastics, alone or in combination with steel 
or aluminium, for economising in lead in the sheath- 
ing of light-duty electrical conductor cables. The 
last conclusion of the team—a rather unexpected 
conclusion—is that a study by American industry 
of joint consultation as practised in Britain might 
prove helpful in securing a better understanding 
between management and workmen of the problems 
created by shortages of materials. Evidently the 
team realised that, in the matter with which they 
were concerned, the flow of ideas must be two-way 
across the Atlantic. 

The first of their recommendations, which follow, 
to some extent, from the conclusions, is that existing 
steel conservation committees in the United Kingdom 
should give renewed attention to the properties of 
lower alloy-content steels and to special techniques 
for their hardening and heat treatment as at present 
employed on a substantial and increasing scale in 
the United States. Mechanical and electrical engi- 
neering and the motor-car industry appeared to 
be the industries particularly concerned. Secondly, 
the close existing contacts between aircraft manufac- 
turers in both countries should be used fora thorough 
exploration of differences in design and metallur- 
gical practice, particularly in the use of alloying 
metals for jet-engine production. The question of 
the manufacture of a jet engine of shorter life, using 
lower proportions of scarce metals, appeared to 
deserve renewed consideration. Thirdly, the con- 
servation measures being taken in the United States 
with copper, nickel, lead and tin should be further 
studied by British industries concerned, including 
those making motor-cars, metal containers and 
heat exchangers, and by all branches of mechanical 
and electrical engineering employing these metals. 
The fourth recommendation is that three new 
British techniques should be more widely known in 
the United States, namely, the electro-deposition 
of combinations of tin-zinc and tin-nickel ; the use 
of ceramic-tipped cutting tools; and the use 
of precision-cast milling cutters. Finally, the 
redesign of manufactured products with particular 
regard to the conservation of scarce materials is 
recommended as a continuous activity. 

The discussion arranged by the Institute of 
Metals showed that some major steps have been 
taken in this country to deal with the metal shortages 
problem. On British Railways, for example, as 
Mr. ©. Dinsdale described, nationalisation has 
made it possible to standardise metallurgical 
practices throughout the railway workshops. The 
number of different bronzes and brasses has been 
reduced to five ; the number of whitemetals from 
18 to four; and the number of non-ferrous alloys 
used as metallic packings from seven to three. 
Though these changes should simplify production, 
they will not have a very profound effect on economy 
in metals. 

The productivity team devoted some attention 
to the long-term problem. While in Washington 
they met some members of the Materials Policy 
Commission (the Paley Commission), which was 
recently appointed by the President of the United 
States “to find to wha; extent our shortages of 
any production materials are likely to impair the 
economic growth or to jeopardise the security of 
the United States and the free world over the 
long run.” The Commission are at present review- 
ing the period covering the next 25 years. 

Though the whole problem, so far-reaching, is 
genuinely a matter for committees and discussions, 
engineers and metallurgists throughout industry 
will need to inform themselves as fully as possible 
and act on their own initiative if the shortage of 
materials is to cause the least possible dislocation 
of industry and if the hopes and aims of the free 
countries are to be realised. 





INTERLINGUAL TECHNICAL 
DICTIONARIES. 


Most, if not all, scientific workers find it neces- 
sary to keep in touch with advances made in their 
particular subjects in countries other than their 
own. Their requirements in this matter are to a 
considerable extent catered for by the various 
abstract journals, of which there are now large 
numbers, and which, in sum, cover a major part 
of the whole scientific and technical field. The 
purpose of an abstract journal, however, is to 
indicate the nature of selected articles appearing 
in the publications with which it deals. From its 
nature, it cannot reproduce any article in extenso, 
no matter what its importance; one of its main 
purposes is to direct users to original sources. A 
research worker, reading an abstract which appears 
to him to refer to a matter of interest, will obtain, 
or attempt to obtain, a copy of the publica- 
tion in which the abstracted article appeared. 
Having obtained it, however, he may well find 
that he cannot read it. The Engineering Index, 
published jointly by the leading American engineer- 
ing societies, refers to articles appearing in more 
than 20 languages and even the most linguistic 
worker is not likely to be able to read them all. 

Many research organisations and information 
departments have staff members able to deal 
with the more common European languages, but 
when it becomes necessary to ascertain the contents 
of an article written, say, in Turkish it may be 
necessary to obtain outside assistance. Usually it 
will not be easy to find a translator familiar with 
such a language as Turkish and also having know- 
ledge of the vocabulary of a specialised scientific 
or technical subject and it will be necessary to 
have recourse to a Turkish-English technical dic- 
tionary, if such a thing can be found. It is not 
only in difficult cases of this kind that translating 
dictionaries are valuable; they are equally so in 
dealing with the more common languages. A 
reader may be truly bilingual, but that is not to say 
that he will necessarily be familiar with all the 
minutiae of the vocabulary of a specialised scientific 
or technical subject. 

In July, 1949, a report on interlingual technical 
dictionaries, written by Dr. J. E. Holmstrom, was 
circulated in mimeographed form by the United 
Nations Educational,Scientific and Cultural Organisa- 
tion (Unesco) and some account of it was given in 
an article in the issue of ENGINEERING of October 7, 
1949. The report* has now been made available 
to a wider circle in a second edition, and in a more 
convenient form, and is accompanied by a valuable 
bibliography of technical dictionaries. Both of the 
publications are printed by the offset process, with 
25 per cent. photographic reduction in size from a 
typewritten master copy. Dr. Holmstrom points 
out that this method of reproduction has the merit 
that checking and the insertion of special accents 
and signs by hand can proceed pari passu with the 
typewriting under the compiler’s constant personal 
supervision ; there is no possibility of printers’ 
errors occurring afterwards. He states that up 
to about 2,000 copies can be produced by this 
process at a cost amounting to “a fraction of that 
required for printing from set type.” This matter 
should be of particular importance in connection 
with multilingual technical dictionaries, since, as 
Dr. Holmstrom points out in the report, present-day 
costs make the publication of such works, if printed 
by conventional methods, commercially impossible. 
This matter was discussed in our earlier article. 

The bibliography gives details of 1,044 scientific 
and technical dictionaries and Dr. Holmstrom 


* Report on Interlingual Scientific and Technical Dic- 
tionaries and Bibliography of Interlingual Scientific and 
Technical Dictionaries. Unesco, 19, Avenue Kléber, 
Paris, 16. Obtainable from H.M. Stationery Office. 
[Prices, respectively, 1s. 6d. and 4s.]} 








remarks that it may cause surprise to learn thai 
there are so many. It is not to be supposed, 
however, that all are immediately available, though 
secondhand copies of those which are out of print 
might be obtainable if sufficient trouble is taken, 
or they might be found in some special libraries. 
A specific indication is given in cases in which it is 
known that a volume was out of print in 1950. 
It is quite possible that even this extensive list is 
not complete, and additions and corrections are 
invited. The dictionaries listed cover 45 languages 
and their contents are classified under 224 subject 
heads. The range of languages is indicated by 
the fact that the list contains Icelandic, Lettish 
and Siamese. Engineers and physicists will not 
suppose that the whole of the 1,044 dictionaries 
deal with their subjects. The definition of a scienti- 
fic and technical dictionary adopted by Dr. Holm- 
strom, in addition to many branches of engineering and 
physics, also covers those dealing with such subjects 
as veterinary science, printing and brewing. In 
the engineering field, however, there are, for instance, 
the names of nine translating dictionaries dealing 
with welding terms, the languages covered being 
English, German, Spanish, French, Polish and 
Russian. Welding is a relatively specialised branch 
of engineering and some matters of broader scope 
are represented by many more entries. There are 
31 dictionaries listed under radio communication. 

No doubt some of the publications in this exten- 
sive bibliography are not of high quality, but in 
attempting to obtain information about the technical 
terms of a remote language any information will 
be of value. Many of the dictionaries listed do 
not include English as one of the languages covered, 
but the information department of any large 
engineering firm may be expected to be able to 
make effective use of, say, a German-Polish dic- 
tionary. The name of a dictionary of this type 
naturally does not appear in English, but the 
subject of all the publications listed may be ascer- 
tained by anyone as in all cases the Universal 
Decimal Classification number is given. In most 
cases, the name of the publisher is appended, but 
some dictionaries are included in which it has not 
been possible to trace this. In cases of this kind, 
the name of the dictionary is quoted from biblio- 
graphical lists compiled by such authorities as the 
Science Museum or the Library of Congress. Some 
references have also been obtained from the British 
Council. It is clear that a very extensive research 
has been necessary in order to complete this remark- 
ably extensive bibliography. 

In the first edition of the report, it was pointed 
out that all the important interlingual technical 
dictionaries now require revision, especially in con- 
nection with such rapidly-advancing subjects as 
electronics, and it was suggested that an inter- 
national terminological bureau should be set up. 
This would keep in touch with such bodies as the 
International Electrotechnical Commission and the 
Permanent International Association of Road Con- 
gresses. Bodies of this kind should be in the best 
position to compile interlingual vocabularies cover- 
ing the specific terms of their fields of interest. 
These vocabularies would be collected and main- 
tained by the international terminological bureau 
and it was suggested that the material accumulated 
should be free for use by commercial publishers, 
subject to indication of the source. It is stated in 
the second edition that the International Organisa- 
tion for Standardisation, at Geneva, has established 
a technical committee to deal with terminology 
and to collaborate with committees appropriate 
to each special subject, but that nothing has yct 
been published as a result of this procedure. So 
far, this matter concerns only German, English 
and French. In the preface to the report it is 
stated that “it is published in the hope of eliciting 
comment from a wider circle, which may further 
help towards formulating Unesco’s policy.” 
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Tue INSTITUTION OF MecHANICAL ENGINEERS. 


THE general meeting of the Institution of Mech- 
anical Engineers, which was held at Storey’s Gate, 
London, on Friday, November 9, was devoted to a 
paper from the Hydraulics Group of the Institution. 
It was presented by Mr. G. A. Wauchope and Mr. 
H. P. Humphreys, B.Sc.(Eng.), and dealt with 
“The Design of Large Pumping Installations for 
Low and Medium Heads.” The chair was taken 
by the Chairman of the Hydraulics Group, Mr. 
T. E. Beacham, B.Sc.(Eng.). The importance of 
the classes of pumping plant discussed, the authors 
premised, was indicated by the fact that, in Great 
Britain, about 30,000 h.p. of such plant was in 
service for land drainage, and the power of 
the main circulating pumps controlled by the 
British Electricity Authority was probably in 
excess of 100,000 h.p. In dock and harbour 
electrical installations, too, it was usually the 
case that the supply required for dry-dock 
pumping was a very large proportion of the total 
load. In selecting the most suitable type of pump, 
therefore, it was necessary to take into account 
not only the first cost of the pumping station, the 
pumps, the driving and auxiliary equipment, and 
the cost of the total energy consumed ; where the 
load factor was low, the maximum demand for 
energy might also be an important consideration. 
The paper covered pumps having specific speeds 
ranging from those of the axial-flow type, for low 
heads, to centrifugal pumps for the higher heads. 
The characteristics of the various types were 
assessed in accordance with their physical shape and 
their hydraulic properties, and consideration was 
given to the relative significance of first cost and 
operating cost, with special reference to three 
particular cases. The three examples taken were 
those of typical power-station circulating pumps, 
in conjunction with their associated culverts; dry- 
dock de-watering pumps; and systems in which 
» several pumps were discharging through one pipe. 
Some general observations were appended also on 
pressure surges in pipe lines, and on methods of 
controlling pumping plant—automatically in the 
case of small installations, and by supervisory staff 
in the larger plants, probably assisted by a system 
of electrical interlocks as a safeguard if the arrange- 
ment of valves and pipes was complicated. The 
paper evoked considerable discussion, in which 
particular emphasis was laid on the economics of 
plants with low load-factors and characterised by 
intermittent operation. It is also open to written 
discussion, which should reach the secretary of the 
Institution not later than January 15, 1952. 


Symposium ON WELDING aND RIVETING 
ALUMINIUM STRUCTURES. 


On Tuesday last, the 13th instant, the Aluminium 
Development Association held an interesting and 
valuable symposium for the reading and discussion 
of four papers on the welding and riveting of the 
larger aluminium structures. The symposium, 
which was attended by about 150 members, was 
held at Claridges, Brook-street, London, wW.1, 
the members being received by the President of the 
Association, Mr. E. Austyn Reynolds, B.A., 
A.M.I.Mech.E., A.F.R.Ae.S., and the Vice-President, 
Mr. H. G. Herrington. Dr. Maurice Cook, F.L.M., 
took the chair at the morning session and the 
first paper presented was entitled “Recent Re- 
searches on thé Arc Welding of Thick Aluminium- 
Alloy Plate,” by Mr. P. T. Houldcroft, B.Sc., 
Mr. W. G. Hull, A.I.M., and Dr. H. G. Taylor, D.LC., 
MLE.E., F.Inst.P. The welding processes referred 
to in this paper were the metal arc, the argon arc 
and two other processes in which an inert gas is 
used to shield the weld pool. These two processes 
have been called the self-adjusting arc and the 
controlled arc processes, respectively. In the 
former, the arc is struck between the workpiece 
and a thin wire electrode fed at a constant speed. 
No external control device is required in this 
Process, as the length of the arc is kept constant by 
4 self-adjusting phenomenon discussed in the paper. 
In the second process, the arc is struck between 
the work and a wire electrode which is fed at a 


speed controlled by external apparatus to keep the 
arc length constant. The special problems involved 


in thick-plate welding, including gas porosity and 


cracking, were discussed in the paper and the 
present position was summarised. The second 
paper, by Mr. J. R. Handforth, M.Sc., discussed 
“The Practical Aspects of the Argon-Arc Welding 
of Aluminium Alloys.” This paper surveyed the 
practical advances in the subject and stated the 
essential problems of the process. The equipment 
required was discussed in detail and practical 
recommendations were made on such matters as 
electrode diameters for different welding currents, 
argon-gas consumption in machine welding, filler-rod 
sizes, etc. On the conclusion of Mr. Handforth’s 
paper, both papers were discussed together, after 
which the meeting was adjourned for luncheon. 
At this, the chair was occupied by the President, 
who referred to the practical research work being 
carried out by the Association and by several other 
bodies, such as Government departments and 
universities. At the afternoon session, the chair 
was taken by Dr. C. J. Smithells, M.C., F.I.M., and 
two papers on riveting were read and discussed. 
The first paper was by Mr. J. C. Bailey, B.Sc., 
A.I.M., and dealt with “‘ The Properties and Driving 
of Large Aluminium-Alloy Rivets.” It/referred 
to the use of rivets larger than } in. in diameter 
and explained that fabrication by means of alumin- 
ium-alloy rivets up to j in. in diameter was now a 
practical proposition. Cold driving, the author 
stated, was preferred for aluminium-alloy rivets, 
but as the maximum rivet size that could be readily 
closed cold by standard equipment was § in. in 
diameter, hot driving had been investigated for the 
larger sizes. The last paper, by Professor 8. C. 
Redshaw, Ph.D., M.I.C.E., F.R.Ae.S., was entitled 
‘“The Design Characteristics of Aluminium-Alloy 
Riveted Joints,” and was presented by the author. 
The two papers were then discussed jointly and 
at the conclusion of the discussion the President 
invited the members of the symposium to the 
Association’s neighbouring offices, at 33, Grosvenor- 
street, W.1, to see some demonstrations of argon-arc 
welding, some examples of aluminium riveted joints, 
and a colour film of argon-arc welding just com- 
pleted by the British Oxygen Company, Limi 
with the collaboration of the Association. We 
understand that the papers and discussions at the 
symposium will be reprinted by the Association as 
soon as possible. 


. 


Tue OLD CENTRALIANS. 

Some 220 members and guests of the Old Cen- 
tralians—the association of former students of the 
City and Guilds Engineering College and of its fore- 
runner, the Finsbury Technical College—attended 


‘the 41st annual dinner held in London on Monday, 


November J, in the hall of the Worshipful Company 
of Grocers, under the chairmanship of the President, 
Mr. E. M. Rich, C.B.E. The senior Collegian 
present was Mr. Henry Shoosmith, who entered the 
College in 1886, and there were no fewer than 11 
others who could claim a standing of 50 years or 
more. The guest of honour was Field Marshal Sir 
Claude Auchinleck, G.C.B., who, in proposing the 
toast of ‘‘The Old Centralians and the City and 
Guilds College,” remarked that his early ambition 
had been to be a sapper (“a species of engineer ”’) 
because, in those days, a sapper could live on his 
pay, which no one else in the Army could do. In 
the event, he had become an infantryman, but he 
soon learned that, though the Army in general 
might not comprehend all the mysteries of engineer- 
ing, it did produce men. In his war-time experi- 
ence, in India and elsewhere, he was impressed by 
the fine type of men produced in the United States, 
but he still felt that ‘‘ we, of all peoples in the world, 
are the best at improvising.” In India, Britain 
had been responsible for immense feats of engineer- 
ing, but, for 300 years or so, the “‘ man on the spot ” 
there had had the comforting feeling that he was 
supported by “‘the British Raj”; now, he had to 
stand on his own feet. That Britain had lost the 
Indian territory did not matter ; India still needed 
British brains and skill, and preferred Britons to 
provide advice and help, because they had a long 
reputation for honesty and fair dealing. Of all the 
people who could provide that advice and skill, 





engineers came first. The President, in replying, 





mentioned that Captain A. M. Holbein, during a 
recent visit to South Africa, had taken the oppor- 
tunity to approach the 50 or so Old Centralians 
there and to form a South African Branch, which, 
in characteristic fashion, had signalised its formation 
by having a dinner; one member had travelled 
1,000 miles to attend it. The association, he added, 
had some 2,000 members, of whom 500 were life 
members. Professor Willis Jackson, Dean of the 
College, who also responded, averred that there was 
no college in the country to compare with the City 
and ‘Guilds, the standard of which was fully equal 
to those of the much vaunted Continental technical 
colleges. In recent years, a personal interview with 
candidates had supplemented the usual entrance 
qualifications. About a third of the applicants 
were accepted for admission ; a circumstance which 
indicated that, if some future decree required the 
College to double its present size (811 students in 
the present year), the result could only be achieved 
by a decline in quality, which could not be considered 
fora moment. The only other toast, that of ‘‘ The 
Guests,”” was proposed by Mr. P. W. Foster, M.C., 
A.M.LE.E , in a speech of refreshing originality, and 
was acknowledged by Mr V. Harbord, F.R.LC., 
President of the Royal School of Mines Assoc ation. 


First INTERNATIONAL CONFERENCE OF 
MANUFACTURERS. 


A team of 30 leading British industrialists, 
formed by the Federation of British Industries and 
the British Employers’ Confederation, will be 
leaving shortly for the United States to attend the 
first International Conference of Manufacturers in 
New York from December 2 to December 5. The 
team will be led jointly by Sir Cuthbert Clegg, 
President of the B.E.C., and Sir William Rootes, 
acting as personal deputy for the President of the 
Federation of British Industries. The Conference 
is being organised by the E.C.A. in collaboration 
with the National Association of Manufacturers of 
America and the National Management Council 
of America. At their invitation, other European 
industrial organisations participating in the Council 
of European Industrial Federations will also be 
sending delegations of industrialists. The purposes 
of the Conference are to enable leading industrialists 
of the United States, Britain and Western Europe 
to secure, by a personal exchange of views, a better 
understanding of each others’ problems ; to discuss 
the efforts now being made to promote higher 
productivity ; and to consider ways of continuing 
those efforts in the future. Delegations have been 
nominated from the following countries: Austria, 
Belgium, Denmark, Eire, France, Germany, Greece, 
Holland, Iceland, Italy, Luxembourg, Norway, 
Sweden, Switzerland, Turkey and the United 
Kingdom. Various sessions of the New York 
conference will deal with policies on production, 
marketing, employee relations, finance, competition, 
and public relations. Delegates from this country 
include Sir William Rootes, Colonel E. G. Angus, 
Major-General K. C. Appleyard, Dr. Horace Clarke, 
D.Sc., Mr. Charles Connell, Sir Vincent Z. de Ferranti, 
Sir Ernest Fick, Sir Norman Kipping, Sir George 
Legh-Jones, Mr. E. H. Lever, Mr. T. F. Lister, 
Mr. R. O. Lloyd, Mr. F. A. Martin, Sir George 
Nelson, Mr. W. H. Pilkington, Mr. W. R. Verdon 
Smith, Mr. D. D. Walker, and Mr. Harold Wilmot. 


ENCOURAGEMENT OF TECHNICAL WRITING. 


The encouragement of the writing and publication 
of technical articles dealing with progress in the 
field of radio and electronics was the theme of 
speeches made at a luncheon given by the Radio 
Industrial Council at the Café Royal, Regent-street, 
London, W.1, on Monday, November 12. In a 
speech addressed primarily to the technical repre- 
sentatives present, Mr. E. M. Lee, chairman of the 
technical directive board of the Council, drew 
attention to the shortage of good articles suitable 
for publication in technical and other journals, 
In spite of difficulties arising from security, both 
national and commercial, the Council felt that more 
could be done and, accordingly, had decided to 
initiate a scheme of awards for technical writing. 
An average of six awards, each of 25 guineas, would 
be made annually to the authors of published articles 
which, in the opinion of a panel of judges appointed 
by the Council, deserved commendation by the 
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industry. These articles would normally be of a in which capacity he supervised the construction of 
more popular nature than papers presented before OBITUARY. new roads, bridges and sewers and other public. 


learned societies and their preparation, therefore, 
would involve less time. The Institution of Elec- 
trical Engineers had consented to the authors of 
papers in their Proceedings offering to editors shor- 
tened or popularised versions of their papers in 
advance of the publication of the latter by the 
Institution provided that actual publication of the 
popular version did not take place before the 
pubtication of the complete paper; and provided 
also that reference was made to the latter. By this 
means, it was hoped that some of the inevitable delay 
in publication might be avoided. Mr. W. M. York, 
chairman of the public relations committee of 
the Council, and Professor Willis Jackson, stressed 
the importance of encouraging engineers to express 
themselves lucidly. In technica] writing, on- 
fused thinking and bad style were commonplace 
but, although there was no excuse for lack of 
clarity on the part of the authors, readers must be 
prepared to make the often considerable effort 
needed to assimilate new material. It was a 
national duty to publicise the very considerable 
achievements of British science and technology, 
Sir Ernest Gowers, well known for his advocacy 
of “ plain words ” said, in an amusing speech, that 
officialese was not necessarily bad. Officials, un- 
fortunately for themselves, were uniquely vulnerable 
to attack; but they often had a good excuse, for 
it was undeniable that a little prudent ambiguity 
was essential to those who would run a parliamen- 
tary democracy. The same argument, however, 
was not open to scientists. The only excuse for a 
scientist who wrote obscurely was that he was a 
humbug and adopted this method to avoid being 
found out. He could warmly commend Professor 
Kapp’s “ Presentation of Technical Material,” “an 
admirable book with a revolting title.” Mr. J. W. 
Ridgeway, chairman of the Council, who presided, 
explained that all non-professional writers would 
be eligible for the awards and that the articles 
might be published at home or abroad. Writers 
and editors were invited to submit published 
articles to the Secretary, Radio Industry Council, 
59, Russell-square, London, W.C.1. The panel of 
judges, however, would also consider unsubmitted 
published articles. 


PRODUCTION AND CONSUMPTION OF SULPHUR. 

The Ministry of Materials have issued figures 
recently released by the Sulphur Committee of the 
International Materials Conference, Washington, 
U.S.A., showing, for the first time, the total “‘ free- 
world ” production and consumption of sulphur for 
the period 1948-49-50 and estimates for the years 
1951 and 1952. This compilation has been made 
possible as a result of the information received in 
replies to questionnaires which the Committee had 
sent out to all governments interested in the 
matter. The statistics compiled indicate that, in 
1951, the world requirements of sulphur, both crude 
and refined, will amount to approximately 7,134,200 
tons, whereas it is expected that production will 
amount to 5,862,300 tons, leaving a shortage of 
1,271,900 tons. The estimated requirements for 
1952 total 7,596,300 tons and the production, as 
far as can be foreseen, will be 6,255,600 tons, 
leaving a shortage of 1,340,700 tons. The demand 
for sulphur is rising steadily not only on account 
of expansion in the use of sulphuric acid, sulphur 
dioxide and carbon bisulphide in many industries 
but because of its increasing consumption, in the 
form of dusts and insecticides, in agriculture and, 
in various forms, in the rubber, dyestuffs, explo- 
sives, and other industries. The Committee point 
out that the discovery of sulphur-bearing deposits 
in the State of Louisiana does not relieve the 
necessity for the vigorous prosecution of measures 
for the conservation of sulphur and the full expan- 
sion of all possible sources of production. It is 
anticipated, moreover, that a proportion of the 
production from Louisiana, which is not expected 
to commence until late in 1953, will, in fact, be 
offset by declining output in several of the mines 
now under exploitation. The Committee are mak- 
ing every effort to encourage Governments to 
increase their production of sulphur and sulphur- 
bearing materials and all countries are urged to 
make the most economical use of sulphur. 


SIR'.T. PEIRSON FRANK. 


THE news of the death of Sir Thomas Peirson 
Frank, which took place suddenly on November 12 
at his home in Putney, London, §8.W.15, will be 
received with regret by engineers in all parts of this 
country. Sir Peirson, who had served as Chief 
Engineer and County Surveyor, London County 
Council, from 1930 until his retirement under the 
age limit in 1946 and had subsequently been a 
partner in the firm of Coode, Vaughan-Lee, Frank 
and Gwyther, consulting engineers, London, was the 
eldest son of the late Thomas Peirson Frank iand 
was born at Kirkby Moorside, York, on July 23, 
1881. He received his general education at a 
private preparatory school and at Pickering Gram- 
mar School, and from 1894 until 1899 studied 
engineering at Huddersfield Technical College. 
After a period of three years’ practical training under 
Mr. K. F. Campbell, the Borough Engineer of 
Huddersfield, Mr. Frank, then 22 years of age, 
became chief assistant to Mr. Henry: Dearden, 
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Borough and Water Engineer of Dewsbury, and 
Engineer to the Dewsbury and Heckmondwike 
Waterworks Board. For the subsequent five years 
he was engaged on work connected with tramway- 
track construction, the erection of.a new covered 
market, the laying of water mains and sewers, 
extensions of sewage-disposal works and general 
highway construction and maintenancé. 

In 1908, Mr. Frank took up his first independent 
post, that of City Engineer and Surveyor of Ripon, 
where his duties included the construction of two 
river dams, walls and the extension of sewage- 
disposal works. In 1912, he was made Borough 
Surveyor and Water Engineer of Newark-on-Trent, 
where he was responsible for plans for proposed new 
intercepting and outfall sewers. Early in 1915, 
Mr. Frank moved to Stockton-on-Tees, where he 
took up the post of Borough Engineer and Surveyor, 
but in December of that year he joined the Royal 
Engineers unit of the University of London and, in 
February, 1916, obtained a commission. After 
service with the 237th Field Company in France, 
he was given command of the 196th Land Drainage 
Company and was evevtually demobilised with the 
rank of Captain. Towards the end of 1919, be be- 
came Borough Engineer and Surveyor of Plymouth, 
where he was engaged on the construction of roads 
and sewers for housing schemes, the planning of 
electricity-station extensions, a reinforced-concrete 
landing stage and other works. In May, 1923, 





Mr. Frank was appointed City Engineer of Cardiff, 


utility works. In 1926, he was selected from 45 
applicants for the post of City Engineer and Sur. 
veyor of Liverpool, and during his four years’ 
tenure of this position he was also honorary sur- 
veyor to the South-West Lancashire Regi mai Town. 
Planning Committee. 

As stated above, Mr. Frank was appointed to 
the post of Chief Engineer and County Surveyor, 
London County Council, in 1930. Two years later 
he became a member of the Departmental Committee 
of the Ministry of Health on Garden Cities and 
Satellite Towns, and, in 1935, was appointed a 
member of the Highways Research Board of the 
Department of Scientific and Industrial Research. 
In 1935, also, his “Report on Greater London 
Drainage’ was published. During the whole of 
the war years, 1939-45, he was co-ordinating officer, 
Road Repairs and Public Utility Services, London 
Civil-Defence Region. From 1942 until 1944 he 
was a member of the Ministry of Works National 
Consultative Council for the Building and Civil 
Engineering Industries. For his services in these 
and other capacities, he was created a knight in 
1942. 

Sir Peirson retired from his position of Chief 
Engineer of the London County Council on July 23, 
1946, and became a partner in the firm of Messrs, 
Coode, Vaughan-Lee and Gwyther in the following 
month. During the subsequent five years he was 
principally concerned with operations connected 
with various flood-prevention and _ sea-defence 
schemes in this country and abroad, and also 
prepared a report in connection with the storage of 
water for irrigation purposes and the design of 
bridges in Nigeria. He was, moreover, occupied on 
civil-engineering work in connection with power 
stations in Malaya, Singapore, and Melbourne, 
and latterly was engaged on the piercing of a tunnel 
under the River Thames at Long Ditton, for the 
Southern Gas Board. Sir Peirson was elected an 
associate member of the Institution of Civil Engi- 
neers in 1906, transferred to the class of member in 
January, 1922, and was President in the year 
1945-46. He joined the Royal Institution of Char- 
tered Surveyors in 1906 and was made a Fellow in 
1913. He was also a member of the Institution of 
Municipal Engineers and of the Town Planning 
Institute, and a Fellow of the Royal Sanitary 
Institute. He was elected President. of the Town 
Planning Institute in 1944, and vice-chairman of 
the Automobile Association on November 23, 1950. 





MR. W. F. ANGUS. 


News of the sudden death, on October 14, of 
Mr. William Forrest Angus, President of the Domi- 
nion Bridge Company, Limited, and Dominion 
Engineering Works, Limited, Montreal, has recently 
reached us from Canada. Mr. Angus, who would 
have been 78 years of age on October 28, was the 
son of the late Mr. R. B. Angus, who was one of the 
original promoters of the Canadian Pacific Railway. 
After graduating as a civil engineer at McGill 
University, Montreal, Mr. W. F. Angus began his 
long association with the Dominion Bridge Company 
in 1896, when he was appointed engineer and 
draughtsman. Some years later he joined the 
Lawrie Engine Company and subsequently became 
a member of the staff of the Canada Switch and 
Spring Company, later incorporated into the 
Montreal Steel Works, of which Mr. Angus became, 
in due course, vice-president and managing director. 
This company was eventually taken over by 
Canadian Steel Foundries, a subsidiary concern of 
the Canadian Car and Foundry Company, Limited. 
In 1911, Mr. Angus became vice-president and 
managing director of Canadian Steel Foundries, 
and, in 1921, was made vice-president of the Cana- 
dian Car and Foundry Company, Limited. Mean- 
while, in 1917 he had rejoined the Dominion 
Bridge Company as vice-president. In 1936, 
he was elected President of this company and of its 
associate company, Dominion Engineering Works, 
Limited, and continued in these capacities until 
his death. Mr. Angus was also a director of the 
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Company, the Canadian Locomotive Company, 
and other concerns. He was a member of the 
Engineering Institute of Canada. 





PROFESSOR ALLAN FERGUSON. 


We also note with regret the death of Professor 
Allan Ferguson, general secretary of the British 
Association from 1936 until 1946, who died at his 
home in Bishop’s Stortford, Hertfordshire, on 
November 9. Ferguson was the eldest son of Mr. 
A. C. Ferguson, a calico printer of Glasgow, and was 
born at Entwistle, near Bolton, Lancashire, on 
May 11, 1880. He received his education at the 
Harris Institute, Preston, afterwards passing on to 
University College, Bangor, and obtaining the 
degrees of M.A. (Wales) and D.Sc. (London). After 
a period as assistant lecturer in physics at University 
College, Bangor, he was appointed lecturer in the 
same subject in the College of Technology, Man- 
chester, and finally assistant professor of physics at 
Queen Mary College, London, E.1. From this last 
appointment he retired, under the age limit, in 
1945. Professor Ferguson will perhaps be remem- 
bered chiefly for his work for various technical 
journals and learned societies. For a period he was 
editor of the Philosophical Magazine and advisory 
editor for physics and engineering of Chambers’s 
Encyclopedia, and, in 1939 and 1940, was advisory 
editor of Nature. As noted above, he served as 
general secretary of the British Association from 
1936 to 1946 and was President of Section A in 1936. 
From 1928 until 1938 he was secretary of the 
Physical Society and served as President from 1938 
until 1941. Professor Ferguson was examiner in 
natural philosophy to the University of Glasgow 
from 1940 until 1944, and was a Fellow of Queen 
Mary College. 





DR. H. S. ROWELL, O.B.E. 


A wink circle of engineers will learn with regret 
of the sudden death of Dr. H. S. Rowell on Sunday, 
November 11, in his sixty-sixth year. Henry 
Snowden Rowell, who was born at Heaton, New- 
castle-on-Tyne, on December 9, 1885, combined 
an attractive and genial personality with great 
technical and scientific ability and independence 
of judgment. This latter quality was well illus- 
trated in a report entitled ‘The Influence of 
British Motor Taxation on Petrol-Engine Design,” 
which he prepared as a result of a request from a 
committee of a society of motor manufacturers. 
The report was published in our issues of March 7 
and 21, 1930. It had been generally contended that 
the British rating formula encouraged engines of a 
high stroke/bore ratio, but a detailed examination 
of French, Italian and German practice showed 
that this was not correct. This was by no means 
the only contribution made to our columns by Dr. 
Rowell, and in the inter-war period articles'appeared 
dealing with such a variety of subjects as screw 
viscosity pumps, the kinematics of laminated springs 
a high-speed fatigue testing machine, thread rolling, 
and cable controls for motor vehicles. The paper 
entitled “The So-Called Metric System,” which 
he read at the Brighton meeting of the British 
Association in 1948, and which was reprinted in 
our issue of October 8, 1948, well exhibited his 
independence of mind and, incidentally, his impish 
humour. This paper aroused much interest and 
led to a long correspondence in our columns, 
Rowell’s contributions to which were frequently 
very amusing. 

After early ‘general education in Newcastle, 
Rowell served an apprenticeship at the Elswick 
Works of Armstrong-Whitworth from 1900 to 1906, 
spending the first three years in the shops and the 
latter three in the drawing office. During this 
period, he studied at the Elswick Institute, New- 
castle, and obtained many prizes, being First King’s 
Prizeman in 1905. From 1906 to 1909 he was at 
the Royal College of Science, and in the latter year 
obtained a Whitworth Scholarship, being third on 
the list. The scholarship at that time had a value 
of 1251. a year for three years and Rowell took full 
advantage of the opportunity afforded. He spent 


National Physical Laboratory, being concerned 
with the design and erection of apparatus for the 
aeronautical department. He then studied for 
two years on the Continent, first at the University 
of Géttingen and then at Charlottenburg Technische 
Hochschule, incidentally adding a sound knowledge 
of German to his technical qualifications. Return- 
ing to England, he was appointed as an assistant 
lecturer at Leeds University in 1912 and as senior 
lecturer at Bradford Technical College in 1914. 

The latter appointment was of short duration, 
as on the outbreak of the first World War, Rowell 
immediately volunteered and was graded as 
2nd Lieutenant in the R.A. in’ October, 1914. 
He had a distinguished military career, serving in 
Egypt, Gallipoli, the Sinai Peninsula and France. 
He was mentioned in dispatches “for great zeal 
and exceptional administrative ability.” He was 
appointed Assistant Superintendent at the Royal 
Laboratory, Woolwich Arsenal, on January l, 
1917, and Deputy Director of Armaments Produc- 
tion, Admiralty, in June of that year. It was during 
these administrative years that Rowell’s attention 
was first specifically directed to the metric system 
as a result of an official request that he should 
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investigate the saving likely to be secured by its 
adoption in this country. The conclusions he 
reached and his very individual experience of them 
are well known. 

Rowell’s best-known work, after his return to 
civil life, was probably carried out during his 
position as Director and Secretary of the Research 
Association of British Motor and Allied Manufac- 
turers. Most of his contributions to our columns 
were made in the course of this period. This 
Association was ultimately dissolved and Rowell 
had no connection with the present Motor Industry 
Research Association. After leaving the research 
field, he became chief designer to John I. Thorny- 
croft and Company, Limited, Basingstoke, holding 
this appointment from 1931 to 1934. In the 
following year he took up an appointment as 
Assistant Director of Industrial Planning (Scientific 
Instruments) at the War Office, which he held until 
1939, when he joined Armstrong Siddeley Motors, 
Limited, becoming director and general manager. 
He retired in 1945. His connection with technical 
education, however, endured to the last, and he 
was giving series of lectures to first- and third- 
year students at the City and Guilds College at the 
time of his death. Rowell had many letters after 
his name. He was made an O.B.E. for his war 
work and in addition to his Whitworth Scholarship 
and Doctorate was an A.R.C.S., M.I.Mech.E., 
F.Inst.P. and M.8.A.E. He took an interest in the 
British Association and was Recorder of Section G 








twelve months in the engineering department of the 
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LETTERS TO THE EDITOR. 


DETERMINATION OF CRITICAL 
LOADS OF STRUTS. 


To THe Eprror or ENGINEERING. 


Sm,—Sir Richard Southwell’s method of plotting 
the results of strut tests, by which the Euler critical 
load can be obtained without destroying the strut, 
is now well known and widely employed (Theory of 
Elasticity, Ist edn., page 429. Oxford University 
Press). Observations are made of the lateral 
deflection w of the strut when supporting a com- 


pressive load P, and if the quantity ., is plotted 


against w an approximately straight line is obtained. 
The equation to this straight line is : 


w 
Pi(2) =w+ wi, ° « @) 


where w, is the coefficient of the first term in the 
Fourier expansion for the “initial imperfection ” 
of the strut when unloaded and P, is the Euler 
critical load, which is thus given by the slope of 
the plotted line. 

In practice, it is often found that the line obtained 
is not straight except over a limited range of values 
of w, and some difficulty may be experienced in 
selecting the straight line which best represents the 
results. It is clear from the theory that, on the 
one hand, the straight line will not be obtained 
unless the stresses are throughout within the limit 
of proportionality, and, on the other, that if obser- 
vations are made when the end load is very small 
compared with the first Euler critical load, these 
will not fall on the required straight line. The 
complete expression for the lateral deflection of a 
pin-ended strut of length 1, taking origin for x at 
one end is : 


x 2 
Pw, sin P we sin 
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where P,, stands for the critical load of the strut 

when deflected into n loops (= n* m* “ , where EI 


is the flexural rigidity). 

The straight-line formula is derived by neglecting 
all but the first term in this series, but if P is small 
and successive coefficients w,, W,, . . . W, are 
of the same order of magnitude—as they may be— 


the second term is of the order 25 per cent. (5) 
of the first, the third term of the order 11 per cent. 


(5) and so on; and thus the observed deflection 


may differ appreciably from the value required by 
equation (1). Observations for small end loads are 
also liable to error from another source, which is 
probably more important in practice. Many com- 
pression testing machines permit some sideways 
movement of the specimen in the early stages of 
loading and this may be mistakenly recorded as 
part of its lateral deflection. 

Both these difficulties can be overcome by 
starting the test not from zero load, but from a 
load P,, which is an appreciable part, say, half or 
two-thirds, of the critical load, chosen so that 
there will still be room for a sufficient number of 
observations before the material reaches the limit 
of proportionality. In place of equation (1) we then 
have : 





(P; — Py) fc ~) =w+, . (3) 

where w now represents the deflection measured 
from the position of the strut under load P, as origin, 
and @, is the appropriate coefficient in the series 
representing the shape of the strut under this load. 
The gradient of line obtained is thus P, — P,, 
so that any given error in measurement of the 
gradient produces a much smaller percentage error 
in P,. A footnote in Southwell’s original paper 
(Proc. Roy. Soc., Series A, vol. 135, page 601 (1932) ). 
indicates that he was aware of this possibility, which 
clearly eliminates completely the error due to lateral 
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slackness in the machine employed, and much 
reduces the mathematical error due to neglect of 
the second and higher terms in the series (2). In 
practice, for a material which obeys Hooke’s Law 
with precision over a substantial range, the critical 
load can usually be found with an accuracy nearly 
equal to that of the testing machine employed. A 
similar method can be employed in plotting the 
results of any test on an elastically unstable system. 
Yours faithfully, 
D. G. CHRISTOPHERSON, 
Professor of Mechanical Engineering. 
The University, 
Leeds, 2. 
October 22, 1951. 





PRELIMINARY INVESTIGATION OF 
HYDRAULIC LOCK. 


To THE Eprror oF ENGINEERING. 


Sir,—Dr. D. C. Sweeney’s investigation of hydrau- 
lic lock, reported on pages 513 and 580 in your 
issues of October 26 and November 9, will be of 
great interest to engineers concerned with hydraulic 
transmission. In discussing this subject, there is 
often some confusion between hydraulic lock and 
what might be termed ‘“ muck-lock,” i.e., the 
wedging of fine particles of dirt in the clearance 
between the piston and the bore. The latter 
condition is quite common when the initial clearance 
is of the order of 0-001 in.; it is unlikely to occur 
with an initial clearance of the order of 0-0001 in. 
at low pressures, but it may occur at high pressures 
due to dilation of the clearance. Thus, at pressures 
of several hundred atmospheres, one may have 
both types of lock in combination. Pure hydraulic 
lock is distinguished by the fact that the piston 
becomes free again a short time after pressure has 
been released. 

It is clear that Dr. Sweeney has reproduced pure 
hydraulic lock; I am gratified that his work has 
confirmed my early conjectures on this subject, 
and this has encouraged me to enlarge upon them. 
It seems probable that the major factors contri- 
buting to hydraulic lock are the method of pro- 
ducing the surfaces of the piston and bore, and the 
degree of surface finish. For instance, if the surfaces 
of both piston and bore are produced by cylindrical 
grinding, the surfaces will tend to mesh and this 
will be favourable to hydraulic lock. On the other 
hand, if the surfaces of piston and bore are produced 
by lapping and honing, they will be less likely to 
mesh and therefore ‘hydraulic lock will not occur so 
readily. Indeed, I would go so far as to suggest 
that, if Dr. Sweeney were to lap and hone a piston 
and cylinder such as those illustrated in his Fig. 3, 
he would find it difficult to produce hydraulic lock 
at pressures below 500 Ib. per square inch ; further- 
more, he would eliminate the wide differences in 
the locking force at various axial positions of the 
piston. 

Having produced surfaces which will not readily 
mesh, the next factor of prime importance is to 
choose materials which will not readily mate or 
fuse at the peaks of contact. Finally—and this 
may be aimost equally important—the materials 
should be such as to support and maintain the oil 
film between the surfaces. 

If we accept Dr. Sweeney’s thesis, it would appear 
that the critical pressure at which hydraulic lock 
begins to occur will vary inversely as the square 
of the piston diameter, assuming geometric simi- 
larity and like materials. It is doubtful whether 
such exact similarity can be reproduced in practice, 
but I believe that it is \general experience that 
small pistons are very much less liable to hydraulic 
lock than large ones. 

No doubt the above observations will seem 
somewhat obvious to those skilled in the art, but 
I do wish to emphasise that hydraulic lock is not 
inevitable ; it can be entirely eliminated by proper 
design, workmanship and materials; and we can 
be greatly helped to that end by imaginative re- 
search, such as this which you have published. 

Yours faithfully, 
F. H. Tower, M.I.Mech.E. 

Towler Brothers (Patents), Limited, 

Electraulic Works, 
Rodley, near Leeds. 
November 12, 1951. 
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TWIN-DIESEL MARINE GEARBOX. 


THE POWER PLANT COMPANY, LIMITED, WEST DRAYTON. 


(For Description, see opposite Page.) 





Fre. 1. 





GEARBOX COMPLETE. 

















Fie. 3. Poston on Lapprna MaAcHine. 


New Power Sration.—The British Electricity 
Authority have received the consent of the Minister of 
Fuel and Power to the establishment of a new 600,000-kW 
power station at Castle Donington, near Derby., The 
authorisation covers the complete installation of the 
station, which will comprise six 100,000-kW turbo- 


alternator sets, six boiler units, each of an evaporative 
capacity of 830,000 lb. of steam an hour, and four cooling 
towers, each having a capacity of about 4} million 
gallons of water an hour. The first set is planned to be 
in commission by the winter of 1955, and the whole 
station is expected to be running by 1960. 
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‘GEARBOX FOR TWIN 


MARINE DIESEL ENGINES. 


THE POWER PLANT COMPANY, LIMITED, WEST DRAYTON. 


Fig. 4. SECTION THROUGH HIGH SPEED SHAFT. 
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Fig. 5. ARRANGEMENT OF GEARS. 


LOOKING FORWARD, 
AHEAD ROTATION SHEWN. 
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GEARBOX FOR TWIN MARINE 
DIESEL ENGINES. 


HE er prnen me “pee sey can be claimed for 
© use of geared Diesel engines for the pulsion of 
various classes of merchant vessels have lon referred 
to from time to time in ENGmNEERING. Possibly 
the most important advantage is that it provides a 
‘convenient means for transmitting a high power 
through a single shaft without having to build an engine 
of excessive size; it permits, therefore, a high horse- 
power to be transmitted through a single screw and at 
the same time effects a saving in the space normally 
occupied by the engine, which, in some cases, may be 
“as high as 20 per cent. Other advantages which may 

mentioned are a lower first cost, a more convenient 
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ENGINEFRING 
particularly on single-screw vessels, as in an emergency 
an engine can easily be disconnected from the gearbox 
and the necessary repairs carried out without stopping 
the propeller. The motorship Cornwall, which is red 
constructed for the New Zealand Shipping Company, 
Limited, 138, Leadenhall-street, London, E.C.3, by 
Messrs. Alexander Stephen and Sons, Limited, Lint- 
house, Glasgow, is therefore of particular interest, as 
she will be propelled by twin Diesel engines geared to a 
single shaft and is believed to be the first vessel of this 
type to be built for the owners. Sheis one of three sister 
vessels each of which will be powered by two Sulzer 
engines geared together to give a total output of 
8,000 h.p. at 100 r.p.m. of a pina 

The gearbox for the Corn was constructed by the 
Power Plant Company, Limited, West Drayton, 








‘size of engine to overhaul, and greater reliability, 


Middlesex, and the design incorporates certain novel 
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features. The general form of construction will be 
clear from Figs. 1 and 2, opposite, which show the 
unit ‘ox 7 and with the covers removed, respec- 
tively. It will be noted that it is of the horizontal 
type with a double-helical pinion disposed at each side 
of the main gearwheel, the centres of the wheel and 
pinions being in the same horizontal plane; _ this 
arrangement is shown diagrammatically in Fig. 5, here- 
with. The unit is designed to transmit continuously 
the power from the two Diesel engines ; these operate 
at 217 r.p.m., which is reduced to 100 r.p.m. at the 
propeller shaft, the total output, as previously men- 
tioned, being 8,000 h.p. The engines will be arranged 
at 12-ft. centres and each will be coupled to its corres- 
nding pinion shaft by a Vulcan hydraulic coupling. 
hese, however, are being supplied by Messrs. Barclay, 
Curle and Company, Limited, Whiteinch, Glasgow, and 
their position will be apparent from the drawing repro- 
duced in Fig. 4, above, which shows a longitudinal 
section through one of the pinion assemblies. Each 
coupling is 3,005 mm. in diameter, and the input and 
output half couplings are bolted to two 780 mm. flanges. 
As will be seen from Fig. 4, the hub of each pinion is 
integral with its shaft. These components are machined 
from 35-ton steel forgings and have shrunk on to them 
rims made from a 55-ton alloy steel. The pinions 
have hollow centres so as to accommodate the shafts 
which transmit the power from the —- sides of the 
fluid couplings to the pinions, each t being coupled 
to its respective pinion assembly at the after end. 
Turbo-t coupli are employed between the 
panes: al hr the pinion shafts so as to permit 
free movement of the pinions and thus take up their 
correct positions in relation to the main gearwheel 
when, due to the clearance in the thrust block, it 
moves from the ahead to the astern position. This 
arrangement ensures uniform loading across the full 
width of the gear teeth, regardless of whether moving 
ahead or astern, and also avoids the possibility of any 
thrust loads being imposed on the fluid couplings. 
The turbo-type couplings were designed and manu- 
factured by the Power Plant Company, Limited. 
Each consists of driving and driven members in the 
form of gear pinions with external teeth, which engage 
with a sleeve, or “ von ol nove gga = the 
teeth engaging completely round the pitch-circle cir- 
cumference. It will be apparent that with this 
t, free lateral movement is possible between 

the pinions and their associated sleeves, while the shape 
of the teeth and tooth clearances allow the connecting 
sleeve to rock slightly and thereby counteract any 
i t between the two halves of the coupling. 
The main gearwheel is of the built-up type, the 
rim, which is rolled from a 35-ton steel, being bolted to 
two circular plates which, in turn, are secured to two 
flanges machined on the main shaft. This form of 
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construction will be clear from an examination of the 
drawing reproduced in Fig. 6, on page 631, which shows 
a longitudinal section through the main gearwheel 
pls. ag The shaft is machined from a 35-ton 
steel and incorporates a collar for the thrust block. 
This is of the Michell type and is designed to take an 
estimated total thrust Yoad of 150,000 Ib., the collar 
diameter being 42} in., the total thrust surface 650 sq. 
in., and the thrust e 231 Ib. square inch. 
Journal loads are taken by cast-steel shells lined with 
Admiralty-grade whitemetal. The bearings at the 
ends of the pinion shaft have a diameter of 19 in. 
and those between the couplings and pinions a diameter 
of 22 in., the length remaining constant at 20 in. 
The bearings for the main-wheel shaft are 20 in. in 
diameter and, like those for the pinion shafts, have a 
length of 20 in. The transmission shafts are located 
in their correct positions inside the pinion assemblies 
by means of gunmetal bushes, which receive a supply 
of lubricant from the pinion bearings. The casing is of 
composite fabricated construction, the bearing and 
thrust-block housings, which, as previously mentioned, 
are made from steel castings, being welded into the 
main structure. The double-helical gear teeth have a 
spiral angle of 30 deg. and a pressure angle of 20 deg., 
the pinions having 91 teeth and the main wheel 196 
teeth. The overall face width is 40 in. and the active 
face width 36 in. The set is provided with the neces- 
sary piping for delivering lubricant to the gears on both 
the ahead and astern faces and, when in service, will 
be fitted with a full range of pressure gauges, oil-flow 
indicators, etc. All gears were lapped after machining, 
on the rig illustrated in Fig. 3, on page 630. 





CONGRESS ON THEORETICAL AND 
APPLIED MECHANICS, TURKEY. 


Tue Eighth International Congress on Theoretical 
and Applied Mechanics, sponsored by the International 
Committee for the Congresses of fs bomen Mechanics, 
will be held at the University of Istanbul, Turkey, 
from August 20 to 28, 1952. The work of the Congress 
will be divided into five sections, the first of which will 
be devoted to elasticity, plasticity and rheology, the 
second to fluid mechanics, the third to the mechanics 
of solids (including ballistics, vibrations, friction and 
lubrication), the fourth to statistical, mechanics, 
thermodynamics and heat transfer, and the fifth to 
the mathematics of physics and mechanics and to 
methods of computation. Membership of the Congress 
is open to all qualified engineers and physicists and 
each member may present a maximum of two papers. 
Abstracts of contributed papers, which should not 
exceed 400 words in length, must be submitted on 
forms obtainable from the secretary of the Congress 
and be in the hands of the organising committee not 
later than June 1, 1952. The official languages of the 
Congress are English, French, German and Italian. 
The organising committee intend to invite a number 
of outstanding physicists and engineers to deliver 
addresses and there will also be a lecture by a specialist 
in each of the five sections of the Congress, the main 
object of these being to present research in fields in 
which great advances have been made in recent years. 
The chairman of the organising committee of the Con- 
gress is Professor Kerim Erim, and all communications 
should be addressed to the Eighth International Con- 
gress on Theoretical and Applied Mechanics, P.O. Box 
245, Istanbul, Turkey. It is of interest to recall that 
the seventh Congress of the series was held in London 
in September, 1948. 





THe LaTE Mr. H. Coorpe.—The Metropolitan-Vickers 
Electrical Co., Ltd., Trafford Park, Manchester, 17, 
have informed us of the sudden death of Mr. Herbert 
Coope, manager of their Cardiff office. Mr. Coope, 
who died at his home at Penarth on October 20, was in 
his 65th year and had had an exceptional record of 
service with the company. This dated back to July, 
1902, when the British Westinghouse Co. was in its 
earliest days. After completing his apprenticeship at 
Trafford Park, Mr. Coope spent some years in the London 
erection department, but transferred to the sales side 
of the organisation in 1919. After short periods of 
district-office work at Manchester and Stoke-on-Trent, 
he moved to Cardiff in 1922, becoming manager of the 
district office there and of its sub-offices at Swansea, 
Bristol, and, subsequently, Plymouth. In the late 
war he was Director of Industrial Electrical Equipment 
for South-West England and South Wales. Mr. Coope 
was elected an associate member of the Institution of 
Electrical Engineers in 1931 and transferred to the class 
of member in 1942. He was chairman of the Western 
Centre of the Institution in 1943-44. He joined the 
South Wales Institute of Engineers in 1923, becoming a 
member of the Council] in 1939 and a vice-president in 
1947. Mr. Coope was for 13 years chairman of the 
South Wales branch of the Electrical Industries 
Benevolent Association. 





LABOUR NOTES. 


RENEWED assurances of the desire of the Trades 
Union Congress to co-operate with the new Government 
were given by an assistant general secretary to the 
T.U.C., Mr. Victor Feather, in an address to the Mid- 
lands Federation of Trades Councils, at Burton-on- 
Trent, on November 10. He expressed the view that 
only naive people imagined that economic problems 
could be wafted away simply by a change of Govern- 
ment. It should be well known to all trade unionists 
that increased exports, price stability and an improved 
standard of living for the nation generally could come 
only from industry. The Government which helped 
most was that which created or maintained an atmos- 
phere in which industry could function smoothly and 
efficiently. It was the job of the T.U.C. to help its 
affiliated unions to maintain and improve the living 
standards of working people. To discharge this duty 
effectively, the General Council of the T.U.C. would 
co-operate as fully with the present Government as it 
had done with previous Governments. 





Clear indications of the intention of the Government 
to continue the practice adopted by recent Chancellors 
of the Exchequer of maintaining close consultation 
with both sides of industry on economic matters 
were given at the end of last week. Mr. R. A. Butler, 
the new Chancellor, and Sir Walter Monckton, the 
Minister of Labour, met five leaders of the Trades Union 
Congress on November 8 for an informal discussion of 
problems now confronting industry. The meeting 
took place at Mr. Butler’s invitation and it is understood 
that no proposals were made, or asked for, by either 
side. The Chancellor briefly reviewed the economic 
situation, on the lines described in his statement to the 
House of Commons on the preceding Wednesday. The 
trade-union officials undertook that the contents of 
that speech would be examined with close attention 
by the appropriate committee of the T.U.C. and that 
Congress would afford what help it could. It is prob- 
able that the Chancellor’s remarks will be considered 
in the near future, against the background of the econo- 
mic situation a, by the T.U.C. special economic 
committee. The T.U.C. was represented on the 
occasion by Mr. Arthur Deakin, C.H., the chairman, 
Sir William Lawther, Mr. Tom Williamson, Mr. George 
Woodcock, and Sir Vincent Tewson, C.B.E., the 
general secretary. It was announced subsequently 
that further consultations between the Chancellor 
and the T.U.C. would take place when necessary. 





The informal exchange of opinions on the coun- 
try’s econom‘c position was continued on the following 
day, November 9, when the Chancellor met repre- 
sentatives of the Federation of British Industries at 
the Treasury. Mr. Butler was accompanied on that 
occasion by Sir Arthur Salter, G.B.E., the Minister of 
State for Economic Affairs, and the Federation was 
represented by Sir Archibald Forbes, its President, 
Sir Robert Sinclair, K.C.B., Lord Dudley Gordon, past- 
President I.Mech.E., Sir Clive Baillieu, K.B.E., 
Sir Norman Kipping, M.I.E.E., the director-general, 
Mr. D. L. Walker, the general secretary, and Mr. R. 
Glenday. An announcement issued after the meeting 
stated that this preliminary exchange of views would 
be followed later by other meetings, after fuller consi- 
deration had been given to the requirements of the 
situation. The third of the present series of discussions 
on the industrial matters took place yesterday, when 
it was arranged that the Chancellor and Sir Walter 
Monckton should confer with representatives of the 
British Employers’ Confederation on man-power 
problems. 





The extreme urgency of the national man-power 
situation was referred to at’ the quarterly meeting of 
the National Joint Advisory Council of the Ministry of 
Labour in London on November 7, when Sir Walter 
Monckton met representatives of the British Em- 
ployers’ Confederation, the Trades Union Congress, 
and the nationalised industries for the first time since 
his appointment as Minister of Labour. Sir Walter 
stated that there had not yet been sufficient time for 
him to formulate a policy to meet the difficulties arising 
from the scarcity of labour and intimated that he 
ho to consult officials of these three sections of 
industry separately during the next few weeks. He 
would then arrange a meeting of the joint consultative 
committee of the N.J.A.C. to consider the Govern- 
ment’s plans for dealing with the problem. The com- 
mittee, it may be remarked, comprises members of 
the same organisations as the Council, but it is a much 
smaller body. 





Statistics —_— to the N.J.A.C. by Sir Walter 
showed that there were 446,000 jobs waiting to be 
filled on August 29 last, some 80,000 more than in 
November, 1950. There were 110,000 vacancies in the 
engineering, metal-manufacture, vehicle-building and 
aircraft group of 





industries. These included 36,000) will 


vacancies for skilled engineers, 20,000 more than there 
were in A , 1950. Of the total vacancies existing 
in August » 20,000 were in respect of jobs in the 
railway service, including 10,000 in the operating grades. 
It was emphasised that these demands for labour were 
likely to increase and that the rearmament programme, 
when in full swing, would absorb between 400,000 and 
500,000 extra emplayees. In spite of this increasing 
shortage of workpeople, the total number of persons 
employed throughout the country had risen by 280,000, 
an increase of approximately 1 per cent. during a 
period of about twelve months. 





Other information placed before the Council by Sir 
Walter indicated that the amount of short-time work- 
ing performed in August last was rather less than in 
June, 1950, and that the amount of overtime had been 
much greater, particularly in the engineering, electrical. 
goods, and printing industries. The Council decided to 
discuss the questions of redundancy and short-time 
working at its next meeting, when it was expected that 
figures for September last would be available. It was 
stated that there was some evidence of an increase of 
employees on short time in the furniture, clothing and 
textiles industries during that month. A resolution 
was passed by the Council suggesting that employees 
in charge of fuel-using plants should be encouraged to 
attend educational courses designed to secure the most 
efficient use of fuel. Where such attendance could 
not be arranged, the Council urged that lectures and 
film shows should take place at works. 





The reactions of industry to the Government’s 
intention to de-nationalise the steel industry will be 
watched with much interest during the coming weeks. 
Apart from the threats issued in certain quarters that 
the industry will be nationalised again when the oppor- 
tunity arises, probably on less favourable terms than 
previously, and the effect that these threats may 
possibly have on the willingness of investors to purchase 
shares in steel undertakings on the return of these to 
private ownership, discussion has centred mainly on 
what kind of organisation will replace the Iron and 
Steel Corporation. The necessity for a large measure of 
public control on the policies of the steel industry as a 
whole seems to be generally recognised. The return of 
the industry to private hands is based largely on the 
belief-that, unless this is done, the industry will be 
unable to make its maximum contribution to the 
national effort and that it will accordingly be handi- 
capped in relation to its overseas competitors. 





It appears to be the desire of many sections of the 
industry, therefore, that there should be set up, with 
the aid of the Government, such a body as would 
combine a large degree of public control of general 
policy with the greater efficiency and flexibility which 
accompany private ownership. One obvious require- 
ment of any new organisation would be that it should 
be able to make plans for the industry as a whole for 
some way ahead. It is felt that if the new body is 
to give effective direction in this way, its members 
must include representatives of management, labour 
and consumers in the industry, and of the Government. 
There is a demand that political control of the new 
body should be reduced to a minimum. Its powers 
should probably include those of compelling private 
firms to enlarge their plants and buildings where 
necessary, and the authority to fix prices. 





Recommendations of the Railway Staff National 
Tribunal for an all-round wage increase of 8 per cent. 
were announced on November 7. No provision was 
made in the Tribunal’s terms of reference in regard to 
this dispute, however, that its findings should be 
binding, and the award requires the approval of the 
parties concerned to make it effective. Ifthe Tribunal’s 
findings are implemented, the increases will be back- 
dated to September 3 and will add nearly fourteen- 
and-a-half million pounds to the annual wage bill of 
British Railways. In all, some 352,000 members of 
the railway staff in the conciliation grades and some 
90,000 salaried employees will benefit. It may be 
recalled that the three principal railway unions asked 
for an all-round increase of 10 per cent. This claim 
was rejected by the Railway Executive, which made 
a counter offer giving various increases for different 
grades. Although some grades would have benefited 
by more than 8 per cent., many would have obtained 
less. The average increase offered was about 5 per cent. 





Under the terms of the Tribunal’s findings, the 
lowest-paid provincial rate of 5/. 2s. 6d. will be increased 
to 5l. 1ls., compared with the Executive's offer of 
5l. 78., while the wage for an engine driver, earning 
the maximum pay for his grade, will be increased from 
71. 98. 6d. to 8l. 1s., against an offer by the Executive 
of 7l. 15s. The increases will be taken into considera- 
tion in the calculation of remuneration for Sunday 
work, night duty, and overtime, but no adjustments 
be made in connection with bonus payments. 
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RADIO-FREQUENCY EDGE-GLUING MACHINE. 
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GENERAL VIEW OF MACHINE. 





Fic. 2. FoisHep Boarp Brrmne Esrorep. 


RADIO-FREQUENCY EDGE- 
GLUING MACHINE. 


THE radio-frequency edge-gluing machine which has 
been developed jointly by Messrs. Fielding and Platt, 
Limited, Gloucester, and the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, is 
intended for use in the manufacture of blockboard and 
similar products. The main advantages claimed for 
this system of heating, which has been employed for 
some time in other sections of the woodworking 
industry, are speed and economy. It enables con- 
siderable thicknesses of material to be heated uniformly 
within a short time, besides enabling the heat to be 
concentrated in the glue line (where it is wanted) and 
not wasted in heating a large mass of wood. 

_ The machine, of which a general view is given in 
Fig. 1, consists of a pneumatically-operated press 
(with a feed table and loader) to which power is supplied 
at radio frequency through a matching unit from a 
5-kW generator. A simple glue spreader is also 
included in the installation. Further, an electrically- 
driven air compressor and a reservoir for supplying air 
for automatically operating the press are incorporated 
in the plant. The feed table, which has a stainless- 
steel top, is provided with stops along the edges so that 
the strips coming from the glue spreader can be laid 
up. The load-matching unit enables the heat to be 
adjusted up to a maximum irrespective of the dimen- 
sions of the boards being treated and this ensures the 
most efficient use of the generator. 

Operation is simple, it being only necessary, once the 
prepared strips have been assembled on the feed table, 
to press a button. This sets an automatic loader arm 
in motion, so that the board is fed into the press. The 
remainder of the cycle is then carried through in the 
correct sequence and the completed board is auto- 
matically ejected as shown in Fig. 2, when the next 
assembly enters the press. Only two operators are 
necessary, one of whom feeds the strips into the glue 
spreader and also stacks the completed panels when 
these are ejected from the machine. The other takes 
the glued strips from the spreader and assembles them 
on the feed table. Once an assembly has been fed.into 
the press the loader arm returns to its original position 
ard another board can be assembled, while the previous 
one is undergoing heat-treatment. 


The machine has been designed for producing boards 
from 36 in. to 80 in. long, up to 40 in. in width and 
from § in. to 2 in. thick from scantlings and off-cuts. 
The strips may be of any convenient width and single 
boards can be made up from strips of various widths, 
providing the thicknesses are uniform. Production 
rates depend on the size of the boards and also vary 
with the moisture content of the wood and the type of 
glue. Tests have shown that the last factor is of great 
importance, since some glues set more rapidly than 
others of the same general type. Boards measuring 
80 in. by 40 in. by 1 in. thick have been made from 
strips 2 in. wide in 5 minutes. The boards coming 
from the machine are quite ready for the next process. 
No jigs or clamps are needed as the boards do not have 
to be stored while the glue sets. 





EXPERIMENTAL STRESS ANALYSIS.—We have received 
intimation of a course of 15 public lectures on the above 
subject, to be given in the civil and mechanical engineer- 
ing department of the Northampton Polytechnic, St. 
John-street, London, E.C.1, on Monday evenings from 
7 p.m. to 9 p.m., commencing on November 26, 1951. 
The course is intended for engineers and physicists 
engaged on research, development or design which 
involves the consideration and measurement of stress, 
and the aim is to give a general account of the experi- 
mental methods and their use in industry and elsewhere. 
The emphasis-throughout will be on general principles, 
and, where appropriate, the subject will be illustrated by 
lantern slides or practical demonstrations. There will 
also be opportunities for discussion. The list of topics 
includes a revisal of basic stress-strain theory, theory 
and causes of mechanical failure, extensometers, strain 
gauges and strain-gauge techniques, photo-elastic 
methods in two and three dimensions, lacquer techniques, 
the detection of faults by radiological, magnetic and ultra- 
sonic means, the investigation of strain by X-rays, the 
use of elastic models, and dynamic-stress measurements 
by means of resistance strain-gauges. Applicants for the 
course, which costs 30s., or 15s. to students attending 
another course at the Polytechnic, should have some 
previous experience or training in the subject. Applica- 


THE INSTITUTION OF CIVIL 
ENGINEERS: PRESIDENTIAL 
ADDRESS.* 


By A. S. Quarrermarne, C.B.E., M.C., B.Sc. (Eng.). 
(Concluded from page 600.) 


At Paddington, the original station was built in 
1838 in rural surroundings just west of Bishops-road, 
on the site which Brunel intended for the goods depot. 
This was due to the delay experienced in obtaining 
powers for the road diversions necessary to enable the 
station to be built on its present site. In 1850, the 
directors decided to provide a more suitable terminus, 
together with administrative offices and an hotel. The 
station was opened in 1854 and is an admirable example 
of Brunel’s ability to design engineering structures of 
simple and graceful appearance. It is illustrated in 
Fig. 2, on page 634. 

The original roof, which forms the major portion of 
the present station, was 700 ft. long by 240 ft. wide, 
comprising a centre arch span of 102 ft. rising to a 
height of 62 ft., and two side spans of about 69 ft. 
each, 43 ft. high, crossed at two points by transepts 
50 ft. wide. In addition, there was on both the up 
and down sides a further 50 ft. width of flat roofing, 
20 ft. high. The three arch spans are roughly elliptical 
in shape and composed of wrought-iron ribs at 10-ft. 
centres, springing from light lattice girders supported 
on columns 30 ft. apart. The ribs taper from about 
18 in. deep at the crown to 2 ft. 6 in. near the springing, 
and are formed of light angles and web plates, with 
ornamental holes cut in the webs round the soffit to 
enhance the light appearance. The wide expanse of 
glazing, running for the full length of all spans and 
transepts and occupying nearly 70 per cent. of the 
roof area, was of the ridge and furrow style adopted 
by Sir Joseph Paxton in his 1851 Exhibition building. 
The roof covering served the requirements of the 
station until 1914, when an additional span of 109 ft., 
L of the same design, was added on the arrival side. 

Since the roof was completed in 1854, no serious 
maintenance work, other than painting and resheeting, 
was needed until 1914, when some of the cast-iron 
columns were replaced by built-up steel ones, the 
remainder being replaced in 1924. Since then, slight 
repairs have been carried out to some of the ribs, and 
the glazing renewed in two spans. In 1940 and 1941, 
tie rods were provided at arch springing level to 
minimise the effect of bomb damage, and in 1944 
a rib in the eastern transept was severed by a bomb, 
without consequential effect on the remainder of the 
roof, one 20-ft. length of one rib only having to be 
replaced. The roof in other respects remains to-day 
substantially as constructed by Brunel. 

There is not time to refer in any detail to the many 
other works of Brunel, including his notable timber 
viaducts in Cornwall, his unsuccessful atmospheric 
system of propulsion for the South Devon Railway, 
his first steamship, the Great Western, 2,300 tons dis- 
placement, launched in 1837, and his famous steamship 
the Great Eastern, 680 ft. long and 27,400 tons dis- 
placement, launched broadside in 1858. I cannot, 
however, omit reference to the last and greatest of 
his railway works, the Royal Albert Bridge across the 
Tamar at Saltash, extending the Great Western Railway 
from Devon into Cornwall. 

A proposal was made in 1844 to take trains into 
Cornwall by means of a train ferry, but in 1847 Brunel 
stated it would be practicable to bridge the Tamar 
at Saltash, where the river is about 1,000 ft. wide and 
70 ft. deep at the centre at high water. After consider - 
ation of the site conditions, and the requirements 
of the Admiralty for naval vessels passing up and 
down the river, Brunel finally decided on two main 
spans of 455 ft., with a centre pier in deep water and 
17 approach spans, making a total length of 2,200 ft., 
the main spans being 100 ft. clear above high water. 
The bridge was built to carry only one track, Brunel's 
view being that, in the case of such an expensive struc- 
ture, the extra cost of a double line, 100,000/. at that 
date, could not be justified for this short length. It 
remains to-day the only piece of single line between 
Paddington and Penzance, and is not really an incon- 
venience, as the traffic margins are sufficient. 

Apart from the design and erection of the main spans 
there was the difficult problem of constructing the 
centre pier. A description of this work was given by 
R. P. Brereton, Brunel’s principal assistant, in his 
paper to the Institution of Civil Engineers in 1861. 
The work included the sinking of a wrought-iron 
cylinder, 37 ft. in diameter, 90 ft. high, and weighing 
290 tons, in 70 ft. of water through about 16 ft. of silt 
to reach a reliable foundation on the rock in the middle 
of the river. Within the cylinder was constructed 
the masonry pier, 35 ft. in diameter, carried up to 
12 ft. above high water level. On this stand four 
cast-iron octagonal columns, nearly 90 ft. high, support- 
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ing the upper arched section of the pier, through which 
the trains pass and on top of which the tubes, are 
carried. 

The two main spans, each 455 ft. long, were designed 
as a development of an earlier Brunel. bridge over the 
Wye, at Chepstow, in a way which made use of a 
wrought-iron tubular arch in effective combination 
with suspension chains, so that the pull of the chains 
is resisted by the tubular arch. The track-carrying 
girders are suspended on — from the tubes and 
the chains, alternate hangers being connected to both 
tube and chain. The hangers are braced transversely 
and longitudinally, and the finished truss forms a 
remarkably rigid structure, but presents an extremely 
difficult problem in stress calculation. In the general 
design, Brunel made the rise of the tube, 28 ft. 9 in., 
approximately the same as the fall of the chains, 
27 ft. 6 in., both forming flat parabolic curves and 
giving a pleasing appearance. The arch is a single 
wrought-iron oval tube, 16 ft. 9 in. wide and 12 ft. 3 in. 
high, from which hang four suspension chains, each 
having a cross section of 14 7-in. by l-in. wrought-iron 
links. The weight of the ironwork in each span is 
over 1,000 tons. 

The erection was carried out by constructing the 
trusses on the Devon shore, and floating each out on 
pontoons to its correct position, where it was jacked 
up in short lifts, the masonry of the shore pier and the 
cast-iron columns of the centre pier being built up 
under the truss as the work progressed (see Fig. 3, 
opposite). The total lift was nearly 90 ft., and, as the 
trusses are 455 ft. long, 72 ft. high, and less than 20 ft. 
wide, the work must have been planned and executed 
with great care. The top of the tubes is 260 ft. above 
the river foundation, which is 35 ft. in diameter. The 
bridge cost 225,0001. and was opened by the Prince 
Consort in 1859. Since then, the decking of the bridge 
has been renewed, the approach spans reconstructed, 
additional horizontal bracing added to the main 
trusses, and some repairs carried out at the attachment 
of the verticals to the tubes. Otherwise, the bridge 
remains as constructed, a monument to the skill and 
courage of the designer. 

Brunel, who was a senior vice-president of this 
Institution, and would have become President but 
for his early death at the age of 53, displayed through- 
out his life almost tireless energy and enthusiasm for 
his work, and much of the comfort and leisure we now 
enjoy is derived from the strenuous labours of men of 
his tenacity. The spread of industrialism to almost 
all countries, the effect of two world wars, and the 
present tragic international situation is depriving us 
of our advantages. The position to-day demands 
that we call to mind the indomitable character of those 
who helped to build our industrial prosperity, as it 
seems evident that we can only hope to retain the 
benefit of our heritage by a revival of the unconquerable 
spirit of the Battle of Britain and the energy of such 
men as Brunel. 

Brunel’s works stand as proof of his designing skill, 
and also show how much thought he gave to the 
appearance of his structures, using to the full his 
remarkable eye for proportion. This has not always 
been followed by his successors, and six valuable 
lectures were delivered at the Institution in 1944 on 
the “ Aesthetic Aspect of Civil Engineering Design,” 
with the object of stimulating among civil engineers 
and students an yar ope of this phase of their work. 
The key-note to- is economy, and we find it beyond 
our means, even if it were our desire, to provide the 
fine stone capitals seen in such structures as the Wharn- 
cliffe Viaduct ; but the beauty of much of Brunel’s 
elliptical arch work was achieved without additional 
cost, and without the assistance of the Royal Fine Art 
Commission, or the approval of the Town and Country 
Planning Authority. 

Though Brunel had very many difficult technical 
problems to solve, he did not restrict himself to one 
at a time, as, for example, when he built the steamer 
Great Western at the very time when he was engaged 
on the construction of the Great Western Railway. 
Nevertheless, he found time to study Nature and art, 
and to acquire knowledge of the world and its affairs, 
and he combined administrative ability with his excep- 
tional engineering talent. To-day, the field of engi- 
neering knowledge and research is so wide that it 
encompasses not only the whole of an engineer's 
working time, but much of his leisure hours, to the 
exclusion of other interests. 

On the other hand, the increasing extent to which 
the work of the engineer affects almost every aspect of 
the life of the community requires that he should be 
more frequently among those who hold administrative 
posts and are represented on the governing bodies 
of the nation. The engineer's readiness to get on with 
his own job, and to leave to others the less arduous 
task of talking about it, is understandable; but this 
natural inclination, increased by the desire to avoid 
anything approaching self-advertisement, results in his 
being too readily and too automatically excluded from 
the administrative side of affairs. We do not want a 
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board of directors, a County Council, or a House of 
Commons composed of engineers, as this would be not 
only a scandalous waste of engineering talent, but as 
unsatisfactory as a House full of doctors, accountants, 
scientists, or even professors of economics. On the 
other hand, the present scanty representation of pro- 
fessional engineers in administration and government 
is neither good for the country nor the profession. 
The breadth of view and knowledge needed for 
successful administrative work is, however, not acquired 
by technical education alone. Contact with those 
engaged in a variety of activities, and interest in social 
science, philosophy, law, economics, industria] relations, 
and even the art of speaking and report writing, are all 
helpful, and to some extent necessary. The Railway 
Executive have included engineers among those who 
attend the Administrative Staff College at Henley, 
and this is a valuable step in the right direction. In 


many industries such as the railways, where engineers 


control a large number of men and collaborate with 
many departments, administrative ability is required 
to perform successfully the engineer's own work, 
quite apart from its value in a purely administrative 
post. It has to be admitted that the technical and 
scientific information of which the young engineer has 
to obtain a working knowledge is now so varied and 
extensive that one hesitates to suggest he should 
add to this a determination to acquire more general 
knowledge. It may sound unreasonable, and much 
cannot be expected in the early stages of his academic 
career, but it is for the very reason that his technical 
education never ceases that it is necessary for him to 
resist the tendency to exclude everything else. 

During the Nineteenth Century, construction was 
the great objective.’ Railways were projected and 
built in every direction, until, by the end of the century, 
the country was traversed by a network of lines serving 
all districts. Now the position is that the railways 
exist, and it is sometimes said without thought that 
their days are numbered, as they will inevitably be 
superseded by road and air transport. I do not 
subscribe to this view, and I would like to give some 
indication of the position as I see it. 

Dr. Glanville, in his presidential address, referred to 
the congestion which already occurs on the roads, 
particularly in and around large cities. A five-year 
a has since been recommended to the 

inister of Transport by the London and Home 
Counties Traffic Advisory Committee, involving 
an initial expenditure of about 20/. million in London 
at the earliest possible moment, and confirming the 
approaching critical situation in the London area. 
Every addition to road traffic adds still more to the 


inevitable difficulties which must arise in a country the | fac 


size of Great Britain when the number of vehicles on 
the roads is increased at a much greater rate than the 
improvement of roads to carry them. Partly as a 
result of two world wars, the rate of production of road 
vehicles has been increased, and the construction of 
roads had been delayed through lack of labour. It 
may be said that this will cure itself in a few years by 
expenditure on road improvements throughout the 





country, and, no doubt, much could be done in this way. 
What is really happening is that construction work, 
even on arterial and by-pass roads, which was too slow 
before the war, is now by force of circumstance reduced 
beyond recognition. The more serious problem, 
however, of dealing with any considerable increase of 
road traffic into major towns is a far greater one, 
involving unpredictable delay and vast expense. In 
the London area, surface traffic at peak hours has 
reached saturation point and for such traffic further 
tube railways will doubtless prove the quickest and 
cheapest, and probably the most certain means of im- 
provement. It seems essential that an early start should 
be made with the most urgent section of new tube rail- 
way, followed by steady progress with a long-term 
programme. 

The main-line railways carry an immense amount 
of traffic, though it may not be remembered except at 
holiday times. In 1950, the main lines handled 1,000 
million passenger journeys and 22,000 million net ton- 
miles of freight. During the morning rush-hour 
at the main-line termini in London, 3,300 passengers 
arrive per minute. If this traffic were gradually 
transferred to the roads, it is clear that transport 
throughout the country and the approach to large 
towns would become chaotic, in spite of all the prodi- 
gious efforts which might be made, and the crippling 
expenditure which would be incurred in an attempt to 
match the roads to the traffic. Lengthy journeys by 
car at busy times already involve joining queues 
travelling behind slow-moving lorries, while each 
car awaits an opportunity to pass in safety. On the 
long stretches of main roads of two-car width, the delay 
in passing is often prolonged, and a further queue 1s 
reached at no great distance ahead. If the railway 
passengers and freight were added to these queues, and 
to the congestion entering and leaving large towns, 
the speed of transport would fall, and the disastrous 
story of road accidents, estimated to cost about 1001. 
million per annum, would become an even greater 
national tragedy. Furthermore, the strategic value 
of the railways would be lost, and the burden carried 
by them during the war, when the traffic was so heavy 
that intending passengers were exhorted to avoid rail 
travel, would, if placed upon the roads, be a menace 
to our security. ~~ 

It is not my intention to argue a case for rail in 
preference to road traffic, but to indicate that both 
forms of transport gre essential in this highly industrial- 
ised and heavily populated country. The British 
Transport Commission are applying themselves to the 
difficult task of integrating all forms of transport, and 
this is clearly the urgent problem with which we are 

ed 


The existing railway system, which would cost about 
3,0001. million to construct to-day, is an invaluable 
heritage which must be not only maintained and used 
to. the best advantage, but also improved wherever 
necessary to ensure that the country reaps the great-st 
benefit from it. By this I do not infer that there «re 
not many railway branch lines and stations which 
can no longer justify their existence. Such deadwood 
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should be, and is being, cut out of the railway tree. 
The rest of the tree, however, should be nurtured and 
fertilised, and not starved into a state of unfruitfulness, 
to the everlasting detriment of the nation’s economy. 
Reduction in operating and maintenance expenditure 
is essential, but wise capital investment on improve- 
ments is equally necessary. The confidence of all 
associated with the actual running of the railways 
needs to be strengthened by the certain knowledge 
that the industry must and will advance, and that 
policy will be directed to this end. The present 
unavoidable curtailment of capital expenditure, if 
pushed too far, may not only retard the post-war 
convalescence of the railways, but set them back 
so far as to cripple them permanently. With all the 
commitments facing the country, efficient transport 
by rail and road is of first importance, and expenditure 
on revitalising this in a co-ordinated manner is impera- 
tive. The late Minister of Fuel and Power said that 
rearmament must not be allowed to check investment 
in the mines because coal is a vita] defence requirement. 
May I add, so also is transport. The railway engineer 
desires to assist in the wise planning and speedy 
execution of construction works to provide better, 
quicker and, if possible, cheaper service. By various 
methods he is achieving some success in handling the 
problem of labour shortage, but, like many others, he 
wants a much higher place in the queue for materials. 

The ever-present problem to which the engineer 
directs his thoughts and energies is the vast and varied 
task of maintaining the existing way and structures. 
In general, this might be described as the more econo- 
mical design, use of materials, and execution of civil 
engmeering work, the better organisation of the 
considerable manpower employed, constant research 
into improved methods, and the most effective applica- 
ton of mechanical equipment. The annual civil 
engineering bill for maintenance is over 501. million, 
and to ensure every effective reduction in this without 
loss of efficiency necessitates the employment of staff 
with engineering training, experience, and ability of a 
high order. 

During the 100 years or more that many of our rail- 
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ways have been in existence, much has been done to 
improve the standard of construction by replacing 
original timber and cast-iron structures by stronger 
and more lasting ones, providing heavier permanent 
way and better curves, improving signalling, track 
formation, and many other features. This work does 
not cease with the passage of time, as structures 
continue to wear out or deteriorate to a point beyond 
which it is no longer practicable nor economical to 
repair them, and renewal becomes necessary. In 
addition, many stations, goods sheds, locomotive 
depots, and similar works need reconstruction on 
modern lines. Reconstruction and modernisation is 
normally undertaken in a way which will give the best 
and most lasting results for the least expense in first 
cost and subsequent maintenance. On the other 
hand, there are sometimes cases where it is reasonably 
certain that change of traffic or policy will render a 
structure redundant in a comparatively short time. 
Long life is not then one of the essentials, and the 
cheapest building to meet the requirements is all that 
is needed. It is necessary, nevertheless, to inject some 
engineering economics into the department asking for 
cheap buildings, otherwise the money saved in the 
cheapening process may have to be spent subsequently 
by the unfortunate engineer on the costly maintenance 
of these utility models. 

British Railways have over 60,000 bridges of all 
shapes and sizes up to the largest, the Forth Bridge, 
and of ages from one to over 100 years. Many of the 
old masonry and brick arch bridges and viaducts are 
almost as good as when constructed; others develop 
a variety of defects. The more usual, such as bulging 
spandrels, cracked arches, perished brickwork, and 
decomposition of mortar, can be dealt with by well- 
established practices. Foundation settlement and 
distorted arches afford more scope for ingenuity in 
repair. Most of the oldest metal bridges are of 
wrought iron, and many are over 90 years old. These 
have some of the characteristics of the old soldier, 
but they do ultimately expire, as do the less aged steel 
structures. There are, in consequence, plenty of oppor- 
tunities for evolving improved designs, based on 
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experience of the behaviour of old bridges, and present 
knowledge of riveted or welded steelwork, reinforced 
concrete, and prestressed concrete of various forms 
and methods of fabrication. The present need for 
conserving steel is an added incentive to the greater 
use of reinforced concrete; and always before us is the 
desire to find new and better materials and forms of 
construction, the guiding principle being reasonable 
first cost, long life, and low maintenance%expense. 
The problem of speedy erection, however, generally 
affects the design, as the actual replacemert of most 
bridges carrying the railway must be undertaken on 
Sundays and may have to be completed in a few hours. 

There are on the British Railways 1,085 tunnels, 
with a total length of 310 miles. Many of these are 
approaching or over 100 years old, and most have 
withstood the passage of time well. Their principal 
defects, the deterioration of mortar and scaling of 
brick or masonry linings, are repaired by deep pointing, 
or cutting out and replacing one or more defective 
rings in short lengths as necessary. Less frequently, 
a tunnel may require drastic treatment due to serious 
distortion of the arch or side walls, involving a new 
invert or complete relining, or it may even be necessary 
to construct an entirely new tunnel. At the present 
time, there is in hand the construction of a double- 
line tunnel, just over three miles in length, on the 
Manchester-Sheffield line through the Pennines, 
between Woodhead and Dunford Bridge stations. The 
lining of the existing twin tunnels, after 100 years 
life, has deteriorated so much that further economic 
maintenance under intensive traffic conditions has 
become impracticable. The construction of the tunnel 
was commenced in March, 1949, and the pilot heading 
completed last May. Such works are fortunately 
exceptional, but the railways are never without tunnel 
problems somewhere. In two recent cases the side 
walls settled and moved inwards, involving, in one 
tunnel, very heavy inverting and relining, and, in 
the other, the complete opening out of the length 
affected. 

Efficient and economical maintenance of the per- 
manent way presents a serious drainage problem which 
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is still the subject of experimental research. Water is 
very frequently a source of trouble to the engineer, 
and it is particularly so under the railway track. 
In theory, rain water should drain through the ballast 
and pass harmlessly to the side drains or ditches. 
Much of it behaves in this way, but where the formation 
is a cohesive material such as clay, of low shear strength 
when the moisture content is high, it is a constant 
fight between the clay’s readiness to increase its moisture 
content beyond stability, and the engineers’ efforts to 
remove the water before this occurs. Once the clay 
gains a lead on the engineer, it rapidly takes charge, 
as the resulting slurry holds the water and passes into 
the open joints of drains, impeding or stopping further 
water reaching the drains. This is the beginning of 
what might be described as “Operation Porridge,” 
as the slurry rises up through the ballast, rendering 
the engineer almost powerless until he removes the track 
and digs out the mixture of ballast and slurry down to 
a level at which the clay is in its undisturbed state 
(Fig. 4). On this new formation he must start afresh, 
carrying out a a known as “ blanketing.” In the 
past, a layer of ashes was tried with little success, and 
fine sand proved to be a better material. Now it is 
considered that more lasting results will be obtained 
by a thickness of a foot or more of stone dust, rolled or 
tamped mechanically before adding a layer of coarser 
material, graded upwards to the size of ballast, on which 
the ballast itself is spread and the track replaced. At 
the same time, the side drains must be renewed at a 
suitable level to draw off the water before it ever 
reaches the clay again. Other methods have been 
tried, including cement grouting, sand piling, sand 
infiltration, and even laying concrete slabs on the 
formation. Considerable lengths now require treat- 
ment, due to neglect during the war and subsequent 
shortage of labour. While lasting results are essential, 
we need to find means of expediting the work and reduc- 
ing the cost. The restoration of defective track forma- 
tion and drainage cannot be deferred if we are to 
provide better running and a subsequent decrease in 
maintenance expense. 

Improvement of the railways and reduction in the 
cost of maintaining the way and works can only be 
achieved by combining hard-headed railway experience 
with a progressive spirit of research and development. 
This involves investigation of the problems by skilled 
and well-trained engineers. Mediocrity and accoun- 
tancy will not be sufficient. Opportunities are accord- 
ingly provided to graduates and young men of matricu- 
lation standard for training under agreement in 
accordance with the Institution requirements; at a 
later stage, selected young engineers showing more 
than average competence are picked for further special 
training or for brief tours on Continental railways, 
or to attend courses or international conferences on 
engineering subjects. With the clear necessity for 
making the —— more efficient, whether it be by 
the extension of electrification, the mechanisation of 
goods working, the improvement of design to reduce 
cost, the wider application of modern techniques, the 
profitable expansion of the use of mechanical plant, or 
mg A other advance on older methods, an essential need 
is for engineers who are skilled in their work and ca: 
it out in a way which inspires their staff with confidence, 
enthusiasm, and pride of. achievement. 

It is a compliment to the railways that many young 
men, aspiring to become qualified engineers, recognise 
that railway work is a valuable training ground, and 
it is necessary that the best of these should not be 
attracted away from the service. In an organisation 
so vast, care is needed to ensure that centralised 
instructions and standards, y and desirable 
as they are, do not discourage the inception and 
development of new ideas amongst the staff of the 
Regions. Good engineers live and thrive on the 
success of their ingenuity and inventiveness, and the 
morale of the many excellent men, young and old, on 
the engineering stat would be lowered if their initiative 
were unduly restricted. Any impression that the 
work of a railway engineer is lessening in interest and 
opportunities is wrong, and there must be no room for 
doubt that railway service is attractive as a permanent 
career. 

Technical and organising ability is more than ever 
necessary when receipts ar? not keeping abreast of rising 
costs. The railways, unlike other nationalised indus- 
tries, cannot freely raise the price of the commodity 
they sell, because of the statutory restrictions placed 
upon them, and because the commodity is not like coal, 
gas, and electricity, which the public must buy what- 
ever the price. ilway engineers of to-day are im- 
pressed with the importance of reducing costs, and I 
commend their efforts to achieve this while faithfully 
carrying their heavy responsibilities. No praise or 
criticism, however, and no amount of skill and training 
will be sufficient unless we add also something of the 
spirit of Brunel. He lived at a time when this nation 
was creating its greatness, and recognised that only 
by unflinching determination and incessant effort 
could obstacles be overcome. Such a spirit is needed 
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more than ever to-day, both on the railways and in 
other spheres. We are proud of our famous engineers 
and now, when it seems that our greatest effort is 
required, we can, perhaps, draw guidance and inspira- 
tion from them. May I, therefore, in conclusion, 
recall the words spoken by Josph Locke, President of 
this Institution, at the meeting on November 8, 1859, 
after the deaths of Isambard Kingdom Brunel and 
Robert Stephenson: “‘ We at least, who are benefited 
by their successes, who feel that our Institution has 
reason to be proud of its association with such names 
as Brunel and Stephenson, have a duty to perform and 
that duty is to honour their memory and emulate 
their example.” 





INTERNATIONAL MECHANICAL ENGINEERING CON- 
GREss, 1952.—The 4th International Mechanical 
Engineering Congress will be held in Stockholm from 
June 4 to 10, 1952; the papers and discussions will be 
centred on improvements of materials used in engineering 
manufacture. The Congress is organised by the trade 
associations serving the mechanical-engineering industry 
of 12 European countries (Belgium, Denmark, Finland, 
France, Western Germany, Great Britain, Italy, Nether- 
lands, Norway, Spain, Sweden and Switzerland). A 
meeting of the organising committee, comprising repre- 
sentatives of all these countries, was held in London 
this week under the chairmanship of Mr. A. W. Berry, 
Director of the British Engineers’ Association, 32, 
Victoria-street, London, S.W.1, from which address 
information concerning the Congress is available. Visits 
to a number of works near Stockholm have already 
been arranged, and in the week following the Congress 
there will be optional tours to the principal industrial 
centres of Sweden. 


ScoTTISH BUSINESS EQUIPMENT AND MANAGEMENT 
EXHIBITION.—The Office Appliance and Business Equip- 
ment Trades Association inform us that the Scottish 
Business Equipment and Management Exhibition, which 
was due to take place at Edinburgh in February next, 
as announced in our list of Forthcoming Exhibitions and 
Conferences ” on page 535, ante, has had to be post- 
poned. The Association will now hold their major 
Business Efficiency Exhibition for 1952 at Bingley Hall, 
Birmingham, from Wednesday, February 20, to Satur- 
day, March 1. It is hoped by the Association that an 
exhibition under their auspices can be arranged at 
Edinburgh later in 1952. The address of the Association 





is 11-13, Dowgate-hill, Cannon-street, London, E.C.4. 





CONTRACTS. 


The 14 Diesel-electric locomotives of 955 brake horse- 
power, and 3 ft. 6in. gauge, recently ordered by the 
Commonwealth Government Railways from the Bir- 
MINGHAM RAILWAY CARRIAGE AND WAGON Co., LTD., 
Smethwick, Birmingham, 40, and SULZER Bros. 
(LONDON), Lrp., 31, Bedford-square, W.C.1, are to be of 
the A1A-A1A wheel arrangement, with a maximum axle 
load of 10 tons and a total service weight of 60 tons. 
The top service speed is to be 45 m.p.h., and the maximum 
tractive effort, 26,800 lb. The locomotives are to have 
single-end drive and will have a length, over headstocks, 
of 41 ft. 10 in. The oil engine is to be of the Sulzer 
6 LDA 28-type and pressure-charged. 


THE NEVELIN ELECTRIC Co., LTp., are to provide two 
250-kW glass-bulb mercury-are rectifiers to be installed 
in the Houses of Parliament, to the order of the Ministry 
of Works, to provide supplies of direct current to main- 
tain various services, following upon a change-over 
scheme which is being carried out in the area. 


During October the British Electricity Authority have 
placed contracts for equipment for power stations, 
transforming stations and transmission lines amounting, 
in the aggregate, to 3,347,6701. The principal contracts 
include orders for 33-kV cables and accessories for 
Barking ‘‘ C ” power station, with MALCOLM AND ALLAN 
(LONDON), Lrp. ; generator transformers for Marchwood 
power station, near Southampton, with FERRANTI, LTD. ; 
modifications to 132-kV 1,500 MVA switchgear and pro- 
tective equipment for Hams Hall “ A” power station, 
near Birmingham, with the GENERAL ELECTRIC Co., 
Ltp.; condensing and feed-heating plants for a 30,000- 
kW turbo-generator for Huddersfield power station, with 
RICHARDSONS, WESTGARTH AND CO., LTD.; & 45,000-kW 
turbo-generator and transformer for Thornhill power 
station, near Dewsbury, with the ENGLISH ELECTRIC 
Co., Ltp.; piling for the main foundations of Stella 
North station, Newcastle-upon-Tyne, with the FRANKI 
COMPRESSED Pre Co., Lrp., and 132-kV 3,500-MVA 
switchgear for the same station, with A. REYROLLE AND 
Co., Ltp.; 132-kV 2,500-MVA switchgear for Smeth- 
wick substation, Staffordshire, with the GENER AL 
ELEctrRIc Co., LTp.; 132-kV 2,500-MVA switchgear for 
Clydes Mill substation, Glasgow, with the METRO- 
POLITAN-VICKERS ELECTRICAL Co., Ltp.; and 132-kV 
overhead lines from Portishead, Bristol, to Lockleaze, 
from Bathgate to Junction X, South-East Scotland, and 
from Clydes Mill to Newarthill, South-West Scotland, 
with W. T. HENLEY’s TELEGRAPH WorRES Co., LTD. 
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PRODUCTION AND UTILISATION 
OF ELECTRICITY.* 
By A. H. Youne. 


Tue tremendous increase in the efficiency of pro- 
duction and utilisation of both gas and electricity in 
the service of an increased population, in spite of a 
decrease in the amount of coal mined, is indicated in 
Table I. This progress has, however, in itself created 
many problems, among which a shortage of coal and 
a shortage of generating-plant capacity are important. 
In the last 50 years there has m a remarkable 
decline in our coal production for export. In 1913, 
73,400,000 tons of coal were exported and 487,000,000 
gallons of liquid fuel imported. In 1938, ccal exports 
had fallen to 35,860,000 tons, and oil imports had 
risen to 2,640,000,000 gallons. By 1950, coal was 
being imported. It is interesting to note that this is 
not the only country faced with a decline in coal pro- 
duction. In the United States, coal is playing a 
diminishing role as a primary source of energy. In 
the early 1920’s it accounted for 70 per cent. of the 
energy produced from all sources—oil, coal, natural 
gas and water power—but now it accounts for only 
44 per cent. 








TABLE I. 
Electrical 
Coal Gas - 
Year. Mined, Sent Out, G Lae A 
Tons. Cub. Ft kWh. 
x 10° x 10° x 10° 
1900 220 57 125 
1925 243 284 6,294 
1950 200 480 53,700 














Unless more coal can be produced in Great Britain, 
another source of energy must be found. There are in 
the meantime great opportunities for engineers to 
apply their skill to assist in solving the more immediate 
problem of the efficient use of our energy resources. 
Electrical energy is the most versatile servant that has 
emerged in the past 50 years. Unfortunately, in some 
respects the growth of the industry has been so rapid 
that sufficient regard has not always been paid to its 
economical utilisation, with the result that many 
problems have been created. Probably the greatest 
of these is how to deal with the peak load on the 
power stations. With the increased need for elec- 
tricity in industry,-and the serious consequences on 
increased productivity imposed by restrictions on 
demand, the solution of this problem is urgent. The 
continuation of load shedding cannot be afforded and 
resources must be found to supply sufficient energy to 
meet industrial demands. 

Much has been said about the effect of the domestic 
load on the peak and it is well that this problem should 
be looked at in its true perspective. The system load 
factor is now approaching 50 per cent. Industry, with 
its 44-hour 5-day week, can on average have a load 
factor of only 20 to 25 per cent. Therefore, the much- 
maligned domestic load, with its high diversity, helps 
considerably to achieve the present system load factor 
of approximately 46 per cent. Industry cannot be 
economically operated at such a low load factor as 
20 to 25 per cent., having regard to its own large 
capital investment, plus that required for generating 
stations, transmission and distribution systems, and it 
appears desirable that steps should be taken to stagger 
the industrial load. Otherwise it is difficult to see 
how the gap between capacity and demand can ever 
be closed. A campaign could, therefore, profitably be 
undertaken for the purpose of educating users and 
employees to appreciate that generating stations are 
only loaded, or overloaded, for comparatively short 
periods, and that on average they are only carrying 
less than half-load. If a portion of industry could be 
persuaded to take its requirements during the lightly- 
loaded portion of the day there would be no need for 
load shedding. 

Apart from this problem, however, there must be a 
co-ordinated policy for our fuel resources, and this 
policy must not restrict development. Generating 
units installed in industrial premises should be utilised 
to the fullest capacity in parallel with the public 
supply, to assist in overcoming the shortage of capacity. 
To adapt existing British power stations for district 
heating would be impracticable in most cases, owing 
to their location, but its possibilities, particularly in 
new towns and rebuilt areas, should taken into 
account when siting new stations. It should also be 
possible to make greater use of waste heat for industrial 
purposes. This could be done by siting new factories 
hear existing generating stations, and taking full 
advantage of the supplies of steam and electricity 





a Chairman’s address to the Utilization Section of the 
Institution of Electrical Engineers on Thursday, Octo- 
ber 25. Abridged. 





available, as has been done on the Treforest Estate in 
South Wales. Alternatively, factories could be en- 
couraged to generate a larger proportion of their 
electric power requirements, so that heat, which would 
otherwise be lost in cooling water at a central generating 
station, could be used for process and space heating in 
the works. 

Great Britain owed her industrial superiority in the 
past to her initiative in developing her natural resources 
and the crafts of her people. To regain that position, 
ever-increasing quantities of electricity must be applied 
to assist workers to increase productivity, and at the 
same time our most valuable assets, namely, our brains 
and initiative, must be used to lead the world in creating 
new prodtets and commodities which can be exported. 
Every endeavour should be made to improve our 
methods and efficiency, so that when free and unre- 
stricted competition returns to world markets, we shall 
be able te compete with other nations who may be 
more favoured with natural energy resources. Gone are 
the days in this country when the price of electricity 
and other energy sources represented a small percentage 
of the total works cost. In many industries this is 
now becoming an important factor. It is essential, 
therefore, to watch the cost to the consumer, as, these 
costs must ultimately be reflected in the final cost of 
goods. If industry cannot promptly obtain much- 
needed electricity to increase its productivity from the 
public electricity supply sources, then it appears that, 
as a short-term policy, there is a good case for indus- 
trialists installing high-speed Diesel generating sets, 
operated in parallel with the public supply during 
peak-load periods. It was stated recently that power 
cuts last winter cost this country approximately 
9l. million in industrial production. As this sum 
represents a national production wastage, some 
financial outlay made with the object of avoiding future 
extravagance of this nature would be justified, and 
some financial allocation towards the provision of 
private generating sets that could be quickly installed 
in existing buildings is worthy of consideration. In the 
past it was feared that if industrialists were encouraged 
to install their own generating sets there would be a 
tendency for them to continue using this plant to the 
exclusion of the public supply. It is doubtful if, in the 
light of the changed circumstances, this really would 
happen, as most industrialists would be ready and 
willing to take their electricity requirements from the 
public supply provided the terms were reasonable. It 
is hoped, therefore, that those responsible will encourage 
the use of private generators to lessen the effects of the 
serious shortage of public supply plant in the present 
emergency. 

The State has now become responsible for our main 
energy-producing industries—coal, gas and electricity 
—and the Ministry of Fuel and Power has a major 
responsibility to provide our needs at an economic 
price which will enable industry to increase productivity 
and permit the community to enjoy the amenities and 
higher standard of living which we have been led to 
expect over the past 50 years. Electrical engineers, 
however, have also a responsibility, and still have 
ample opportunity to develop new techniques, methods 
and equipment for the utilisation and conservation 
of all three sources of energy. The State has also 
taken over responsibility for the operation of our 
railways and canals, and it is to be hoped that it will 
proceed with an active programme of electrifying our 
railways and thereby make a saving in coal which has 
been estimated at nearly the total amount which is at 
present required for the production of all the electricity 
for domestic consumption. Railway electrification 
offers scope to electrical engineers to improve present 
methods, and to make available improved equipment 
for export. It is generally recognised that to cater for 
possible demands the amount of energy sent out from 
generating stations will double in ten years or less, and 
that approximately 50 per cent. of this will be for 
domestic purposes. At present over 30 million tons 
of coal are being used at generating stations, so that 
on this basis 60 million tons annually will be required 
by 1960. The raising and transporting of this extra 
coal presents in itself a major problem. 

The invention of a means of storing electricity in a 
light-weight accumulator, which can be charged if 
necessary at a high rate in a short period, is overdue. 
Such a device could go a long way towards levelling 
out the load curve, and could be used extensively in 
transport to save imported fuel. The recent develop- 
ment of new liquids as heating media for high-tempera- 
ture operation up to 600 deg. F. without pressure 
seems to offer a partial solution to storing electrical 
energy in the form of heat during periods of low demand. 
Research is proceeding along these lines, but there is 
ample opportunity for the electrical engineer to co- 
operate with chemists, physicists and coal-utilisation 
and mechanical engineers, in an endeavour to store 
electrical energy for use in industry, commerce and the 
home. 

About one-third of the coal consumed in Great 
Britain is used directly or indirectly for domestic pur- 





poses, principally for space heating, hot-water supply 
and cooking. Few things could be of ‘more help in 
liberating women from household drudgery, reducing 
the electrical industry’s pak problem, and increasing 
the wealth and health of the nation, than a wholesale 
reduction in the labour and transport involved in the 
use of this heat. A fundamental difficulty is, of course, 
immediately apparent in that many of the buildings 
in this country were designed for the use of low-priced 
coal as a heating medium. This is no longer available 
and probably never will be again. Property owners 
and occupiers should therefore be encouraged to make 
greater use of thermal insulation and to install modern 
efficient apparatus, whether their selection is ultimately 
electricity, gas or solid fuel. 

It is frequently stated that the domestic and com- 
mercial heating load is the main cause of our k 
problem. It is doubtful, however, if the user of the 
portable electric fire realises that when it is used during 
peak-load periods the cost in capital charges to the 
electricity authority for a 2-kW model is over 2001. 
It is difficult to suggest what can be done with the 
millions of existing fires, except to appeal to the users— 
as has already been done—to “keep off the peak.” 
Considering the solution that has been found for low- 
temperature problems by the use of dry ice, it is sug- 
gested that the solution to the electrical space-heating 
problem does not lie in restriction by load limiting or 
other devices, but in the development of a heating 
medium which can be used with low-wattage elements 
as a base load in conjunction or alternating with 
modern efficient slow-combustion anthracite stoves. 
Investigation in the use of one or other of the new 
chemicals appears worth-while. Before this could be 
used for domestic purposes, however, many problems 
would have to be solved, and suitable apparatus 
for cooking, space heating, water heating, etc., 
developed. : 

During the past 50 years spectacular progress has 
been made in improving the thermal efficiency of 
generating plant, and the average for the country is 
now about 21-5 per cent., while the best power stations 
reach 28 to 29 per cent. Sir Henry Self recently 
pointed out that an increase of only 0-1 per cent. in 
thermal efficiency represents a reduction in coal con- 
sumption of roughly 140,000 tons, or an annual saving 
of some 350,000. Such economies are, however, 
frequently dissipated after the electricity leaves the 
power station, either by way of excessive losses in 
distribution or by faulty utilisation. In 1949 the energy 
lost in distribution and transmission amounted to 
5,211 million kWh, or 13 per cent. of the total sales to 
consumers. This is equivalent to the startling figure 
of 412 kWh per consumer. It is suggested that many 
economies could be effected in order to save our national 
resources and support the economies made in generation. 

It is probable that most of the new consumers in 
the future will be isolated and in rural areas, requiring 
high-voltage extensions and small single-phase trans- 
formers. From the point of view of iron losses it is 
desirable that the smallest unit suitable for the job 
should be selected. Losses can be saved by serving 
as many consumers as possible from one transformer ; 
loading transformers for individual consumers so as to 
take advantage of the overload rating of the unit ; 
and endeavouring to improve the load factor and keep 
the maximum demand to a minimum. 

It is regrettable that shortage of capital is preventing 
a more rapid expansion of electrical frcilitiea into rural 
areas. The economic problem involved in giving public 
electricity supply to isolated premises is very consider- 
able. Even if the would-be consumer pays for the 
entire cost of the extension, the scheme can still be 
uneconomic because of the high rate of depreciation 
and the losses on a transformer serving only one 
consumer. In the smallest size of transformer normally 
used the iron losses amount to the figure of 630 kWh per 
annum. Many rural dwellers scarcely use this amount 
in a year, so that for every unit used two have to be 
supplied to the transformer. In such circumstances 
it may be desirable to install small wind-power genera- 
tors or engine-driven sets, coupled with improved 
methods of storing electricity. 

Electricity used by agriculture in this country at 
present amounts only to about | per cent. of the total 
output. Although progress has been made in recent 
years in the design and development of specia electrical 
apparatus for the use of farmers—for example, the 
small hammer-mill, the low-loaded sterilising unit 
and the milk cooler—much has still to be done, and 
the problem of comprehensive rural electrification on 
progressive lines offers great opportunities to those 
interested. Electricity can contribute greatly to 
increased agricultural production and efficiency, and 
will indirectly stimulate an expanding market for a 
wide range of machinery, goods and services. It 
should be remembered that 1 kWh of electricity, 
properly applied, can replace ten hours of human 
energy. In terms of money, therefore, one pennyworth 
of electricity can give results equal to something 
between 20 and 30 shillings-worth of human effort. 
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MOBILE TELEVISION STATION 
FOR CANADA. 


Tue accompanying illustration shows the interior 
of one of the two outside television broadcasting 
vehicles which have been designed and equipped by 
Marconi’s Wireless Telegraph ‘Company, Limited, 
Chelmsford, for use on the Canadian television service. 
From left to right, the units shown in the illustration 
are as follows: the power-regulating unit, the broadcast 
distribution box, three camera control monitors and a 
master control monitor. Above the monitors are 
sound and vision receivers. The producers’ desk is 
on the extreme right. The three cameras, with 
which the vehicle is equipped, are carried in fitted 
cupboards, as are the electronic view-finders and 
sets of lenses. The cable is on reels at the rear of 
the vehicle and the receiving aerial is mounted on 
outriggers. The facilities provided allow all the 
members of the crew to hear both programmes and 
instructions through their earphones, while the camera 
operators can speak to the camera control personnel 
and to the producer, and the producer and technical 
director to the crew. The equipment can be operated 
either from the mains or from a generator on a trailer, 
and a micro-wave sound channel can be used to 
replace the telephone lines, thus eliminating all external 
connections. The vision micro-wave link is perm- 
anently stowed on the roof, access to it being obtained 
by an internal ladder for the erection and orientation of 
the parabola. The vehicle can be lighted either from 
the mains or from a battery, the latter being provided 
with a mains-operated charger. Heating can be 
effected by oil when the vehicle is parked away from 
the mains. 

With these vehicles it will be possible to drive from 
and to any place within micro-wave range of the main 
station and be “ on the air” within 45 minutes. The 
vehicle is driven by a 105-h.p. Chevrolet “ Road- 
master” engine, but the body work, fittings and 
equipment are British made. An interesting point is 
that there are special front and rear exterior lights to 
conform with the Canadian traffic laws and a swivel 
working light at the rear. 





TRADE PUBLICATIONS. 


Terminal Boxes for Auxiliary Circuits.—Details of the 
boxes manufactured by them for terminating, jointing 
and sub-dividing telephone circuits and auxiliary wiring 
generally, are given in a pamphlet issued by British 
Insulated Callender’s Cables, Ltd., Norfolk-street, 
London, W.C.2. 


High-Duty Refractories—The Morgan M.R.1 “ super- 
duty ”’ refractory, containing from 95 to 97 per cent. of 
silica and alumina together and stated to give a brick 
which remains rigid at a temperature of 1,600 deg. C., is 
described in a folder issued by the Morgan Crucible Co., 
Ltd., Battersea Church-road, London, S.W.11. 


Spray-Painting Equipment.—B.E.N. Patents Ltd., 
High Wycombe, Buckinghamshire, have sent us their 
catalogue CB 94 dealing with the firm’s spray-painting 
equipment. Portable and stationary air-compressor 
units for spray-painting purposes, spray guns, con- 
tainers and other accessories are described and illustrated. 


Dust Control in Foundries.—Air Control Installations 
Ltd., Ruislip, Middlesex, have sent us a copy of their 
publication, No. G.513, dealing with foundry dust 
control. In this are set out succinct descriptions and 
illustrations of several types of the firm’s Rotoclones. 
These are combined fans and dust collectors built as a 
single unit. 


Television Cables.—One criterion for the successful 
operation of a television receiver is a properly-designed 
aerial arrangement. Particulars of the three types of 
the downlead cables manufactured by them for this pur- 
pose are given in a pamphlet which has been issued by 
British Insulated Callender’s Cables, Ltd., Norfolk-street, 
London, W.C.2. 


Creep-Resisting Alloys.—-A publication, entitled ‘‘ The 
Nimonic Alloys,”’ issued by Henry Wiggin & Co., Ltd., 
Wiggin-street, Birmingham, 16, presents in convenient 
form much information concerning the physical and 
mechanical properties of these nickel-chromium alloys, 
at various temperatures, and also contains data on 
typical applications and other matters of interest. 


High-Vacuum Equipment.—W. Edwards & Co. (Lon- 
don), Ltd., Worsley Bridge-road, London, S.E.26, have 
sent us a 16-page booklet, Digest 1/50, which gives details 
of high-vacuum equipment manufactured by them for 
use in industry, research, and educational establish- 
ments. Rotary and diffusion pumps, vacuum pipe-line 
outfits, water-jet pumps, high-vacuum gauges, v 
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HIGH-VOLTAGE RESEARCH AT 
THE NATIONAL PHYSICAL 
LABORATORY.* 

By R. Davis, M.Sc. 


HIGH-VOLTAGE research is mainly concerned with 
the property of electric strength. This property is 
possessed by dielectrics, which occur in the solid, 
liquid or gaseous state. Data are required concerning 
the electric strength of the dielectric itself, and the 
insulation strength of complete equipments which may 
incorporate one or more dielectrics in one or more 
physical states in the insulation path ; it is this latter 
requirement which usually calls for the highest voltages. 
Imperfections in dielectrics give rise to energy loss and 
to internal discharges which can lead to gradual loss 
of electric strength; these properties are of interest 
in the high-voltage laboratory. Experience gained 
in the utilisation of dielectrics to withstand high 
voltages has enabled some laboratories to make 
useful contributions to the design of specialised equip- 
ment, such as Van der Graaf generators and electron 
microscopes. Since lightning provides the main test 
of electric strength, workers have been stimulated to 
study this phenomenon, and to collect and analyse 
statistics relating to it. 

With the high-voltage test transformer, over-voltages 
can be applied to electrical equipment with the aim of 
providing guidance concerning its performance over 
long periods and under adverse weather conditions. 
Hitherto, two types of transformer, the oil-filled and the 
air-insulated, have been used. The advantage claimed 
for the air type is that large numbers of voltage tappings 
are simultaneously available, but in practice little use 
has been made of this feature. The disadvantages of 
poor regulation and large space requirements are likely 
to render the type obsolete. The maximum voltage 
usually provided is 1,000 kV (root mean square), and 
it is doubtful whether there is likely to be any demand 
for voltages in excess of this because of the development 
of surge testing. For the highest system voltages 
contemplated, this upper limit should be adequate for 
testing equipment such as overhead-line insulation, 
which requires a large safety factor to combat the 
effects of inclement weather and atmospheric pollution. 

For high-voltage power-frequency measurements 
the most valuable tool is the capacitor. It can be used 
as a standard of phase angle for dielectric-loss e- 
ments, for -voltage measurements in conjunction 
with a rectifier and measuring instrument, and for root 
mean square voltage measurements as the high-voltage 
arm of a divider. Three types have been used, incor- 
porating air at atmospheric pressure, compressed 
nitrogen or carbon dioxide, and paper in oil, respec- 
tively as dielectric. Parallel plates or uniform-field 
electrodes are used with air dielectric. For voltages of 








coating-equipment, freeze-drying and vacuum sublima- 
tion plant, and various accessories, are among the items 
mentioned. 





* Chairman’s Address to the Supply Section of the 
Institution of Electrical Engineers, delivered on Wednes- 
day. October 31, 1951. Abridged. 





1,000 kV, large electrodes with considerable clearances 
are required. The electric field between the high- 
voltage electrode and external objects is likely to vary 
with atmospheric conditions and corona. These may 
lead to variability in the flashover values to external 
objects and in the working capacitance. The com- 
pressed-gas capacitor with a completely shielded 
electrode-system has many attractive features, which 
include reasonable size and independence of capacitance 
on external conditions, but it is at present only available 
for voltages up to 500 kV. Standard capacitors with 
a paper-in-oil dielectric are in common use for surge- 
voltage measurements, but for power-frequency 
measurements they appear to be uncommon. Their 
disadvantages, apart from unsuitability as a standard 
of phase angle, are possible changes of capacitance 
with changing stray capacitance, temperature, voltage 
and time. 

The accuracy of high-voltage measurements depends 
ultimately on a comparison with a standard cell, so that 
a chain of processes is involved, including the verifi- 
cation of the voltage divider, the measuring instrument 
and the alternating/direct-current comparison. It is 
desirable, therefore, to have facilities for direct high- 
voltage absolute measurements, and for this purpose the 
attracted-disc electrometer of Kelvin is admirably 
suited. The attractive force between two electrodes 
in an electric field is proportional to the square of the 
field strength, and, by balancing this force against 
weights, an absolute method of measuring voltage in a 
uniform field is available. An absolute voltmeter for 
100 kV with atmospheric air as dielectric has been 
constructed at the Bureau of Standards, the maximum 
field strength of which is about 5 kV per centimetre. 
By the use of higher fields a smaller instrument results 
in which a greater force can be obtained. This permits 
of more robust control; it is also easier to secure a 
uniform field. At the National Physical Laboratory 
a project is well advanced for constructing a voltmeter 
to operate in compressed nitrogen at 200 lb. per square 
inch (gauge pressure), with an anticipated working 
stress of 100 kV per centimetre. Similar stresses 
can be achieved with a high vacuum as dielectric, 
and a vacuum construction is being undertaken 
elsewhere. 

The most severe test of electric strength imposed 
on equipment is provided by the transient voltages 
reaching overhead lines through the agency of lightning. 
Most of the research effort of the High-Voltage Labora- 
tory in the last decade has been directed to studying 
the behaviour of dielectrics and equipment under 
voltages of similar form to those resulting from light- 
ning. The surge generator for supplying these voltages 
is now a well-engineered piece of equipment, which is 
finding a place in all high-voltage laboratories. Briefly 
its characteristics can be specified by the stored energy 
and the open-circuit voltage. Desirable features are 
small internal inductance in the capacitor bank, and 
facilities for utilising the total stored energy at different 





voltages by simple series-paralleling arrangements. 
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To accommodate generators for two or more million 
volts, high buildings are required so that the voltage 
delivered per unit height becomes an important factor 
in the cost of an installation. One of the greatest 
simplifications in surge-testing technique achieved in 
recent years has been the introduction of modern 
cathode-ray tubes and lenses which permit the use of 
single-sweep recordings having a duration of a fraction 
of a microsecond. The time appears to be past when 
a laboratory fitted only with a surge generator and 
sphere-gaps for measuring purposes can be regarded 
as equipped for surge testing. Selected oscillograph 
tubes can give a performance in every way comparable 
with that obtained with the continuously-pumped high- 
voltage oscillograph. 

For quantitative measurements there are, associated 
with the oscillograph, voltage dividers and, for the 
comparatively rare occasions when deflectional sensi- 
tivity is lacking, amplifiers. The main features of 
the different arrangements of dividers for use with 
standard waves of shape 1/50 microseconds have been 
established, and agreement in amplitude to better than 
2 per cent. is readily obtained with resistor, capacitor, 
and resistor-capacitor dividers. The effects of small 
residuals in the arms of the divider on the response to 
rapidly changing phenomena are now being examined 
at the National Physical Laboratory. One effect is 
to introduce disturbances into the wave during the 
first microsecond or so, and the distortion in wave- 
shape can appreciably affect the amplitude recorded 
when breakdown takes place on the front of a steep 
wave. In addition to the recording of high-voltage 
phenomena with the aid of dividers, the problem has 
arisen of recording high-speed phenomena of low 
voltage amplitude. This requirement is being met by 
using oscillographs with post-deflection acceleration, 
and distributed amplifiers which can deal with rise 
times in the milli-microsecond range. 

In the realms of electricity supply and the manufac- 
turing industry, the merits of high-voltage direct- 
current transmission are being actively considered. 
It behoves the High-Voltage Laboratory to take cog- 
nisance of such developments, and to be ready to 
provide answers to some of the questions likely to be 
posed. These include the maximum working stress 
with direct-current, and the problem of pollution. The 
availability of a high-voltage direct-current supply 
would enable studies to be made of the breakdown of 
gases with high voltages as distinct from high stresses, 
and the study could be extended to compressed gases, 
complex gases, and high vacuum. At the National 
Physical Laboratory plans are well advanced for the 
provision of a metal rectifier for use in a simple half- 
wave rectifying circuit and utilising the high-voltage 
transformers to provide a direct-current at 1,000 kV 
with an output of the order of 30 milliamperes. The 
rectifiers will be housed in ten oil-filled insulating 
cylinders, and the cylinders will be supported in pairs 
by strings of insulators from the roof of the laboratory. 
The cylinders will hang at an angle to the vertical, the 
ends of each pair being drawn apart at the bottom, so 
that in elevation the system of cylinders will form a 
zigzag pattern. By reversing the direction of slo 
of the cylinders to the vertical the polarity will be 
readily reversible. The proposed generator is highly 
experimental, and experiments will be required to 
determine the effect of series and parallel capacitance 
on the voltage distribution throughout the rectifier 
and the output to be obtained from the use of rectifier 
discs of a given size. 

It has been established experimentally that many 
dielectrics have, for a considerable range of thickness 
and time of y ema an intrinsic electric strength ; 
in a uniform field there is a maximum stress which can 
be applied without loss of insulating properties. Many 
of the earlier experiments gave lower values than those 
now generally accepted, and these could be explained 
by a failure to determine the breakdown stress from 
the voltage and the geometry of the electrode system— 
a failure often due to the occurrence of discharge in 
the medium in which the dielectric was immersed. The 
experimental conditions for satisfactory measurements 
are now well established; the use of surge voltages 
ensures the avoidance of complications associated with 
time of i Some typical approximate values 
of intrinsic electric strength are 14,000 kV per. centi- 
metre for mica, 2,000 kV per centimetre for glass and 
oil-impregnated paper (if a composite material can be 
regarded as having such a property) and 500 kV per 
centimetre for porcelain. 

There are a number of obstacles in the way of the 
full utilisation of the electric h of dielectrics to 
provide high-voltage equipment of small bulk. It is 
not practicable, for example, to insulate an electrode 
at a voltage of 1,000 kV from an earthed electrode b 
a l-cm. slab of dielectric of intrinsic electric strength of, 
say, 1,100 kV per centimetre to give a 10 per cent. 
mergin of safety. Among the factors are the difficulty 
of securing uniform fields with practical electrodes, and 
the unavoidable presence in the field of other dielectrics 
of different strength and different permitivity. In 





equipment such as transformers the ‘insulation path 
between high- and low-voltage electrodes is usually 
made up of solid and liquid dielectrics in series, and 
for high voltages the path must be large and the whole 
equipment somewhat bulky. In cables, on the other 
hand, the field distribution is nearly ideal and a single 
(composite) dielectric is employed. In consequence, 
the path between electrodes can be short and the cable 
can be subjected to a stress approaching the breakdown 
value of the dielectric. 

With the ultimate aim of securing a better utilisation 
of the dielectrics in the insulation path of transformers, 
the National Physical Laboratory has undertaken, on 
behalf of the British Electrical and Allied Industries 
Research Association, an investigation into the surge 
breakdown characteristics of liquid and solid dielectrics 
in series. The materials at present being studied are 
pressboard, resin-bonded paper, paper-covered con- 
ductors and transformer oil. The immediate aim of 
the work is to arrive at generalisations concerning the 
performance of typical combinations which may be of 
use to the designer. The puncture voltage of single 
sheets of the solid dielectric with different electrode 
arrangements is being observed to determine the 
effect of barrier thickness and the significance of 
electrode shape, and similar measurements are being 
made on series combinations involving different 
numbers of solid and liquid layers. In examining the 
behaviour of covered conductors immersed in oil, the 
variables are conductor size and shape, thickness of 
paper covering, and the type of lapping of the paper. 
For all this work an experimental impregnating plant 
is available for investigating different impregnating 


ures. 
. The electrical properties of gases, in particular of air, 
are of perce practical interest to the electrical 
engineer. Insulator strings, bushing insulators, cable 
sealing-ends, etc., have an air path between the 
electrodes which for satisfactory working must with- 
stand the voltages applied between the electrodes. 
The provision of data on flashover characteristics is a 
straightforward operation with the measuring tech- 
niques already described. Other and more fundamental 
knowledge of gaseous discharge phenomena is required 
for an understanding of corona phenomena, the 
mechanism of dielectric failure by internal discharges, 
and the whole range of gaseous discharge devices. The 
corona discharge is & special aspect of the general 
phenomenon of gas discharge; it is associated with 
divergent electric fields, and the breakdown is res- 
tricted to a part of the field space. It is of interest 
for two main reasons, first for the corona losses which 
occur on overhead lines, and secondly for the attenua- 
tion it produces in travelling waves on overhead lines. 
Corona losses on supply lines become a factor of greater 
importance with each upward step in the transmitting 
voltage, and the research laboratories of the British 


Electricity Authority are studying this problem in the | de 


field. Investigation has also been made of the corona 
attenuation of travelling waves on overhead lines, and 
the National Physical Laboratory are making a study 
of the corona disc associated with surge voltages 
as a contribution to the study of the gas discharge 
and to aid in the interpretation of corona field studies. 

A corona discharge produces light, causes current to 
flow in an external circuit and abstracts energy from 
the voltage source. All three of these manifestations 
require investigation, but up to the present efforts have 
been restricted to the current and the energy. For 
the first experiment a point-sphere electrode system 
was used with the sphere at high voltage, and the current 
was derived from the voltage drop across a resistor 
placed between the point electrode and earth. With 
surge voltages of sufficient amplitude a corona current 
was recorded which lasted about 0-5 microsecond and 
hada very steepfront. Thisshape was little affected by 
the waveshape or amplitude of the applied voltage. 
Because of the times involved there can be little 
doubt that the current was due almost entirely to 
electron movement and was the outcome of one or 
more avalanches. The advantages of a point-sphere 
or point-plane electrode system for corona studies 
are that the current can be directly recorded and that 
the location of the discharge region is known, but the 
disadvantage for quantitative study is the difficulty 
in calculating the applied field. 

Experiments were also made with an electrode system 
of concentric cylinders where the applied field was 
radial. Here the corona current could not be recorded 
directly because it was masked by the capacitance cur- 
rent. The charge-flow in the circuit was derived from 
the voltage across a capacitor placed between the low- 
voltage electrode and earth ; this voltage was applied 
to the Y-plates of an oscillograph, and a fraction of the 
electrode voltage to the X-plates. From these charge/ 
voltage curves, the corona current and the energy dissi- 
pated by the corona discharge were derived. W is 
the energy dissipated and v and i the applied voltage 
and the current at time ¢, 


W=foid = Jed, 


which is the area bounded by the charge / voltage 
curve and the charge axis. To derive the corona cur- 
rent, the charge Cv due to capacitance current is 
subtracted from the observed charge to give the 


charge g due to corona, and the differential a multi- 


plied by the known “ gives the corona current. 


The corona-current pulse with concentric cylindrical 
electrodes consists of an initial high-amplitude short- 
duration portion, corresponding presumably to electron 
movement, followed by a relatively long-duration low- 
amplitude portion, which passes through zero while 
the applied field is still appreciable and remains 
Tev for a period before falling to zero. This 
long-duration low-amplitude portion is to be attributed 
to ionic movement ; the reversal of sign of the current 
suggests that space charge has considerably modified 
the field. It has been possible with relatively crude 
assumptions to provide an explanation for the shape 
of the current wave in terms of electron and ionic 
mobilities. The experiments to date suggest that with 
radial-field electrodes the shape of the corona-current 
wave should depend on voltage amplitude and wave- 
shape, and that the direct corona current could be 
derived from surge corona measurements. These 
questions, the effect of polarity, and the information to 
be derived from corona light measurements are being 
or will be examined. 

Recent work has confirmed that the surge electric 
strength of cables with impregnated-paper dielectric 
is about 1,000 kV per centimetre. With positive 
polarity the strength is between 5 and 10 per cent. 

igher than with negative. The strength is also 
ected slightly by conductor size; the puncture 
stress for a cabie with a 0-5 sq. in. conductor is some 
7 per cent. lower than for a 0-15-sq. in. conductor. 
This value is based on the puncture voltage and the 
assumption of a smooth inner conductor, but the 
trend is maintained if allowance is made for the effect 
of stranding on the maximum stress. In cables proper 
as distinct from joints and sealing ends, the effect of 
rity reversals is small. In cable joints, where there 

is an appreciable amount of hand-applied paper, and 
where, in general, there is a component of stress along 
the surface of the paper laminz, Brazier claims that 
there is a significant reduction in puncture voltage 
effected by polarity reversals. This conclusion was 
based on few observations and requires further investi- 
gation to establish the magnitude of the effect. No 
evidence for a fatigue effect in cables had been obtained. 
If it could be established that, with joints and sealing 
ends also, the effect of repeated surges of amplitude a 
few per cent. below the puncture value is small, there 
would be a good case for providing cable lengths on 
exposed systems with voltage-limiting protective 

Vices. 


Joints and sealing ends present the most difficult 
design problems in cable installations. The design 
usually involves a departure from the simple radial 
field existing in the cable, with the consequent introduc- 
tion of a longitudinal stress. The strength of the dielec- 
tric along the laminw is approximately one-fiftieth 
of that through them, so, ideally, the joints and sealin 
ends should be designed so that the longitudina 
component of stress is negligible. This means, in the 
case of the joint, that the cross-section should be 
the same as that of the cable, and the paper tapes 
in the joint indistinguishable from those in the body 
of the cable. With sealing ends, the required condition 
is probably best achieved with a construction similar 
to that used for condenser bushings. Pol ©, 
with its low power factor, has been widely as the 
dielectric for radio-frequency cables, and its application 
to power-frequency cables is being considered. Its 
intrinsic electric strength is about 7,000 kV per centi- 
metre, i.e., 34 times that of cable-paper dielectric, 
and direct breakdown voltages corresponding to a 
stress of 3,000 kV per centimetre have measured 
on finished cable. The life of cables at a given voltage 
stress, however, is very dependent on the discharge 
characteristics and operating frequency. It is doubtful 
at present whether polythene cables can be operated at 
as high stresses as pressure cables and give long life. 
The discharges, which so seriously affect working 
life, occur in gaseous inclusions in the dielectric or at 
the conductor surface which are formed during manu- 
facture, partly because of the large coefficient of 
expansion of polythene. Softening of polythene 
occurs around 80 deg. C. and this limits the working 
temperature of the cable conductor. 

Surge tests of transformers, although of fairly recent 
origin, are being increasingly applied, but there are still 
outstanding questions of technique and interpretation. 
In spite of this, their superiority over power-frequency 
tests in indicating shortcomings in design and manufac- 
ture, which would limit life in service, are becomi 
generally accepted. S tests have beer i 
to prove the suitability of the insulation of the trans- 





former to withstand the most severe electrical stressing 
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to which the equipment is likely to be subjected in 
ice 


This insulation consists of the major, between wind- 
ing and tank and core, and the minor, between turns 
and coils of the winding. Detection of failure during 
tests of the major insulation usually presents no diffi- 
culties ; in addition to the evidence provided by oscillo- 
grams, such failure is likely to be accompanied by 
noise in the transformer and the formation of smoke 
bubbles, which can be observed if the tank lid is 
removed. Faults in minor insulation are more difficult 
to detect, the only evidence usually being that provided 
by oscillograms. In chopped-wave tests, which are 
designed to provide the most severe test of the minor 
insulation, oscillograms may provide no information 
of failure unless the fault is made apparent by the subse- 
quent application of a full wave. The basis of the 
oscillographic method of fault detection is the change 
in some recorded parameter when the test voltage is 
applied from that recorded with an applied voltage of 
lower amplitude. The parameters available are the 
applied voltage, the current at the low-voltage end 
of the winding under test, and the voltage developed 
across a winding coupled to the test winding, and it is 
desirable to record two of these parameters simul- 
taneously. The applied voltage is usually required in 
order to verify compliance with the test conditions. 
In using the record for fault detection, care must be 
taken to ensure that irrelevant distortions, introduced 
by corona discharges in the external circuit, are avoided 
or discounted, and to ensure that the measuring circuit 
is made as responsive as practicable to small changes 
in the surge impedance of the test winding caused 
by local breakdown of minor insulation. Of the two 
remaining sources of information, the record of current 
at the end of the winding is the more easily and 
generally available. Two schools of thought exist 
concerning the best way of recording the current for 
fault detection. One school believes that slow varia- 
tions are introduced by minor insulation faults which 
can be observed with relatively insensitive equipment, 
while the other claims that such faults introduce 
significant changes in the fine structure of the current 
wave which can be detected by sensitive equipment. 
The claim is also made that the fine-structure changes 
can be interpreted to give an indication of the location 
of the fault producing them. The final solution of the 
controversy may be provided by the current Electrical 
Research Association theoretical studies of transient 
response of transformer windings. Other difficulties in 
interpretation of oscillograms may result from the use 
of non-linear resistance material on tap-changing 
equipment. In spite of what has been said about the 
immaturity of the technique and uncertainties in inter- 
pretation, some users have sufficient confidence in 
methods of detection to call for surge tests on trans- 
formers immediately prior to their installation on site. 





EXTENSION OF MAIN RUNWAY AT MANCHESTER 
(Ringway) ArrRportT.—On Tuesday, November 6, the 
extended main runway of Manchester (Ringway) Airport, 
which has been lengthened from 4,200 ft. to 5,900 ft., was 
officially opened by the Permanent Secretary to the 
Ministry of Civil Aviation, Sir Arnold Overton, K.C.B., 
K.C.M.G., M.C. The opening of the extension marks 
the first stage in the development of the airport for use 
by modern transport aircraft operating on scheduled 
services. The taxying tracks and the terminal apron are 
also being extended. Ringway Airport is already 
equipped with standard beam approach, and ground- 
controlled approach ; the instrument-landing system will 
be introduced in the near future, and improved high- 
intensity lighting is being installed. These improve- 
ments are being carried out by the Ministry of Civil 
Aviation in agreement with the Manchester Corporation, 
the owners and managers of the airport. 





THE CHEMISTRY OF CEMENT.—An international sym- 
posium on the chemistry of cement is to be held in London 
next year from September 15 to 20. It is being organised 
jointly by the Building Research Station and the Cement 
and Concrete Association, and will be the third sym- 
posium on this subject. The first, organised by the 
Faraday Society, took place in London in 1919, and the 
second was held in Stockholm in 1938. Next year’s 
symposium will be presidea over by Sir Ben Lockspeiser, 
F.R.S., Secretary of the Department of Scientific and 
Industrial Research; the vice-president will be Sir 
Francis Meynell, R.D.I., Director of the Cement and 
Concrete Association. The first day’s session, to be 
held at the Royal Institution, will be devoted to the 
reception of delegates and to papers of general interests. 
The remaining four sessions, to be held at the Royal 
Society of Arts, will deal with the constitution of Portland 
cement, the mixing, setting and hardening of cement, 
special cements, and the application of research. There 
will also be visits to cement works, the research station 
of the Association, the Building Research Station, etc. 
The address of the Cement and Concrete Association is 
52, Grosvenor-gardens, London, S.W.1. 


NOTES ON NEW BOOKS. 


Elektrische Maschinen. ; 
By PROFESSOR RUDOLF RICHTER. Vol. I. Allgemeine 
Saved ; A Die Gleichstr< hi. 








Second edition. Verlag Birkhaiusen, Basle. [Price 

49.40 Swiss francs in cloth, or 45.25 fr. in paper covers.] 
Tuts book is the second edition of a work ‘by a well- 
known German professor of electrical engineering, 
which was first published in 1924. It has been repro- 
duced from the earlier edition by a photographic 
process, corrections being inserted in the text where 
that is possible. Otherwise, they are contained in a 
list which is included directly after the contents. 
After dealing with general principles of all electrical 
machines and transformers, the book covers the design 
and performance of direct-current electrical machinery 
in detail. It will be found particularly useful for 
reference on special problems connected with the 
design and behaviour of this class of plant. Theory 
predominates and the application of actual designs is 
entirely omitted. The problems of commutation are 
naturally given an important place and the procedure 
that should be followed in designing a direct-current 
machine is set out at length. A useful feature is a 
complete list of the meanings of all the letters used in 
formule, together with references to the pages on 
which they are first introduced. There is also a long 
bibliography; unfortunately, the value of this is much 
reduced by the fact that all the references are over 
25 years old. 


Applied Electricity. 

By Proressor H. CoTron, M.B.E., D.Sc., M.I.E.E. 

Cleaver-Hume Press, Limited, 42a, South Audley 

Street, London, W.1. [Price 17s. 6d. net.] 
THE objects of this book, it is stated, are to provide 
a sound and comprehensive account of the funda- 
mental principles upon which the edifice of electrical 
practice is built; and to cover adequately the most 
recent requirements of certain important examina- 
tions, especially that of applied electricity for Part I 
of the B.Sc. (Engineering) degree in the University 
of London. The first 100 pages are devoted to the 
electric circuit, magnetism, electrostatics, conduction 
in electrolytes and thermoelectricity. Rather less 
than 50 pages are then occupied with direct-current 
machinery and about 150 with alternating current 
plant, an indication, perhaps, of the relative importance 
of the two classes at the present time. Electronics 
are, however, dismissed in 20 pages and measuring 
instruments in nearly the same space, while a final 
chapter of ten pages deals with units and dimen- 
sions. Principles rather than practice are the keynote, 
which perhaps explains the absence cf any reference to 
switchgear and the related problem of protection, as 
well as to the numerous applications of electrically- 
produced heat. The application of electricity to 
communications is entirely omitted. The treatment 
is inevitably concise, although the style is clear and 
the arguments are well illustrated, both mathematically 
and by numerous diagrams. The work should form 
a useful text-book for those for whom it is intended, 
but whether it will, as is claimed, provide the student 
in one volume with all the knowledge he requires for 
his particular purpose, is open to question ; the pains- 
taking student may desire to delve more deeply into a 
particular branch of the subject. The book would be 
improved, therefore, by the inclusion of a biblio- 
graphy; and the index, too, is so brief as not to be 
of any great utility. 





The Great Western Railway: An Appreciation. 

By O. S. Nock, B.Sc, (Eng.), A.M.1.C.E., M.I.Mech.E. 

W. Heffer and Sons, Limited, Cambridge, England. 

[Price 18s. net.] 
THOSE whose interest in the Great Western Railway 
has been aroused or re-stimulated by reading Mr. A. S. 
Quartermaine’s presidential address to the Institution 
of Civil Engineers, our reprint of which is concluded in 
the present issue, will find in Mr. Nock’s latest book 
plenty of material for study. It does not compete in 
any way with the classic work of E. T. MacDermot, 
to which all students of G.W.R. history must turn sooner 
or later—preferably sooner; but it supplements 
MacDermot’s book in several valuable particulars and 
of course brings the story down to a considerably 
later date. Mr. Nock writes skilfully as well as 
accurately, and, without descending into hyperbole, 
can be colourful in his choice of words when the 
occasion requires—as, for example in his brief descrip- 
tion of the testing of a series of bridges by running 
over them, at high speed, two pairs of engines of the 
“King” class. The style is frankly ‘ popular” and 
here and there are a few traces of hasty writing (as on 
page 81, where the present and tenses are rather 
curiously mixed), but we should suppose that few 
readers, not actually employed on the Great Western 
Railway, could peruse it without learning something of 





that unique system. 


LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ AUREOL.”—Twin-screw liner, to carry a total 
of 353 first-class and cabin-class passengers and cargo, 
built and engined by Alexander Stephen & Sons, Ltd., 
Glasgow, for the United Kingdom/West Coast of Africa 
service of Elder Dempster Lines, Ltd., Liverpool. Main 
dimensions : 537 ft. by 70 ft. by 36 ft. 6in. ; deadweight 
capacity, 7,400 tons on a draught of 25 ft. The two 
Stephen-Doxford four-cylinder opposed-piston oil en- 
gines together develop 9,400 b.h.p. at 118 r.p.m., giving 
a speed on service of 16 knots. Trial trip, October 11. 

M.S. “‘ MALEKULA.”—Single-screw cargo vessel, with 
accommodation for twelve passengers, built by Barclay, 
Curle & Co., Ltd., Whiteinch, Glasgow, for Burns, 
Philp & Co., Ltd., Sydney. Seventh vessel constructed 
for these owners. Main dimensions: 336 ft. by 47 ft. 
by 27 ft. 6 in. to shelter deck; gross tonnage, 3,750. 
Burmeister & Wain-Harland & Wolff-Kincaid eight- 
cylinder trunk-piston oil engine, developing 2,200 b.h.p. 
at 150 r.p.m., constructed by John G. Kincaid & Co., 
Ltd., Greenock. Launch, October 22. 


M.S. ‘“ ARBITRATOR.”—Single-screw cargo vessel, 
built and engined by William Doxford & Sons, Ltd., 
Sunderland, for Thos. and Jas. Harrison, Ltd., Liverpool. 
Last vessel of an order for four. Main dimensions: 
460 ft. overall by 59 ft. 6 in. by 37 ft. 8 in.; deadweight 
capacity, 10,000 tons on a draught of 26 ft. 6 in. Doxford 
four-cylinder opposed-piston oil engine, to develop 
3,300 b.h.p. at 108 r.p.m. Speed in service, about 
12} knots. Delivered, October 29. 

M.S. ** CALTEX TANGANYIKA.”—Single-screw oil tanker, 
built and engined by William Doxford & Sons, Ltd., 
Sunderland, for the Overseas Tankship (U.K.), Ltd., 
London, W.1. Second vessel of an order for four. 
Main dimensions: 490 ft. overall by 61 ft. 9 in. by 
36 ft. 3 in.; deadweight capacity, about 12,000 tons on 
a draught of 28 ft. 2} in. Doxford five-cylinder opposed- 
piston balanced oil engine, developing 5,150 b.h.p. at 
108 r.p.m. Speed, 133 knots, fully loaded. Launch, 
October 31. 

S.S. “* VELLETIA.”’—Single-screw oil tanker, built by 
Swan, Hunter, and Wigham Richardson, Ltd., Wallsend- 
on-Tyne, for the Anglo-Saxon Petroleum Co., Ltd., 
London, E.C.3. Main dimensions: 610 ft. between 
perpendiculars by 80 ft. 6 in. by 45 ft. to upper deck ; 
deadweight capacity, about 28,000 tons on a draught 
of 34 ft.; cargo-tank capacity, about 26,000 tons; 
gross tonnage, about 18,600. Impulse-reaction steam 
turbines with double-reduction double-helical gearing, 
to develop a maximum of 13,000 s.h.p. at 106 r.p.m., 
constructed by the Wallsend Slipway and Engineering 
Co., Ltd,, Wallsend-on-Tyne, and three oil-fired Babcock 
and Wilcox boilers. Service speed, fully loaded, about 
15 knots. Launch, October 31. 








BOOKS RECEIVED. 


Proceedings of the Third British Electrical Power Con- 
vention. Brighton, 18th to 22nd June, 1951. Offices 
of the Convention, 16, Stratford-place, London, W.1. 

All-Purpose Diesels. By J. Matco~tm Rosson. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. (Price 
50s. net.] 

Werkstattbiicher. No. 40. Das Sdgen der Metalle. By 
Diet.-InG. JOH. HOLLAENDER. Second revised edition. 
[Price 3.60 D.M.] No. 54. Der elektrische Antrieb von 
Werkzeugmaschinen. By Dret.-Inc. H. BIRETT. 
Second revised edition. [Price 3.60 D.M.] Springer- 
Verlag, Reichpietschufer 20, Berlin W.35, Germany. 

Department of Scientific and Industrial Research. Forest 
Products Research. Hardwoods for Building and 
General Purposes. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 3d. net.] 

Structural Theory and Design. By J. MCHARDY YOUNG. 
Vol. II. Crosby, Lockwood and Son, Limited, 
39, Thurloe-street, London, S.W.7. [Price 25s.] 

Building and Civil Engineering Plant: Its Purchase, 
Application and Operation. By SPENCE GEDDES. 
Crosby, Lockwood and Son, Limited, 39, Thurloe- 
street, London, 8S.W.7. [Price 30s.]} 

Productivity Report. Saving Scarce Materials. Report 
of a Specialist Team which visited the United States 
of America in June and July, 1951. Anglo-American 
Council on Productivity, 21, Tothill-street, London, 
S8.W.1. [Price 2s., post free.] 

Strength of Materials. By PROFESSOR GERNER A. OLSEN. 
George Allen and Unwin, Limited, Ruskin House, 
40, Museum-street, London, W.C.1. [Price 32s. 6d. 
net.) 

Sydney County Council: Annual Report of the General 
Manager for the Year 1950. Offices of the Council, 
457-479, George-street, Sydney, Australia. 

Practical Mathematics. Vol. I. By Louis Torr and 
A. D. D. McKay. Third edition. Sir Isaac Pitman 
and Sons, Limited, Pitman House, Parker-strect, 
Kingsway, London, W.C.2. [Price 20s. net.] 

Facts from Figures. By M. J. Moroney. Penguin 





Books, Harmondsworth, Middlesex. [Price 5s.] 
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THE 28,000-TON TANKERS 
OF THE ANGLO-SAXON 
PETROLEUM COMPANY. 


Tue Anglo-Saxon Petroleum Company, Limited, 
the shipping organisation of the Royal Dutch 
Shell Group, are evidently more than satisfied with 





the performance of their new 28,000-ton tankers as 


ran her trials off the Northumbrian coast in July of 
the same year. The Velutina was followed by the 
Verena, built by Messrs. Harland and Wolff, Limited, 
at their Belfast yard the Volsella, launched from 
the Birkenhead yard of Messrs. Cammell Laird and 
Company, Limited ; and the Velletia, launched from 
the same berth as the Velutina on October 31, and 
now in the course of being fitted out. As the first 
three vessels have now completed several round 
trips, and the last-named will shortly be completed, 





the same economic factors that have governed 
similar trends in other shipping trades. With the 
present-day high costs of building and operating, 
transport costs can only be kept at a tolerable level 
by ensuring the best possible economy in the 
utilisation of space. It is axiomatic that the larger 
the ship, the lower is the capital cost for its con- 
struction on a deadweight-ton basis, and the same 
principle applies largely to running costs. In 
addition, the saving of personnel by the concen- 





Fig. 1. 


Tae “ VecuTina’’? LEAVING ON HER MAIDEN VoyaGE. 


~ 





Fic. 2, Repucrion GEARING oF “ VELUTINA.” 


already five more of a similar type have been 
ordered. The first of the new tankers, namely, the 
Velutina, was launched, it will be recalled, by Her 
Royal Highness Princess Margaret from the Wall- 
send-on-Tyne yard of Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, on April 4, 1950, and 


it would appear to be an opportune time to describe 
their construction. Before doing so, however, it 
may be advantageous to refer briefly to the factors 
which led to the building of such large vessels. 

In general, the increase in the size of tankers which 
has taken place since the war is due very much to 





tration of greater loads in fewer vessels has become 
a factor of considerable importance, particularly in 
these days of shortage of both officers and crews. 
Economic factors have, however, not been the sole 
cause of this scaling-up of tankers as, during the 
Second World War, greater carrying capacities 
allied with higher speeds were deemed necessary to 
reduce the hazards of surface or submarine attack. 

It may well be argued, of course, that if the large 
tanker is so much better then why are so many of 
the medium size still being built? The short 
answer here is that only a very few of the loading 
and discharging ports are capable of accommodating 
these large vessels, with their greater length and 
loaded draught, or are equipped with the necessary 
loading, unloading and storage facilities to permit a 
quick turn-round. For the present, therefore, the 
new large tankers will be confined to serving the 
specific purposes for which they were designed 
and will sail only on those routes where there is a 
large concentration of trade and between those 
ports where adequate arrangements exist for 
docking and discharging and storing their cargoes. 
There is little doubt, however, that as the economy 
of operation of the larger tankers becomes manifest, 
pressure will be brought to bear on the authorities 
concerned for the provision of deep-water 
approaches, suitable berthing arrangements, etc., 
at other ports primarily concerned with the shipping 
of oil. and oil products. Indeed, tankers up to 
50,000-tons deadweight capacity are already con- 
sidered a practical proposition and may well be 
on certain selected routes. 

The four 28,000-ton tankers under review have 
been designed primarily for carrying crude oil from 
the Middle East to the Shell Petroleum Company’s re- 
fineries at Shell Haven, on the Thames, and at 
Stanlow, on the Manchester Ship Canal. These 
refineries are at present being expanded to reach a 
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total throughput capacity of some six million tons 
a year. The vessels have an average speed of 
16 knots; each tanker, therefore, will be able to 
bring to the United Kingdom about 200,000 tons 
of oil annually from the Persian Gulf, or about 
360,000 tons from the Mediterranean ports, these 
figures having been estimated’ on the basis of 
eight and fourteen round trips per annum, respec- 
tively. The four tankers are, of course, sister 
ships and, although the following description is 
based largely on the specification for the Velutina, 
it serves equally well for the other three vessels, 
which differ only in detail. 

The general appearance of the tankers will be 
apparent from the photograph of the Velutina 
reproduced in Fig. 1, on page 641, and from the 
profile and deck plans given in Figs. 7 to 10, on 
Plate XLIII. The principal dimensions are : length, 
between perpendiculars, 610 ft. ; breadth moulded, 
80 ft. 6 in. ; depth moulded to upper deck, 45 ft. ; 
and the deadweight tonnage about 28,000 on a 
34-ft. draught. All vessels have been constructed 
to the highest class of Lloyd’s Register of Shipping 
for carrying petroleum in bulk, and before the hull 
form was decided model tests were carried out at 
the National Physical Laboratory. Construction 
is on the combined transverse and longitudinal 
system, two longitudinal and 17 transverse bulk- 
heads dividing thg hull into a forepeak and forehold 
with a deep tank, 11 sets of cargo tanks, and two 
pump rooms, the after cofferdams, cross-bunkers, 
wing bunkers and machinery space aft. Fuel is 
also carried in the double-bottom tanks in way of 
the engine room and in the deep tank at the forward 
end of the ship. Welding was adopted for practi- 
cally the whole of the ship’s structure, the main 
exceptions being the connections of the side frames 
to the shell plating and the transverse beams to 
the decks at the ends of the ship. ‘ 

Allowing 2 per cent. for expansion, the cargo 
tank capacity is approximately 26,000 tons, this 
figure being estimated at 50 cub. ft. per ton. The 
two pump rooms are situated one forward between 
Nos, 3 and 4 tanks and the other aft between Nos. 
7 and 8 tanks. Each room accommodates two 
horizontal duplex steam pumps manufactured by 
Messrs, J. P. Hall and Sons, Limited, and designed 
to operate on saturated steam, the capacity of each 
pup being approximately 500 tons per hour. They 
are connected to the company’s usual form of ring 
main comprising 12-in. diameter cast-iron pipes 
with suctions to the wing and centre tanks. The 
deck fuel lines include a 6-in. steel pipe-line extending 
to the forward deep tank with 4-in. diameter 
branches to each bunker compartment. All fuel- 
loading connections are situated approximately 
amidships and valves are provided for isolating the 
forward and after sections. The deck machinery 
includes two steam winches, one forward and one 
aft, supplied by Messrs. John Lynn and Company, 
Limited, the forward winch is used for operating 
a derrick as well as for mooring purposes. There 
are also two capstans fitted aft and a windlass 
forward, suitable for 2}-in. Tayco cable, all of 
which were supplied by Messrs. Emerson Walker, 

The vessel is propelled by a set of impulse- 
reaction turbines arranged to turn a single screw 
through double-reduction gearing and taking steam 
from three Babcock and Wilcox single-pass boilers. 
Drawings showing the layout of the machinery 
spaces, boiler room, etc., are reproduced in Figs. 5 
and 6, on Plate XLII, and in Figs. 11 and 12, on 
Plate XLIV. The turbines, together with their 
associated reduction gearing, and the boilers, were 
constructed by the W.llsend Slipway and Engineer- 
ing Company, Limited, Wallsend-on-Tyne. The 
vessel has a service speed of 16 knots and the 
machinery is designed to develop a total service 
power of 11,000 shaft horse-power when the pro- 
peller is rotating at approximately 100 r.p.m.; and 
# maximum power of 13,000 shaft horse-power for 
24 hours continuously when supplied with steam at 
a pressure of 500 Ib. per square inch (gauge) and a 
temperature of 750 deg. F. At the latter output, 
the speed of the high-pressure and intermediate- 
pressure turbines is approximately 3,700 r.p.m., 
that of the low-pressure turbine about 3,450 r.p.m., 
and the propeller revolutions approximately 106 per 
minute. The high-pressure turbine is of the impulse 
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Fie. 4. Maryn SHAFTING OF THE “ VERENA.”’ 


type and the intermediate and low-pressure turbines 
of the reaction type, the last named being arranged 
for double flow. The astern turbines are designed 
to develop 70 per cent. of the maximum ahead 
power and comprise separate high-pressure and 
low-pressure impulse turbines incorporated in the 
intermediate - pressure and low-pressure ahead 
casings, respectively. 

In general, the turbines are of straightforward 
construction ; part of them can be seen, with the 
associated reduction gearing, in Fig. 2, on page 641, 
which shows a general view of the Velutina’s engine- 
room. The similarity between the four ships will, 
perhaps, be apparent from a comparison of this 
illustration with the photograph reproduced in 
Fig. 3, on this page, which shows part of the engine- 
room for the Verena. Cast steel is used for the high- 
pressure and intermediate-pressure casings and 
close-grained cast iron for the low-pressure casing. 
All turbine rotors are machined from steel forgings, 
suitably heat-treated after forging, and fitted with 
stainless-steel blading. The high-pressure dia- 
phragms are built from steel with stainless-iron 
vanes and a similar form of construction is used for 





the nozzle plates. Radial labyrinth-type glands 
are fitted to the turbine shafts, and the gland- 
sealing system incorporates the usual form of 
evacuating and condensing gear. The main bearings 
are whitemetal-lined and each turbine is provided 
with the usual furm of Michell thrust block designed 
to permit easy adjustment of the axial clearances. 
As previously mentioned, the reduction gearing is 
of the double-reduction articulated type, each 
turbine rotor being connected with its corresponding 
pinion shaft by a flexible claw-type coupling. The 
primary pinions are manufactured from nickel steel, 
and the primary gearwheels are of the fabricated 
type with forged-steel rims welded to combined 
forged-steel whee] centres and shafts. The main 
gearwheel is of built-up construction, comprising 
steel side plates, a forged-steel rim and the shaft 
bolted together to form a single unit. 

The main thrust block is situated immediately 
aft of the main gearwheel ; it is of the Michell type 
and has bearing pads of gunmetal faced with white- 
metal. The shafting is 20} in. in diameter clear of 
the bearings and 20%-in. in diameter at the bearings, 
which are of the Michell type with whitemetal-faced 
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pads in the lower half. Part of the shafting and 
associated bearings can be seen in the photograph 
reproduced in Fig. 4, on page 642; this photograph, 
it should be added, was taken on board the Verena. 
The propeller, which is of Scimitar design, has four 
blades and is made from manganese bronze. 

Steam for the main engines and auxiliary machi- 
hery, a8 previously indicated, is supplied by three 
Babcock and Wilcox boilers ; these are situated on a 
flat arranged over the after-end of the engine 
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Fie. 13. Bomer-room or “ VELUTINA.” 





Fie. 14. Turso-GENERATOR IN “ VERENA.” 


room. Part of the boiler room is shown in Fig. 13, 
herewith, and the position of the boiler flat relative 
to the main engine will be apparent from Fig. 5. 
The boilers are constructed for a working pressure 
of 500 Ib. per square inch (gauge), and are fitted 
with superheaters designed to raise the steam 
temperature to 750 deg. F. Steam is supplied directly 
to the main turbines, generating sets, air ejectors 
and turbo feed pumps, while steam for other 
purposes is passed through desuperheaters installed 





on each of the two forward boilers, which reduce 


‘the temperature to 50 deg. F. above saturation. 


The three boilers are designed to burn oil fuel only, 
under forced draught on the open-stokehold system. 
There are three electrically-driven forced-draught 
fans ; these were supplied by Messrs. James Howden 
and Company, Limited, and each has a capacity of 
16,000 cub. ft. of air per minute at 80 deg. F, The 
oil-burning installation, which was supplied by 
Messrs. Swinney Brothers, Limited, comprises two 
electrically-driven oil-fuel pumps and two heaters, 
each of which is capable of maintaining a fuel-oil 
temperature of 300deg.F. Combustion is controlled 
automatically by the Hagan automatic combustion 
control system, the controls and instruments for 
which are grouped together on a panel in the boiler 
rooms. 

The main condenser is of Messrs. G. and J. Weir’s 
regenerative design and, in accordance with usual 
practice, is suspended from the low-pressure turbine 
casing. It has a surface area of 14,300 sq. ft. and is 
capable of maintaining a vacuum of 28} in. of mer- 
cury with a circulating-water temperature of 
70 deg. F. Solid-drawn aluminium-brass tubes 
are used, having an external diameter of ? in., and 
they are secured to the tubeplates by the John 
Crane method, comprising a fixed attachment at one 
end and a sliding attachment through metallic pack- 
ing at the other. A Weir’s closed-feed system is 
installed ; it consists of two electrically-driven con- 
densate-extraction pumps : two sets of steam-jet air 
ejectors, one working and one standby; primary 
and secondary feed heaters; two turbine-driven 
main feed pumps, one working and one standby ; 
main and overflow feed tanks ; and the usual form of 
float-operated control valve installed on the 
condenser. The primary and secondary feed heaters 
are fitted to the main feed discharge, the secondary 
heater taking steam bled from the main turbines 
and the primary heater the exhaust from the turbo- 
feed pumps. Each heater has a surface area of 
500 sq. ft. and is capable of dealing with 150,000 Ib. 
per hour. The drains from the feed heaters are 
led to a drain cooler having a cooling surface of 
350 sq. ft. Each feed pump is capable of dealing 
with the total feed requirements, the maximum 
output being 195,000 lb. an hour when supplied 
with superheated steam at main boiler working 
pressure. 

The majority of the auxiliary machinery is 
electrically operated, direct current at 220 volts 
being supplied by two turbine-driven generators 
made by the British Thomson-Houston Company, 
Limited, and each rated at 400 kW. The same type of 
generating equipment is installed in all four vessels, 
and part of one of the sets for the Verena can be 
seen in Fig. 14, herewith. The two generators 
are self-contained units, being provided with their 
own condensers, circulating pumps, etc., and each 
is capable of supplying the total load. For supply- 
ing the electric-lighting circuits, Thermotank 
motors, gyro compass, echo-sounding gear, radar 
set, etc., two motor-driven generators are installed, 
each of which supplies direct current at 110 volts ; 
the output of each machine is 45 kW and, like the 
turbo generators, they were supplied by the British 
Thomson-Houston Company, Limited. There is 
also a Ruston and Hornsby Diesel-driven generating 
set rated at 135 kW and supplying direct current at 
220 volts for use when the boilers are shut down. 
It is a self-contained unit, with lubricating-oil cooler, 
heat exchanger and circulating pumps. Com- 
pressed air for starting the Diesel engine is supplied 
by a Reavell two-stage air compressor having a 
capacity of 40 cub. ft. of free air per minute. It is 
driven by an electric motor and delivers the com- 
pressed air to a reservoir of sufficient capacity to 
give twelve starts. The reservoir is also connected 
by suitable piping to various points in the engine 
room and on deck, so that the compressed air can be 
used for operating pneumatic tools. There is also 
an emergency hand-operated air compressor con- 
nected to a separate reservoir. 

In general, the circulating pumps, etc., are electric- 
ally driven. There are two circulating pumps, 
each of which is capable of operating against an 
inclusive head of 25 ft. and delivering 10,200 gallons 
a minute. They were supplied by Messrs. Drysdale 
and Company, Limited, and have gunmetal casings, 
aluminium-bronze impellers and bronze spindles. 








644 


ENGINEERING. 


Nov. 23, 1951. 








In addition to supplying the main circulating water, 
they are arranged so that they can discharge 
to the oil coolers. The condensate is extracted 
by two vertical-spindle pumps of Messrs. G. and J. 
Weir’s Lo-Hed type, each of which is capable of 
dealing with the whole of the condensate from the 
main turbines. The pump bodies are of gunmetal, 
the first-stage impeller of Monel metal, the second- 
stage impeller of gunmetal and the shaft of stainless 
steel. Each pump draws from the condenser and 
delivers through the air-ejector condenser, gland- 
steam condenser and drain cooler to the suction 
of the main feed pumps. 

Forced lubrication is employed throughout the 
main propelling machinery and the oil for this 
service is supplied by two electrically-driven pumps 
manufactured by Messrs. Stothert and Pitt, Limited, 
each of which is capable of supplying all the necessary 
oil when the machinery is developing full-service 
power. Magnetic and Auto-Klean filters are 
installed in the lubricating system and two Alfa- 
Laval oil purifiers are provided, each of which has 
an approximate capacity of 300 gallons an hour. 
The oil is also passed through a Serck oil cooler 
which is capable of maintaining the temperature of 
the oi] at 100 deg. F. when supplied with sea water 
at 80 deg. F. Aluminium-brass tubes are incor- 
porated in the cooler, and water and oil detectors 
are fitted at the appropriate outlets. Cooling water 
is supplied by an electrically-driven pump made by 
Messrs. Worthington-Simpson, Limited, with a 
capacity of 320 tons of water an hour. 

Other auxiliary machinery installed in the engine 
room includes a heater and drain cooler for the 
Butterworth tank-cleaning gear, together with an 
associated pump; a general-service pump; two 
fire, bilge and sanitary pumps ; circulating pumps 
for the turbo- and Diesel generators ; evaporating 
and distilling plant ; fresh-water pumps ; a cargo- 
pump condenser ; a filter for the auxiliary conden- 
sate; and a feed pump for harbour duties. The 
heater used in connection with the Butterworth 
system is capable of raising the temperature of 
500 gallons of sea water per minute from 70 deg. F. 
to 200 deg. F., the capacity permitting two sets of 
apparatus to be used simultaneously. The heated 
water is delivered to the system by an electrically- 
driven booster pump of the rotary non-self-priming 
type, made by Messrs. Worthington-Simpson, 
Limited, the pressure in the system being 200 lb. per 
square inch. The fire, bilge and sanitary pumps 
were also supplied by Messrs. Worthington-Simpson ; 
they are arranged so that they can draw from the 
sea, cofferdam and bilge lines, and discharge either 
overboard or to the wash-deck and fire service. 

Two evaporators are installed, each of which is 
capable of. producing 75 tons of fresh water per 
day; only one unit is used for evaporating sea 
water, however, the other being reserved for the 
evaporation of fresh raw water, the vapour from 
which passes to the primary feed heater. For con- 
densing the vapour from the salt-water evaporator, 
a distiller having a capacity of 75 tons per day is 
installed. The cargo-pump condenser is of sufficient 
size to take the condensate from the Butterworth 
heater as well as the four duplex cargo pumps. 
In general, it is of similar construction to the main 
condenser, having tubes of solid-drawn aluminium 
brass secured by the John Crane method. It is 
provided with its own air ejector and electrically- 
driven extraction and circulating pumps, and is 
designed to give a vacuum of 20 in. of mercury with 
a sea-water temperature of 70 deg. F. A duplex 
filter made by Messrs. G. and J. Weir, Limited, 
is used for extracting the grease, etc., from the 
condensate of the cargo-pump condenser; it is 
installed at the discharge side of the extraction 
pump and is designed to treat 60,000 Ib. of de- 
aerated auxiliary condensate an hour. The harbour 
feed pump is turbine driven and is capable of 
delivering a maximum of 78,000 Ib. of condensate 
an hour. 

The accommodation provided for the crew is of 
the usual high standard associated with the Anglo- 
Saxon Petroleum Company. The majority of the 
crew are accommodated in the poop, all ‘in separate 
rooms, with added amenities such as recreation 
rooms, etc. The engineers’ accommodation is 
situated in the house on the poop deck, which also 
provides room for the catering staff and their mess, 




















the crew’s messrgom, the petty officers’ mess and 
smoke room, and the galley. An unusual feature 
of the ship is the arrangement of the officers’ and 
engineers’ dining saloon and smoking room in the 
poop-deck house, so that it is adjacent to the galley. 
The officers’ cabins are located on the bridge deck, 
together with a lounge and hospital, and a house 
on the upper bridge contains accommodation for 
seven passengers, the chief steward and the radio 
officer. The captain’s rooms are on the navigating 
bridge, abaft the chartroom, wireless office and 
wheelhouse. Mechanical ventilation and heating 
are provided throughout the accommodation, the 
system having been installed by Messrs. R. B. 
Stirling and Company, Limited. The lifesaving 
equipment consists of four 24-ft. lifeboats, one of 
which is fitted with a propelling engine ; they were 
supplied by Messrs. Mechans Limited and are carried 
under Optimum davits. Navigational aids include 
wireless direction-finding gear, echo-sounding appa- 
ratus and auto-alarm, a Sperry gyro-compass 
installation and a radar set. 
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Scientific Survey of South-Eastern Scotland. 

Edited by C. J. RoBeErRTsON. The British Association 

Local Executive Committee, University of Edinburgh. 

[Price 15s.) 

For a number of years, it has been the practice of 
the Local Executive Committees of the British 
Association, at the cities chosen as centres for the 
annual meetings of the Association, to prepare a 
substantial brochure, sometimes actually a bound 
book, dealing with those aspects of the locale likely 
to appeal to the participants in the meetings. 
These are distributed to those taking part and, as 
the interests covered by the meetings are so wide, 
the annual volumes often present a survey of local 
history, commerce, industry, geology, topography, 
etc., that is a valuable work of reference. The 
present volume, prepared by an editorial board 
headed by Professor Alan G. Ogilvie, is a worthy 
addition to the series; more than usually inter- 
esting, in fact, as it deals with a region which, for 
centuries, has been a centre of learning comparable 
with any in Europe. 

There are 21 chapters, each dealing with a specific 
subject and all contributed by experts. Some, 
such as those on archeology, political history, and 
biology, hardly come within the scope of this 
journal ; but there are others, such as the chapter 
on ‘ Mining,’ by Professor R. McAdam, that on 
‘“* Manufacturing Industries,’ by Mr. William V. 
Stevens, the survey of ‘‘ Transport,’’ by Mr. H. P. 
White, and the section on ‘‘ Research Institutions,” 
by Dr. H. Buckley, of the Department of Scientific 
and Industrial Research, which in themselves would 
justify the inclusion of this volume in any reference 
library catering for an engineering, scientific or 
industrial public. The chapter entitled “‘ The 
Outlook,” which Professor Ogilvie has contributed 
in addition to that on his own special subject of 
geology, is an object-lesson to planners on the 
broad outlook that is necessary in preparing schemes 
for the future of even a smal] area or community. 





Physical Mechanics: An Intermediate Text for 
Students of the Physical Sciences. 
By PROFESSOR ROBERT BRUCE LINDSAY. Second 
edition. D. Van Nostrand Company, Incorporated. 
250, Fourth-avenue, New York 3, U.S.A. [Price 5-00 
dols.}; and Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 37s. 6d.] 
Tue aim of Professor Lindsay’s Physical Mechanics, 
first published in 1933, was to provide a course of 
undergraduate standard covering the fundamental 
principles of mechanics and laying special emphasis 
on their applications to physics. The careful 
revision and considerable modification undertaken 
for this second edition, while keeping the original 
plan in view, have widened its scope and given it 
a more unified presentation. Greater stress is laid 
on dynamics, and statics, having fewer physical 
applications, is treated as a limiting case of dyna- 
mics. Freer use has been made of vector notation, 


and the important concepts of impulse, momentum, 
work and energy are introduced earlier. Commend- 
able care has been taken throughout to supplement 
formulae with statements of what is meant by and 
implied in them. Not only are the classical founda- 
tions thoroughly and systematically developed, but 
an early opportunity is taken to introduce quantum 
considerations by taking electron motions in the 
Bohr model of the hydrogen atom as an example 
of plane curvilinear motion. A simplified version 
of the kinetic theory of gases, and of some of the 
deductions therefrom, likewise provides an apt 
illustration of the motion of a system of particles. 

The clear treatment of moving axes in the chapter 
on the mechanics of a rigid body is noteworthy, and, 
as might be expected from Professor Lindsay’s 
interest in acoustics, the chapters on oscillations, 
elasticity and wave motion are excellent. The 
equations of motion of an ideal fluid are derived, 
Bernoulli’s theorem and its consequences are dis- 
cussed, and gravity waves in a long straight shallow 
canal are considered in the chapter on the mechanics 
of fluids, which ends with a brief account of viscosity 
and capillarity. The concluding chapter deals with 
the more advanced topics of Hamilton’s principle, 
generalised co-ordinates, and Lagrange’s equations, 
in which energy is the basic concept, and outlines the 
method of approach of wave mechanics to the study 
of atomic particles and atomic processes. Certain 
types of problem are shown to be amenable to more 
direct and efficient attack by the use of one or 
other of these alternative formulations of the funda- 
mental principles, together with D’Alembert’s 
principle and the Gaussian principle of least con- 
straint, considered earlier. To the well-graded 
problems at the ends of the chapters is added a 
more difficult set of supplementary problems, to 
some of which answers are provided. The only 
misprints noted are minor ones on pages 141, 
359 and 432. 





MODERNISATION OF WHITECHAPEL STATION SIGNAL 
Box,—tThe locking frame at Whitechapel station signal 
box on the London Transport system, which has been 
in operation for some 40 years in conjunction with direct- 
current track circuits, has been replaced by a new frame 
with 47 miniature levers of the full-stroke type. A new 
relay room has also been brought into use. The new 
frame, which will be rolled into its final position in about 
three weeks time, controls point equipment and signals 
of the two-aspect colour-light type, with junction indica- 
tors and alternating current condenser-feed track circuits. 





THE LATE MR. ALAN SINCLAIR.—It is with regret that 
we record the death of Mr. Alan Sinclair, which occurred 
on November 3, after an operation. Mr. Sinclair, who 
was only 42 years of age, was managing director of the 
British Tyre and Rubber Co., Ltd., and the Silvertown 
Co., Herga House, Vincent-square, London, 8.W.1. He 
had spent all his business life with the British Tyre 
and Rubber Co. Group; after coming down from Cam- 
bridge University, he was, for some years, at the various 
factories of the Group and was elected a director in 
January, 1937. He served as President of the Federation 
of British Rubber Manufacturers’ Associations during 
the year 1945-46, and played an active part in the 
post-war work of the National Joint Industrial Council, 
in connection with the rubber industry. 





BaBcocK AND WILCOX EXHIBITION HALL AND 
CINEMA.—Many modern boilers are of such great size and 
complexity that they are almost invariably assembled 
for the first time into a complete unit at the site. Con- 
sequently, the showing of such equipment presents many 
difficulties since it can only be seen either in an incom- 
plete form at the maker’s works or at sites widely dis- 
tributed throughout the country. To overcome these 
difficulties, Messrs. Babcock and Wilcox, Limited, 
Farringdon-street, London, E.C.4, have opened a private 
exhibition hall and cinema in Salisbury House, Salisbury- 
square, a central point in London and one convenient 
to their head offices. The hall is equipped for the pro- 
jection of 16-mm. sound or silent films and provides 
comfortable seating accommodation for 80 persons. A 
varied selection of models is also exhibited, the range 
including an integral-furnace type marine boiler, 4 
radiant-type central-power-station boiler having an 
evaporative capacity of 515,000 Ib. of steam an hour at 
1,600 Ib. per square inch, and a Cross-type boiler with 
spreader stoker. These models, however, will be changed 
from time to time and the facilities of the hall made 
available to the company’s subsidiaries. The display 
is completed by wall charts, diagrams, etc., which 
illustrate current production and research methods a¢ 
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SIMPLE METHOD OF 
COMPARING MANOMETERS. 


J. H. Preston, M.A., Ph.D., A.F.R.Ae.S. 


Ir occasionally happens, in measurements con- 
nected with fluid flow, that the particular mano- 
meter in use is not of a type for which the cali- 
bration can be obtained directly in terms of the 
geometry of the instrument, or it may contain a 
manometric fluid of unknown density. For instance, 
the inclined-tube manometer, when used at small 
angles for increased sensitivity, may be subject to 
appreciable errors if the tube is not straight or if 
the bore is not uniform. Again, in manometers of this 
type, alcohol is frequently used as the manometric 
fluid because of its relatively low surface tension, 
but variations in density of the order of 1 per cent. 
can occur owing to absorption of water from the 
atmosphere. It is desirable, therefore, to be able 
to compare the readings of such manometers with 
readings of a manometer such as the Chattock 
gauge or other manometer employing a null method 
of reading, and for which the calibration is known 
from the geometry of the instrument. To accom- 
plish this, it is necessary to apply the same pressure 
difference across the arms of each gauge. On first 
thoughts the idea presents itself of coupling one 
arm of each gauge to a closed reservoir which can 
be pumped up to any desired pressure and leaving 
the other arms open to atmosphere. On trying 
this, it is found to be impossible to obtain readings 
owing to large and rapid pressure variations due 
to temperature changes and the fact that the 
adjustment of one gauge affects the reading of the 
other, making the whole system exceedingly 
“ springy.” 

The only method in practice of which the author 
is aware is that which makes use of the impact 
pressure of an open tube, facing as steady a stream 
of air as it is possible to obtain. This pressure is 
applied to one arm of each gauge and the other 
arms are left open to atmosphere or are connected 
to a common static pressure tapping in the wall of 
the wind tunnel, if it is of the open-return type. 
The accuracy of this method is limited by steadiness 
of the air stream and by the method of controlling 
the tunnel speed. Moreover, two observers are 
needed to. take simultaneous readings. While the 
method serves for most practical purposes, it would 
not enable sensitive gauges to be compared to an 
accuracy of the order of their sensitivity. Recently, 
at Cambridge, a manometer of variable sensitivity 
was constructed. The null method of indication 
utilised a meniscus in an inclined tube, the inclina- 
tion of which could be varied, and by low optical 
magnification a sensitivity of better than 0-005 mm. 
of alcohol was obtained. The other arm of the 
manometer was a reservoir which could be raised 
or lowered by turning an accurately-cut screw of 
1 mm. pitch which was connected by gearing to a 
four-figure Veeder counter, the last figure of which 
read 0-01 mm. An Askania Minimeter had also 
been modified by adopting the same method of 
indication. The Askania instrument had a ground 
thread of 2 mm. pitch, and the milled head actuating 
the screw was divided into 200 divisions so that the 
gauge could be read to 0-01 mm. also. 

It was desired to compare the readings of the two 
manometers to the order of 0-01 mm. of alcohol 
80 that either manometer could subsequently be 
used as a standard against which simpler and 
cheaper gauges could be checked. Use of a wind- 
tunnel stream for this purpose up to dynamic heads 
of 5 cm. of alcohol was not possible owing to lack 
of steadiness. The reservoir method of providing 
a pressure difference was again examined and it was 
thought that, if an open reservoir were placed in 
a tank of water with the opening covered by water, 
some relief from the temperature effects and 

Springiness ” of the closed system might be 
obtained. This was tried and proved to be the 
solution to the problem. The measure of relief 
obtained by means of this device was such that the 
readings of the two manometers could be compared 
to about 0-01 mm. of aleohol up to heads of at 
least 5 cm. This unexpected magnitude of relief 
Was investigated theoretically and an explanation 
was obtained. This is set out below as well as a 





description of the apparatus and the method of 
using it. 

Assume that the reservoir, shown diagrammatic- 
ally below, is cylindrical in form and of cross- 
sectional area A; and that it is placed in a large 
tank of water the level of which remains sensibly 
constant. 

The effect of changes in temperature can be 
determined as follows. Let the original volume 
of enclosed air be V,, its pressure P, and its 
absolute temperature T,. If the temperature rise 
is t, the new temperature is 


T-Ht+e +s + w @ 
Let the correspondiag pressures and volumes be 

P=P,e+p . . - (2) 
and 

V=eVte s+ - @ 


Let the corresponding depression of water surface 
inside the vessel be h. Then 


v=Ah ° . » (4) 
and 
p=hgp . ° - (5) 
where pis the density of water and g is the accelera- 
tion due to gravity. 
The gas equation is 
Po Vo PV 





Hence, from (4), (5) and (6) 
R(T, + #) 


me + 509 ~ Oak 


or 
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If ¢ and, therefore, h are small, 
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But, from equation (5), 


hence 
(8) 
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If H, was the original height of the air-space in 
the reservoir, 


eves. a (10) 
nr 
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It may be noted that, for the completely closed 
system, where V = V, = constant, 


ae Rage RR pe Ag 
Thus, a rise in temperature of 1 deg. C. at a standard 


temperature of 15 deg. C. would give rise to a 
pressure change of 


t % 1 
= = @ x —— in. of water 
p=P, Ty, 34 x 12 288 " 


Hence, it is not surprising that the completely 
closed system failed to work. 

Now, in equation (11), gpH, is the pressure 
due to a head of water of height H,, and, for all 
practicable purposes, P, may be taken as atmo- 
spheric pressure, which is approximately the pres- 
sure due to a head of 34 ft. of water. Thus, if the 
reservoir had an air space of height H, = 1 ft., 
the change in pressure due to a small change in 
temperature would be 1/35 that for a close 
reservoir. The choice of H, is open, and so, if H 
is made small, a very large measure of relief can be 
obtained. 

The effect of adjusting one gauge will now be 
considered. Suppose that the water-seal system 
is adopted. Then, in the action of adjusting one 
gauge, the volume of air displaced by a movement / 
of the meniscus is 1a, where a is the area of the 
tube. If, during the action, the water level in the 
reservoir is depressed by h, then 

V=V,-la+Aah’ . . (13) 


and P = P, + p, where p = hg p. 
The gas equation (6) yields 
hap 1 


Vo Vo 


h l Ah 
1+ 9° 1-4 St) 1 
Po Vo Vo 
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or 








(15) 
Vou , A 
Py ° Vo 
Hence, from (5) and (15), 
Pp la 1 
> Vv y. P, 
Po 0 (1 ++ ~s) 
Vo 9 P. 
or 
7 eee Been (16) 
Po Vol, ‘ Po : 
9p Ho 


The factor in the brackets is the same as before 
in equation (11), and, for a given displacement of 


air by adjustment, z- can also be reduced by 


increase of Vp. Thus the water-seal system can 
provide a large measure of relief from temperature 
and adjusting effects. The ideal reservoir is one 
of large volume, but with a small height of air-space, 
and it should be placed in a large tank of water. 

The foregoing conclusions were tested as follows. 
A discarded 5-gallon drum, 1 ft. in diameter and 
1 ft. 6in. high, was fitted with two pressure tappings 
at its base. The drum was then placed upside down 
in a dark room sink with the opening at the bottom, 
and suitable weights were placed on the base end 
to prevent the drum floating. The sink was then 
filled with water to a depth of about 4 in., and 
an arm of each of the manometers to be compared 
was connected by rubber tubing to a T-piece, and 
thence to one of the pressure tappings, the other 
arms being left open to atmosphere. The other 
pressure tapping was fitted with a piece of rubber 
tubing carrying a mouthpiece and a clip. The 
arrangement is shown diagrammatically in the figure 
on this page. It is important that large-bore tubing 
should be used afd the tube lengths should be kept 
short. 

Before carrying out the tests, the room tempera- 
ture was allowed to settle down. The clip was left 
open so that the pressure in the reservoir was 
atmospheric, and the zero readings on the mano- 
meter were noted from time to time. When the 
values were steady, a small pressure was applied 
to the reservoir by inflating by mouth and closing 
the clip. The meniscus of each gauge was adjusted 
approximately on the sighting line and then a final 
adjustment was made. In general, two observers 
can do this very quickly, and one observer can man- 
age it if the gauges are sufficiently close together 
for quick sighting, as there is generally a very slow 
creep of the menisci owing to temperature changes 
in the reservoir. It was found that adjustment of 
one gauge had no measurable effect on the other. 
The pressure was then raised and the process 





= 1-4 in. of water. 


repeated, so that two sets of readings covering 
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range of 5 cm. of alcohol were obtained. The 
reservoir was then opened to atmosphere and the 
zeros were checked. 

Alternative methods of applying pressure were 
tried as mouth inflation introduces warm air into 
the reservoir. For some tests a cycle pump was 
used and in other tests the pressure was raised by 
closing the clip and increasing the head of water 
in the sink by filling from a tap. This method is 
very convenient, but as cold water is introduced 
at each stage, temperature creep is still present. 
Tests were also carried out with the drum cut 
down to a length of 6 in. and with a depth of water 
in the sink such that the air-space was about 2 in. 
high, compared with a height of 12 in. to 15 in. in 
the early tests. The pressure in these tests was 
varied by raising the water level in the sink and 
keeping the clip closed. 

The results obtained were as follows: With the 
manometers filled at the same time from the same 
bottle of alcohol, the maximum difference in readings 
did not exceed 0-02 mm. for a range of head of 
5 cm. of alcohol. The gauges were designed to 
read to 0-01 mm. and they had a sensitivity of 
about half this, so that the water-seal device must 
be considered very satisfactory. The small differ- 
ences in readings were found to be due to the effect 
of temperature changes on the zeros to which this 
type of manometer is particularly liable. Reduction 
of the air-space to a height of about 2 in. had a 
very beneficial effect in reducing the slow creep 
due to temperature changes, thus qualitatively 
confirming the theoretical prediction that a shallow 
reservoir would prove to be best. The main advan- 
tage over the reservoir with the greater height of 
air-space proved to be that the readings could be 
obtained quickly by one observer. Occasional 
differences of about 0-01 mm. to 0-02 mm. in 
readings were traced to creep of the zeros. 

In a preliminary test the manometers had been 
filled from different bottles of alcohol, and one had 
been in use for some time. It was found that there 
was about 0-5 per cent. difference in the readings, 
showing that the densities of the two supplies of 
alcohol were different. This suggests that well- 
constructed gauges with accurately cut threads 
could be used to compare the densities of different 
manometric fluids. All that would be necessary 
would be to compare readings with the manometers 
filled with a common fluid with those in which one 
manometer was filled with a different fluid. The 
three different methods of inflation showed that 
none had any particular advantage over the others 
in reducing the slow creep due to temperature 
changes in the reservoir. 





THE LATE Mr. F. M. SELSON.—We regret to record the 
sudden death of Mr. Frederick M. Selson, which occurred 
on November 6 after a brief illness. Mr. Selson, who 
was in his 71st year, had been managing director of the 
Selson Machine Tool Co., Ltd., Cunard Works, Chase- 
road, North Acton, London, N.10, since 1938. 





DEVELOPMENT OF WIND POWER IN ISRAEL.—The 
United Nations Economic and Sociul Council has asked 
Mr. E. W. Golding, of the British Electrical and Allied 
Industries Association, to advise the Government of 
Israel on the best methods of exploring the potentialities 
of wind power for the generation of electricity in that 
country. The Association has granted Mr. Golding leave 
of absence for the purpose, 

ELECTRICAL DEVELOPMENTS IN NIGERIA.—The Elec- 
tricity Corporation of Nigeria, which has been established 
by the Government, took »ver the electricity undertakings 
of the colony formerly operated by the Government on 
April 1, 1951, and will shortly absorb those now owned 
by some of the native administrations. At present both 
steam and Diesel stations are being operated, but many 
of these are in isolated towns and are not interconnected. 
Developments are, however, in hand for the erection of 
a large power station on the Mamu river close to coal 
mines, and of a transmission network connecting Lagos, 
Ibedan, Abeokuta, Oshogbo and other areas in the 
western provinces. It is also proposed to link up Port 
Harcourt, Aba and possibly Calabar in the eastern 
provinces with the new grid and to extend the supply 
in the direction of Abakaliki to serve lead and other 
ore mines and a new large cement works. In the northern 
provinces the existing station at Kano and the distri- 
bution system are being extended. At a later date 
hydro-electric stations will be built at places where water 
power can be economically developed. 


PRESENT-DAY PRACTICE 
IN PAPER-INSULATED 
ELECTRIC CABLES. 

By C. C. Barnes. 


CaBLEs used for the transmission and distribution 
of electricity consist essentially of conductors which 
are stranded for flexibility from plain high-con- 
ductivity annealed copper wires and are wrapped 
with oil-impregnated paper tapes. These single or 
multicore assemblies are then enclosed in an 


Fig. 1. 
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impermeable metal sheath, and, where necessary, 
depending on installation conditions, are mechani- 
cally protected by steel armouring. Impregnated 
paper as a dielectric was first used by Ferranti in 
1891 in a cable designed for the then abnormal 
voltage of 10 kV to earth; and, although super- 
ficially the modern super-voltage power cable is 
similar to those developed over half a century ago, 
in that it is still based on the same materials, the 
continual development of the electrical and mech- 
anical properties of those materials have resulted in 
certain fundamental improvements. 

Progress in super-voltage cables can be largely 
attributed to four main factors: the introduction 
of the screened (H-type) insulated conductor 
developed by Martin Hochstadter in 1914 ; improve- 
ments in cable materials, manufacturing and pro- 
cessing techniques, which were developed con- 
currently ; the fluid oil-filled cable introduced by 
Emanueli in 1917; and the later varieties of gas- 
pressure cables (self-contained and pipe line con- 
structions). To-day, the stage has been reached 
where 220-kV* cable installations are a fait accompli 
and a cable for 380 kV has been manufactured. 

The current British Standard specification for 
paper-insulated and lead-sheathed cables (up to and 
including 22 kV) is B.S.480-1942. Multicore cables 
of the belted type have given splendid service at 
these voltages, in spite of the fact that the dielectric 
within the electric field is non-homogeneous, owing 
to the fillers, which are necessary to make the cored- 
up cable circular in cross-section, being of different 
permittivities. This non-homogeneity leads to dis- 
tortion of the electric field, and so gives rise to 
tangential stresses in the cable dielectric. The 
results are, however, relatively unimportant until 





* “ Les Cables & 220-kV de la Région Parisienne.”” By 
M. Laborde. Paper 214, Conférence Internationale des 
Grands Réseaux Electriques & Haute Tension (1950); 
“The 230-kV Cable System at Génnissiat,’’ Electrical 





Times, vol. 116, page 499 (1949). 
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the operating voltage is raised above 22 kV. As the 
operating voltage of the system is increased, how- 
ever, the electric stresses in the dielectric have also 
to be increased; otherwise, the thickness of the 
dielectric and overall dimensions of the cable would 
become prohibitive, both from the economic and 
from the manufacturing point of view. 

A major step forward in the design of cables 
for 33 kV and above was the introduction of a 
screening consisting of a layer of perforated- 
aluminium paper tape, applied with an overlap (or 
unperforated aluminium, or copper tape, applied 
with a slight gap) over each paper-insulated core. 


SOLID PAPER- INSULATED SCREENED CABLES. 





Type (c) "HSL" Type 
Round Conductors 





(c) 3-Core Duct= Type Served Cable 


Screening the insulated cores in this way results in 
the voltage gradient being confined to the paper 
dielectric, and keeps the electric stress in the cores 
uniformly radial. At the present time, there is no 
British Standard for 33-kV cables and the inclusion 
of dielectric, lead, and steel armouring thicknesses 
for this voltage in a revised version of B.S.480 would 
be a progressive step. 

Table I gives a summary of dielectric thicknesses 
recommended by members of the Cable Makers 
Association for modern 33-kV screened solid-type 
cables. 


TABLE 1.—Minimum Dielectric Thicknesses for 33-kV 
Screened Cables (Centre-Point Earthed Systems only). 























Minimum Dielectric —— ae 
Thickness. In. 
Conductors), kV per cm. 
Nominal 
Area of | Three-Core Three-Core 
= — a Single-core a ed om 
‘"" | ‘Phree-Core — Three-Core Type 
“HSL” Type “HSL” on 
Ty Cables. Type ables. 

Cables. Cables. 
0-10 0-315 0-335 39-0 37:7 
0-15 0-300 0-325 37-9 35-9 
0-20 0-300 0-325 36-4 34-4 
0-25 0-280 0-300 37-0 35°3 
0-30 0-280 0-300 36-2 34°3 
0-40 0-280 0-300 35-0 33-2 
0-50 0-280 0-300 84-5 32-5 
0-60 _— 0-300 — 31°38 
0-75 _ 0-300 - 31-0 
1-00 = 0-300 = 30-5 














At 66 kV, the dimensions and weight of screened 
three-core cables become excessive. Furthermore, 
they have to be made in relatively short lengths and 
wound on large-diameter drums. Screened solid- 
type cables for this voltage are, therefore, usually of 
single-core construction, mainly because they can 
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be manufactured in longer lengths. Jointing is 
also simplified. Single-core 66-kV screened solid- 
type cables usually have a minimum dielectric radial 
thickness of 0-65 in. for the nominal range of 
copper sections, i.e., 0-20 8q. in. to 0-75 sq. in. 
This is equivalent to a conductor stress maximum of 
43:9 kV per cm. for 0-20 sq. in. copper section. 

The three main types of solid-type paper- 
insulated screened cables are illustrated in Fig. 1, 
opposite. Single-core cables are normally used on 
installations where armouring is not essential, 
for example, power-station cabling, or where the 
conductor section is such that a three-core cable 
would be inconveniently heavy. The form of 
cable comprising three laid-up single-core lead-cased 
cables, known as the “‘ H.S.L.” type, is shown on the 
right in Fig. 1, from which it will be seen that the 
three lead-sheathed cores are twisted together into a 
circular formation and steel armoured overall. This 
design eliminates the heavy magnetic losses which 
would occur if each core were separately armoured 
and is very convenient for terminating and jointing. 
Alternatively, the screened cores can be laid-up and 
then lead covered, taped and armoured. This 
construction has the smallest overall diameter for a 
given copper section, but is not always so convenient 
to terminate and joint. In hilly country, where there 
would be a considerable-head of oil in a cable, the 
“H.S.L.” cable, with its small-diameter lead 
sheaths and absence of wormings filled with oil, is 
technically preferable. Otherwise, there is little to 
choose between the performance of the two types 
and the choice is usually a matter of individual 
preference. 

The rapidly increasing demand for electric power 
has not only made higher working voltages essential 
but, for economic reasons, has necessitated power 
cables being operated at lower factors of safety. 
These objectives have been achieved mainly by 
steady progress in the selection of the materials 
used in the cable, together with detailed control 
of the manufacturing processes. The measure of 
success has been such that the dimensions of modern 
132-kV power cables are of the same order as those 
of early 11-kV types. Cable-making machinery- 
has also developed from a clumsy collection of parts 
into precision apparatus designed for the efficient 
performance of special operations. 

In modern multicore cables the shaped or oval 
conductors shown in the centre of Fig. 1, are pre- 
spiralled (or pre-twisted) to prevent any tendency 
of the cores to spring apart when they are cut, and 
of the paper to wrinkle after application. The regis- 
tration and tension of the individual paper tapes 
forming the dielectric are frequently measured to 
ensure that they “ break joint ” correctly layer by 
layer, and are not coincident ; otherwise deteriora- 
tion of the dielectric may occur in service. Control 
of the drying and impregnating processes has also 
been established on a scientific basis, with consider- 
able gain in the effectiveness and uniformity of these 
operations. Many early cable faults were due to the 
failure of the lead sheath, owing to corrosion arising 
from inadequate or imperfect servings, or to faults in 
manufacture. Great care has therefore been paid to 
the design of the lead-melting pot and to the control 
of the lead-covering operations, combined with 
methods for preventing the formation of oxide on 
the surface of the molten metal. Various methods 
have also been developed to minimize or eliminate 
oxidation of the lead during pouring. For 
instance, carbon dioxide or other gases have been 
used to flush out the container and to produce an 
imert atmosphere, while a vacuum-sealed* container, 
or the Farmer principle, described by Beaver,t has 
been employed. In this the lead contamer is sealed 
by a reservoir or tray of molten lead, thereby elimin- 


ating the “human element.” In addition, increas- 


ing use is being made of the continuous lead extru- 
sion press,t the chief claims for which are that 
Opening up for re-charging is not required so that 
lead is not exposed to oxidation ; no longitudinal 
Weld seams or stop marks are produced on the 
sheath; the exactness of temperature control 





“ Vacuum Lead Sheaths as Applied to Power 
—, Wire and Wire Products, vol. 2, page 695 (1936). 
-, Lead Cable Sheaths.” By C.J. Beaver. Electrical 
new, vol. 136, page 468 (1945). 
+ See ENGINEERING, vol. 167, page 319 (1949). 





gives close pipe dimensions and uniform properties ; 
and production and economy are both improved. 
It is now generally recognised that screened 
solid-type cables cannot be. used on three-phase 
systems at voltages above 66 kV since failure 
occurs owing to ionisation in the voids or gas pockets 
in the dielectric. The mechanism of deterioration 
in oil-impregnated cables was summarised in 1936 
by Robinson,* as follows :—‘‘ When ionisation or 
glow discharge occurs in voids in dielectrics, the 
surfaces of the voids are subject to ionic bombard- 
ment, some oil is displaced mechanically and some 
undergoes condensation. The resulting products are 
a hydrocarbon of higher molecular weight (initially 
a crystalline wax which is converted by further 
bombardment into an amorphous wax, and finally 


Fig. 3. CLASSIFICATION OF 
BRITISH SUPER-VOLTAGE POWER CABLES. 
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the well-known cable wax) and hydrogen, methane, 
and other gases of lower molecular weight. The 
glow discharge is most intense near the conductor 
where some of the gaseous products break-up, form- 
ing carbon which spreads transversely between the 
lamin in conducting tracks (treeing) until break- 
down is complete.” 

Long-term investigations into high-voltage pheno- 
mena have resulted in the development of various 
methods of void control which are now used in 
cables operating at 66 kV and higher voltages. 
The suppression of these voids also permits the 
electric stress to be raised to a much higher value 
(thereby conserving materials and reducing cable 
prices) without endangering the performance of the 
dielectric. The elimination of voids can be achieved 
by using low-viscosity mineral oil for impregnating 
the dielectric ; and by including oil channels within 
or adjacent to the insulated cores. It can also be 
achieved by applying external pressure to a solid 
type cable, the pressure medium being separated 
from the oil-impregnated paper dielectric by a 
flexible impermeable diaphragm of, say, thin lead 


or polyethylene. Thus, when tbe cable cools 


after a heat cycle, the external pressure prevents the 
formation of voids or low-pressure spaces in the 
dielectric wall. A third method is to introduce an 
inert gas at high pressure inside the lead sheath 
and in direct contact with the dielectric. 

The first complete attempt to obviate ionisation 
under all conditions of load or overload was made 
by Emanueli, who produced an oil-duct cable 
in which voids were prevented from forming by 
keeping the dielectric fed constantly with a fluid oil at 
@ positive pressure, as shown in Fig. 2, opposite. 
During 1924, a short cable line using this principle 
and operating at 132 kV was laid at Burghero in 





* Dielectric Phenomena in High Voliage Cables. By 
D. M. Robinson. Chapman and Hall, Limited. 





Italy, and proved to be the first to be worked success- 
fully at this voltage. 

In a paper to the Institution of Electrical Engi- 
neers in 1909, Mr. E. A. Watson* gave an account 
of his work at Liverpool University on the suppres- 
sion of ionisation by gas pressure. A note in 
Nature in the same year expressed the hope that 
this principle would soon be applied to electrical 
equipment. As far as cables were concerned, the 
belted and/or screened solid type constructions 
were, however, quite adequate for the distribution 
systems of that time. The suggested use of gas 
pressure to suppress ionisation in a cable dielectric 
was first made in 1925 by Fisher and Atkinson, and 


TABLE II.—Comparative Insulation Wall Thicknesses of 
Supervoliage Cables. 





Minimum Radial Thickness of 
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Voltage |Conductor.| Screened Gas Filled 
kV. | Sq.In. | Solid Type | Ol) Filled (L.P.) 
Cable. — Cable. 
33 0-30 0-28 0-16 0-10 
(Three-Core) |(Three-Core)*|(Three-Core)t 
66 0-30 0-65 0-25 0-20 
(Single- | (Three-Core) | (Three-Core) 
Core) 
132 0-30 _ 0-53 


0-47 
(Single-Core)| (Single- or 
with 0-47-in.| Three-Core) 
internal dia- 
meter duct 

















* Recently reduced to 0:13in. 

+ This very thin dielectric wall is confined at present to a 
limited number of experimental installations. In general, 
dielectric thicknesses of 0-18 to 0-16in. have been used for the 
limited number (when compared with solid type) of 33-kV gas- 
filled cable installations in service. 


in 1926 Hochstidter patented the application of 
pressure through a flexible diaphragm, which has 
developed into the compression cable. These 
developments have resulted in British manufac- 
turers offering various designs of cable using gas 
under pressure and these are summarised in 
Fig. 2, opposite. Although the designs dealt with in 
this illustration were developed primarily for opera- 
tion at 66 kV, 132 kV, and higher voltages, increasing 
use is now being made of cables of this kind at 33 kV 
in view of the economy which results when they 
are employed on long routes. Table II shows the 
reduction in the radial thickness of paper insulation 
obtained by the use of the pressure principle. The 
main characteristics of the commercial gas-cable 
designs and oil-filled cable construction are sum- 
marised in Table III, on page 648. 

All the British gas cables so far developed operate 
at a nominal pressure of 200 lb. per square inch ; 
and the resulting permissible increase in the maxi- 
mum electric stress used for design purposes has the 
following important advantages; the reduction 
in the dielectric wall thickness results in a smaller 
and lighter cable for a specified load (and the sphere 
of the three-core cable is thus extended); the 
decreased dielectric thickness reduces the thermal 
resistance of the cable, thus permitting an increased 
current loading ; and the application of pressure to 
the dielectric, controls the effect of heating cycles 
and makes it possible to use a much higher maximum 
conductor temperature (85 deg. C.) than permissible 
for screened solid-type cables (i.e., 65 deg. C.). 
These advantages apply equally to the oil-filled 
cable, but British cable developments in this field 
are normally designed for lower (hydrostatic) pres- 
sures, the maximum value being about 50 lb. per 
square inch. 

In spite of the advantages of lead and its alloys 
for cable-sheathing purposes, the use of alternative 
materials has always received close attention mainly 
because the weight of lead restricts both the cable 
dimensions and the drum lengths. Aluminium is an 
obvious alternative to lead, as abundant supplies are 
available under normal conditions, the price has 
not been subject to the same violent fluctuations, 
and the saving in weight is considerable, as shown 
in Table IV, page 648. 

Over 200 miles of aluminium-sheathed power 





* “The Dielectric Strength of Compressed Air.” By 
EB. A. Watson. Journal of the Institution of Electrical 
Engineers, vol. 43, page 113 (1909). 
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cables for voltages up to and including 11 kV have 
been supplied and installed by one manufacturer 
since July, 1948; and the possible increasing use 
for this type of cable has focused attention on the 
necessary protective methods. When aluminium- 
sheathed cables are installed in air, the natural 
oxide film provides protection in all but strongly 
corrosive atmospheres. The primary hazard, 
therefore, is contact with metals which are electro- 
positive to aluminium, such as copper, brass, 





TABLE III. 


MAIN CHARACTERISTICS OF COMMERCIAL GAS CABLE DESIGNS AND OIL-FILLED 
CABLE CONSTRUCTION. 


examination, innocuous, resulting in local attack 
or pitting.” 

Various alternative methods of protection have 
been adopted for buried aluminium-sheathed cables, 
but a desirable future development would be one 
overall protection which was sound technically and 
was also comparatively cheap, so that it could be 
applied to all aluminium-sheathed cables buried 
directly in the ground or installed in any position 
where there was a possibility of corrosion. 





























THE CYCLE AND MOTOR 
CYCLE SHOW AT EARL’S 
COURT. 


Tue Cycle and Motor Cycle Show, which was held 
at Earl’s Court from Saturday, November 10, to 
Saturday, November 17, unlike the recent Motor 
Show, was of more than academic interest to the 
general public as most of the products on view were 
purchasable. Tnois was the 26th show of 
the present series, which began at Olympia in 1910, 
was followed by three shows in 1911, 1912 and 1913, 
thirteen from 1919 to 1931, six from 1933 to 1938, 


a ee ee ee ae ee ee 























Normal and Nominal 7 e 3 
Maximum | | Dielectric iii and two in 1948 and 1949. At this year’s Show 
Designation. Soins Special Characteristics. Beneivity Design Stress, | Types Available. the complete ground floor of the main exhibition 
Pressure, Deg. C per Watt avpscn. | hall was occupied by 28 exhibitors of bicycles, 
oe pee me. | opteees | 33 of motor cycles, 120 of components and acces- 
cama sories, and seven of tyres. A new feature this year 
British Super-voltage Gas-Cable Designs. was the bicycle-motor section, where 14 exhibitors 
Comaneien cable | 200 and 250 | The wer separated ~- 500 gg ee el 33-kV aoe’ oo were showing various forms of equipment used to 
(originally termed the oil-impregnated di- ng on service core ; -kV oO ° a - * 
pressure cable) electric yr Giesthean voltage) self-contained or| Convert ordinary bicycles to power-driven machines, 
lead sheath pipe — fy me Every effort was made to make the show attractive 
on; 132- - 4 ee . 
| core self-contained; and, in addition to the usual features, a 52-minute 
na ll three-core| film dealing with the leading motor-cycle events 
. aes a: of the year was shown three times daily in the 
High-pressure gas- 200 and 250 (1). Conductors passed | 700(recent tests Up to 85 33-kV_ single- and| Warwick Hall, an innovation which proved most 
filled cable \ through smoothing dies have estab- three-core; 66-kV l 
to provide a flat bed for lished a lower ditto. ; 132-ky | Popular. : F 
the screening metallised nominal value single core. In general, there have been no major changes in 
SS ae oe ee | ee the design of bicycles and motor cycles since the 
(2) Thedielectricis built up last show was held two years ago. As in the case 
nol —_ of the motor industry, design and research have been 
(3) Nitrogen gas is in con- concentrated on the introduction of detailed 
eee cnt en eet abit improvements rather than ambitious novelties and 
Impregnated pres- 200 and 250 Nitrogen gas in contact 550 Upto 100 33-kV ) Single and!| although there are many minor alterations visible 
sure cable |; with the dielectric 66-kV } three- — : y . - . 
| — 132-kv | core. to the discerning eye, the basic designs remain 
Gas cushi - hone an — : — ea ama pe ser a| very much as before. This state of affairs is to be 
jas cushion cable . . 200 and 250 Nitrogen gas in contact p to -kV single an j i 
with the dielectric three-core; 66-kV | Welcomed as it permits all efforts to be concentrated 
ditto. ; 132-kV| on production, a very necessary adjunct in times 
; — of recurring crises. The contribution made by 
British Super-voltage Oil-Filled Cable Design. the bicycle and motor-cycle industries towards the 
Oil-filled cable -.| 50maximum | (1) Dielectric of greater 500 Up to about 90 | 33-kVsingle-orthree | eXport drive is, perhaps, not generally realised ; 
panne A P  aad than TeEkV eingte sons British manufacturers of bicycles alone are now 
(2) Impregnating medium producing close on 33 million machines a year, 
consists of low viscosity of which nearly 2} million are exported to over 
mpregnating oll. e . . . 
(3) Longitudinal channels 140 different countries. To maintain these figures, 
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core cables or in the core | of lighter machines without sacrificing strength 





and, to a less extent, iron. In general, there 
is no necessity to provide any form of protective 
covering for aluminium-sheathed cables in air, 
except where the sheath is in contact with the above- 
mentioned metals at joints and bonds. Such con- 
tact is avoided by insulating the sheath from each 
metal, or by plating the contact metal with cadmium 
or zinc, which are below aluminium in the electro- 
chemical series. 

Long-term experience of the behaviour of alu- 
minium in contact with soils is very limited, and 
experience on this point is being collated. In a 
recent paper*, however, Mr. P. M. Hollingsworth 
summarised the results of his experience as follows : 
“In normal near-neutral soils, where electrolytic 
concentrations are low, a high-purity aluminium 
sheath will not be attacked even if laid bare and 
under conditions of heavy water-logging. On the 
other hand, if the soil is so alkaline as to have a 
pH value greater than 8-5, corrosion by alkaline 
attack may occur. It is widely accepted that 
aluminium is readily susceptible to attack by 
alkalis, but a highly a:kaline soil condition is com- 
paratively rare. Acidic conditions do, however, 
from time to time occur in soil and are known by 
pH values of 5-0 or less. Aluminium is compara- 
tively immune from attack by organic acids which 
can have such disastrous effects on lead, and is not 
readily attacked by sulphur or nitro-acids. In all 
acidic conditions, attack on aluminium is liable 
to be accelerated by the action of chlorides, 
traces of which are often present in soil. Such 
conditions may occur in very localised areas in a 
soil the general nature of which is, to casual 





* “Cables Sheathed in Aluminium.” By P. M. Hol- 
lingsworth. Paper No. 203, Conférence Internationale 





des Grands Réseaux Electriques (1950). 


TABLE IV.—Lead and Aluminium as Cable-Sheathing 














Materials. 
Lead. Aluminium. 
U-°85 ' 
—_ Commer- | Per Cent. 
cially Antimony 99°5 99-99 
Refined | (Alloy B—| Per Cent. | Per Cent, 
Lead. B.S.801- Pure. Pure. 
1938). 

Weight percub. 

ft., Ib. ea 710 710 168 168 
Tensile strength, 

tons persq.in.| 0-75-1-0* 1-5* 5-0 2°5 
Yield point, 

tons persq.in.| 0-3-0-4 0-6 2°5 1-2 
Elongation, per 

cent. ae 40 30 4 35 
Melting point, 

deg. C. oul 319 319 658 658 
Heating temp- 

erature, deg. 

oe ee r 400 400 750 750 
Extrusion temp- 

erature, deg. 

Cc. oe oa 200 200 400-500 400-500 
Extrusion pres- 

sure, tons per 

8q. in. - 1°5 2°5 6 3 














* Arbitrary figures; values vary with the rate of loading. 





THE UTILISATION OF PEAT FOR POWER GENERATION. 
—At a meeting of the British and Irish Peat Society, 
which was held at the rooms of the Geological Society, 
London, W.1, on Friday, November 16, Dr. D. S. 
Shybekay, president of the Industrial Research Council 
of America, gave an account of work recently undertaken 
in Minnesota to exploit the 15,000 million ton peat 
resources of that State. One of*the results of this work 
had been the establishment of a 25-kW power station 
in which lignite and peat were used as fuel and in which 
electricity was generated at about one-quarter the cost 
of the public supply. Peat-burning stations would, in 
fact, form a useful stand-by to hydro-electric plant now 
that improved systems of drying had been devised. 


or reliability and to the holding of prices. In some 
cases, prices have actually been reduced, a remark- 
able achievement in these days of mounting material 
and labour costs and one made possible by the care- 
ful selection of specific ations tosuit specific purposes. 
As previously indicated, the general shape and 
design of bicycles remain much as before, but more 
attention has been paid to the problem of obtaining 
the exact angles and proportions to suit each 
particular purpose. Lighter machines have been 
made possible by the use of high-grade steel tubing 
and light-alloy tubing and many machines at the 
show were built with these materials, weights 
being down to as little as 16 lb. for track-racing 
models and 21 Ib. for fully-equipped touring 
machines. Most improvements, however, were to 
be found in the fittings and accessories ; brakes, for 
example, are lighter and stronger but, at the same 
time, easier to apply and adjust. Electric dynamos 
are smaller and neater but give more light, and at 
least one firm was showing dynamo-lighting 
equipment which automatically changes over to 4 
battery when the machine is brought to rest. Efforts 
are being made also to get rid of the annoying little 
clips and screws by bolting fittings directly to 
welded or brazed lugs which form an integral part 
of the frame. Similarly, with wires and cables; 
these are kept in harmony with the general design 
and in many cases are kept out of sight by routing 
them through the tubes. 

It seems that a movement has started towards 
the adoption of spring frames on bicycles, as at 
least one leading manufacturer of complete machines, 
namelyyMessrs. J. A. Phillips and Company, Limited, 
was showing a bicycle so equipped. On this 
machine the seat stay, instead of being bolted to the 
top of the saddle tube, is connected to a rubber 
shock absorber installed in the angle formed by 
the junction of the top and saddle tubes.. The 
seat and chain stays are contiguous and the latter 
are designed so that they can swivel about the 
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centre line of the bottom, or pedal, bracket, the 
movement being limited, of course, by the shock 
absorber. This is arranged to react lightly to minor 
road shocks with proportionately greater reaction 
to heavy road shocks. With this design, chain 
tension remains constant and the position of the 
rear-brake blocks relative to the wheel rim never 
alters. There is little doubt that the use of such a 
frame will reduce materially the road shocks 
normally transmitted to the rider and, as a conse- 
quence, give a more comfortable ride. A sprung 
frame, however, is not the only way of insulating 
the rider from road shocks; sprung forks also are 
quite effective, and several firms were showing 
equipment of this type suitable for use with auto- 
cycles, bicycles and tandems, a good example 
being furnished by the Suparide sprung fork shown 
by Frank Lawrence Motor Cycles, 125-127, Falcon- 
road, London, §8.W.11. This design is based on the 
usual arrangement of parallel links joining the 
moving member to a “ fixed ”? member, but instead 
of employing a helical spring, the top set of links is 
connected to the associated pin through a bonded- 
rubber bush which resists the torsional movement 
of the links. The same firm were also showing 
telescopic forks for use with auto-cycles, cycles, etc., 
the design of which is such that no torsional stresses 
can be imposed on the vertical members. 

One of the outstanding features of the post-war 
cycling world has been the rapid rise in popularity 
of the motor-assisted bicycle or ‘‘ motorised ” 
bicycles, as they are more generally referred to. 
Ease of handling, combined with low upkeep costs, 
has led to their wide adoption and it has been 
estimated that in this country alone there are 
between 100,000 and 150,000 such units in use. 
The idea, of course, is not new, and from the earliest 
days of the internal-combustion engine attempts 
were made to “‘ motorise ’’ the bicycle. More often 
than not, however, it was found that the frame was 
not strong enough to withstand the hammering 
imposed by the somewhat crude engines of those 
earlier days. Present-day advances in engineering 
techniques have improved the design and per- 
formance of small motors out of all recognition, 
and to-day there is a wide range of such units for 
attachment to bicycles, many of which were dis- 
played at Earl’s Court. They varied from friction- 
drive units arranged to drive either the front or 
rear wheel through friction rollers to what can best 
be termed miniature motor-cycle engines, which 
drive the rear wheel through chains. 

In practically all cases, a two-stroke engine is 
used, the capacity of which varies according to the 
make from as little as 30 cub. cm. to 50 cub. cm., 
the. latter, apparently, being the maximum size 
considered safe for use on existing bicycle frames. 
The most popular position for mounting the friction- 
drive units appears to be above the rear wheel in 
the position normally occupied by the parcel 
carrier, but on at least one friction-drive type the 
unit was mounted below the pedal bracket, a 
position that has the advantage of a lower centre 
of gravity. The positions of the chain-drive units 
vary considerably, some being situated below the 
pedal bracket, some beside the rear wheel, and 
others, such as the Cyclemaster, actually inside the 
rear wheel. 

Only a few of the friction-drive units were 
provided with clutches, but on some the complete 
assembly is designed so that it can be moved about 
a fulcrum point to bring the roller either towards or 
away from the wheel, this movement being con- 
trolled by a lever on the handlebar. Most of the 
chain-driven models, on the other hand, were fitted 
with clutches, a most useful feature, as it adds to the 
convenience of the machine and renders control] 
considerably easier. Although most engines were 
of the two-stroke type, there was at least one four- 
stroke unit on view, namely, the Cucciolo, an 
Italian design, marketed in this country by Britax 
(London), Limited, 115-129, Carlton-vale, London, 
N.V.6. This is a particularly interesting unit as, 
although the capacity is only 48 c.c., it develops 
over 1} horse-power and is claimed to be able to 
travel 300 miles on a gallon of petrol. It is located 
below the pedal bracket and the drive is transmitted 
to the rear wheel by a chain, the drive incorporating 
& two-speed gearbox and a plate-type clutch. 
Overhead valves are employed and these are 





operated by pull rods, a method adopted to reduce 
weight to a minimum. An unusual feature of the 
unit is the provision of a sump-type lubrication 
system. 

Although the machines in the motor-cycle section 
were similar in most respects to those exhibited 
two years ago, many of them have been noticeably 
modified and most have benefited from detailed 
improvements in the component parts. This has 
resulted, for example, in quicker and smoother- 
running power units, easier and more positive gear 
changing, better braking and improved lubrication, 
to mention but a few of the advances made. In the 
heavyweight class, that is, from 500 c.c. upwards, 
British machines enjoy a world-wide popularity, the 
only serious foreign challenger being the German 
B.M.W. transverse twin. The vertical twin, a 
British development, was being shown by seven of 
the largest manufacturers and although all are 
available in the 500-c.c. size, B.S.A. and Triumph 
also were showing a 650-c.c. version, the extra 
capacity of these machines giving a very high 
maximum speed and rendering them particularly 
suitable for sidecar work. The most powerful 
machines in the show were the Vincent-H.R.D. 
1,000-c.c. V-twin models and the Ariel four-cylinder 
machine of similar capacity. These machines are, 
of course, well-tried favourites, and the Vincent- 
H.R.D. Black Shadow model, capable of 125 miles 
an hour, is believed to be'the fastest touring machine 
in the world. 

The single-cylinder machine still maintains its 
popularity ; it has a consistent output and is also 
capable of maintaining high cruising speeds, con- 
siderable advances having been made in the last 
few years towards silent and vibrationless perfor- 
mance. The largest machine of this type on view 
was the Panther 600-c.c. machine, considered by 
many as the best motor cycle for use with a sidecar. 
The popularity of the 350-c.c. models, on the other 
hand, continues to deciine, probably because the 
relative difference in weight and cost between them 
and the 500-c.c. models is so very little that most 
prefer to pay slightly more for the larger machines. 
Whereas pre-war the 350-c.c. was the most popular 
of the larger machines, only five firms were showing 
single-cylinder models of this type and one firm, 
namely, Douglas, a twin. Douglas still have great 
faith in the horizontally-opposed twin, and it was 
noted that a prototype 500-c.c. machine on view 
for the first time was of this form. 

Interest in machines of 250-c.c. capacity has 
dwindled even more than in the case of the 350-c.c, 
models, as this type was only represented by two 
manufacturers. It is difficult to account for this fall 
in popularity, as not so long ago machines of this 
class were made by almost every leading firm. 
Probably the evolution of the two-stroke power 
unit has been one of the major causes as there is little 
doubt that this type of machine has gained in 
popularity an amount commensurate with the loss 
in prestige of the 250-c.c. four-stroke model. The 
two-stroke, in fact, has undergone remarkable 
changes in recent years and the engine, crankcase, 
gearbox and ancillary equipment are now con- 
structed as a single unit of such small weight and 
simplicity of design that it has proved possible to 
make frames for them of remarkably light weight. 
There were many machines of this class at the show, 
several of which have performances little short of 
their 250-c.c. four-stroke counterparts. There is 
every indication that the demand for them will grow 
rapidly in the near future; they are reliable little 
machines, easy to handle and, above all, they pro- 
vide a cheap and relatively speedy means of 
personal transport. ; 





CHRISTMAS LECTURE OF THE INSTITUTION OF ELEC- 
TRICAL ENGINEERS.—The sixth Christmas Lecture of 
the Institution of Electrical Engineers will be delivered 
at Savoy-place on Thursday and Friday, January 3 and 
4, 1952, by Captain Peter Bressey, a senior pilot of the 
British Airways Corporation. The subject will be 
“ Electricity in Civil Aviation,” and the lecturer will 
describe electrical services in aircraft—radio commun- 
ication and navigation aids, and visual aids to approach 
—from the pilot’s point of view. A number of 
tickets will be available for members’ children (for which 
application should be made before Monday, December 3), 
but members are asked not to accompany them. 








RESEARCH ON FRICTION AND 
WEAR.* 
By F. T. Barwett, B.Sc. (Eng.), Ph.D. 


Tue object of this paper is to outline some of the 
steps being taken in the laboratories of the Mechanical 
Engineering Research Organisation to throw further 
light on the nature of wear and the manner in which 
it is reduced by the application of lubricants. In the 
ideal bearing, hydrodynamic forces arising from the 
viscous nature of the applied lubricant are made to 
separate the surfaces with the virtual elimination of 
wear and the reduction of the tangentia} frictional foree 
to a value which might be as low as one-thousandth of 
that occurring in the absence of lubrication. Such 
hydrodynamic forces are, however, only generated 
when circumstances are favourable and there} are 
many applications in which their achievement is not 
possible, if only at the moments of starting a mechan- 
ism from rest. In such circumstances, it is necessary 
to rely on specific properties of a lubricant to reduce 
friction and prevent seizure, and this is described as 
boundary lubrication. 

The purpose of lubrication being to separate surfaces, 
it is clear that the starting point of any research must 
be a study of the nature of the surfaces involved. The 
first and easiest thing to study about a surface is its 
shape, and fortunately nowadays there are such 
instruments as the “ Talysurf” which are able to 
determine the profile of the cross-section of a surface. 
A diamond, finished to a radius of 0-0001 in., is 
traversed across the surface, its up and down motion 
being amplified electrically, the result being shown on 
a diagram with a greatly exaggerated vertical scale. 
Another way of obtaining this profile is by taper- 
section technique, wherein a surface is electroplated 
and then ground and polished on a section inglined at 
about 10 deg. to the original plane of the surface. 
Fig. 1, on page 650, shows the profile of a diamond- 
turned surface as examined by this means. Very great 
care is necessary in interpreting this form of data, in 
distinguishing between the periodic rugosities of the 
surface and its general departure from the plane, 
cylinder or other ideal form it was intended to repre- 
sent ; for example, it is pointless to obtain a perfeetly 
smooth shaft if it is lobular in shape. The effect of 
surface finish, in the sense described, is of very great 
significance in frictional wear problems, though research 
workers cannot be as definite about its effect as they 
would like. One great difficulty in studying the 
subject is that it is virtually impossible to change the 
roughness of the surface without simultaneously 
changing other factors, such as hardness. However, 
there is evidence to show that, in boundary lubrication, 
it is possible to have too smooth a surface, just as a 
surface which is very rough is disadvantageous. 

The surface profiles revealed by the foregoing 
methods are, however, on too small a scale to describe 
the true surface, which must be regarded, in the ulti- 
mate, as being made up of atoms. These atoms are 
related to each other in strict geometrical patterns. 
which determine the true surface-form characteristics 
of a material, study of which is now possible using the 
electron microscope. Fig. 2, on page 650, shows an 
electron micrograph of the surface of a piece of alumi- 
nium. Unfortunately, the electron beam is unable to 
penetrate any great thickness of the material, and 
reflection is not possible as in ordinary metallurgical 
microscopy. It is necessary, therefore, to make a 
replica of the surface, using a material such as “ Form- 
var.” Alternatively, an oxide film covering a surface 
may be removed and used as the replica. The 
example shown was made in this manner. 

Possibly of greater importance than surface profile is 
the chemical composition of the surface. It is now well 
known that most metals are covered with a naturally- 
occurring oxide film. Where this film is stable it is 
usually not more than a millionth of an inch in thickness 
and serves to protect the remaining material from 
further oxidation. Where the oxide is permeable, no 
protection is afforded and corrosion is continuous, as 
in the case of the familiar red rust of iron and steel. 
Oxide films may be removed for chemical study or 
identification by X-ray powder photographs by 
dissolving away the substrate metal. They may be 
identified in place by means of electron diffraction. 
Fig. 3, on page 650, shows patterns obtained by electron. 
diffraction of two surfaces of aluminium. The lower 
sample had been exposed to moist air for 24 hours, 
whereas the upper had been boiled in distilled water 
for 1 hour. In the first example, the pattern is charac- 
teristic of amorphous Al,O,, whereas, in the second, 
Boehmite (Al,0,H,O) is present. In the absence of 
film, metals in contact would weld, but the natural 
oxide, aided by lubrication, is able to prevent this. 
The nature of the oxide is important, as indicated in 





* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland at meetings in Aberdeen on 
November 2 and at Glasgow on November 6, 1951. 
Abridged. 
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Fig. 4. RECIPROCATING MACHINE. 
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Table I, whence it will be observed that, even when 
lubricated, the nature of the oxide affects the magnitude 
of friction recorded. There is thus a possibility of 
technological advance to be made by deliberately 
arranging for rubbing surfaces to be suitably coated. 
One such process, which has become increasingly 
well known, involves the conversion of the surface 
layer of the material to a phosphate. The process is 
very simple ; the components are simply immersed in 
an aqueous solution of proprietary reagents and kept 
at boiling point for a period of 5 to 15 minutes. The 
surface is considerably roughened, but loosely adhering 
particles can be removed by vigorous application of a 
wire brush. The treatment enables wear to be reduced 
considerably and is particularly effective in preventing 
local seizure and scuffing. The lubricant is still 
necessary, but becomes much more effective, partly 
due to the anti-welding action of the phosphate layer, 
which prevents or localises seizure, and partly to its 
rous nature, which provides numerous reservoirs 
for lubricant. The following experiment will be of 
interest. The surfaces were rubbed together in recipro- 
cating motion on the machine shown diagrammatically 
in Fig. 4, herewith. Slider a is reciprocated by a 
simple crank-crosshead mechanism and carries the 
lower piece d. The mating test piece c is carried in 


4s77.0) 


TABLE I.—Friction of Super-Pure Aluminium (99-99 per 
cent.), Lubricated with Oleic Acid at 21 deg. C. 


Load 5 kg. Upper surface spherical (radius of curva- 
ture 0-5 cm.), sliding on the flat lower surface. The 
surface was electrolytically polished, washed in alcohol, 
and then dried in warm air. 











Coefficient of 
Friction. 
Subsequent Navure of Oxide . 
Treatment. Layer. Velocity, | Velocity 
0-01 cm. | 0-1 cm. 
per Sec, | per Sec, 
Plunged directly | Electron -diffraction 0-17 | 0-17 
into lubricant rings characteristic 
of aluminium indi- 
cating little or no 
oxide film 
Exposed to moist | Amorphous Al,O, ..| 0-15 0-15 
air for 24 hours 
Boiled in distilled | Electron- diffraction 0-11 0-11 
water for 1 hour — indicating 
hmite 
(Al,0,H,0) 
Anodised .. Amorphous Al,0; 0-10 0-14 
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block 6, to which load is applied. This block is 
restrained from horizontal movement by flexible metal 
strips to which are attached resistance strain gauges. 
These enable a continuous indication of friction force 
to be obtained. Table II, below, shows a comparison 
of phosphated and untreated surfaces lubricated with 
paraffin wax. 


TABLE II.—Effect of Phosphating on Seizure of Mild-Steel 
Surfaces in Reciprocating Motion. 


Load 6-17 lb. per square inch; stroke 4} in., speed 
120 r.p.m. 











Treatment of Lower Coefficient of 
Surface (Upper Sur- Time to Seizure. Friction 
face Untreated). (Average). 
As ground Immediate .. os 
Phos phated 1 hr. 35 min. 0-70 
As ground; lubricated | 27 hr. 0-24 
with paraffin wax 
Phosphated, then lubri- | Unseized after 50 hr., 0-17 
cated with paraffin then ran smoothly 
wax under load in- 
creased to 268 Ib. 
per square inch. 








TABLE III.—2Zffect of Molybdenum Disulphide on Seizure 
of Mild-Steel Surfaces in Reciprocating Motion. 
Stroke 44 in. Stationary specimen, 1} in. by } in. 




















Load to Seizure 
Tests, 
(Load in Ib. per Tinto Setear 
Treatment of Both | Speed, [*@uare inch, In-| (7 oaq constant 
Surfaces. r.p.m, ‘sae of at 6-7 Ib. 
6-7 lb. per ite Waa 
square inch at 4- un 
min. Intervals). 
Molybdenum  disul- 250 6-7 (4 min.) 
phide rubbed on to 
mild steel 
Molybdenum  disul- 250 80 3 
phide bonded to un- 500 47 23 
treated mild steel 1,000 33 _ 
Molybdenum  disul- 250 230 10 
phide rubbed on to 500 220 5 
phated steel 1,000 87 — 
Molybdenum  disul- 250 } Ran _ satisfac-| Unseized after 
phide bonded to 500 a at 50 hr. 
phosphated steel 267 Ib. per 
square inch. 
1,000 230 — 
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Fic. 3.  ELrectron-DIFFRACTION PATTERNS 
oF Oxipr Firms oN ALUMINIUM. 








Brass ADHERING TO Mitp STEEL. 
x 150. 
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Fie. 6. 


SpecIMEN (SECTION). 


In applications where the emphasis is on prevention 
of wear rather than on minimising friction, such means 
would often enable the use of a liquid lubricant to be 
dispensed with. An extension of this method, involv- 
ing the bonding of molybdenum disulphide with corn 
syrup, gives even more promising results, as indicated 
in Table ITI, herewith. 

Wear, which may be defined as the unintentional 
removal of material from a surface, may take a variety 
of forms. The simplest concept is that, when the 
oxide films and the lubricant normally separating two 
surfaces are removed, the exposed areas bond together 
and, with continual application of tangential force, 
one or other of the parts will shear. A taper section 
in Fig. 5, herewith, shows the effect of brass rubbing 
on to mild steel. However, even in this particular 
experiment, all the brass removed from the upper 
surface was not deposited on the steel; some of it was 
broken away in the form of loose debris in the oil. 

When one of the materials is very much harder than 
another, or where abrasive particles are present between 
the surfaces, a form of abrasive wear may occur in 
which the particles actually cut away material from 
one or other of them. It is probable that this is one 
of the most common forms of wear met with in 
engineering practice. Further, another continuous 
form of wear may be envisaged whereby the oxide 
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Fic. 7. ABraDED SurRFACE AFTER FRETTING 
Corrosion. STEEL ON STEEL. 

















Fig. 10. Fretrmne-Corrosion APPARATUS. 


d. Locating Strips arranged so that Upper Specimen 
may be drawn clear of Lower Specimen to permit 
Inspection under Vacuum. 

e. Vacuum-tight Housing with Glass Inspection Window. 


¢ 


. Oscillating Drive, 
b. Specimen. 
ec. Loading Yoke. 


film of one of the surfaces is continually removed and 
is replaced by a further film, due to the action of 
atmospheric oxygen. The author has no convincing 
evidence that this form of wear is common, but experi- 
ments are in progress in an apparatus wherein a pair 
of specimens may be enclosed in an atmosphere of any 
desired composition. It is, however, closely analogous 
to corrosive wear, which occurs in the presence of sub- 
stances capable of vigorous chemica] attack on the 
surfaces. This form of wear is one of the most urgent 
problems in internal-combustion engine practice, due 
to the increasing use of fuels with a high sulphur 
content. 

Wear may sometimes consist of a plastic deformation 
or flowing of the surface. extreme example is 
shown in Fig. 6, opposite, which is a section of the 
brass specimen which rubbed against the surface 
illustrated in Fig. 5. The wear which occurs in prac- 
tice is usually a combination of one or more of the 
elementary forms. For example, the debris arising 
from welding wear may easily give rise to abrasive 
Wear. 

Scuffing is a particularly difficult form of wear and 
should be distinguished from seizure. It usually 
occurs where high loads are met with in association 
with high speeds. In the circumstances, hydro- 
dynamic effects arising from the high speed afford 
protection until loading conditions cause a local break- 
down. When this occurs, the extreme conditions of 
speed and load afford potentialities for a rapid supply 





of energy to the critical surface, resulting in welding, 
melting and the characteristic severe localised failure 
of the surface. Sometimes, if speed is increased 
beyond the point causing scuffing, rapid wear of the 
surface of a less localised nature occurs, the removed 
metal being carried away as debris in the oil. 

If scuffing is ascribed to inadvertent metallic contact 
at speed, means tending to limit the possibility of such 
contact would be expected to have a beneficial effect. 
This is definitely so. For example, phosphating the 
surface does provide protection at the instant of break- 
down of the lubricant, and phosphated gears may be 
made to work more intensively than if they were 
untreated. Another palliative, which is extensively 
used, is to incorporate chemically active agents in a 
lubricant so that protective films are formed at the 
points of weakness. These agents are usually referred 
to as E.P. (extreme pressure) additives. It is certain 
that these additives act by attack on the surface ; 
they may even increase the rate of wear. It is not, 
however, quite so well understood just how they 
function ; for example, do they merely form a barrier 
to welding ? Or do they melt and, in fact, constitute a 
high-viscosity lubricant at the critical areas ? 

Another distressing form of wear is known as “ fret- 
ting corrosion.” This is rather a special type, in that it 
only occurs where components are in contact and 
subject to very slight relative mov t of an oscilla 
tory character. It is now known that the degree of 
corrosion is affected by the applied load, by the nature 
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of the surrounding atmosphere, etc. A tentative theory 
accounting for the phenomenon is that the oscillatory 
motion breaks down any natural protective film 
carried by the surface, so that metal adheres and is 
broken away at each oscillation. The presence of 
lubricant may sometimes prevent the oxidation of these 
particles, so that a scratching of the surface results, 
Fig. 7. However, when free access of air and moisture 
vapour is allowed, the debris may be converted into an 
abrasive oxide, which causes the severe damage met 
with in practice, the escaping oxide being often referred 
to by engineers as “ cocoa " because of its brownish-red 
colour and small particle size. Comparison of Fig. 7, 
B.P. paraffin lubricant, and Fig. 8, dry, shows the effect 
of the lubricant. The phenomenon can therefore be 
regarded primarily as arising from metallic contact, 
but the entry of oxygen provides a secondary phase 
which, from the engineering point of view, is much 
more disastrous. This is borne out by certain experi- 
ments; for example, gold, which does not oxidise, 
suffers damage of a scratching nature, but steel in 
normal atmosphere produces copious supplies of 
damaging oxide. 

Here again the artificial increase in the natural 
protection of the surface by phosphating leads to 
considerable benefit, as shown in Fig. 9, and tho 
presence of oil tends to act as a barrier to oxygen, 
thereby minimising the rate of attack. The depth of 
corrosion is reduced from 8 x 10-* cm. to 2-5 x 10-5 
cm. in the specimens shown. In practice, therefore, 
it is wise to adopt both methods, that is, phosphating to 
prevent metallic contact and copious supplies of 
lubricant to remove debris and to minimise the supply 
of oxygen to any naked metal which may be exposed 
by penetration of the thick phosphate layer. Experi- 
ments are proceeding on this very intriguing subject 
and include the use of the apparatus illustrated in 
Fig. 10, which has been designed so that fretting may 
be done either in a very high vacuum or in the presence - 
of selected gases in order that the effect of oxygen, 
moisture, vapour, etc., can be investigated. Such 
work may provide a basis for the formultion of more 
highly refined palliatives than the aforementioned. 

(To be continued.) 





INJURIES TO FEET.—In a note we have received from 
Sir Alfred Herbert, he says: ‘‘ For many years I have 
been trying to reduce the number of accidents to the 
feet of workers in engineering workshops. These acci- 
dents .. . differ from most other accidents in the 
fact that a definite preventive is available, viz.: the 
wearing of safety bobts with internal steel toe caps, the 
use of which will prevent about 80 per cent. of the 
injuries which are now taking place. In my company’s 
workshops, we have succeeded in reducing foot accidents 
from 89 in 1943 to 17 in 1950, though during 1951 they 
have again risen to 33. Our records show that out of 
326 foot injuries which have occurred during the past 
nine years, at ledst 249 would have been avoided if 
safety boots had been worn. During this period we have 
sold to our workers over 6,000 pairs of safety boots, but 
there are still many who are not wearing them. In 
order to encourage the further use of these boots we have 
recently arranged that they may be paid for by small 
weekly instalments. I believe much can still be 
done by management and workers alike to encourage 
the more general use of these invaluable and effective 





safeguards.” 
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THE GATESHEAD FACTORY OF 
SIGMUND PUMPS, LIMITED. 


AutHovuGH they were one of the leading Continental 
manufacturers of pumps for a considerable number 
of years, it was not until 1938 that Sigmund Pumps, 
Limited, commenced production of their equipments 
in the United Kingdom. The pressure of international 
events, however, soon necessitated radical changes 
in their original policy and resulted in a rapid expansion 
of manufacturing capacity to complete large govern- 
ment contracts Shich the company was called upon 
to fulfil. At the same time, the original plans of the 
company had to be left in abeyance and, during the 
war, only a relatively smal] number of pumps was 
supplied to industry, while the conditions then existing 
precluded the establishment of a proper sales organisa- 
tion. At the end of the war, two major steps were 
taken towards the setting up of a peacetime organisa- 
tion. In the first place, pre-war contacts with the old 
Czechoslovakian company were renewed in many 
overseas centres, overseas agents were appointed and 
the first orders for standard pumps, based on the pre- 
war range, obtained. Concurrently, it was decided 
that, in view of the highly competitive conditions in 
the United Kingdom for standard pumps, the Sigmund 
range should be extended by including pumps for use 
in the oil-refining and allied industries. 

This decision called for considerable initiative as, 
hitherto, this type of equipment had been supplied 
almost solely by the American pump industry, which 
had built up a large connection and obtained in- 
valuable experience of the conditions peculiar to this 
application, such as extreme pressures and widely- 
varying operating temperatures. The decision, there- 
fore, was not taken lightly but only after the matter 
had been discussed with the Government departments 
directly concerned and the leading oil companies. 
As a result of the encouragement received from these 
quarters, designs were prepared and subsequently 
orders placed for a new series of Sigmund pumps, 
which already are operating in the new Shell refineries 
at Stanlow, Shell ven, Venezuela, Holland and 
France, in the new Esso refinery at Fawley and at the 
Llandarcy refinery of the Anglo-American Oil, to 
mention but afew. The range of refinery-process and 
chemical pumps quickly grew and it soon became 
apparent that the then existing premises in which the 
company were operating would be inadequate to cope 
with the envisaged production. It was decided, there- 
fore, to erect a new plant on the Team Valley trading 
estate, Gateshead-on-Tyne, designed for the production 
of pumps and with modern production and testing 
equipment. The Team Valley was chosen as the 
site of the new factory as it offers excellent transport 
facilities and has the great advantage of being in an 
area where there is an abundance of skilled labour. 
Although the factory first started production about two 
years ago, the installation of new machinery and the 
addition of extra staff has only recently been com- 
pleted. 

The new plant covers an area of approximately 
140,000 sq. ft., but sufficient spare ground is available 
to permit the factory to be doubled in size. It 
comprises a main factory, a large administration block, 
covered loading and storage spaces, a transformer 
station, a boiler house and the usual facilities such as 
canteens, etc. The main factory consists of a series 
of bays which can be subdivided by partitions to suit 
any layout. The smaller bays form the light shops, 
which include machining, fitting, assembly, hardening, 
inspection and service shops; and two larger bays, 
which are illustrated in Figs. 5 and 6, on page 656, 
form the heavy shops where bedplate, etc., are fabri- 
cated, and mounting, lining up and testing of com- 
ponents and complete pumps are carried out. In the 
heavy shops there are two overhead cranes, one of 
5 tons and the other of 74 tons capacity, the latter 
being arranged to serve the loading and dispatch bay 
as well. In the light shops several fixed-jib cranes 
with a capacity of 1 ton have been installed and, in 
addition, there are a number of electric hoists for lifting 
the work into and out of the various machine tools. 
All production procesves are carried out in this one 
building, the work flowing in an orderly sequence 
through the machine saops, fabrication and assembly 
departments to the test and dispatch sections at the 
other end of the factory. By adopting this procedure, 
handling is reduced to a minimum and a close watch 
maintained at all stages of production. 

The machine shop, which is illustrated in Figs. 1 and 
2, on this page, covers several bays and is equipped 
with a wide range of modern machine tools such as 
horizontal and vertical borers, capstan and turret 
lathes, shapers, plano-millers, etc. In addition, there 
are several special-purpose machine tools which have 
been designed to deal with certain components peculiar 
to pumps; a good example is provided by a grinding 
machine arranged to handle shafts of exceptional 


length. The machine shop is supplied with the 
necessary jigs and tools by a modern toolroon, which 
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incorporates a special section devoted to the mainten- 
ance of tools and gauges so as to ensure all equipment 
of this nature is kept in good condition. This is 
an important feature, as all components are pro- 
duced to close tolerances, so that spare parts can be 
replaced and interchanged in the field without difficulty. 
As a consequence, a considerable number of gauges are 
employed in the factory. Other facilities provided 
include a fully-equipped heat-treatment shop and a 
section for the hard-facing of special components in a 
variety of metals. There is also a large pattern shop, 
though the firm do not produce their own castings ; 
in view of the wide variety of metals used, this is nor 
surprising. 

Particular attention has been paid to the design 
and layout of the testing facilities. The main test 
tank is built below ground level and has a total capacity 
of 100,000 gallons, being built up from four inter- 
connected compartments. There is also a well 35 ft. 





deep for testing vertical-spindle and submersible 
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pumps. Capacities are measured by two channels 
provided with several weirs of the usual form, one 
channel being designed for capacities up to 6,000 
gallons per minute and the other for capacities up to 
approximately 40,000 gallons per minute. Surface 
tanks, together with venturi tubes, nozzles, etc., are 
also available for dealing with smaller pumps. For 
testing electrically-driven pumps, points are provided 
for different voltages of both direct and alternating 
current, the complete switchgear together with the 
transformers, etc., being installed on a separate plat- 
form arranged over the test bay. This arrangement 
can be seen in the photograph of the test area repro- 
duced in Fig. 8, on page 656. A large variety of small 
calibrated electric motors is available in the test area 
and, in addition, there is a 300-h.p. electric motor 
having a speed of 3,000 r.p.m., also a 500-h.p. motor 
operating at 1,450 r.p.m., the higher-speed motor 
having been installed for the testing of refinery pumps, 
for which 3,000 r.p.m. is the normal operating speed. 
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PROCESS PUMPS FOR OIL-REFINING DUTIES. 
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A speed-increasing gear is also available, use of 
which enables speeds of 3,600 r.p.m. to be obtained. 
Testing of sma]] steam-turbine driven pumps is carried 
out by using steam from the main boiler house, the 
maximum pressure available being 450 lb. per square 
inch. The efficiencies of the smaller pumps are deter- 
mined by means of torsional dynamometers, a number 
of which are installed in the test area. As far as 
possible, all instruments in the area are mounted on 
panels. 

As previously mentioned, Sigmund Pumps, Limited, 
are now producing an extensive range of units for the 
oil-refining and allied industries. The design of such 
units differs somewhat from usual practice, as the 
fire and explosion risks are extremely high, parti- 
cularly where liquids such as high-octane petrol, 
propane, naptha, etc., are being handled. These 
liquids are frequently pumped through the refinery 
area at temperatures well above flash-point; the 
number of joints is therefore kept to a minimum and 
coolant is fed to the bearings and glands. Selection of 
materials is also important and many different alloys 
are used, according to the duty undertaken. In many 
instances, the working life of these pumps is extended 
by incorporating the shaft sleeves casing, and impeller 
wear-rings manufactured from high-duty steels and 
hardened .by means of Stellite or Colmonoy deposits 
fused to the parent metal and then super-finished. 
With this method, hardnesses of the order of 1000 
Brinell have been obtained. Care has also to be taken 
at the design stage to ensure easy maintenance and 
quick replacement of worn parts. Consequently, all 
pumps are made so that, when inspection of the rotating 
parts proves necessary, the complete impeller and 
shaft assembly can be withdrawn without breaking 
any joints in the pipelines and without affecting the 
alignment of the pump and its prime mover. To ease 
maintenance further, extremely high speeds are used, 
so as to reduce to a minimum the number of parts in 
each pump. . 

A photograph showing a selection of typical Sigmund 
process pumps, part of a contract completed recently for 
the new Shell refinery in Venezuela, is reproduced in 
Fig. 7, on page 656. Two of these pumps are shown 
separately in Figs. 3 and 4, herewith, Fig. 3 showing a 
single-stage double-entry centrifugal pump and Fig. 4 
two single-stage single-entry pumps, one assembled 
and the other partially dismantled. The double-entry 
pump is manufactured from stainless steel and is 
intended to pump 1,460 U.S. gallons per minute of 
crude-oil product at 570 deg. F. against a pressure of 
590 ft. when operating at 3,550r.p.m. Both the suction 
and discharge branches are incorporated in the main 
casing and the design is such that it may be dismantled 
without breaking any pipe joints. The stuffing boxes 
are provided with external water cooling, further 
cooling being effected by the sealing liquid circulating 
through the lantern spaces. The shaft is protected 
against wear in the stuffing-box portions by sleeves, the 
surfaces of which are hardened by means of deposits 
fused to the parent metal, a process referred to 
previously. Ball and roller bearings are used to 
fupport the shaft, the bearing at the driving end being 
of the heavy roller type, while that at the opposite end 


Dovsie-Entry SInGLE-IMPELLER Pump. 








is of the double-row double-thrust ball type. Both 
bearings are water-cooled and are lubricated by rings. 
One high-pressure joint is used at each side of the 
pump, sealing being effected by metallic gaskets 
in circular recesses. 

The two pumps illustrated in Fig. 4 have been 
constructed to handle gas-oil products at temperatures 
up to 480 deg. F. They are of the single-stage overhung 
impeller type and, like the double-entry pump just 
described, have been designed so that they can be 
dismantled without breaking any pipe joints other 
than those used in the cooling and gland-sealing systems. 
The ease with which the impeller and associated parts 
can be removed will be apparent from a study of the 
partially-stripped pump shown in the foreground of 
Fig. 4. In general, the same design principles are used 
in these pumps as for the double-entry pump, the suction 
and discharge branches being cast integrally with the 
body, the shafts protected by sleeves with hardened 
surfaces and the high-pressure joints, of which there is 
only one for each pump, sealed by metallic rings. 
The shafts are supported by double-row ball bearings, 
the thrust being taken by angular-contact ball bear- 
ings located at the tail end of each pump. Lubri- 
cation is by means of oiling rings and, in accordance 
with the firm’s standard practice, the bearings are 
water-cooled. Gear-type flexible couplings are em- 
ployed to transmit the drive to the impeller, the 
design being such that each coupling can be dismantled 
and the rotating element withdrawn without disturbing 
the alignment of the pump casing and the driving 
motor. 





CONTRACTS. 


BARCLAY, CURLE AND Co., LTp., Glasgow, are to 
build two single-screw turbine cargo steamers, each having 
a gross tonnage of 8,800, a deadweight capacity of 10,000 
tons, and a speed of 16-5 knots, to the order of the British 
India Steam Navigation Co., Ltd., 122, Leadenhall- 
street, London, E.C.3. A third ship of identical dimen- 
sions will be built for these owners by Scotts’ SuHIP- 
BUILDING AND ENGINEERING Co., LTD., Greenock, and 
a fourth by Swan, HUNTER, AND WIGHAM RICHARDSON, 
Lrp., Wallsend-on-Tyne. 


HEAD, WRIGHTSON & CO., LTD., Thornaby-on-Tees, 
have received an order from the Appleby-Frodingham 
Steel Co., Scunthorpe, Lincolnshire, a branch of the 
United Steel Cos., Ltd., for a new iron-ore-preparation 
plant. This will comprise screening, fine-crushing and 
sintering equipment and will be capable of treating 
3,750,000 tons of low-grade Lincolnshire and Northamp- 
tonshire iron ores per annum. 


THE ENGLIsH ELECTRIC Co., LTD., Queen’s House, 
Kingsway, London, W.C.2, have received an order, as 
stated on page 668, for a 60-MW turbo-alternator for the 
J. Clark Keith generating station at Windsor, Ontario. 
This power station is being constructed by the Hydro- 
Electric Power Commission of Ontario. Three similar 
turbo-alternators for the same station have already been 
ordered by the Commission from the English Electric 
Co. This fourth set will bring the station’s total] capacity 
to 240,000 kW. Each of the four sets will run at 3,000 
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r.p.m., and the turbines are designed to operate with 
steam at a pressure of 850 lb. per square inch, and a 
temperature of 900 deg. F. The turbines are of two- 
cylinder impulse-reaction design, and the alternators 
supply current at 13,800 volts, three-phase, 50 cycles. 





CENTRAL HEATING FROM ATOMIC 
PILE. 


Stxoz last Monday, November 19, a building con- 
taining 80 offices has been drawing its heat direct from 
Bepo, the large experimental atomic pile at the 
Ministry of Supply Atomic Energy Research Establish- 
ment, Harwell. Eventually, two, and perhaps three, 
more buildings will be heated in this way, and the 
Ministry’s coal consumption will be cut by at least 
1,000 tons a year. After counting all incidental 
expenses, the saving in cash is estimated at 2,6501. a 

ear. Costs of the instaliation amount to 15,0001. 

he hot water is obtained by placing a heat-exchanger 
in the outlet air duct of the pile’s air cooling system. 
Here there is a by-pass fitted with a damper which can 
be adjusted to vary the proportion of the air flow 
passing through the heat-exchanger. Hot water 
from the exchanger is then ciivulated in a closed 
circuit by a small pump to a secondary water-to-water 
heat-exchanger. This supplies hot water for space 
heating and domestic hot-water supplies. 

At present the air temperature at the primary 
heat-exchanger is 135 deg. F., and the water itself is 
heated to 130 deg. In 1952, when modifications to the 
pile have been completed, these temperatures will be 
substantially increased. There is, of course, no danger 
from radioactivity and the water can safely be used for 
washing. The heat output designed for the first 
building is 1,000,000 B.Th.U. per hour, but for 
the final installation the maximum output will 
be 7,000,000 B.Th.U. per hour. The total floor 
area now being heated is 32,000 sq. ft. and the s is 
330,000 cub. ft. When the system is extended to 
include other buildings, no other heat-exchanging 
apparatus will be required, and it will only be necessary 
to connect the piping. The installation was carried 
out by the Ministry of Works in collaboraticn with the 
Engineering Division of the A.E.R.E. The heat 
exchanger, measuring 10 ft. by 10 ft. by 2 ft. 6 in., 
weighs 8 tons. 





BRITISH ASSOCIATION APPOINTMENTS.—The Council 
of the British Association announce the following appoint- 
ments for the forthcoming year, which will include the 
annual meeting at Belfast, from September 3 to 10, 
1952: President, Professor A. V. Hill, C.H., O.B.E., 
F.R.S.; general treasurer, Mr. M. G. Bennett; general 
secretaries, Sir Richard Southwell, F.R.S., and Dr. 
George Taylor. The presidents of certain sections will 
be as follows: A (Mathematics and Physics), Professor 
A. M. Tyndall, C.B.E., F.R.S.; B (Chemistry), Professor 
W. Wardlaw, C.B.E.; OC (Geology), Dr. J. E. Richey, 
F.R.S.; G (Engineering), Sir Ben Lockspeiser, K.C.B., 
F.R.S.; and L (Education), Mr. A. L. Binns, C.B.E., 
M.C. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND 


IRON aND STEEL PropvucTion.—Production of steel 
ingots and castings in Scotland during October was 
equivalent to an annual rate of 2,147,800 tons, compared 
with 2,114,200 tons in September. The corresponding 
rate in October last year was 2,574,100 tons. The 
output of pig iron represented 847,700 tons per annum, 
in contrast to 852,900 tons in September and 861,000 tons 
in October last year. 





CoaL FOR COKE AND Gas MANUFACTURE.—The esti- 
mated overall deficiency of coking coal in Scotland by 
1960 would be 1,056,000 tons, according to Dr. E. A. C. 
Chamberlain, chief scientist to the Scottish division of 
the National Coal Board, who addressed the Mining 
Institute of Scotland in Glasgow on November 14, on 
“The Utilisation of Coal.” It was clear, he said, that 
coking coal would have to be reserved for the production 
of metallurgical coke, and the gas industry must be pre- 
pared to make use of non-coking coals. The consump- 
tion of coal for gas manufacture in Scotland in 1950 
was 2,381,000 tons; by adopting processes of complete 
gasification, this output could be maintained for a non- 
coking coal consumption of 730,000 tons, a saving of 
1,651,000 tons. 





ScotTirH PEAT RESOURCES.—The establishment of a 
National] Peat Board with powers to develop an estimated 
2,000,000 acres of Scottish peat, in an attempt to meet 
the fuel and food crisis, has been advocated in a letter 
sent by the Scottish Peat and Land Development Associa- 
tion to Mr. James Stuart, Secretary of State for Scotland. 
They state that if Scotland’s peat resources were utilised, 
as in all other European countries with large deposits, 
there would be no cause for anxiety over the supply of 
fuel and power. 

ELrcrriciry TARIFFs.—New electricity tariffs for 
industrial consumers are to be brought into operation 
by the South-West Scotland Electricity Board on 
December 15. The Board have decided that there will 
be a block tariff (available to all industrial consumers) 
on the basis of the first 100 units per quarter at 2d. a 
unit, and the balance at 1-65d. a unit. Consumers 
whose demand is 20 kW or more will have the alternative 
of a tariff based on their maximum demand, with a sliding 
charge adjusted to their actual consumption and with 
an additional sum for all units charged. The unit 
charge will be subject to variations in the price of coal. 





THE TRADE OF LEITH.—Despite a heavy decrease in 
scrap-iron imports and no improvement in coal exports, 
the overall total of imports and exports at Leith was 
higher during the first nine months of this year than in 
the corresponding period of 1950, stated Mr. George 
Veitch, representative of the Edinburgh Chamber of 
Commerce and of the manufacturers on Leith Harbour 
Commission, at the quarterly general meeting of members 
on November 15. Shortages of dock labour, he added, 
had been very marked in recent months. 

THE Tay Ferry “ DuNDEE.’—The old Tay Ferry 
paddle steamer Dundee, which has been docked at 
Burntisland since February of last year, has been towed 
to Charlestown, Fife, to be broken up by Metal Indus- 
tries, Ltd. The vessel was built in 1875 by William 
Simons & Co., Ltd., Renfrew, and registered at Granton. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE POSITION IN THE IRON-STEEL INDUSTRY.—No 
surprise was expressed in North-East Coast commercial 
circles at the Government’s decision to postpone re- 
imposition of the tonnage allocation scheme. There is 
genera] agreement that some system of sharing distribut- 
able tonnage of iron and s‘eel is necessary, and the delay 
in the re-introduction of a system is understood to be to 
afford an opportunity to devise a more flexible method 
than that employed during the war. Thus, until Febru- 
ary 4 next, supplies will be distributed as at present. 
Shortages of commodities urgently needed in large 
quantities are probably accentuated by buyers endeavour- 
ing to place orders with several different sellers. 





DECLINE IN CoaL Exports.—During the first ten 
months of the present year, ended October 31, shipments 
of coal and coke from the River Tyne declined by 
upwards of 800,000 tons as compared with those of the 
corresponding period of 1950. The total was less by 
3,000,000 tons than that for 1938. 





DRIFT FROM AGRICULTURE TO THE CCLLIERIES.—At a 
recent meeting of the Yorkshire North Riding and South 
Durbam County branch of the National Farmers’ Union, 





held in Darlington, it was reported that many young 
men employed in agriculture in County Durham were 
leaving this work to enter collieries in the district. After 
some discussion, it was decided to request the head- 
quarters of the Union to investigate the matter and, if 
possible, to supply data regarding the drift from the 
land to the pits in other colliery districts. 





LANCASHIRE AND SOUTH 
YORKSHIRE. 


MAN-POWER IN THE MINES.—Experience has shown 
that the winter period has heen a good time for the 
recruitment of man-power at the collieries. In the 
Yorkshire coalfield, there was a gain last winter of 200 
men and it is noteworthy that, this year so far, the fall 
in man-power has been arrested. Gains are now replacing 
losses, but there seems no hope, at present, of reaching 
the desired strength of 139,500 by the end of the year. 
The total is now about 4,000 fewer than this figure. 
By the end of the first nine months of this year, however, 
the number employed had increased by 1,600 in the 
North-Eastern Division. 





STEEL DENATIONALISATIGN.—Leaders in the steel 
industry at Sheffield have welcomed the initial steps 
taken towards denationalisation. The Master Cutler, 
Mr. G. M. Flather, in expressing satisfaction, emphasised 
that his view was not expressed as a political opinion, 
but was based on his knowledge of the industry and its 
economics. In Sheffield, he said, many independent 
steel users, not themselves nationalised, had expressed 
fears that there might be discriminaticn in the allocation 
of supplies ; these fears had now been allayed. 





PEeaK-LOAD Economy.—The Sheffield Electricity Peak 
Load Economy Committee has been formed with the 
object of explaining to commercial and domestic users 
how to regulate their consumption at peak periods 
without interfering with routine. Speakers who address 
meetings arranged by the Committee will make a point 
of explaining the power consumption of different appli- 
ances. 





CUTLERY ImportTs.—The imposition of a restriction 
upon the import of cutlery has given satisfaction to 
Sheffield manufacturers. In point of fact, in September, 
before the restriction came into force, there was a con- 
siderable fall in the import of German and Italian 
cutlery. This is attributed, in part, to the closing of 
the Festival of Britain functions, which had attracted 
souvenir types of foreign pocket knives and scissors. 


THE MIDLANDS. 


WATER PIPES AND THE METAL SHORTAGE.—At a 
meeting of the Midland branch of the Association of 
Waterworks Officers, held at Wolverhampton on Novem- 
ber 9, the question of alternative materials for water 
pipes was among the items discussed. Mr. T. G. Griffin, 
water engineer to the Corporation of Leicester, said that 
waterworks undertakings had looked to the plastics 
industry for an alternative to metal pipes for a long 
time. In the present shortage of metals of all kinds, the 
use of plastics might be extended. Plastic pipes had 
many advantages, and, in particular, they could be used 
where the water was corrosive. 





THE LaTeE Mr. JOSEPH PAYTON.—The death has 
occurred, on November 16, of Mr. Joseph Payton, of 
Solihull, Warwickshire. Mr. Payton, who was 79, was 
a director of the District Iron & Steel Co. Ltd., Smeth- 
wick, and the New Cransley Iron & Steel Co., Ltd., 
Kettering, until the nationalisation of those companies. 
He was president of the Staffordshire Iron and Steel 
Institute in 1921. 





NEw LIGHTWEIGHT CYCLE POWER UNIT.—Tube 
Investments, Ltd., Birmingham, have developed an 
entirely new lightweight petrol engine for attachment to 
pedal bicycles. It is a two-stroke rotary engine, 
mounted in a special rear wheel, and is claimed to be the 
first rotary engine designed for this application. 





Gas SupPpLies.—Mr. G. le B. Diamond, chairman of 
the West Midlands Gas Board, in a report to the Gas 
Consultative Council, published on November 12, said 
that it has been necessary to refuse extra supplies of 
gas to industrial cousumers because of shortage of coal 
and gas plant. The total demand refused amounted to 
9,300 million cubic feet yearly—more than the combined 
sales of Wolverhampton and Coventry. 





PLANS FOR AN OLD CANAL.—The Town Council of 
Halesowen, Worcestershire, have under consideration 
the question of taking over 2,000 yards of a canal between 
Mucklow Hill and Lapal tunnel. The canal was built 
to provide communication between the Dudley canal, 
in the south-western part of the Black Country, and the 
Worcester and Birmingham canal near Birmingham. 
The section from Halesowen has not been used for com- 





mercial traffic since 1917, when a portion of the Lapal 
tunnel collapsed ; this tunnel was opened in 1793, and 
is the third Jongest in the country (3,795 yards). There 
is an alternative route via Netherton tunnel, which is 
much more modern. The line of canal in question was 
used for pleasure boating until the recent war, but has 
since become choked with weeds. Halesowen Council 
are considering either clearing the canal and making it 
available once more for pleasure boating, or filling it in 
and making a public walk along its course. 





MIDLAND FLOODING.—The heavy rains of the past 
two weeks have caused much flooding in the Severn 
and other Midland river valleys. An unusual feature 
has been the stoppage of Hereford’s water supply. The 
water is drawn from the river Wye, and the intakes were 
choked by flood water and debris. Temporary arrange- 
ments were made by the fire brigade to deliver water 
in 500-gallon tenders to central points, where the city’s 
population of 32,000 could collect it. 





THE SAMSON STRIPPER IN THE MIDLANDS.—A Samson 
stripper is now working successfully at the Lipstone 
Colliery, near Mansfield, in the National Coal Board’s 
East Midlands Division. It is operating on a face 
200 yards long, with Dowty hydraulic pit props for roof 
support, and has enabled the output per man-shift to 
be raised to ten tons. The next two Samson strippers 
to be installed in the Midlands will be at Kingsbury 
Colliery, near Tamworth, and at the Deep Pit, near 
Hanley, both in the West Midlands Division. The 
Kingsbury machine is expected to be delivered soon, and 
that at Hanley before the end of next year. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


TRAFFIC aT SOUTH WALES PorTs.—A total trade of 
17,170,191 tons was handled at the South Wales group 
of ports from January 1 to November 4 this year, this 
being an increase of over 1} million tons over the firure 
for the corresponding period of 1950. Imports rose fron 
6,036,650 tons to 7,884,756 tons, but there was a small 
decline in exports. The rapid growth of the oil trade to 
nearly 6,000,000 tons, compared with just over 4,000,000 
tons a year ago, was the chief feature. Swansea, which 
handles most of the oil, did almost as much trade as all 
the other ports together. Newport, Barry, and Penarth 
docks showed small improvements, but Cardiff, Port 
Talbot and Briton Ferry had less trade than a year ago. 





PETROLEUM Gas IN TowNn Matins.—An experimental 
plant for the storage of liquid petroleum gas, to be dis- 
tributed through the town’s gas mains, is being installed 
at Whitland, Carmarthenshire. Mr. T. Mervyo Jones, 
chairman of the Wales Gas Board, made the announce- 
ment at the annual dinner of the South Wales branch of 
the Institution of Mechanical Engineers. The experi- 
ment is in the nature of a pilot plant for the whole of 
Great Britain, he said, and the chief credit for it was due 
to a member of the branch, Mr. E. M. Edwards. Alter- 
native systems of using a butane-air mixture, one 
American and one French, would shortly be tried out. 

WIND RECORDING ON SUSPENSION BRIDGE SITE.— 
Specially-designed wind-recording apparatus has been 
made by the Meteorological Oifice for the Ministry of 
Transport, to provide information concerning wind 
strengths and directions in the locality of the proposed 
new suspension bridge over the Severn, near Chepstow. 
Several problems had to be overcome in the design of 
the instruments, to meet the special requirements of the 
bridge engineers. Chief among these was the measure- 
ment of winds inclined to the horizontal which persist for 
periods of half a minute or more. Six instruments have 
been provided, each of which will automatically record 
data on the behaviour of the wind from all directions. 








UNEMPLOYMENT IN WALES.—A total of 24,743 adults 
and juveniles were registered as unemployed in Wales 
on October 15, 8,189 less than at the same time last 
year. Compared with September, however, there was 
an increase in unemployed—928 men, 1,414 women and 
173 girls. There was a decrease of 92 in the number of 
boys out of work. 





RECONSTRUCTION OF SWANSEA CENTRE.—A prelimi- 
nary scheme for the next stage of reconstruction work 
in the centre of Swansea, which was largely destroyed 
during the war, has been discussed by the local borough 
Parliamentary Committee. It was agreed that oificials 
should confer with the Ministry of Housing and Town 
Planning and the Ministry of Transport on the matter. 





CaRDIFF MUNICIPAL AIRPORT.—Questions on the 
future of Cardiff’s municipal airport, consequent upon 
the fact that an aerodrome at Rhoose in the Vale of 
Glamorgan is likely to become the air terminal for 
South Wales next year, are to be addressed by the 
City Council to the Ministry of Civil Aviation, The 
Cardiff Airport has been requisitioned since 1939. 
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NOTICES OF MEETINGS. 


Iv is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio Sec- 
tion : Monday, November 26, 5.30 p.m., Victoria-embank- 
ment, W.C.2. Discussion on “ Should Broadcasting be 
Superseded by Wire Distribution ? ” opened by Mr. P. P. 
Eckersley. North-Eastern Centre: Monday, November 
26, 6.15 p.m., Neville Hall, Westgate-road, Newcastle- 
upon-Tyne. ‘“‘ The Dimming of Low-Pressure Discharge 
Lamps,” by Mr. C. E. Williams, B.Sc. London Students’ 
Section: Tuesday, November 27, 7 p.m., Victoria- 
embankment, W.C.2. ‘“‘ Use of Working Scale Models 
in the Development of Broadcasting Aerials,’’ by Mr. 
T.R. Boys. South Midland Centre : Tuesday, November 
27, 7.15 p.m., Works Institute, Hylton Road Power 
Station, Worcester. ‘“‘Surge Diverters for the Protec- 
tion of Alternating-Current Systems,” by Mr. T. F. 
Monahan. Supply Section: Wednesday, November 28, 
5.30 p.m., Victoria-embankment, W.C.2. ‘‘ A Statistical 
Approach to Problems in Electricity Supply,” by Mr. 
R. B. Rowson. Scottish Centre: Thursday, November 
29, 7 p.m., 39, Elmbank-cr t, Glasgow, C.2. “‘ Use 
of Saturable Reactors as Discharge Devices for Pulse 
Generators,” by Mr. W. S. Melville. Institution : Mon- 
day, December 3, 5.30 p.m., Victoria-embankment, 
W.C.2. Informal Meeting. Discussion on “ Are Sales 
Representatives N ry?” d by Commander 
R. B. Fairthorne. 

ILLUMINATING ENGINEERING SOcIETY.—Leeds Centre : 
Monday, November 26, 7 p.m., Lighting Service Bureau, 
24, Aire-street, Leeds, 1. ‘‘ Hospital Lighting,”’ by Mr. 
J. K. Frisby. London: Wednesday, November 28, 
6 p.m., Lighting Service Bureau, 2, Savoy-hill, W.C.2. 
Discussion on “‘ The Recent Meeting of the International 
Commission on Illumination at Stockholm.”’ 

INSTITUTION OF PRODUCTION ENGINEERS.—Southern 
Section: Monday, November 26, 7 p.m., Municipal 
College, Portsmouth. ‘“‘ Thread Production and Inspec- 
tion,” by Mr. F. Hodgkins. Luton Section: Tuesday, 
November 27, 7.15 p.m., Town Hall, Luton. “ Difficul- 
ties and Developments in Deep Drawing and Pressing,” 
by Dr. J. D. Jevons. Coventry Section: Wednesday, 
November 28, 7 p.m., Geisha Café, Hertford-street, 
Coventry. ‘“‘ Preservation and Packing,’ by Mr. F. 
Chapman. Lincoln Section : Wednesday, November 28, 
7.30 p.m., Blue Bell Hotel, Scunthorpe. ‘“ Time and 
Work Studies in Heavy Industry,’”’ by Mr. J. R. Widdow- 
son. Shrewsbury Section: Wednesday, November 28, 
7.30 p.m., Technical College, Shrewsbury. ‘ Craftsman- 
ship of Output as Applied to American Brassfoundry 
Work,” by Mr. F. E. Rattlidge. South Wales and 
Monmouthshire Section: Thursday, November 29, 6.45 
p.m., South Wales Institute of Engineers, Park-place, 
Cardiff. ‘* Productivity and the Machine Tool,” by 
Mr. N. Stubbs. 


INSTITUTION OF WORKS MANAGERS.—Glasgow Branch : 
Monday, November 26, 7.15 p.m., 39, Elmbank-crescent, 
Glasgow, C.2. “Spoken Communication in Industry,” 
by Mr. A. C. Leyton. 


JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section : 
Monday, November 26, 7.30 p.m., 201, Napier-street, 
Sheffield. Presidential Address on ‘ Vulcanalia,” by 
Professor F. J. Sarjant. Institution: Friday, November 
30, 6.30 p.m., 39, Victoria-street, S.W.1. ‘“‘ Some 
American Windmills,” by Mr. Rex Wailes. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 27, 5.30 p.m., 85, The Minories, E.C.3. ‘ Automatic 
Ccmbustion Controls for Marine Boilers,” by Mr. B. 
Taylor. Friday, November 30, 7.30 p.m., Technical 
College, Barrow-in-Furness. ‘‘ The Construction of Oil 
Tankers,” by Mr. H. Armstrong. 


INSTITUTION OF CIVIL ENGINEERS.—<Structural and 
Luilding Division: Tuesday, November 27, 5.30 p.m., 
Gieat George-street, S.W.1. ‘“ Rapid Calculation of the 
Plastic Collapse Load for a Framed Structure,” by Mr. 
B. G. Neal and Mr. P. S. Symonds. Midlands Associa- 
tion: Wednesday, November 28, 7 p.m., Loughborough 
Coll ge, Loughborough. “ Water Supply,” by Mr. 
Norman J. Pugh. Yorkshire Association: Friday, 
November 30, 6.30 p.m., Blue Bell Hotel, High-street, 
Scunthorpe. “* Civil-Engineering Aspects of Major Plant 
Developments at the Appleby-Frodingham Steel Com- 
pany,” by Mr. K. Paterson. 
4NSTITUTION OF MECHANICAL ENGINEERS.—South 
Yaks Branch: Tuesday, November 27, 6 p.m., South 
Waks Institute of Engineers, Park-place, Cardiff. 
Mechanical Engineering Features at Nantgarw Col- 
lic:y,” by Mr. T. G. Dash and Mr. J. Petit. Yorkshire 
Branch 3 Wednesday, November 28, 7 p.m., Mappin 
Hal, The University, Sheffield. “ Engineering Possi- 
bilities of Afghanistan,” by Dr. W. Abbott. Institution 
‘Applied Mechanics Group): Friday, November 30, 
»-oJ P.M, Storey’s-gate, St. James’s Park, S.W.1. ‘‘ Cup 











Drawing from a Flat Blank : An Experimental Investiga- 
tion,” by Dr. S. Y. Chung and Professor H. W. Swift. 
Scottish Branch: Friday, November 30, 7.30 p.m., 
Robert Gordon’s College, Aberdeen. ‘ Some Milestones 
in a Hundred Years of Marine Engineering,” by Mr. 
Edward L. Denny. AUTOMOBILE Division.—Birmingham 
Centre: Tuesday, November 27, 6.45 p.m., James Watt 
Memorial Institute, Birmingham. ‘“‘ Design and Devel- 
lopment of Very Large Road-Haulage Vehicles,” by 
Mr. C. E. Burton. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Scottish Branch: Tuesday, November 27, 6.30 
p.m., 351, Sauchiehall-street, Glasgow, C.2. Discussion 
on “* Pneumatic Conveying and Dust Exhausting.” 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 27, 7 p.m., Grand Hotel, Sheffield. ‘“‘ Vermi- 
culite as a Fuel Saver,’”’ by Mr. K. W. Cowling. 

RoyaL AERONAUTICAL Socrety.—Section Meeting: 
Tuesday, November 27, 7 p.m., 4, Hamilton-place, W.1. 
“Is It Possible to Simplify Aircraft and Retain Their 
Efficiency ? ” by Mr. W.S. Farren. Society: Thursday, 
November 29, 6 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. ‘ Structural Problems in 
Advanced Aircraft,” by Mr. H. H. Gardner. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—West 
Midlands Section: Tuesday, November 27, 7 p.m., 
Wolverhampton and South Staffs Technical College, 
Wolverhampton. Di ion Evening. 

ROYAL SOCIETY OF ARTS.—Wednesday, November 28, 
2.30 p.m., John Adam-street, Adelphi, W.C.2. ‘“‘ The 
Whaling Industry,” by Dr. Edward Hindle, F.R.S. 

LIVERPOOL ENGINEERING SOCIETY.—Wednesday, Nov- 
ember 28, 6 p.m., 9, The Temple, 24, Dale-street, Liver- 
pool. ‘‘The Manufacture and Application of Mineral 
Wool,” by Mr. A. M. MacGregor. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Wales and 
Monmouthshire Branch: Wednesday, November 28, 
6.30 p.m., Mackworth Hotel, Swansea. Discussion on 
** Structural Engineering Problems.” 

Roya STATISTICAL SocteTy.—Industrial Applications 
Section: Wednesday, November 28, 6.45 p.m., Chamber 
of Commerce, 95, New-street, Birmingham, 2. ‘‘ A Com- 
parison of Different Methods of Inspection,” by Mr. 
B. H. P. Rivett. Thursday, November 29, 6.30 p.m., 
Grand Hotel, Sheffield. ‘“‘ Elementary Statistical Methods 
as an Aid to Foundry-Production Control,” by Mr. 
W. G. A. Jenkins. 

NORTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Student Section: Wednesday, Novem- 
ber 28, 6.45 p.m., Bolbec Hall, Newcastle-upon-Tyne. 
Lecture on ‘“‘ The Development of Mining Machinery,” 
by Mr. T. Thompson. 

INSTITUTE OF PETROLEUM.—Thursday, November 29, 
5.30 p.m., 26, Portland-place, W.1. ‘‘ Methods for 
Expressing the Viscosity-Temperature Relationship of 
Lubricating Oils,” by Mr. F. T. Blott and Mr. C. G. 
Verver. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Luton Branch: Thursday, November 29, 8 p.m., 
George Hotel, Luton. “ Oil-Switchgear Failures and 
Their Causes,” by Mr. N. Elliott. 

Roya Socrety.—Friday, November 30, 2.30 p.m., 
Burlington House, Piccadilly, W.1. Anniversary 
Meeting. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 30, 6.45 p.m., Engineers’ Club, Albert-square, 
Manchester, 2. Open Discussion Meeting. (Paper on 
“ Tubular Structures ’’ postponed to March 7, 1952.) 

INSTITUTE OF ECONOMIC ENGINEERING.—Glasgow 
Branch : Saturday, December 1, 10.30 a.m., 70, Bothwell- 
street, Glasgow. ‘‘ Manufacturing Cost Standards and 
the Benefit to Works Management,”’ by Mr. R. I. Camp- 
bell. Birmingham Branch: Saturday, December 1, 
2.30 p.m., Chamber of Commerce, 95, New-street, 
Birmingham, 2. Annual Meeting, to be followed by a 
display of films. 

INSTITUTION OF CHEMICAL ENGINEERS.—WNorth- 
Western Branch: Saturday, December 1, 2.30 p.m., 
Radiant House, Bold-street, Liverpool. “Study of 
Carbide-Furnace Operation,’’ by Mr. R. B. Peacock. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Wales and 
Monmouthshire Branch: Saturday, December 1, 6 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
“ Patternmaking for General Engineering Castings,” 
by Mr. H. 8S. W. Brittain. 


INSTITUTE OF METALS.—South Wales Local Section‘ 
Tuesday, December 4, 6.30 p.m., University College, 
Singleton Park, Swansea. “The Solidification of 
Castings,” by Mr. R. W. Ruddle. 

INCORPORATED PLANT ENGINEERS.—Tuesday, Decem- 
ber 4, 7 p.m., Royal Society of Arts, John Adam-street, 
Adelphi, W.C.2. “‘ Soil Mechanics,” by Mr. A. Wilson. 
South Wales Branch: Tuesday, December 4, 7.15 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
“ Design, Construction and Maintenance of Modern 
Concrete Mixers,”’ by Mr. R. Morris-Prosser. 





PERSONAL. 

Str ROBERT MICKLEM, C.B.E., R.N., chairman of 
Vickers-Armstrongs Ltd., and SmR JAMES REID YOUNG, 
director of finance and administration of that company, 
have been appointed joint managing directors of Vickers 
Ltd., Vickers House, Broadway, London, S.W.1. 

Lorp Wootton, P.C., C.H., D.L., has resigned from 
the board of the Birmingham Small Arms Oo., Ltd. 

The Council of the Royal Society have awarded the 
Davy Medal to Sm Eric Ripeat, M.B.E., F.R.S., and 
the Hughes Medal to Proressor H. A. KRAMERS, 

Mr. J. C. Carr, C.B.E., has been appointed to the 
Board of Thomas Summerson & Sons, Ltd., Darlington, 
and their subsidiary companies on his retirement as 
principal assistant secretary in the Ministry of Supply. 

Mr. W. H. C. Priwine, B.A. (Cantab.), M.I.E.E., 
generation engineer (construction) of the southern group 
of power stations, Yorkshire Division, British Electricity 
Authority, has been appointed chief generation engineer 
(construction), Merseyside and North Wales Division. 

Mr. M. GAUGHAN, B.Eng., A.M.I.E.E., has bo2en 
appointed to the government and railways departmsnt 
of the British Thomson-Houston Company’s lamp and 
lighting department, at Mazda House, Fitzroy-road, 
London, N.W.1. 


Mr. C. T. Roperts, B.Sc. (Eng.), M.I.Mech.E., 
M.I.Loco.E., hitherto locomotive works manager, 
Western Region, British Railways, has been appointed 
carriage and wagon engineer, Western Rogion. 


Mr. W. R. Mossy, M.I.R.S.E., indoor assistant to 
signal and telecommunications engineer, North Eastern 
Region, British Railways, has been made assistant signal 
engineer, signal and tel municati engineer’s 
office, North Eastern Region, York. 

Mr. JAMES CLELAND has been appointed engineer-in- 
charge of the B.B.C. television transmitting station 
now being built at Kirk o’Shotts, between Glasgow and 
Edinburgh. His assistant will be Mr. W. L. NICOLL. 

For reasons of health, Mr. B. Th. W. VAN HasseLr 
is relinquishing his positions as director-general of the 
Royal Dutch Petroleum Co., and as managing director 
of the operating companies of the Royal Dutch Shell 
Group, to take efféct on December 31. In consequence, 
Mr. L. ScHEPERS has been appointed managing director 
of the Anglo-Saxon Petroleum Co., Ltd., the Shell 
Petroleum Co., Ltd., and the N.V. de Bataafsche Petrol- 
eum Maatschappij, as from January 1, 1952. 


Mr. W. R. Jones has been appointed chief engineer 
of Nevelin Electric Co., Ltd., a subsidiary company of 
Lancashire Dynamo Holdings Ltd. 

Mr. Ion EARLE, secretary of the Midland region of 
the Federation of British Industries, is to be transferred 
to the Federation’s London office, as from January 1, 
1952. He will be succeeded in Birmingham by Mar. 
S. W. GREGORY-MEAKIN, at present assistant secretary. 


Mr. A. McEwan, M.I.Struct.E., who is in charge of 
the structural division at Chamberlain Industriss Ltd., 
Staffa Works, Leyton, London, E.10, has been appointed a 
director of the company. 


Mr. S. A. SCADDING, hitherto in charge of the sales 
and sales promotion departments, J. and H. McClaren 
Ltd., Leeds, has now succeeded Mayor T. RAIND as 
publicity officer and Press relations officer. 


J. H. Fenner & O6., Ltp., have opened an additional 
branch at 32, Dewsbury-road, Leeds, 11, under the 
management of Mr. F’. GRINDLAY. 

As from December 1, the head-office address of the 
BRITISH ALUMINIUM Co., Lrp., will be Norfolk House, 
St. James’s-square, London, 8.W.1. (Telephone : 
WHltehall 7868.) 

C. C. WAKEFIELD & Co., LTpD., have now organised 
their industrial lubrication service on regional lines. 
Mr. C. W. Pace has been appointed sales manager 
of the eastern region in succession to Mr. B. S. Davis, 
who has resigned from the company. Mr. Page joins 
Mr. J. E. S. Euwewt and Mr. D. 8S. KirKPATRIOK, north- 
ern and western regional sales managers, respectively. 


Tae INSTITUTE OF ROAD TRANSPORT ENGINEERS has 
been incorporated under Section 19 of the Companies 
Act, 1948. The Institute’s headquarters have now been 
transferred from 174, Palace Chambers, Bridge-street, 
to 69, Victoria-street, London, 8.W.1. (Telephone: 
ABBey 6248.) 

The Giacrer Metat Co., Lrp., London and Kil- 
marnock, have taken over a 15,000-sq. ft. factory at 
Carfin Industrial Estate, Lanarkshire, where they hope 
to begin production in February. 

Hien Duty ALLoys LTp., Slough, Buckinghamshire, 
announce that the new address of their northern area 
sales office is Colwyn Chambers, 24, Mosley-street, 
Manchester, 2. (Telephone: Manchester Central 2758.) 

From December 1, the address of the London office of 
Rose, Downs AND THOMPSON, LTp., Old Foundry, Hull, 
will be changed from No. 28 to 39, Victoria-street, S.W.1. 








Mr. A. CocKRAM continues as London office manager. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMrte Bar 3663 and 3664. 


mdence should be addressed 


All editorial corres 
other correspondence to the 


to the Editor and 
Manager. 





Accounts are payable to “ ENGINEERING ” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 


of Cana 10 0 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘“‘ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertiscments for display announcements must be 
received at least 10 days previous to the date of pub- 

ion, otherwise it may be impossible to submit 
Proofs for approval. 
‘ The Proprietors will not hold themselves responsible 
or advertisers’ blocks left in their possession for more 
two years. 
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POST-WAR FUEL RESEARCH. 


For reasons of security, and no doubt because 
staffs were engaged on matters of more immediate 
importance, the research stations ot the Department 
of Scientific and Industrial Research suspended 
publication of their various annual reports during 
the war. After the termination of hostilities, the 
interregnum was, in most cases, covered by a 
general report dealing with th war period. In 
the case of the Fuel Research Station, the matter 
was dealt with by a report covering the work 
carried out from 1939 to 1946. This was pub- 
lished about twelve months ago and some account 
of it will be found in our issue of December 15, 
1950. Some of the stations resumed publica- 
tion of their annual reports after the appearance 
of their review of war activities, but the Fuel 
Research Station has followed their 1936-1946 
review with another report* covering the three years 
from April 1, 1946, to March 31, 1949. It is, 
however, stated by Engineer Vice-Admiral Sir 
Harold Brown, the chairman of the Fuel Research 
Board, in his introductory section of the report, 
that in future the earlier practice of presenting 
an annual report will be reverted to. The earlier 
report was largely concerned with ad hoc war-time 
activities ; this new one covers a period in which it 
was possible once again to turn to long-term 
researches. 

* Report of the Fuel Research Board with the Report of 
the Director of Fuel Research for the Period let April, 
1946 to 31st March, 1949. H.M. Stationery Office. 
[Price 3s, net.] 








The document naturally covers a considerable 
range of work and some of the subjects dealt with 
cannot even be mentioned here. Among matters of 
wide general interest about which something may be 
said, however, are the work on domestic heating, 
on the development of combustion chambers for 
coal-fired gas turbines, on various aspects of boiler 
performance and on atmospheric pollution. It may 
appear to some mechanical engineers that domestic 
heating is not of sufficient interest or technical 
importance to stand at the head'of this list, but in 
view of the enormous numbers of domestic boilers 
and fires in use, their individual efficiency has a 
serious bearing on the whole fuel situation. We 
believe it was Sir Harry Ricardo who, many years 
ago, pointed out that although the efficiency of a 
motorecar engine might not be of moment to the in- 
dividual owner, in view of the petrol consumption of 
the total number of cars in the country, the effici- 
ency of the engines was just as important as that 


660 | of the largest power-station generating set. The 


same thing, from the point of view of fuel con- 
sumption, applies to domestic solid-fuel appli- 
ances. There is some reason to believe that an 
increasing proportion of householders are realising 
this, not because they have any interest in com- 
bustion efficiency as a general subject, but as they 


668 | cannot obtain adequate supplies of coal or coke, 


they are beginning to understand that they must 
make the best use of what they can get. 

It was towards the end of the war that the Fuel 
Research Station started investigations on the 
performance of domestic fires and stoves, and as a 
result of those investigations and the work of other 
bodies, such as the British Coal Utilisation Research 
Association, various models have been approved and 
a list of improved solid-fuel appliances recommended 
to local authorities has been circulated by the 
Ministry of Health. As about half the grates and 
stoves used in Great Britain to burn solid fuel are 
made in Scotland, a Scottish Branch of the Fuel 
Research Station has been established at Thornton- 
hall, near Glasgow, in order to permit close contact 
to be maintained with manufacturers. Probably 
the most intractable problem in the domestic- 
heating field is concerned with the heating of a room 
by a stove or open fire. This method of heating 
seems likely to be retained in this country for a long 
time and it cannot be said that there are any im- 
portant signs of the adoption of the central-heating 
methods commonly used in America even in the 
smallest houses. 

The work on gas turbines, up till the end of the 
period dealt with in the report, was confined to the 
development of combustion chambers for coal firing. 
It is remarked that for relatively small power- 
producing units, the gas turbine would be more 
efficient than the conventional steam plant and 
accordingly work has been started on the use of 
pulverised coal for such installations. The applica- 
tion of powdered-fuel firing to open-cycle gas tur- 
bines involves the development of a combustion 
chamber and burners to work at a pressure of about 
four atmospheres as well as auxiliary apparatus, 
including pulverising plant and feeders. When these 
various items of the installation have been developed 
it will be necessary, as the report remarks, “ to 
exaniine the amount and type of ash that can he 
tolerated in the hot gas supplied to the turbines 
and to devise means for cleaning this gas if neces- 
sary.” This sentence refers to what may be difficult 
problems. Some years ago, a good deal was heard 
of a German internal-combustion engine using pul- 
verised coal, but nothing seems to have come of 
the matter. It may well have been found that no 
type of piston engine could operate for any long 
periods with gases carrying fine ash, but possibly 
@ gas turbine would prove more amenable. 

Two types of combustion chamber have been 
designed and built; each burns about 500 Ib. of 
coal an hour at atmospheric pressure. Operating 
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under higher pressures, it is considered that com- 
bustion chambers of the same dimensions would be 
able to deal with about 2,000 Ib. of coal an hour 
and serve a 2,000-h.p. turbine. It is stated that a 
third experimental combustion chamber has been 
constructed by the British Coal Utilisation Research 
Association. One of the Fuel Research Station 
combustion chambers is of the vortex type, consist- 
ing of a shallow cylindrical vessel 3 ft. 3 in. in 
diameter and 12 to 18 in. deep. It is fixed with 
the axis vertical and the pulverised fuel is carried 
into it by the primary air which enters from above 
through nozzles spaced around a circle having a 
diameter about two-thirds that of the chamber. 
The mein supply of air for combustion enters 
tangentially through 16 long narrow brick nozzles 
situated around the periphery. The products of 
combustion pass downwards through a central 
opening. The other combustion chamber is of the 
straight-through type, consisting of a vertical brick- 
lined cylinder 6 ft. high and'2 ft. 6 in. in external 
diameter. The primary air and fuel enter from 
above, combustion air being supplied through ports 
arranged around the body of the cylinder. 

The section of the report relating to what is 
called above “ various aspects of boiler perform- 
ance ”’ deals, among other matters, with the “ smoke 
eliminators”” which were devised by the Fuel 
Research Station to improve the efficiency of coal- 
fired boilers. Some information about this matter 
was given in our previous article. The present 
report records that a “typical merchant ship” 
with boilers equipped with these eliminators during 
a voyage from England to West Africa and back 
showed an average fuel saving of about 5 per cent. 
when the smoke eliminators were in use. Other 
boiler work referred to includes the up-grading of 
inferior fuels by the addition of fuel oil or tar. The 
conclusion arrived at was that the improved per- 
formance obtained was more than offset by the 
extra labour involved in preparing the fuel. Work 
in connection with deposits on the external heating 
surfaces of water-tube boilers has been continued in 
collaboration with the Boiler Availability Com- 
mittee and the important conclusion has been 
reached that there is urgent need for a redistribution 
of coals to generating stations so that the different 
types of coal shall be sent to installations where the 
boilers are best suited for burning them. 

Another boiler problem dealt with in the report 
is a factor in the broad question of atmospheric 
pollution, a subject on which the Fuel Research 
Station ha’ collaborated with the National Physical 
Laboratory and other bodies. The particular boiler 
problem referred to is the removal of sulphur com- 
pounds from the flue gases. At Battersea the Brit- 
ish Electricity Authority has adopted a process of 
washing the flue gas with water containing an 
alkali, and, as mentioned on page 624 of our issue 
of last week, the same system is to be adopted at 
Bankside. As large and expensive plants are 
necessary for the removal of sulphur compounds 
in this way, the Fuel Research Station is investigat- 
ing the possibility of developing a cheaper method. 
One process is the addition of oxidation catalysts 
to the scrubber liquor, so increasing the rate of 
absorption of sulphur dioxide. Salts of chromium, 
copper, vanadium and aluminium have been tried, 
vanadium being the only one to give promising 
results. The suggestion has been made that in 
view of the expense of the gas-washing process, the 
matter might be dealt with by injecting dry alkaline 
absorbent powders into the flues leading from the 
boilers. Experiment showed, however, that the 
reaction was negligible at temperatures lower than 
about 600 deg. C., and as in practice the gas tem- 
perature is not usually higher than 150 deg. C., the 
process would be quite ineffective. Another method 
is the removal of sulphur dioxide by oxidation 
in an electrical discharge, the sulphur trioxide 
formed being removed by electrostatic precipitation. 


ABRASION AND WEAR. 


In deciding to inaugurate their new premises by 
holding an International Symposium on Abrasion 
and Wear, the directorate of the Rubber Stichting 
at Delft—the Dutch research organisation which, 
in collaboration with the British Rubber Pro- 
ducers’ Research Association and the Institut 
Frangais du Caoutchouc, seeks to promote the 
wider and more efficient use of rubber—made a 
notably appropriate choice; for, of all the engi- 
neering materials which confront designers and 
users with problems of wear, rubber presents 
features that are, perhaps, the most complex and 
individual, and the least generally understood. 
Engineers certainly have paid much more attention 
to rubber, and have studied more closely its peculiar 
physical and chemical properties, since the discovery 
and widespread adoption of methods of bonding 
rubber to metal; but their familiarity with it is 
still tinged with a certain degree of uncertainty, 
and much of the knowledge that chemists and 
physicists have now accumulated by painstaking 
investigation is by no means common knowledge 
in the field of engineering manufacture. By taking 
as their theme the broader subjects of abrasion and 
wear in general, however, the organisers of the 
Symposium were able to bring into personal contact 
a considerable number of research workers experi- 
enced in the problems of practical engineering as 
well as in the narrower field of rubber technology ; 
and there can be no doubt that the exchanges of 
views and the expert summaries of recent and 
highly specialised researd which occupied the four 
sessions on Wednesday and Thursday of last week, 
November 14 and 15, will bear fruit in a number of 
direetions, not always obviously related to each 
other. Dr. Ir. R. Houwink, the Director-General of 
the Rubber Stichting, and Dr. H. C. J. de Decker, 
the Director of Research, together with their 
colleagues on the Board of Management, are to be 
congratulated on the success of their arrangements. 

As we have announced previously, the eight 
papers which constituted the main programme of the 
Symposium will be printed in ENGINEERING in the 
near future; and it is our intention to publish a 
general report of the proceedings, as has been done 
with various other specialised conferences in recent 
years. As an introduction to these reports, how- 
ever, it may be useful to outline the general scope 
of the facilities now available, under the co-ordinat- 
ing supervision of the International Rubber Research 
Board and the associated organisation, the Inter- 
national Rubber Development Committee. The 
stimulus to set up this machinery for the co-ordina- 
tion of rubber research and the investigation into 
the further and more effective use of rubber came 
from the unsettled state of the world rubber market 
before the war, which led to an international agree- 
ment to restrict the production of rubber. This 
restriction was intended to be merely temporary, 
as it was recognised that what was really needed 
was a heavier and a steadier demand. It was for 
this purpose that British, French and Dutch 
producers set up their respective research establish- 
ments. There are, in addition, affiliated bodies in 
Malaya, Indo-China and Indonesia, these being, 
respectively, the Rubber Research Institute of 
Malaya at Kuala Lumpur, the Institut des 
Recherches du Caoutchouc en Indochine, and the 
Indonesisch Instituut voor Rubberonderzoek at 
Buitenzorg, Java; and there are associated bodies 
in various other European countries, and in thc 
United States, Australia, South Africa and Japan. 

The endeavours of these several organisations to 
discover and apply new uses for rubber had produced 
considerable results even before the war. During 
the war, of course, the problem of absorbing the 
available output no longer existed, but the problems 





of promoting its most efficient use became of 





paramount importance. Since the war, economic 
conditions have necessitated an even more intense 
concentration on both the extent and the efficiency 
of use, thus bringing the rubber physicist and the 
rubber technologist into closer contact with a variety 
of other branches of technology. Their problems 
may be widely different in detail, but they have 
much in common and, to some extent, their investi- 
gation involves the use of similar apparatus. This 
connection was very apparent during the recent 
Symposium, when, in the intervals between the 
sessions, the delegates turned their attention to the 
exhibition of testing and other equipment that had 
been arranged for their benefit. Many of the 
instruments and machines were evidently familiar 
to many members whose uses of them were notably 
different. 

It is probable that comparatively few of the 
158 participants in the Symposium had had occasion 
to consider abrasion and wear in other than a 
sectional and limited way, or to attempt to formu- 
late, for their individual guidance, anything 
approaching a comprehensive philosophy of the 
subject. Most wear is undesired and undesirable, 
but, as Professor H. Blok, of Delft, pointed out in 
his paper, there are some forms of wear (as, for 
instance, in the running-in of new machinery) 
which are not merely desirable, but necessary, unless 
and until manufacturing methods can be improved 
to the extent that such deliberate wear is no longer 
needed as a finishing process. Obviously, the 
elimination of such a method of finishing, which can 
hardly be brought under precise control, is highly 
desirable, and its persistence does not weaken the 
general principle that wear, whether caused by 
abrasion or by changes that are fundamentally 
chemical, is something to be avoided or, at least, 
minimised wherever possible. 

The aggregate economic consequences of wear are 
enormous and practically incalculable. Taking a 
short-term view, it is easy to see that the elimination 
of wear in any considerable field where it occurs 
could have disturbing results on employment and 
might, indirectly, lead to material changes in the 
means of livelihood of large sections of the com- 
munity ; to take a single example, the production 
of a virtually indestructible material for boot soles 
would reduce greatly the need for the services of 
cobblers, and, after a probable sudden upward 
surge in market demand, to a permanent reduction 
in the sales of new footwear. On the other hand, 
and taking a longer view, any improvement in the 
wearing properties of materials which reduces the 
rate at which the world’s natural resources are being 
consumed should tend to improve, or at least to 
maintain, the average standard of living of the 
rapidly increasing population of the world by 
diverting, to production that is literally vital in that 
life cannot be sustained without it, much of the 
labour and energy now engaged on continual and 
not always economic maintenance and _replace- 
ment. 

Hitherto, the equipment and maintenance require- 
ments of the growing world population have been 
met largely by an intensified exploitation of natural 
resources, the utilisation of previously undeveloped 
areas of the Earth’s surface, and, to some extent, 
by the discovery of new synthesised products ; but 
there are obvious limits to the first and second of 
these methods, and the third, though its possibilities 
are far from being exhausted, cannot be expected 
alone to provide an assured solution to the problems 
of the future. Neither can the avoidance of wear, 
however successfully. that aim may be pursued ; 
but every advance that can be made in this direction 
is a material contribution to the expectation of life 
of modern civilisation and, indeed, the continuance 
of the human race on a superior level of existence, 
compared with that of the beasts that perish, that 
it is so apt to regard as a birthright but which, in 





fact, is nothing of the sort. 
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NOTES. 


Nose. PrizE For Puysics. 


Tae winners of the Nobel Prize for Physics for 
1951 are Sir John Cockcroft, C.B.E., F.R.S. 
M.LE.E., director of the Atomic Energy Research 
Establishment, Harwell, and Professor E. T. S. 
Walton, M.A., M.Sc., Ph.D., who occupies the 
Erasmus Smith Chair of Natural and Experimental 
Philosophy at the University of Dublin. Sir John 
and Professor Walton, who will share the prize of 
11,5601., have received the award for their researches 
on atomic physics. Sir John, who is 54 years of 
age, went to school at Todmorden, Lancashire, and 
received his technical education at the University 
of Manchester and at St. John’s College, Cambridge. 
He was Jacksonian Professor of Natural Philosophy 
in the University of Cambridge from 1939 until 
1946 and also’ chief superintendent of the Air 
Defence Research and Development Establishment 
of the Ministry of Supply from 1941 until 1944. 
From 1944 until 1946, he was director, Atomic 
Energy Division, National Research Council of 
Canada, after which he was appointed to Harwell. 
Professor Walton is 48 years of age and was educated 
at the Methodist College, Belfast, and at Trinity 
College, Dublin, and the University of Cambridge. 
He has. been a Fellow of Trinity College, Dublin, 
since 1934 and was awarded the Hughes Medal by 
the Royal Society in 1938. He became Professor 
of Philosophy at Dublin in 1946. 


Tue THomas HawkKstey LEcTuRE. 


As chief scientist to the Ministry of Fuel and 
Power, Dr. H. Roxbee Cox was able to give a most 
impressive review of gas-turbine and other develop- 
ments in this country when he delivered the 38th 
Thomas Hawksley Lecture at the Institution of 
Mechanical Engineers on Friday, November 16. 
His subject was ‘“‘ Some Fuel and Power Projects,” 
which included, apart from gas-turbine work, the 
performance of the heat pump at the Royal Festival 
Hall, the gasification of coal, the use of peat, the 
development of compressors, and the utilisation of 
wind power. A large programme of research and 
development is organised and sponsored by the 
Ministry, and it is the policy of the Ministry, Dr. 
Cox said, to provide the means for long running, 
under practical conditions, of gas turbines which, 
though necessarily experimental, are designed for 
industrial duty and are of sizes sufficient to provide 
reliable design and cost data. For the development 
of open-cycle internal-combustion coal-burning gas 
turbines, large-scale laboratory combustion experi- 
ments are being undertaken; Messrs. C. A. Parsons 
and Company, Limited, have adapted their 500-h.p. 
open-cycle gas turbine to burn coal; and the 
English Electric Company, Limited, are responsible 
for the design and construction of a 2,000-kW coal- 
burning engine. To enable high-ash coal to be used, 
two-stage internal combustion in an open-cycle 
turbine is the responsibility of the Metropolitan- 
Vickers Electrical Company, and of the Incandes- 
cent Heat Company and Messrs. Joseph Lucas 
(Gas Turbine Equipment), Limited, the two latter 
firms jointly designing a pressurised gas-producer, 
which may have other useful applications. For 
locomotive use, attention is being directed to an 
open-cycle external-combustion gas turbine, on 
which Messrs. C. A. Parsons and the North British 
Locomotive Company are working. With the object 
of utilising the firedamp in mines, the English 
Electric Company are working on a gas turbine 
which will burn firedamp and an auxiliary fuel. 





CapiraL Resources oF InpusTrRy. 

The Federation of British Industries have this 
week produced evidence to show that a deplorable 
effect of the changing value of money is to render 
depreciation funds, normally set aside by firms, 
insufficient even to maintain the real value of capital 
assets. So far from being enabled to increase the 
capital assets per employee—a ratio which is a 
fair guide to the productivity of industry—firms 
are not allowed sufficient tax-free depreciation 
allowances to replace their worn-out machinery by 
machinery of the same real value. This situation 
has arisen because, during’a long period of rising 
Prices, accounting methods and the Inland Revenue 


system of taxing profits have continued on the 
assumption that prices are-remaining stable. The 
accounting convention is that, in calculating profit, 
it is sufficient to put aside a sum equal to the cost of 
the asset whenever it was bought, despite the fact 
that the replacement will actually cost much more. 
Likewise, the tax-free depreciation allowance per- 
mitted by the Inland Revenue is normally sufficient 
to provide for the renewal or replacement of the 
fixed asset at its original cost, but if the new asset 
costs more than the old—as it invariably does 
to-day—the depreciation funds are inadequate. 
Thus, if a firm intends to maintain intact the volume 
of its assets it will have to use part of its taxed 
profits, or look elsewhere for finance—for which it 
must pay a price in dividends or interest. This is 
exactly what firms are having to do, as the F.B.I. 
booklet, The Effects of Inflation on Industrial Capital 
Resources, shows. The Federation have quoted the 
assets, etc., of 80 representative firms which, in 
1949, employed over 600,000 persons and possessed 
total assets (book value) of over 1,000,000,000/. 
From 1938 to 1949 the total assets of these companies 
increased by 362,000,000/.; only 199,000,000/., 
however, came from “ profits” retained in the 
business, the remaining 163,000,000/. being obtained 
from share issues, borrowing, etc. As the booklet 
states: “‘The extent to which these 80 firms have 
been forced to seek funds from outside demonstrates 
clearly the inadequacy of profits after taxation.” 
Any suggestion that the companies could have 
avoided seeking outside finance by reducing the 
amount of distributed profit is countered by 
the fact that, between 1945 and 1949, the proportion 
of total profits distributed fell from 27 per cent. to 
224 per cent. According to the booklet, the total 
number of employees of the 80 firms rose by about 
a third from 1938 to 1949. This may indicate that 
the firms were not a representative sample of 
industry ; nevertheless, the Federation’s general 
thesis appears to be indisputable, and if productivity 
is to rise—as rise it must—the financial environment 
must be made more conducive to an increase in the 
capital equipment per employee. 


Tue Iron anv Sreev Instrrvte. 


The autumn general meeting of the Iron and Steel 
Institute was held in London on Wednesday and 
Thursday, November 21 and 22. The President, 
Mr. R. Mather, occupied the chair, and, arong other 
announcements, stated that the ‘‘ Symposium on the 
Corrosion of Buried Metals,” organised by the 
Institute in conjunction with the British Iron and 
Steel Research Association and the Corrosion Group 
of the Society of Chemical Industry, would now be 
held in the lecture theatre of the Institution of 
Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2, at the same date and time, 
namely, Wednesday, December 12, commencing at 
10 a.m. The British Government had announced 
that the date of the official end of the war with 
Germany was July 9, 1951, and persons of German 
nationality were henceforth once again available 
for membership. The reciprocal arrangement which 
had previously existed with the Verein deutscher 
Eisenhiittenleute would be resumed and details 
included in the Institute’s Journal. The Council 
had nominated Captain H. Leighton Davies to be 
the next President ; he had joined the Institute in 
1918 and had served on the Council for the past 20 
years. Mr. R. Elsdon, librarian of the Institute, was 
to retire on December 31 after 47} years of ser- 
vice, and the Council had arranged that, as from 
January 1, 1952, Mr. A. E. Chattin, assistant 
secretary since 1925, should be assistant secretary 
and librarian, and Mr. A. Post, who joined the 
staff in 1946, should be joint assistant secretary. 
On being called upon by the President, the secretary 
stated that since the last general meeting in May, 
1951, the Council had nominated Professor J. H. 
Andrew, Sir Arthur Matthews, O.B.E., and Dr. J. 
Oberegger to be honorary vice-president; Mr. 
I. F. L. Elliott and Mr. N. H. Rollason to be vice- 
presidents ; and Mr. H. Boot, Mr. E. T. Judge and 
Mr. Samuel Thomson to be members of Council. 
The following members were due to retire at the next 
annual general meeting but were eligible for re- 
election. They comprised three vice-presidents : Mr. 





G. H. Latham, Mr. J. Sinclair Kerr and Mr. H. H. 
Burton, and five members of Council, namely, Dr. 





J. W. Jenkin, Mr. W. F. Cartwright, Mr. F. Saniter, 
Mr. T. Jolly and Mr. R. A. Hacking, O.B.E. The 
secretary's final announcement before the meeting 
passed on to the discussion of papers, was that Mr. 
J. Burke, of Liverpool University, had received a 
second Andrew Carnegie Scholarship grant of 501. 
and that Mr. M. J. Olney, of Cambridge University, 
had received a grant of 2501. from the same fund. 


Intra-EvRoPpEAN INDUSTRIAL CO-OPERATION. 

Last week (on page 619, ante), we referred, under 
the heading ‘‘The Organisation of Research,” to 
the proceedings at a four-day symposium held in 
London under the auspices of the Department of 
Scientific and Industrial Research. The symposium 
was attended by a large number of delegates from 
Europe and elsewhere, some of whom had been 
studying the organisation of scientific and industrial 
research in several Western European countries as 
members of a mission sponsored by the Organisation 
for European Economic Co-operation, and were 
concluding their tour by a visit to England. No 
attempt was made to secure the acceptance of any 
formal resolutions during the meetings, but the mis- 
sion will submit a report to O.E.E.C. which will be 
published in due course. At a Press conference last 
Friday, Dr. Alexander King, of the D.S.I.R., summed 
up the aims and gave details of the work of the 
O.E.E.C. Committee on Scientific and Technical 
Matters, of which he is chairman. The advantages 
of co-operation between states in industrial research 
were considerable, he said—a point which, as re- 
ported earlier, was made during the symposium by 
the Lord President of the Council, when he said that 
the western European countries were at a great dis- 
advantagecompared with large politically-integrated 
units like the United States and the U.S.S.R. 
because, in the latter countries, one experimental 
investigation and one pilot plant could serve the 
needs of all, whereas, without collaboration between 
small nations, each country must work out its own 
solution. It is obvious, therefore, that international 
collaboration on industrial research, when it can be 
secured opens the way to great economies, but the 
subjects to be studied require careful selection. Dr. 
King explained how the choice was made by an 
international committee composed of industrialists, 
economists and technicians meeting in Paris. Once 
a list had been drawn up, it was submitted to the 
various governments concerned, who were free to 
accept it wholly or in part, or to reject it. Except 
where the industries involved were nationalised 
it was customary for government to ascertain the 
wishes of industry and for the latter to provide the 
necessary financial backing for any proposal which 
interested them. The amounts to be paid into the 
common fund were the subject of international 
agreement, as was also the location of the work. 
So far, said Dr. King, the scheme had worked well. 
Nine countries having steel industries, but lacking 
adequate supplies of metallurgical coke, were 
collaborating in a 250,0001. project in which oxygen- 
enriched air would be employed in low-shaft blast 
furnaces. It was hoped that in this way it would 
be possible to treat ores of poor quality successfully. 
An international board of management had been 
formed to run the undertaking on strictly com- 
mercial lines, and plant was in course of erection 
near Liége, this location having been selected partly 
because an oxygen-manufacturing company, able 
to supply 50 tons of oxygen per day to the 
undertaking, was situated there. The scheme 
had become economic because oxygen was now 
cheaper. 


SineLe-Puasz Exzcrric Traction aT 50 CYCLEs- 

British Railways are to carry out trials of the 
single-phase system of electric traction at 50 cycles 
on the Lancaster-Morecambe-Heysham line, in the 
London Midland Region. By arrangement with 
the principal electrical manufacturers, various 
types of equipment will be tested at voltages from 
6-6 kV to 20 kV. It may be recalled that this 
section of the then Midland Railway, which con- 
sists of 21 miles of track with a number of sharp 
curves and low bridges, was equipped on the single- 
phase system as long ago as 1908, in order to obtain 
data which could be applied on a large scale. Single- 
phase current for operation was obtained from a 
power station at Heysham, belonging to the railway 
company, and was supplied to the overhead contact 
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wire at a voltage of 6-6 kV and a frequency of 
25 cycles. The overhead system consisted of two 
steel catenaries from which a steel auxiliary wire 
was suspended and, in turn, carried a copper 
contact wire of figure-8 section. To begin with, a 
tensioning device was fitted to the contact wire, 
but this was afterwards abandoned ; and a number 
of other modifications were made before electrical 
operation ceased in February, 1950. The traffic 
was carried in three trains, each consisting of a 
motor car and two trailers. Two of the motor cars 
were equipped with 180-h.p. motors and one with 
a 150-h.p. motor, which were supplied at a mean 
terminal voltage of 250 volts from a transformer 
with six tappings on the low-tension side. The 
experiment will be watched with great interest, 
particularly in relation to the recent trials in France, 
which we reported on pages 521, 545 and 583, ante, 
and in view of the recommendation in the recent 
report of the British Transport Commission that the 
single-phase syster at 50 cycles should be considered 
for use on secondary lines. Its advantages are a 
lighter overhead system, fewer and simpler sub- 
stations, and the absence of power cables along the 
track. 


Bi-CENTENARY OF GEORGE GRAHAM. 


An excellent account of the life and work of 
George Graham was given in a paper delivered by 
Mr. H. Alan Lloyd, M.B.E., at the Royal Society 
of Arts during a joint meeting with the British 
Horological Institute, on Wednesday, November 14, 
1951. The meeting was held to celebrate the 
bi-centenary of the death of Graham, who was 
certainly the foremost horologist and astronomical- 
instrument maker of his time. The date of Graham’s 
birth cannot be fixed with certainty, but the inscrip- 
tion on his tombstone in Westminster Abbey indi- 
cates that he died on November 16, 1751, in his 78th 
year. Even more uncertainty seems to exist regard- 
ing his birthplace, which is variously stated to have 
been Gratwick, Horsegills and Rigg, all in Cumber- 
land. It is clear, however, that he came to London 
in 1688 and was apprenticed to Henry Aske, with 
whom he served for seven years, after which he 
entered Tompion’s workshops, where he remained 
until the death of Tompion in 1713. Also in Tom- 
pion’s employ when Graham joined him was Edward 
Banger, who was afterwards taken into partnership 
by Tompion; there are several fine clocks in 
existence bearing the names Tompion and Banger. 
The partnership appears, however, to have been 
dissolved, because in the later years of Tompion’s 
life, while Banger was still living, many pieces of 
work, including a planetarium, were produced 
bearing the names Tompion and Graham. Graham, 
moreover, was made Tompion’s executor and the 
successor to his business. Graham’s main contri- 
butions to clockmaking were the dead-beat escape- 
ment and the mercury pendulum. The former 
appeared about 1715 and was adopted almost 
universally for astronomical clocks. The mercury 
pendulum was introduced in a paper read by Graham 
before the Royal Society in 1726, although his 
experiments were commenced several years earlier, 
Graham was elected a Fellow of the Royal Society 
in 1721, and was appointed to the Council in the 
following year. His chief contribution to watch- 
making was the cylinder escapement, which he 
invented about 1725. It is probable that Graham’s 
interest in astronomy commenced with the design 
and construction of the planetarium mentioned 
above, which occupied him from 1705 to 1710. 
One of his earliest and roost important contributions 
to astronomy, however, was the 8-ft. mural quad- 
rant which he made for Halley in 1725. This 
instrument was in use at Greenwich until 1750, 
when it was replaced by a quadrant supplied by 
John Bird. Other important astronomical instru- 
ments he made were a 24}-ft. zenith sector con- 
structed in 1725 for Sir Sam Molyneux, of Kew, and 
a 12}-ft. instrument of the same type made two 
years later for Bradley, who afterwards became 
Astronomer Royal. In addition to zenith sectors, 
he made transit instruments, an equatorial sector, 
and micrometers for use in transit observations. 
As previously indicated, his remains were interred 
in Westminster Abbey, and it may be added that 
they were placed in the same grave as those of his 
employer Tompion. 








LETTERS TO THE EDITOR. 


PRELIMINARY INVESTIGATION 
OF HYDRAULIC LOCK. 


To THE Eprror oF ENGINEERING. 


Sm,—In your issues of October 26 and Novem- 
ber 9 (pages 513 and 580) you publish an article by 
Dr. D. C. Sweeney describing some interesting and 
valuable work on this subject which has been carried 
out at Birmingham University. Hydraulic lock is a 
prolific source of difficulties for many hydraulic 
engineers, and it seems to me that laboratory 
experiments on this subject are of particular interest 
as it is difficult to co-relate data from actual practice 
because friction of this type may arise from 
(a) distortion of the parts; (6) the filtering out of 
solid particles during the passage of the liquid 
through the clearances ; and (c) hydraulic lock pure 
and simple. In practical installations, all these 
effects may be present together, but under laboratory 
conditions it should be possible largely to eliminate 
(a) and (5) and obtain a clearer picture of the 
hydraulic-lock phenomenon itself. 

The experimental piston and cylinder described 
by Dr. Sweeney are robust and symmetrical and 
should eliminate the possibility of shape distortion, 
but no details are given as to the efficiency of the 
filtering arrangements. Trapping of dirt in the 
clearances may not only give rise to direct friction 
but also alter the hydraulic gradients and super- 
impose a time effect of itsown. I venture to suggest 
that the filtering means adopted should be suffi- 
ciently good to prevent any solid particles of sizes 
down to the limit of visibility (say 4 micro-inches) 
from reaching the piston and cylinder. 

The experiments so far described are for quite 
small pressures, whereas the most serious effects of 
hydraulic lock in practice usually occur at pressures 
over 2,000 Ib. per square inch. Practical difficulties 
lead one to suspect that at some point the pressure- 
friction relationship ceases to be linear and the 
friction commences to rise at an increasing rate. 
There is also evidence that at these higher pressures 
the increased friction may have some cause other 
than that of unequal gradients through the clearance. 
Viscosity has an important bearing on the matter, 
at least as regards time effects, and, as many high- 
pressure installations now use oil somewhat thinner 
than the grade used in the experiments, it would be 
of interest if the effect of viscosity could be 
investigated. 

The title of the article infers that some further 
work on this subject is contemplated and I would 
urge that it is very useful work indeed and likely to 
lead to results of immediate practical value, and 
that if possible it should be extended to higher 
pressures (to 3,000 and if possible to 6,000 Ib. per 
square inch) and also to oils of lower viscosities 
(say, down to 4 centipoises). 

Yours faithfully, 
T. E. Bracnam. 
57, St. Mary Abbot’s Court, 
London, W.14. 
November 19, 1951. 





To THE Eprror oF ENGINEERING. 
Sm,—Dr. Sweeney is to be congratulated both on 
his experiments and on his theoretical treat- 
ment. It may be doubted, however, if the 
latter is complete, and I should like to suggest 
that the phenomenon can occur even with mathe- 


matically perfect surfaces, whereas Dr. Sweeney 


rather gives the impression (without saying so 
explicitly) that irregularities are not only the 
sufficient but also the necessary cause. 

Consider a perfectly cylindrical piston in a per- 
fectly cylindrical bore, and assume, for the sake of 
argument, that the system is in neutral equilibrium, 
apart from gravity forces (if the axis is horizontal) 
or hydrodynamic forces due to minute irregularities, 
which will be assumed to be insufficient to set up 
appreciable friction forces. Due to one or both of 
the above effects, the piston will eventually touch 
the bore along one of the generators of the cylindrical 
surfaces; call this J, and let m be a generator 


diametrally opposite, as shown in the accompanyin» 
drawing. The piston is now fully eccentric, and th: 
clearance varies sinusoidally from zero at 1 to 4 
maximum at m. Under such conditions there i: 
no @ priori reason to believe that flow is truly 
axial; on the contrary, it seems probable that 
streamlines will diverge from the low-clearance to 
the high-clearance region, as shown; if this docs 
happen, then pressure drop is no longer linear, and 
along m pressure will drop at an increasing rate, 
while along / it will drop at a decreasing rate, i.e., 
the pressure-distribution curve will be convex on 
the high-clearance side and concave on the low- 
clearance side, as shown. There will then be a net 
— tending to press the piston on to its contact 
The magnitude of the load due to the above effect 
should be calculable by solving the two-dimensional 
flow equations—an undertaking beyond the writer’s 
skill, but no doubt Dr. Sweeney could tackle it. It 
seems likely that the load will be kp D# (; y. 
where k is a constant, p is the pressure, D the dia- 
meter. and ' the length of the leakage path; n is 
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an exponent which I suspect to be 2 or thereabouts ; 
if it is 2, then load should vary inversely as the 
number of circumferential grooves in Dr. Sweeney’s 
experiments, which is very roughly the case. If 
analytical methods of solution of the flow equations 
are not feasible, numerical solutions for say three 
or four values of | should give the values of k and n. 

If this theory is correct, a perfectly cylindrical 
piston-cylinder arrangement is unstable, and it is 
not even necessary to postulate gravity or micro- 
irregularity effects to account for the piston evi ntu- 
ally moving to touch the cylinder. If loads calcu- 
lated on the basis of the above theory are of the 
same order of magnitude as those measured by 
Dr. Sweeney, they may be regarded as “expected 
loads,” while Dr. Sweeney’s analysis of the effect 
of taper would account for the high degree of scatter 
observed. 

It would be interesting to have Dr. Sweeney’s 
comments on this. 

Yours faithfully, 
R. HapDEKEL. 
36, Evelyn-gardens, 
London, S8.W.7. 
November 14, 1951. 





‘THE WHITWORTH REGISTER.”’’ 
To THe Eprror oF ENGINEERING. 


Sm,—A quarter of a century having elapsed since 
The Whitworth Book was published, the Whitworth 
Society are now engaged in the preparation of a 
new edition, to be known as The Whitworth 
Register, 1951. 

This is intended to comprise an account of the 
careers of all Whitworth Scholars and Exhibitioners 
from the inception of the scheme by Sir Joseph 
Whitworth to the present day. The Whitworth 
Awards are regarded by the past beneficiaries as 
being of continuing value and it is hoped that, by 
indicating some of the contributions made to the 
development of British engineering by former 
Scholars and Exhibitioners, the Register will be a 
source of encouragement to the present and future 
generations. : 

While a large proportion of Whitworth men are 
in touch with the Society, there remain a number 
whose present addresses are unknown, and we wish, 





through your columns, to invite them to com- 
municate with us so that we may ensure that 
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RUBBER MODEL FOR COMBINED BENDING 
































Fie. 2. Ruspsper BLocK UNDER COMBINED BENDING AND TORSION. 


particulars inserted against their names in the 
Register shall be as up to date as possible. 
Yours faithfully. 
S. F. Dorry, 
President. 
F. T. BarweEt1, 
Hon. Secretary. 
c/o The Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, 
London, 8.W.1. 
November 19, 1951. 


RUBBER MODEL FOR COMBINED 
BENDING AND TORSION TESTS. 


To Tae Eprror oF ENGINEERING. 


Sir,—The elastic deformation of rectangular 
Sections in combined bending and torsion is complex, 
and not easily visualised in its three-dimensional 
form, The problem of the torsion of a rectangular 
beam 1s complicated by the warping of the cross- 
section during twist. The addition of bending 
further deflects the section in a vertical plane. 
Though the deformations due to both bending and 
torsion are linear, and, therefore, can be com- 
pounded by superposition, this joint effect is not 
readily appreciated in space. 

As an aid to an investigation on the strength of 
reinforced concrete in combined bending and tor- 
Sion, a rubber model has been constructed by Mr. 8. 
umatzong, B.Sc., and the writer to demonstrate 
he defi mations in the gradual transition from pure 








bending to pure torsion. The model consists of a 
rectangular block of soft black indiarubber into 
which a bolt, $ in. in diameter, is moulded at each 
end. The dimensions of the rubber block, 2 in. by 
3 in., are proportional to those of the test specimens. 
The deformations are brought out by a rectangular 
grid drawn on the surface of the model in white 
ink. The block is mounted in self-aligning ball 
bearings, and is carried on two retort stands (Fig. 1). 
The load is applied by two pairs of threaded rods, 
connected at right angles through a junction block ; 
these can be adjusted so as to vary the ratio of 
bending moment to twisting moment (Fig. 2). 

The gradual transition from the simple circular 
shape in pure bending to the three-dimensional 
deformation in pure torsion is illustrated in Figs. 
3 to 7. Fig. 3 shows pure bending and Fig. 7, pure 
torsion. In Figs. 4, 5 and 6, the ratios of bending 
moment to twisting moment are 6, 2 and 1, respec- 
tively. As the amount of torsion increases, the 
originally straight vertical lines of the grid become 
more and more curved. With decrease in bending, 
the angle between the vertical lines of the grid is 
proportionately reduced. Though the front views 
of Figs. 3 to 7 do not show the anticlastic curvature 
of the model in bending, this is readily observed 
during the experiment. 

Yours faithfully, 
H. J. Cowan, M.Sc. 

Department of Applied Science, 

University of Sheffield. 

November 8, 1951. 





AND TORSION’ TESTS. 











Fie. 3. Pure Benprna. 
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Fie. 4. Benprye Moment: TwIsTInG 
MomMENT = 6. 

















Fie. 5. Benprine Moment: TWwIsTING 
MoMEnNT = 2, 
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Fic. 6. Benprvae Moment: Twistina 
Moment = 1. 




















Fie. 7. Purx Torsion. 


SAFE MEANS OF ACCESS. 
To THe Eprror or ENGINEERING. 


Smr,—With regard to the question of providing 
workmen with “safe means of access” to their 
work, which was discussed in your article on page 
594, ante, it may be further illustrated by a very 
recent case (McCarthy v. Coldair, Limited) which 
was reported in The Times of November 2; a case 
which serves to show how difficult it may be to 
decide whether a particular means of access is 
“safe” or not. In this instance, an electrician 
had to use a ladder to reach electric wiring which 
required attention; so the chargehand obtained a 
10-ft. ladder and set it up at the proper angle. 
While the electrician was on the ladder, it slipped. 
He fell to the ground, sustained injuries, and, 
therefore, brought an action for damages. 

Mr. Justice Jones, who tried the case, found that 
the ladder, as such, was safe, and that it had been 
inclined at the correct angle; but, it transpired, 
the floor was what he described as “ semi-glazed.” 
The surface, though not in itself dangerous, was 
smooth to the extent that a ladder might slip on it. 
In these circumstances, he came to the conclusion 
that a “‘safe’’ means of access had not been pro- 
vided, found the employers liable, and awarded the 
plaintiff 2,750/. damages. When the case came 
before the Court of Appeal, Lord Justice Denning 
said: “‘The nature of the floor distinguishes this 
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case from the ordinary case. I do not wish it to 
be thought that the law places upon the employers 
the duty to post a man at the foot of a 10-ft. ladder 
on an ordinary floor; but here the Judge had 
evidence on which he could find that the floor was 
a smooth one, on which a ladder might have a 
tendency to slip. The c could have 
called someone to stand at the foot of the ladder 
while the plaintiff climbed it, or could have placed 
something heavy against it.” In these circum- 
stances, as the question was one of fact, upon which 
a Court of Appeal is reluctant to disturb the finding 
of a judge, the appeal failed ; but the damages were 
reduced to 1,2501.—a fact which rather tends to 
show that the Lords Justices did not wholly approve 
the decision. 

With all respect to the learned judge who found 
for the plaintiff, it appears that he placed upon 
an employer a wholly unreasonable burden of 
responsibility. Everyone of full age and reasonable 
intelligerce must be assumed to know that a 
ladder is an implement whica must be used with 
caution. Is it to be presumed that an experienced 
electrician, who is probably using ladders every day 
in the course of his work, is wholly devoid of com- 
mon sense? If a jury had been summoned to 
decide this question of fact, I venture to think that 
their decision would have been different. An 
eminent engineer (the late Mr. J. 8S. Highfield) once 
said that “A jury is the best tribunal to decide a 
question of fact ; there is generally one man among 
the twelve who can convince the others that their 
decision must be based on common sense.” 

Yours faithfully, 
W. VALENTINE BAL. 
18, Holland-street, 
London, W.8. 
November 12, 1951. 





HIGHER TECHNOLOGICAL 
EDUCATION. 


To THe Eprror oF ENGINEERING. 


Sm,—In a leading article on page 401, ante, in your 
issue of September 28, on the subject of the Higher 
Technological University, you dwelt somewhat on 
the fact that no such institution could be founded 
for a good many years owing to financial stringency, 
and that, therefore, there was no need to bother 
about the proposal. 

I would suggest, Sir, that this is not the proper 
way to deal with an idea which seems to a sub- 
stantial number, probably to the considerable 
majority, of engineers to be a thoroughly bad one. 
If an idea is bad, it should be killed, and not allowed 
to “lie on the table” until its opponents have 
forgotten about it, when its protagonists can rush 
it through before effective opposition can be 
organised. 

** Technological University ”’ is, in itself, a contra- 
diction in terms, for an institution cannot be univer- 
sal that is devoted to the pursuit of a limited branch 
of knowledge. Apart from this ridiculous nomen- 
clature, the idea that would-be engineers should be 
herded together in some sort of concentration camp 
called a ‘‘ Technological University ” is abhorrent 
not only, as I said above, to large numbers of prac- 
tising engineers, but to practically the whole of the 
engineering faculties in the existing universities of 
the United Kingdom. A technological institution, 
pure and simple, can be nothing beyond a somewhat 
superior trade school, and) will relegate the engineer 
(or “‘technologist”) to a permanently inferior 
position as a very expensive tool whose cost is 
somewhere between a good lathe and a cyclotron. 

Engineers suffer in status and remuneration from 
the fact that they are too specialised already. To 
increase this specialisation, to cut them off yet 
more from their fellow students of other branches 
of knowledge, would be a blow to the profession 
that would drive the best of the younger men to 
other careers. In a comparatively few years, 
engineers would be left with even less consideration 
than they receive now. 

The ideal schooling for any professional man is a 
general education in the humanities until he is about 
19 or 20. The humanities to-day must include an 


‘‘FORDSON-MAJOR ”’ 


Fie. 1. 


acquaintance with the fundamental principles of 
science, both mechanical and biological, as well as 
with the humanities proper. Outside his lecture 
rooms and laboratories, the undergraduate must mix 
with the diverse students of all branches of know- 
ledge in all their activities. This is an essential 
feature of a university education and cannot be 
replaced by devoting an hour a day in the curriculum 
to lectures on the history of science, elementary 
economics, etc. A young man so trained will have 
no difficulty in learning the essential fundamentals 
of any branch of engineering to which he decides 
to devote himself, and will then become a civil engi- 
neer, or mechanical engineer, or an electrical 
engineer, as the case may be. He will not become, 
until later in life, a specialist in tidal equations, or 
turbine blades, in soil mechanics or three-phase 
motors, etc., etc. What is more, he will be able to 
bring his trained mind and basic knowledge to 
bear on any of a vast number of problems that will 
come to him in his own branch—his scope will be 
vastly increased. Such a training will mean, of 
course, that a young man does not leave college 
until he is about 22 or 23, some three years older 
than is at present the common average, I believe. 
Other professions, medicine and law, which are 
acknowledged to be senior in esteem to engineering, 
face an even longer period of training, and there is 
no reason why those people with a scientific bent 
of mind who decide to follow the profession of 
engineering and to reach the higher ranks, should 
hesitate at a similar length of education. 

All such teaching should be done in the approp- 
riate faculties, expanded above their present size 
if necessary, of the existing universities, up to the 
point where a young man gets his degree of B.Sc. 
(Engineering) or the like. Thereafter, research 
of two kinds can be undertaken. The first in the 
public eye, though the less valuable in the long view, 
is on “technology,” which can be defined to cover 
everything from better beer to more isotopes. 
Such courses can best be undertaken at special 
institutions only remotely connected with the 
universities, where the facilities for research are 
available and up to date. To equip a laboratory 
of a university with an expensive quantity of large 
machines or apparatus to teach the techniques that 
are in force at the time the laboratory is made, 
means nothing but a waste of money in providing 
obsolescent models and machinery for the students 














to study. One thing is certain; that, as long as 
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engineering progress continues in Great Britain, 
any models or machines provided for study in a 
university will be out of date even before the first 
postgraduate students begin to study them. 

It is obvious that research by postgraduate 
students on technology, pure and simple, should 
be carried out in conjunction with the actual fac- 
tories where the products are being made. There 
is no difficulty in this nowadays, because of the 
research associations maintained by many branch s 
of engineering and industry, and by many of the 
great corporations, which are still limited liability 
companies. Many of the latter now take the best 
of the graduates from the engineering colleges and 
put them through courses where they are both 
learning and doing useful work at the same time, 
and pay them adequately while so engaged. Norm- 
ally speaking, an undergraduate who is successful 
in taking a good degree need not expect to have to 
pay for postgraduate study, but rather to be paid 
while carrying it out. 

The second, but more important, branch of 
postgraduate study is academic research on the 
science of engineering, which can, and must, be 
carried out in research laboratories attached to the 
existing universities. That many of such labora- 
tories are too small and out of date is common 
knowledge, but a comparatively small sum expended 
on improving these will bring far more good to 
Great Britain than vast millions spent on a tech- 
nical concentration camp known as a “ Technological 
University.” 

What can engineers do to kill the ‘‘ Technological 
University ” idea? They should, individually, on 
every possible occasion, voice their objections in 
letters to the technical Press and to ordinary news- 
papers and periodicals, trade journals, local papers, 
the “high-brow” weeklies, etc., and generally 
carry on an agitation against this poisonous idea, 
strong, long and steady enough to kill it and not 
mérely to let it “‘ lie on the table.” 

I am bringing this up again so many weeks after 
your leader appeared because the menace of the 
“Technological University ” has become greater 1n 
the last week or two, for reasons well known to all 
interested in this matter. 

Yours faithfully, 
¥F. Newnovsg, M.I.C.E. 
The Atheneum, 
Pall Mall, London, 8.W.1. 
November 7, 1951. 
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THE ‘‘ FORDSON-MAJOR ”’ 
AGRICULTURAL TRACTOR. 


At the forthcoming Smithfield Show the Ford Motor 
Company, Dagenham, Essex, will be exhibiting a new 
Fordson-Major tractor designed so that it may be 
fitted with a petrol, Diesel or vaporising-oil engine. 
The tractor is illustrated in Fig. 1, opposite, where it is 
shown fitted with the Ford-Ransome three-furrow 
mounted plough. It will be noted that the tractor 
bears little resemblance to its predecessor, having a 
modern styling and a lower overall height without, 
however, impairing the ground clearance. The three 
types of engine have four cylinders and overhead 
valves, and are of Ford design and manufacture 
throughout. 

In general, the three engines are similar, many 
Components, such as the cylinder block, crankshaft, 
timing gears, etc., beingcommon. The bore and stroke 
for the Diesel and vaporising-oil engines are the same, 
namely, 100 mm. pie 115 mm., respectively, but the 
petrol engine differs; the bore in this case is reduced 
to 95 mm. The main difference between the engines is 
in the cesign of the cylinder heads, the Diesel engine 
having a flat roof to the combustion chambers whereas 
those used on the vaporising-oil and petrol engines 
have larger combustion spaces to give the 
reduction _In compression ratio. The pistons also 
vary considerably, those for the Diesel engine being 
recessed at the top to form the combustion chambers, 





Nevertheless, most of the parts are interchangeable, 
with the result that manufacturing costs are reduced 
considerably and servicing arrangements simplified. 
Quality, however, has not been sacrificed in this 
standardisation, as all the common parts are designed 
to the highest specification required in any of the 
three engines. 

Apart from detailed improvements, the general 
design of the engines follows standard practice. The 
cylinder block, which is identical for all three engines, 
is cast in one piece from a high-grade iron and is fitted 
with replaceable wet-type liners. A five-bearing 
crankshaft is used, the bearings comprising steel shells 
lined with anti-friction metal. The use of a five- 
bearing crankshaft on four-cylinder petrol and 
vaporising-oil engines is, of course, uncommon, and 
should do much to increase the effective life of these 
units. In accordance with modern practice, the crank- 
shaft is statically and dynamically balanced and is 
drilled for conveying oil under pressure to the big-end 
bearings. An aluminium alloy having a low expansion 
coefficient is used for the pistons, which are ground to 
give a “ barrel” shape. For the Diesel and vaporising- 
oil engines, three pressure rings and two scraper rings 
are fitted, but on the petrol engine only two pressure 
rings are installed ; the number of scraper rings is the 
same. Steel connecting rods with bronze-bushed little 
ends and replaceable steel-backed metal-lined big-ends 
are used on all three engines. The valve gear follows 
established practice, consisting of a ca: ft driven 
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from the forward end of the crankshaft through helical 
gearing, and arranged to operate the valves through 
push rods and rocking levers, the levers being provided 
with means for adjusting the clearance. Oil for the 
forced-feed lubrication system is supplied under 
pressure by a gear-type pump the suction of which is 
protected by a strainer. Cooling is on the thermo- 
syphon principle, assisted by a centrifugal pump, the 
complete system being maintained under a slight 
pressure to minimise evaporation losses and obtain a 
more efficient working temperature. Cooling is aided 
by an 18-in. diameter fan, belt-driven from the crank- 
shaft, and the operating temperature is controlled by 
a thermostat installed in the cylinder head. 

On the Diesel engine, the fuel is drawn from a 15- 
gallon tank through a sediment bulk by a standard 
diaphragm-type fuel pump. From the pump the 
fuel passes through a Micronic paper filter to a gauze 
filter which is in the body of the Simms injection pump 
before entering the pump gallery. The injectors are 
of the four-hole type and any spillage is led back by a 
system of pipes to the fuel tank. On the vaporising-oil 
engine, separate carburetters are provided, one for 
petrol for use during starting and the other for 
vaporising oil, the change-over from petrol when the 
engine is warm being accomplished by means of a 
simple control on the instrument panel. Ignition on 
the petrol and vaporising-oil engines is provided by 
a 12-volt coil and a distributor which incorporates an 
automatic advance-and-retard mechanism. Governors 
are installed on all three types of engine, that for the 
Diesel engine being operated pneumatically and those 
for the petrol and vaporising-oil models centrifugally, 
the speed range being 400 r.p.m. to 1,700 r.p.m. 

The outputs from the three engines are remarkably 
close, both the Diesel and petrol engines ate 
32-8 belt horse-power at 1.400 r.p.m. and 35-8 h.p. 
and 34-9 belt horse-power, respectively, at 1,600 
r.p.m. The vaporising engine develops slightly less 
power, the outputs being 32 belt horse-power and 
34 belt horse-power at 1,400 r.p.m. and 1,600 r.p.m., 
respectively. The drawbar horse-power at 1,600 r.p.m. 
for the Diesel engine is 29-75, for the petrol engine, 
29-0, and for the vaporising-oil engine, 28-25, these 
figures corresponding to road speeds of 3-4 miles an 
hour, 3-42 miles an hour and 3-44 miles an hour, 
omposerely, on a tar-macadam surface. It should be 
added: that the performance figures quoted were 
obtained with prototype machines, but the company 
intend to submit production models for testing by the 
National Institute of Agricultura] Engineering. 

Several improvements have been made to the trans- 
mission assembly which, of course, is the same regard- 
less of the t; of engine fitted. The clutch, which is 
incorporated with the flywheel, is an 1l-in. diameter 
single dry-plate unit having a total friction area of 
123-75 sq. in. It is connected directly to the input 
shaft of the gearbox, which is of the constant-mesh type 
and designed to give six forward | nao and two 
reverse speeds. Twin selector-control levers are used, 
the primary lever giving a high and low gear and the 
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main lever three forward ratios and a single reverse 
ratio in both the high and low gears. The final drive 
consists of a bevel-pinion and crown-wheel assembly 
arranged to drive the half shafts through two separate 
spur-gear reduction units, one for each shaft, a differen- 
tial gear of the bevel-pinion t being incorporated 
in the crown wheel. Brakes of the internal-e ding 
are provided for the rear wheels, coated eliber 
+ rages yl to assist steering or together for use 

e road, provision being made for Jocking them in 
the applied position when parking. The front axle 
is of the beam type with central-pivot mcunting and 
the steering gear is of the recirculatory-ball pattern, 

The total weight of the tractor varies according to 
the type of engine fitted, being 4,420 Ib., 4,380 Ib. and 
4,360 lb. for the Diesel, vaporising-oil and petrol models, 
tespectively, these figures including fuels, oil and water 
but excluding extra equipments such as power take-offs, 
hydraulic pump, electric lighting, etc. The wheelbase 
is 6 ft. 8 in., the overall length 10 ft. 104 in., and the 
maximum width, i.e., with the wheels set at the 
widest track, 7 ft. 1 in. Conversely, the minimum 
width is 5 ft. 5 in. The ground clearances are excep- 
tionally good, being 194 in. under the front axle, 23 in. 
under the rear-axle housings, 16 in. under the forward 
transmission housing and slightly over 13 in. under the 
drawbar. As previously indicated, the wheel tracks 
are adjustable, the front track between the limits of 
4 ft. 1} in. and 6 ft. 1} in. by increments of 4 in. and 
the rear track between 4 ft. 4 in. and 6 ft. by the same 
increments. 

The Ford Company have designed a range of attach- 
ments for use with the new tractor; these include a 
hydraulic lift and associated linkage, belt-pulley and rear 
power take-offs, ‘a'safety clutch for use with mounted 
implements, and electric-lighting equipment. Oil under 
pressure for operating the hydraulic lift is supplied by 
a gear-type pump now located in the rear trans- 
mission housing and driven from the power take-off. It 
operates at a speed of 745 r.p.m., giving an output of 
3-67 gallons per minute at 2,000 lb. per square inch 
when the engine is rotating at 1,400 r.p.m. The piston 
which actuates the linkage is designed to allow the 
implements free vertical movement when at work, 
thus permitting the depth-control wheels to follow 
accurately the contour of the ground and maintain 
constant depth. The layout of the linkage, which is 
illustrated in Fig. 2, on page 663, is much the same as 
on earlier models, the right-hand lifting rod incor- 
pons a levelling box which can be operated easily 

rom the tractor seat and the top link designed so that 

it can be replaced by a special link fitted with a 
hydraulic device for throwing out the clutch should 
any implement in use strike an obstruction such as a 
tree root. The belt pulley is fitted to the off-side of 
the tractor, as heretofore ; itis provided with an 8}-in. 
diameter pulley which can be run at two speeds, 
namely, 1,400 ye and 779 r.p.m., at a constant 
engine speed of 1,400 r.p.m., the corresponding belt 
speeds being 3,115 ft. per minute and 1,734 ft. per 
minute, respectively. The rear power take-off is fitted 
with a centrally-located shaft having six splines and 
designed to turn at 542 r.p.m. at an engine speed of 
1,200 r.p.m. The shaft is 1$ in. in diameter and the 
complete fitment conforms with B.S.I. and S.A.E. 
requirements. A swinging-type drawbar is fitted as 
standard to all tractors; this has a free lateral move- 
ment of 12 in. each side of the centre line and can be 
adjusted to give heights of 12 in., 143 in. and 17} in. 
above the ground. 

Like its predecessor, the new Fordson Major can be 
fitted with either County full-track equipment or 
Roadless half-track equipment. A tractor fitted with 
the full-track equipment, which is manufactured by 
County Commercial Cars, Limited, Fleet, Hampshire, is 
shown in Fig. 3, on page 663, from which it will be seer 
that the conversion is particularly neat. When so 
equipped, the tractor will haul a four-furrow or six- 
furrow plough and similar heavy implements. 
Three widths of track plate are available, 
namely, 12 in., 14 in. and 16 in., the corresponding 
ground pressures being 44 lb. per square inch, 4 lb. per 

uare inch and 34 lb. per square inch, respectively. 
These pressures are exce}tidnally low and enable the 
machine to be used on boggy ground not normall 
accessible to tractors. A tractor fitted with the half- 
track equipment, made by Roadless Traction, Limited, 
Gunnersbury House, London-road, Hounslow, 
Middlesex, is illustrated in Fig. 4. The track can 
easily be replaced by pneumatic tyres. Itis of the girder 
type, being “locked” to a predetermined curvature, 
and is driven by sprockets fitted in place of the rear 
wheels. It will be appreciated that with this design, 
the track plates and associated linkage are in com- 
pression when under load, a factor which adds materially 
to the life. A safety device is i rated so as to 
prevent damage to the tracks by stones or other bodies 
which may get trapped between the tracks and 
sprockets. The Pesan ull is increased considerably 
and a tractor so equi is suitable for four-, five- or 
even six-furrow dca: aaty 
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LABOUR NOTES 


ENGINEERING wage claims were discussed for several 
hours at a joint meeting between leaders of the 
engineering trade unions represented on the Con- 
federation of Shipbuilding and Engineering Unions 
and officials of the Engineering and Allied Employers’ 
National Federation, which meeting took place in London 
on November 14. The negotiations terminated in an 
offer being made by the employers to increase the 
wages of al] adult male employees by 11s. for a 44-hour 
week and to t an additional week’s holiday with 
pay. This offer was made in reply to claims by the 

nfederation, which included a demand for an all- 
round increase of 20s. a week for all men engaged in the 
industry and was based on a 44-hour week. The 
Confederation requested, when presenting its demands, 
that all merit, craft and district differentials should be 
maintained at their existing levels. The trade-union 
leaders informed the Federation officials that their 
proposals would have to be placed before the next 
meeting of the general council of the Confederation, to 
be held at York on November 21. 





A joint statement issued after the London meeting 
on November 14 announced that it was understood by 
the representatives of the two sides that ‘‘ the accumu- 
lation of payments in respect of next year’s additional 
holiday would begin from the time when an agreement 
was reached.” This stipulation appears to mean that 
the employers would not consider themselves bound to 
commence paying weekly sums into their holiday funds 
until such time as the agreement between the two 
parties had actually been signed. It is believed that 
the engineering unions had not expected an offer of a 
second week’s paid holiday to be made at this time 
and it was, no doubt, the more welcome on that account. 
The acceptance of the Federation’s offer would increase 
the wage bill for the engineering industry by between 
sixty and seventy million pounds annually, as, in 
addition to the main offer, it is understood that 
advances for juveniles and other employees would be 
incorporated in the final agreement. In all, nearly 
2,500,000 engineering workpeople would benefit. 





Similar offers, including a general increase in wages 
of 118. a week for all adult male employees and, subject 
to certain conditions, an extra week’s holiday with pay, 
were made in respect of some 250,000 operatives in the 
shipbuilding and ship-repairing industry at a meeting 
between representatives of both sides of the industry 


held in London on November 16. As in the case of | P’ 


the engineering industry, the men’s demands were for 
an all-round increase of 20s. a week. The claim was 
submitted in mid-September and the negotiations 
which ensued were adjourned, like those in respect of 
the engineers, to enable the employers’ local organisa- 
tions to consider the position. The joint meeting on 
November 16 was attended by officials of the Ship- 
building Employers’ Federation and of the Confedera- 
tion of Shipbuilding and Engineering Unions and it 
was announced afterwards that this offer also would 
be submitted to the meeting of the general council of 
the Confederation at York on November 21. 





A special meeting of the national committee of the 
Amalgamated Engineering Union was held in London 
on Sunday last, to consider what attitude should be 
adopted by the union to the offers of the Engineering 
and Allied Employers’ National Federation and the 
Shipbuilding Employers’ Federation respecting wage 
increases in the engineering and shipbuilding industries, 
It was announced subsequently that the national 
committee had decided by 32 votes to 20 to recommend 
the Confederation at its meeting on November 21 to 
accept the offers of the two federations. 





It is understood that, at an earlier stage in the 
meeting of the national committee, efforts were made 
to secure the rejection of the employers’ offers as being 
“totally unsatisfactory.” The committee decided to 
press for the payment of the second week’s holiday in 
1952 to be made at the full rate, and not in proportion 
to the time when the agreements between the two sides 
of the respective industries are signed. In this con- 
nection, it may be noted that the rate for a week’s 
holiday is reckoned as one-fiftieth of fifty weeks’ 
earnings. It was considered that the federations 
should themselves make up the amounts set aside 
weekly by individual firms to what was required to 
ensure that the extra week’s holiday in 1952 was 
accompanied in each case by a full week’s pay. 


The ted Engineering Union, with a mem- 
bership of more than 700,000, possesses the largest 
voting strength of any of the 38 unions affiliated to the 
Confederation and the decision of the union’s national 
committee to recommend the acceptance of the em- 
ployers’ offers no doubt exercised considerable influence 





at the meeting of the Confederation’s general council | coal 


on Wednesday last. The voting support of but one 





other union of average size, or, alternatively, of a few 
unions with small memberships, being all that was 
required to secure the acceptance of the employers’ 
offers by all the unions affiliated to the Confederation. 
It was announced late on Wednesday night that thee 
offers had, in fact, been accepted all on a show of hands. 


The recommendations of the Railway Staff Nationai 
Tribunal for all-round wage increases for some 442,000 
railwaymen were accepted by the Railway Executive, 

ing to an announcement made by the Executive, 
on November 14. The three principal railway unions 
had indicated separately during the preceding week-end 
that they were willing to accept the terms of the 
Tribunal’s award. This provided for an increase of 
8 per cent., i the 5 per cent. offered by the 
Executive and the 10 per cent. requested by the 
National Union of Railwaymen, the Associated Society 
of Locomotive Engineers and Firemen, and the Trans- 
rt Salaried Staffs’ Association in their joint claim. 
t was estimated by the Executive that its acceptance 
of the Tribunal’s award would increase the wage bill 
of British Railways by about 14,200,000/. annually. 
The new rates will apply to wages and salaries as from 
the week commencing on November 26. 








As there was no possibility of the money required 
to meet this additional charge on the railway service 
being raised ‘‘ by further economies or other means,” 
the Executive announced that it had no alternative 
but to apply to the Minister of Transport for further 
increases in freight charges. An application to that 
effect had accordingly been made by the British 
Transport Commission on behalf of the Executive. 
It seems certain that the acceptance by the Executive 
of the Tribunal’s award will affect other railway-wage 
claims which are at present under negotiation, the 
most important of which are those put forward, on 
behalf of ¢ the railway shopmen, by the Confederation 
of Shipbuilding and Engineering Unions. As some 
120,000 employees are affected by that demand, it may 
well be that the present round of wage claims will 
increase the Executive’s wage bill by some 19,000,000I. 
in a full year. 





An offer for an all-round wage increase of 8 per cent. 
was made by the London Transport Executive on 
November 16, in answer to the demands of the three 
principal railway unions for an all-round advance of 
10 per cent. in respect of the Executive’s railway staffs. 
The request of the three unions for the increase was 
resented jointly, and was, in effect, a claim parallel 
to that presented to the Railway Executive. There 
are some 20,000 employees in the salaried and concilia- 
tion grades of the Executive’s railway services who are 
likely to benefit from this offer, if it is implemented. 
The representatives of the unions concerned informed 
the Executive that its offer would be considered by the 
unions separately and their decisions communicated to 
the Executive at an early date. 





Disagreement with the policy of the Trades Union 
Congress for co-operation with the Government was 
expressed at a meeting of the executive committee of 
the Scottish area of the National Union of Mineworkers 
in Edinburgh on November 19. The matter arose out 
of a resolution to the same effect, which was put 
forward by the Valleyfield, Fife, branch of the N.U.M. 
The area committee decided to give this resolution its 
unanimous support, according to Mr. Abe Moffat, the 
union’s local President, and it was decided that the 
resolution should be placed on the agenda of the 
union’s Scottish delegate meeting in Edinburgh on 
December 17. 





Criticisms of the attitude of the Scottish divisional 
coal board, respecting the wage rates paid to Scottish 
miners, were also expressed by Mr. Moffat. He stated 
that the Scottish board had been asked to take 
immediate action to close the gap which existed between 
the average wages paid to miners in Scotland and those 
obtaining in other parts of Britain. This gap was 
steadily widening and its existence was attributable, 
in Mr. Moffat’s opinion, to the policy of the Scottish 
coal board, by which colliery managers were not 
permitted to fix piece rates. Furthermore, colliery 
agents, when fixing piece rates, were obliged to do so 
on the basis of existing earnings at their respective 
collieries. 





Mr. Moffat said that his executive had also passed 
a resolution requesting the National Coal Board to 
concede without delay the demands recently put 
forward by the National Union of Mineworkers for 
increased remuneration. These demands included an 
increase in and two weeks’ summer holiday with 
full pay. Referring to the resentment felt by Scottish 
miners at the fact that their wages lagged behind those 
paid elsewhere, he expressed the view that the Scottish 
board must its policy or accept responsi- 
bility for any developments which might occur. 
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POWER-OPERATED CON 


TROLS FOR AIRCRAFT. 


WEIGHT COMPARISON BETWEEN HYDRAULIC AND ELECTRIC POWER TRANSMISSION. 


Fig. 1. 
HYDRAULIC SCHEME: 4 PUMPS. 
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Fig. 2. 
HYDRAULIC SCHEME:2 PUMPS, 
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or hydraulic accumulators for descent and landing in 
the event of complete failure of the main source. On 
single-engined aircraft, the provision of reserve energy 
is essential unless manual emergency controls are used. 
Power transmission from the engines to the control- 
surface actuators can be electrical, hydraulic or 
pneumatic, although the latter has not so far been 
used on aircraft. Electrical power transmission can 
be used with any type of actuator, but hydraulic and 
pneumatic systems can only be applied to actuators 


| employing similar media. 


Electrical transmission is more reliable than a piped 
system, since pipe fractures due to movement of the 
aircraft structure, vibration, etc., are more likely than 
breakages of electrical wiring. When used with 
hydraulic actuators, however, electrical transmission 
introduces the aircraft generating system, together 
with electric motors, into the chain of items which 
may go wrong. Thus, the reliability “‘ balance ” lies 
between electrical power generation and transmission, 
with electric motors, and long, large-bore pipes under 
constant pressure, which may have to be heated. 
Electrical transmission is less vulnerable and is more 
easily installed and maintained. Probably the electrical 
system is preferable for large aircraft and hydraulic 
transmission for small aircraft. 

Figs. I and 2 show two hydraulic power-transmission 
systems for a hypothetical 100,000-lb. aircraft ; their 
weights are compared in the Table below Figs. 1 and 2, 
with an electrical transmisson used to drive fully- 
duplicated electro-hydraulic actuators. With the 
hydraulic system of Fig. 2, a two-engine failure could 
put the whole system out of action. When compared 
with that of Fig. 1, electrical-power transmission is 
probably lighter than hydraulic for this size of air- 
craft. On smaller aircraft, engine-driven hydraulic 
pumps would show to better advantage. 

Control-surface actuators may be divided into three 
broad classes : piston jacks, screw jacks, or skew-roller 
jacks. The piston-jack actuator, which is the lightest 
and simplest, is confined to use with hydraulic or air 

t , whereas screw and skew-roller jacks can be 
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POWER-OPERATED CONTROLS 
FOR AIRCRAFT.* 
By C. F. Joy, A.F.R.Ae.S. 


In applying power-operated flying controls to aircraft, 
the most important question is whether the controls 
should be operated only by a powered system, or 
whether manual control should be used in an emer- 
gency. The latter arrangement is limited by aircraft 
size and speed. Table I shows the estimated variations 
in payload, and their value in overall revenue during 
the life of the aircraft, for nine different systems for 
operating the flying controls of a hypothetical long- 
range aeroplane of about 100,000 lb. all-up weight. 
The life of the aircraft is assumed to be seven years, and 
the revenue for every additional pound of payload 
carried is assumed to be 27l. per annum (a standard 
value agreed by the Society of British Aircraft Con- 
structors). The take-off weight, range, cruising speed 
and height have been assumed constant in each case. 

The first, which is taken as the standard for com- 
parison, is an ideal all-electric irreversible system, with 
miniature pilot’s controls, no mass balancing, no 
aerodynamic balancing and such a high degree of 
reliability that no duplication is required. Such a 
system is not available to-day. The last system shown 
in the table is normal manual control which, although 
perhaps not feasible on a high-speed aircraft, has been 
included for the purpose of payload comparison. 
Between these two extremes are systems showing 
various stages of compromise. 

Compared with a manually-operated flying-control 
system, the additional payload possible with scheme 3, 
probably the most advanced system which could be 
contemplated at present, is worth 106,000/. more in 
first cost. Thus, on an order for, say, 10 civil aircraft, 
an advanced system of powered controls may well 
pay for its development in earning capacity. Splitting 
the control surfaces and operating each part with a 
— actuator, as in scheme 6, makes for reliability, 
_ tends to be heavy and limits the basic layout of 
the aircraft, e.g., it can hardly be adopted when the 
ee " is in the form of an all-moving tailplane. 
« © advantage of manual emergency controls over the 

all-power ” control system is, again, reliability. As 
a last resort, the pilot exercises some measure of 
al control which may, however, be embarrassing 

the main power fails when the control-surface 


* Lecture given before the Royal Aeronautica! Society 
on Tuesday, October 9, 1951. Abridged. 








actuator is supporting a large hinge-moment. A method 
of overcoming this problem is to provide continuous 
automatic trimming by means of a separate power- 
operated follow-up tab. The usual practice is to 
return the trimmer to neutral after failure of the main 
actuator, and to carry on manually. In order to 
cater for a runaway failure of the powered trimmer, the 
main actuator must be powerful enough to support the 
increased hinge moment with the trimmer in its most 
adverse position. 

The main engines, or perhaps in some cases auxiliary 
power plants, provide the power source. With an all- 
power system, it may be necessary to provide electrical 





driven by electric, hydraulic or air motors. When 
using piston jacks, it is doubtful whether the stiffness 
in the link between the control surface and the aircraft 
structure is sufficiently high to ensure freedom from 
flutter unless the control surfaces are mass-balanced. 
This relative lack of stiffness is due to the elasticit 
of the cylinder walls, to the elasticity of the fluid, 
or to aeration, i.e., the presence of air bubbles in 
the fluid. The last case, probably the most serious 
and certainly the most unpredictable, can be almost 
entirely eliminated by pressurising the fluid on each 
side of the piston to about 500 lb. per square inch. 
Actuators using piston jacks are probably the best 
solution for a system on which the control surfaces 
are mass-balanced and, particularly, when manual 
emergency controls are employed. 

The simple screw jack has a high stiffness and offers 
the best chance of eliminating mass balance ; in order 
to afford static irreversibility, however, an efficiency of 
less than 50 per cent. is demanded. Nevertheless, the 
damping effect of a jack with an efficiency up to about 


TABLE I.—PoweER CONTROL SYSTEMS: COMPARISON OF WEIGHTS, PAYLOAD AND OVERALL REVENUE. 























Overall Loss 
Overall 
Total Relative in Revenue 
Item. Type. Description. Weight, Variation ors 
Lb. in Payload, 1,000 
Lb. Over Period 
of 7 Years. 
1 All-power electric. No | Electric actuator, with remote electric 940 0 0 
standby. Miniature pilot’s signalling control, driving screw- 
controls. jacks. No aero- or mass-balancing 
or feel, 
2 All-power electric. No | As (1), but with normal pilot’s controls 1,102 — 162 81 
standby. and artificial feel. 
3 All-power electric. Full | As (2), but with all-powered compo- 1,332 —892 74 
duplication of controls. nents fully duplicated. 
4 All-power mechanical. Full | As (3), but with non-duplicated mcech- 1,417 —477 90 
duplication of controls, anical signalling system, Electro- 
hydraulic actuators. 
5 All-power mechanical. Full | As (4), but with full mass-balancing. 2,002 —1,062 200 
duplication of controls, 
6 All-power mechanical. Each control surface split into three 1,917 —977 185 
“Split ’ control surfaces. sections, each controlled by a 
single actuator. hanical signal- 
ling with artificial feel. No mass 
ancing. 
7 All-power with automatic | Main actuator operating main surface, 2,113 —1,173 222 
follow-up trim. Separate actuator operating follow- 
up tab. Mechanical signalling with 
artificial feel. Aero- and mass- 
balancing. 
8 Power-boosted controls .| Single actuator with proportional feed- 1,925 —985 186 
back. Aero- and mass-balancing. 
9 Manual controls .| Normal mechanical control system 1,895 —955 180 
with spring tabs. Aero- and mass- 
balancing. 
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Fig. 3. SKEW ROLLER JACK. 
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65 per cent. to 75 per cent. may be sufficient to ensure 
flutter-free controls, particularly when the screw jack 
is operated by a hydraulic motor which, owing to the 
small fluid volumes involved, will in itself have a high 
stiffness. When considering the combination of jack 
and hydraulic motor, it may be found possible to 
use a high-efficiency ball-bearing screw. The latter 
may also be driven by electric or pneumatic motors, 
but in these cases, the stiffness requirement will 
probably demand some form of clutch or automatic 
lock. Judder can arise on a simple screw-jack actuator, 
due to the difference between static and running friction; 
it generally occurs when the jack is working with a 
following load. Another disadvantage is that the 
weight of a screw-jack actuator can only be reduced 
at the expense of wear and increasing backlash. 

The skew-roller jack, shown in Fig. 3, consists of an 
inner member and an outer sleeve, with rollers between 
them constrained in a cage so that the roller axes are 
at a slight angle (the pitch angle) to the axis of inner 
and outer members. The ram is restrained against 
rotation. The sleeve is free te rotate but is restrained 
axially. The difference between the outside diameter of 
the inner member and inside diameter of the sleeve is 
slightly less than twice the roller diameter, thus causing 
a slight elastic deformation of the outer sleeve. This 
mechanism, at present in the early stages of develop- 
ment at Messrs. Handley Page, Limited, Cricklewood, 
London, N.W.2, requires high-grade machining with 
very fine tolerances, but it offers practically no wear, 
no backlash, no judder, no adverse temperature 
effects, a high efficiency between 84 and 90 per cent., 
and it requires no lubrication. 

The actuator may be lccated at the control surface 
or remotely. The principal advantage of the former 
arrangement lies in the short mechanical inter- 
connection which can fairly easily be made free from 
backlash and stiff enough to eliminate flutter. When 
employing an all-electric actuator, high-altitude motor 
brush wear can be avoided by placing the motors 
remotely from the control surfaces in the pressure cabin. 
The remote electro-hydraulic actuator has an additional 
merit of enabling two or three electric-motor hydraulic- 
pump units to provide duplication for all three control 
surfaces, thus reducing weight and complication. 
There is also the possibility of servicing the units in 
flight. The main disadvantage is the difficulty of 
installing long mechanical drives with backlash and 
potentially low stiffness. The possibility of flutter 
arising from lack of stiffness can, however, be overcome 
by using shaft transmission with irreversible screw 
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jacks at the control surfaces. The high weight of the 
long mechanical drives may be more than offset by 
the reduction in weight of the actuators. 

When using hydraulic actuators, the hydraulic 
pumps may be directly driven from the engines or 
remotely by small electric motors. With engine- 
driven pumps, hydraulic power-transmission is re- 
quired between the engines and the actuators. During 
approach and landing, when the rate of operation of 
the control surfaces is required to be at its highest 
value, the engine speed, and therefore the pump 
output, is at its lowest. 

The remote electrically-driven pump enables the 
power-control actuator to be designed as a compact 
self-contained unit with no external pipes. Such a 
unit can be fully tested before assembly in the aircraft 
and be made easily removable for servicing under con- 
trolled conditions. It makes possible also the direct 
control of variable-stroke pumps, thus dispensing with 
control valves. This advantage is partly nullified if the 
loads required to displace the pumps are of such 
magnitude that servo action is required. Ideally, the 
pump should be balanced so that direct operation b 
the pilot’s signalling system is possible. On a self- 
contained electro-hydraulic unit, the electric-motor 
weight may be as much as 25 per cent. of the total. 
It follows, therefore, that more careful attention must 
be given to the choice of hydraulic pump than when 
using engine-driven pumps. The characteristic require- 
ment for a power-control system is for high loads at 
low rates (high-speed condition) and low loads at high 
rates (approach and landing condition). A typical 
curve of end load plotted against rate is given in Fig. 4. 
A constant-displacement pump provides a characteris- 
tic, when plotting end load against rate, as shown in 
Fig. 5, and will require an electric motor of power 
corresponding to point A. The pump which gives 
the lightest electric-motor weight is one with a con- 
stant-work characteristic, as shown in Fig. 6. This is 
achieved either by using a variable-stroke pump with 
the stroke controlled by pressure, or by a two-stage 
unit with gear and piston pumps (British Patent 
Application No. 14837/49), the latter automatically 
decreasing delivery with increasing pressure. 

The use of a hydraulic pump, valve gear and hydraulic 
motor between the electric motor and screw jack 
appears to be a roundabout way of doing the job. A 
constant-speed electric motor with on-off control 
switching can be used to drive the screw jack directly, 
with mechanical or electrical signalling, but it has a 
marked tendency to instability, a “ stepped ” output, a 
high starting torque and potentially bad reliability of 
the high-power switchgear and relays. Constant-speed 
continuously-running motors might be used with 
magnetic clutches. The follow-up gear switches which 
energise the clutches have relatively low powers to 
handle and either alternating- or direct-current driving 
motors could be used. A third ibility is a variable- 
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is primarily suited to an electrical signalling system and, 
therefore, in the present state of development it may be 
unreliable and heavy. It has the prospect of becoming 
ultimately one of the best systems for very large aircraft. 
The variable-speed motor could also be used with 
thyratron control, but the use of electronic components 
is considered unacceptable until they are more reliable. 
When an alternative system of manually-operated 
flying controls is not provided as a standby, it is usual 
to duplicate electric motors, hydraulic pumps and 
motors, etc. Valves and hydraulic jacks are dupli- 
cated in order to make the two hydraulic systems 
independent. If it is assumed that neither valves nor 
jacks will ever seize, then a relatively simple unit is 
possible in which the faulty half can be motored freely 
by the sound half. If the jack is assumed to be liable 
to seize, a mechanical disconnector must be arranged 
on the ouput side. Duplication of the simple screw 
jack is probably unnecessary and the faulty half-unit 
can be de-clutched or, in the case of a hydraulic drive, 
the fluid supply cut off and the hydraulic motor allowed 
to be motored freely by the sound half. 

Mechanical, electrical or hydraulic devices for detect 
ing and disengaging a faulty half-unit work generally 
on the error-operated principle. Lack of correct 
response causes the pilot’s load to be increased in the 
signalling-system input to the faulty unit. This 
increase in load operates a mechanical break link 
(British Patent Application Numbers 14838/49 and 
14840/49), or spring-loaded electrical contacts (British 
Patent Numbers 22808 and 19699), or a hydraulic 
device which, in turn, switches off an electric motor, 
de-clutches a drive, opens the ports of a hydraulic 
circuit or changes over a mechanical output. A typical 
mechanism, employing a shear pin as the mechanical 
break-link, is shown in Fig. 7. Since mechanisms of 
of this type are “ triggered off ” by the actuator-input 
load exceeding a pre-determined amount, any snatch- 
ing of the controls, particularly if accompanied by 
excessive inertia on the actuator side of the detector, 
may inadvertently cut out both sides of a duplicated 
unit. For this reason it is desirable to inter-connect 
the detectors so that they cannot operate both 
together. : - q 

A second actuator, normally idle or “ off load,” can 
be arranged to take over when the primary actuator 
fails, either automatically or as a result of some action 
by the pilot. Alternatively, two actuators may 
normally share the load, with provision for automatic 
detection and disengaging of either, in the event of its 
failure. The only disadvantage of the latter alternative 
is that in the event of failure, the remaining actuator 
operates the controls at half load or half rate. The 
other alternative is invariably heavier, and some delay 
is inevitable, which could lead to catastrophe with a 
runaway control. It is suggested that gy —_, 
probably the maximum time that can be allowed for 
change-over on a modern high-speed aircraft. 
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REMOVAL OF SULPHUR FROM TOWN. GAS. 











Fie. 1. 


TRUNK RADIO SYSTEMS. 


Ix the chairman’s address which he delivered to the 
Radio Section of the Institution of Electrical Engineers 
on Wednesday, October 17, Dr. D. C. Espley dealt with 
the directive radio links of a permanent character, 
such as had become important since the war. These 
links, he said, were appropriate to the trunk system of a 
national network or for interconnection on an inter- 
national basis. Most of the traffic which they might be 
expected to carry could, however, be dealt with by cable 
networks and he would therefore attempt to show in 
what ways their special qualities could be used, as 
alternatives or additions, to deal with the traffic 
planned during the next 20 years. Nevertheless, it was 
unwise to consider radio trunks as detached networks, 
48 overall systems of a national or international charac- 
ter in which radio links were merged with cable and line 
networks on a permanent or switched basis were 
necessary, 

The use of radio-multiplex was analogous to the 
technique of composite cables in which a number of 
balanced pairs and coaxial tubes could be contained 
within one duct and sheath without the need for 
Common repeater or terminal equipments. In cases of 
band width shortage, for example, a television signal 
might be transmitted over a radio-multiplex link in 
which the code pulses were distributed between two or 
more channels each of restricted band width. In view 
of the band width obtainable with modern aerial 
systems, there would be an increasing use of common- 
serial and filter arrangements for simultaneous trans. 
mission and r ception. 

As regards the problem of frequency, an increase in 
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operating frequency was not a panacea. There was 
little justification for regulating the lower part of the 
spectrum. It might be feasible to increase the usage 
of a given band by the allocation of the same frequency 
to many stations, by the use of highly directional 
beams and as a result of the severe wave attenuation 
beyond the horizon. It would be unwise to say that an 
effective choice of frequency could be found from con- 
sideration of international allocations and propagation 
conditions alone. The availability of special valves, 
particularly in the ultra-high frequency range, was 
likely to be a dominant factor for some time. 

The position with regard to aerials was a little 
curious, since although an immense amount of theoreti- 
cal and experimental work had been carried out, every 
project in this field seemed to require a significant 
amount of development work. However, in the very- 
high frequency range, the choice usually remained 
between broadside array and Yagi aerials, while in 
the ultra-high frequency range most aerial systems 
used paraboloid reflecting surfaces; variants of this 
type were likely to remain, in spite of other recent 
developments. Much of the work was concerned with 
the engineering details of particular aerials, screens and 
mountings. Although many factors were involved in 
the operations of trunk radio repeaters, one of the 
worst problems was that of power supply to remote 
stations. 

In conclusion, Dr. Espley expressed the opinion that 
if the potentialities of pulse-code modulation and very 
large band widths were fully taken into account the 
radio link could be designed to compare favourably 
with a cable network. 





CATALYTIC REMOVAL OF SULPHUR 
FROM TOWN GAS. 


THE report* on which this article is based is a sequel 
to I.G.C.C. Report No. 41/4/59, D 072, entitled ‘‘ The 
Production of Low Sulphur Content Atmospheres 
for Heat Treatment Processes.” Since the publica- 
tion of the earlier report, further experience has 
been gained, in the light of which the plant there 
described has been redesigned, without alteration of 
principle. As before, the plant makes use of the nickel 
catalyst developed in the Fulham laboratories of the 
Gas Light and Coke Company. These laboratories 
have contributed substantially to the design of the 
plant and the preparation of this report. 

The three important compounds of sulphur present 
in purified town gas are carbon disulphide, CS,, 2 to 
15 grains S per 100 cub. ft. ; carbon oxysulphide, COS, 
3 to 10 grains; and thiophen, C,H,S, 1 to 8 grains, 
making a total of 8 to 30 grains S per 100 cub. ft. 
(One grain S per 100 standard cub. ft., referred to as 
1 grain, is equivalent to 17-2 parts per million by 
volume of thiophen or carbon oxysulphide, or 8-6 parts 
per million by volume of carbon disulphide.) 

The carbon disulphide and carbon oxysulphide in 
town gas may be destroyed chemically in a catalytic 
process by which they are converted to the compounds 
sulphur dioxide and hydrogen sulphide. Unconverted 
carbon disulphide and carbon oxysulphide is usually 
about 1 grain, and the overall reduction in the sulphur 
content is, for example, from 20 to 25 grains, to 3 to 4 
grains per 100 cub. ft. Low-sulphur gas from a small 
catalytic plant is of great benefit to certain industrial 
consumers. The bit centindinns are in glass working, 
in the preparation of metallurgical-furnace atmospheres, 
or for the direct firing of materials which are normally 
protected from sulphur in a muffle or closed saggar. 

Thiophen cannot be removed from gas by any 
practical chemical method. The physical methods of 
removing thiophen involve the simultaneous separation 
of the benzole. Benzole recovery is practised to a 
limited extent in most gasworks, using oil-washing or 
active-carbon plant. These py can be specially 
adapted to remove nearly all of the carbon disulphide 
as well as the thiophen; they cannot remove the 
carbon oxysulphide. 

The catalytic process of the North Thames Gas Board 
operates in the following manner. The gas, together 
with a small proportion of added air, is heated to a tem- 
perature above 180 deg. C.; preferably 280 deg. to 
320 deg. C. In a gasworks plant, the preheating is 
effected by heat exchange from the treated gas, but a 
small plant requires external heating, usually in a gas- 
fired pre-heater with thermostatic control, The pre- 
heated gas then passes through the catalyst bed at about 
1,000 standard cubic feet per cubic foot of the bed. The 
active material is nickel subsulphide, Ni,S,, on small 
cylindrical pieces of porous fired china clay. The 
carbon disulphide and carbon oxysulphide in the gas 
are converted to sulphur dioxide. Most of the oxygen 
in the gas (for example, 0-5 per cent. by volume origin- 
ally present and 0-5 per cent. added as air) reacts with 
some of the hydrogen to form water vapour. This 
catalytic combustion of hydrogen produces enough heat 
to give the required temperature of 380 deg. C. near 
the outlet of the catalyst bed, which temperature is 
controlled by thermostatic adjustment of the air added 
at the plant inlet. Some of the sulphur dioxide formed 
near the inlet to the catalyst bed is reduced to hydrogen 
sulphide at the hot oxygen-free end. ; 

The treated gas, containing hydrogen sulphide, 
sulphur dioxide and additional water vapour, then 
flows upwards through a washer-cooler. The counter- 
current wash of soda-ash solution or hard water 
removes the sulphur dioxide; the temperature and 
dew-point of the gas are reduced almost to the tem- 

rature of the wash liquid. Finally, the gas is freed 

m hydrogen sulphide in a purifier containing iron 
oxide, preferably a compact tower charged with 
specially active spherical oxide nodules. Gas flow in 
the tower is upward and at the rate of about 200 cub. ft. 
per hour per cubic foot of oxide nodules. Spent oxide 
is removed periodically in small quantities from the 
base of the tower and fresh nodules are added to the 
top. To prevent the deposition of water on the nodules, 
it is desirable that the washer-cooler should reduce the 
dewpoint of the gas below the temperature around the 
purifier ; otherwise, a small heater is needed to keep 
the gas entering the oxide above the dewpoint. 

The oxide operates best when there is sufficient 
oxygen available to reconvert the iron sulphide to iron 
oxide. Some air may therefore be added at the purifier 
inlet. This catalytic process is protected by British 
Patents Nos. 489,398 and 529,711, and the special iron- 
oxide purification by No. 567,231. A ro alty on the 
catalytic process is based on the nominal capacity of 





* Report No. 51/1/81, D 072, entitled ‘‘ The Catalytic 
Removal of Sulphur from Town Gas,” of the Industrial 
Gas Development Committee of the Gas Council. 
Abridged. 
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the plant ; it is a single charge included in the initial 
cost of the plant. 

When reducing atmospheres are prepared by burning 
town gas with a deficiency of air, the sulphur present is 
converted chiefly to hy sulphide and sulphur 
dioxide, but some carbon oxysulphide remains uncon- 
verted. For some applications (for example, the bright 
annealing of copper) rigorous purification of the atmo- 
sphere gas is needed to remove sulphur compounds ; 
but if the town gas is rich in sulphur, the purified 
atmosphere gas will still contain en carbon oxy- 
sulphide to spoil the surface of the metal in the furnace. 
In most areas, the town gas supply does contain 
sufficient sulphur to cause this trouble for several 
months in the year. The difficulty is fully overcome 
when a catalytic plant is installed to treat the gas before 
it passes to the furnace-atmosphere unit. The methods 
used to cool and purify catalytically treated town 
from sulphur dioxide and hydrogen sulphide are 
quite generally applicable to reducing-atmosphere 

ases. The use of the special oxide nodules is particu- 
arly valuable as a substitute for bulkier purifier boxes 
containing bog iron ore. For heat treatment in oxidi- 
sing atmospheres, a catalytic unit will, in many cases, 
lower the sulphur content of the gas sufficiently to 
permit direct firing where a muffle or closed saggars 
are now necessary. 

Sulphur-removal plant using the nickel subsulphide 
catalyst is made under licence by several manufac- 
turers. In addition, two sizes of plant for industrial 
consumers have now been standardised by the North 
Thames Gas Board. The smaller unit, with a nominal 
capacity of 1,000 cub. ft. per hour, contains 1 cub. ft. 
of ore Soh the larger unit is of twice this capacity. 
Both will supply any demand for low-sulphur gas up 
to 125 per cent. of the nominal capacity ; the heating 
a time in each case is 2to 3 hours. The height of the 
plant is 8 ft. 8in. The ground space required is about 
1 ft. 9 in. by 5 ft. 6 in. for the 1,000 cub. ft. unit, and 
2 ft. 3 in. by 6 ft. 8 in. for the 2,000 cub. ft. size. 
Fig. 1, on page 667, shows the 1,000-cub. ft. per hour 
plant. 

A diagrammatic lay-out is given in Fig. 2. A centri- 
fugal fan is emploved as a booster to overcome the 
pressure loss through the plant ; this is initially about 
3 in. w.g. at nominal capacity and 5} in. w.g. at 25 per 
cent. overload. With the booster it is gentile to recycle 
treated gas when there is little or no demand for low- 
sulphur gas; a throughput of about 50 per cent. of 
nominal capacity is needed when heating the plant 
from cold or to keep it at full temperature, but this 
may all be recycle gas. The average gas consumption 
for preheating is 2} to 3 per cent. of the gas treated. 
The combustion of hydrogen on the catalyst consumes 
just over | per cent. of the heating value of the gas. 





240-MW STEAM POWER STATION 
AT WINDSOR, ONTARIO. 


Tue J. Clark Keith generating station at Windsor, 
Ontario, which was opened on Friday, November 16, 
is one of two steam plants that are to be commissioned 
this year by the Hydro Electric Power Commission of 
Ontario, to supplement the power obtained from the 
water resources of the province. A scheme for 
installing thermal plant in an area which is rich in 
water power has been under consideration for 20 years, 
but has been postponed owing to the delay in the 
development of the St. Lawrence waterway. The 
rapid industrial development which occurred during 
the war in Toronto and the south-west of the province 
has, however, led to shortages, and although all the 
water power, which could be economically utilised, 
has been put into service, constructional work on 
some of the stations is still in progress. It was for this 
and other reasons that the Commission decided to utilise 
steam power in the areas of heavy demand, one of 
which is at Windsor on the Clair River, opposite 
Detroit. 

The plans for this station envisaged the installation 
of four 60-MW sets with the associated steam-raising 
and condensing plant. ‘Orders for two of the sets 
were placed with the English Electric Company, 
Limited, Queen’s House, Ki y, London, W.C.2, 
early in 1948 and the first of these is now running. 
Later, a contract for the third set was placed with the 
same firm and a fourth set has now been ordered. 
Each set is designed to operate with steam at a pressure 
of 850 lb. per square inch and a tem ure of 
900 deg. F. and to give an output of 60 MW at 13-8 kV 
at a power factor of 0-85 and a frequency of 60 cycles 
when running at 3,600 r.p.m. It exhausts to a vacuum 
of 28} in. of mercury. 

The turbine consists of a high-pressure cylinder of 
the impulse type and a double-flow reaction-type low- 
pressure cylinder. Its general arrangement will be 
clear from Fig. 1, o ite, which shows the bottom 
haif of the turbine with the shafts in position and from 
Fig. 2, which illustrates the low-pressure shaft. 
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Steam is supplied through two centre pressure stop- 
valves to two cast-steel steam chests which are arranged 
symmetrically, each chest being provided with a 
combined main stop and emergency trip valve. A 
separate cast-steel chest is welded to each main steam 
chest and carries the main throttle valve and overload 
valve. The chests operate in parallel, each main 
throttle valve being connected to the turbine by two 
pipes and each overload valve by one pipe. The 
oo is such that the pipe thrusts generally 
cancel out, thus relieving the turbine of any undue 
loads from this source. 

The high-pressure rotor has been machined from a 
solid forging and the diaphragms in the high-pressure 
cylinders are of built-up construction. The double- 
flow low-pressure rotor is a solid forging, except for a 
separate disc which is shrunk and keyed on at each end 
and carries the last rows of blades. The couplings 
throughout are of the multi-tooth flexible type with 
generous axial float and, as the high-pressure turbine is 
provided with its own thrust block, differential expan- 
sion is confined to the individual cylinders. The 
high-pressure thrust block can be moved by a small 
amount in an axial direction while the turbine is in 
operation, so that the effects of differential expansion 
during the starting or unloading periods are minimised. 
To attain the same object when starting, the flanges of 
the high-pressure cylinder are provided with control- 
lable steam heating. 

The blading is of stainless iron or chromium-plated 
5 per cent. manganese nickel steel, depending on the 
stress conditions. It is found that manganese nickel 
steel is particularly suitable for withstanding the 
heating necessary when attaching lacing wires by 
silver soldering without air hardening and for avoiding 
the consequent risk of the formation of hair-line cracks. 
All the moving blading is machined out of solid-bar 
material and has integral roots. The blade fixings 
are of various types, depending on the service stresses. 
The fixings of the long blades of the last row at each 
end of the low-pressure turbine are of the “ side entry ” 
type, in which each root is held in a separate groove 
in the disc head, the grooves being cut across the 
head in an approximately axial direction. The effect 
of this is that the bending stresses are virtually elimin- 
ated, both in the blade root and in the disc head. 
The total resultant stress at this vital point is therefore 
much reduced. 

The glands throughout the machine are of the steam- 
packed labyrinth type; and the gland system is so 
arranged that when the machine is on load the leakage 
steam from the various high-pressure glands is con- 
ducted to the lower-pressure stages of the turbine, 
where it performs useful work. The vacuum glands 
of the low-pressure turbine are packed by steam taken 
from the high-pressure cylinder at a moderate tem- 
perature. The system is also so arranged that, when 
starting and stopping, the glands are fed by steam at a 
temperature suited to their temperature at the time. 

A hydraulic system of governing and load regulation 
is employed, the function of which is to convert the 
normal characteristic of the speed governcr into a 
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hydraulic oil pressure which is transmitted to secondary 
relays and, through them, controls the opening of the 
steam valves and consequently the load on the machine. 
A small high-speed centrifugal governor is driven at 
1,200 r.p.m. through gearing from the main shaft 
and operates a sleeve which is mechanically connected 
to an oil-governing valve. Any movement of this 
sleeve transmits a co nding movement to the 
governing valve which, through the action of a bellows 
sleeve, increases or decreases the area of an oil leak-off 
port. The quantity of oil flowing to drain is thus 
varied, and consequently the oil pressure in a primary 
relay cylinder is increased or decreased in relation to 
the characteristic of a spring opposing the oil load. 
This change in pressure is transmitted to secondary 
relays which, in turn, operate the steam valves through 
oil distribution valves and relay pistons. To vary the 
speed or the load on the machine provision is made 
for hand operation or remote operation of the oil 
distribution valve. If loss of governing oil pressure 
occurs, the steam valves automatically close. 

The emergency governor gear is actuated by a 
mechanical overspeed governor of the unbalanced-ring 
type, by an electrical overspeed governor, by a hand 
trip at the turbine or by an electrical trip operated 
from the control room. In all cases, both the emergency 
valves and the governing valves are closed so as 
completely to shut off the steam supply to the turbine. 
Once the trip has operated, the mechanism remains in 
the tripped position until it is reset by hand. 

The lubrication system comprises an oil tank and a 
main oil pump which is housed in the high-pressure 
pedestal and driven from the main turbine shaft 
through helical gearing. In addition, a steam-driven 
full-duty auxiliary oil pump and an alternating- 
current motor-driven lubricating-oil pump are provided. 
As it is intended to uncouple the generator and to run 
it a3 a synchronous condenser under certain conditions 
of load on the system, two further lubricating-oil 
pumps, one with alternating-current and one with 
direct-current drive, are provided. Oil is drawn from 
the tank and delivered through a non-return valve to 
the distribution box. This is fitted with a relief 
valve, set at about 60 lb. per square inch, through which 
surplus oil is returned to the tank. Pressure oil is 
supplied to the governor relay gear from the distri- 
bution box. Oil for lubricating pu passes 
through a pressure-reducing valve to the coolers and 
thence to the bearings at a pressure of about 15 |b. 
per square inch. il from the bearings passes through 
sight boxes to the common return pipe which conveys it 
back to the oil tank through strainers. Alarm signals 
are transmitted to the main control board if the 
temperature of the return oil from any bearing should 
rise to an excessive value. ; 

Electrically-driven barring gear is provided, to reduce 
to a minimum any risk of the turbine rotors distorting 
due to uneven heating or cooling while the set is shut 
down. The gear turns the rotors at about 20 r.p.m. 
It is put into operation by hand, but is thrown out 
automatically when the turbine speed under steam 








exceeds that of the gear. High-pressure oil jacking 
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Fic. 2. Low-Pressure Rotor. 


provided at the low-pressure turbine and alternator 
bearings to ensure that each of these journals is sup- 
ported by a continuous oil film before barring com- 
mences and until the journal speed is sufficient to 
maintain a film when oil is supplied by the auxiliary 
pump. Damage to the bearings is thus avoided and 
the starting effort required from the barring motor is 
greatly reduced. 

In order to obtain close control when starting up 
and shutting down, the set is equipped with super- 
visory instruments to give information regarding the 
condition and behaviour of various components, par- 
ticularly in the high-pressure turbine. These instru- 
ments include an electrical speed indicator, which 
indicates and records the speed from about 100 r.p.m. 
upwards; a shaft eccentricity indicator and recorder ; 
and a shaft position or axial differential expansion 
indicator and recorder. The last two instruments 
operate on the principle of introducing the distance to 

measured as a variation in an air-gap controlling 
the reactance of an inductive circuit. Further, a high- 
pressure pedestal expansion indicator is fitted to 
record the pedestal expansion by measuring the relative 
motion between the steam-end pedestal and the pedestal 
base. Finally, vibration indicators, in the form of 
pick-up heads, are mounted on the bearing pedestals, 
just below the centre line of the turbine shaft, to 
measure the amplitude of the transverse vibration. 

Vacuum load-limiting gear is provided to unload 
the set gradually by action on the governor gear. It 
commences to operate when the vacuum has fallen 
to about 23 in. and continues until, at about 17 in. of 
vacuum, all load has been removed. Arrangements 
are also provided for supplying the turbine with dry 
Saturated steam to wash away any deposits formed in 





the turbine. Blade washing is carried out at no load 
and at a considerably reduced speed. 

The stator frame of the hydrogen-cooled alternator 
is a fabricated structure, which is ribbed and stayed 
internally to ensure rigidity. The bearings are sup- 
ported on —- cast-steel brackets which are bolted 
to the end plates of the frame. Precautions are taken 
to prevent the formation of an explosive mixture of 
air and hydrogen during the operation of the machine, 
but to provide for unforeseen conditions, the stator 
frame is designed to withstand the presure set up by an 
explosion. The stator core is built up from segmental 
stampings carried in a skeleton frame inside the main 
stator frame by flexible leaf springs. Any 100-cycle 
vibration produced by magnetic attraction between the 
poles of the rotor and the stator core is thus largely 
prevented from reaching the main structure and the 
foundations, while at the same time the core is rigidly 
restrained against the load and short circuit torques. 
The alternator is entirely self-contained, in that the 
two gas.coolers are mounted axiall in the upper part 
of the outer frame and the gas is circulated by axial- 
flow fans. There are two fans, with blades of aerofoil 
section, one being mounted at each end of the rotor. 
This construction eliminates all external ducting and 
thus greatly simplifies the maintenance of a gas-tight 
enclosure. 

The rotor is of conventional design and is coupled 
to the turbine through a multi-tooth flexible coupling. 
It is machined from a single forging of carbon steel, 
with additions of manganese, nickel and vanadium. 
Ventilation channels are provided beneath the slots 
and. down the centres of the teeth. As the result of 
cutting the slots-to contain the field winding, the 
inertia of the rotor is different across the two major 





| axes, so that the static deflection at the centre of a 


long rotor such as this is appreciably greater when 
the pole axis is horizontal than when it is vertical. 
This effect gives rise to a vibration of the rotor at 
twice the running frequency, to eliminate which, as 
far as possible, transverse grooves are machined in the 
pole centres. The field winding is formed of semi-hard 
silver-bearing copper in order to prevent coil distortion 
through differential thermal expansion. The turns are 
taped throughout their length with glass-backed mica 
tape, which completely eliminates the risk of short- 
circuits developing between turns owing to leakage 
across the edges of strip separators. The leads from 
the winding are brought out of the gas-tight housing 
as semi-circular conductors which run through the 
central inspection hole of the forging to the slip-rings. 
The bearings, which are of the usual spherically- 
seated type, are carried in cast-steel brackets bolted 
to the outer frame. Excitation is provided by a 
dynamo running at 1,000 r.p.m. and driven through 
gearing from the main alternator shaft. 

Leakage of hydrogen along the shaft is prevented 
by oil-sealed glands of the floating-ring type. Two 
bronze rings are mounted side by side in an annular 
groove in a cast-steel support which is carried rigidly 
from the inner surface of the bearing bracket. They 
are permitted to move with the shaft in a plane per- 
pendicular to the axis of the rotor, but are prevented 
from rotating with it. The clearance between the 
rings and the shaft is kept down to the minimum con- 
sistent with satisfactory running. Similarly, the 
clearance between the rings and the side of the groove 
in which they are contained is kept small to reduce the 
oil flow as much as possible and to maintain a satis- 
factory seal at this point. The groove behind the 
rings is supplied with oil at a pressure of about 10 Ib. 
per square inch above that of the gas in the frame, and 
feed holes in the rings allow the oil to pass into a small 
annulus formed between the rings by machining the 
rings themselves. The film of oil thus maintained 
between the rings and the shaft forms the gas seal and 
at the same time lubricates and cools the rings. The 
seals are supplied with oil which is normally vacuum 
treated to remove entrained air and water in order to 
prevent adulteration of the hydrogen occurring from 
the oil which flows to the gas side of the seals. The 
seal-oil treating unit is located at basement floor level 
within the foundation block and contains the various 
items of auxiliary equipment associated with the oil 
supply to the seals. 





DEMONSTRATION OF MINIATURE CIRCUIT-BREAKER.— 
Dorman & Smith, Ltd., Manchester, 5, have arranged 
to give demonstrations of their miniature circuit-breaker 
at St. Ermin’s Hotel, Westminster, London, 8.W.1, at 
3 p.m., on Monday, November 26, and at 11 a.m. and 
3 p.m. on Tuesday, November 27, when the technical 
aspects and applications of the circuit-breaker will be 
dealt with. Accommodation is limited and persons 
desirous of wit ing the d trations should apply 
to the firm’s London office, at 10, Emerald-street, W.C.1. 








Proposep Om REFINERY IN INDIA.—The Burmah 
Oil Company and the Shell Group, the partners of 
Burmah-Shell India, are considering the erection of an 
oil refinery at Bombay. They are sending representa- 
tives to Delhi, at the request of the Government of India. 
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KILN BUILDING OF PRE-CAST 
CONCRETE UNITS. 


Tue building shown under construction in Fig. 1, 
herewith, has been designed by Messrs. W. S. Atkins 
and Partners, 158, Victoria-street, London, 8.W.1, and 
built by Messrs. C. Cornes and Son, Hanley, to extend 
the Whieldon works of Messrs. Doulton and Company, 
Limited, Stoke-on-Trent. Above the first floor, 
which houses two kilns, as shown in Fig. 2, pre-cast 
concrete framing with a span of 85 ft. is used. 

The Whieldon Works specialise in sanitary earthen- 
ware and vitreous china. Previously, all the firing was 
carried out in a number of coal-fired intermittent kilns 
known, because of their shape, as “* bottle kilns,” but 
these are being replaced by two Dressler continuous 
gas-fired tunnel kilns of modern design. The new 
kilns are each about 320 ft. long, and the building has 
been designed to provide accommodation for them and 
for all the processing after the first, or “ biscuit ” firing. 
The two tunnel kilns, with associated processes, are on 
the first floor. The ground floor provides facilities for 
testing, assembly, storage, packing, and dispatch of 
the goods. As a result of these arrangements, it has 
been possible to reorganise the earlier stages of manu- 
facture carried out in the existing buildings, i.e., from 
the processing of the raw materials to the completion 
of the unfired or “‘ green” ware. The two kilns have 
different functions: one produces unglazed or biscuit 
ware, the other glazed or “ glost ”’ ware. To maintain 
an unbroken flow in production the kilns are ranged 
side by side and head to tail down the centre of the 
building. Green ware is delivered to the north end 
of the new building at first-floor level. It is then 
passed through the biscuit kiln to emerge into a 
spacious working area where it is inspected, brushed, 
yma applied and dried, ready for the next firing. 
During this second, or “ glost ” firing, which the other 
kiln performs, the ware is returned to the northern 
end, where it is finally inspected and is then trans- 
ferred by lift to the ground floor. 

Owing to the fact that the site consisted largely of 
made-up land and the load-bearing capacity was 
therefore poor, the whole building is founded on a 
system of in-situ piles—a good load-bearing stratum 
being found at from 20 ft. to 30 ft. to minimise any 
danger of differential settlement. Up to and including 
the first-floor slab, all the construction, with the excep- 
tion of a small annex to the east, is in-situ concrete 
framed. It is on this construction that the load of the 
kilns is carried. Columns at 15-ft. centres divide the 
building lengthwise into 32 equal bays; main beams 
run longitudinally and span the 15 ft. from column to 
column, and secondaries at 7 ft. 6 in. centres span trans- 
versely between the main beams. The suspended slab 
of the first floor is 5 in. thick and is cast integral with the 
beams. At the ground level the pile caps are connected 
by a series of cill beams, but in general the ground-floor 
slab is not suspended. Where concentrated loads have 
to be carried, it is suspended, and the cill beams and 
slab are then cast integral. Elsewhere, paper joints 
separate the one from the other. 

From the first-floor slab upwards, the construction 
changes from the in-situ system to a proprietary 
pre-cast system of framing, of which the span is 85 ft. 
Spans in framing of this kind have been steadily 
increasing for some time, and although that at 
Whieldon has been exceeded in France by one from the 
same designers, this of 85 ft. is thought to be the largest 
yet erected in Britain. The framing consists of 
transversely-spanning portals spaced at 15-ft. centres, 
which carry pre-cast purlins 4 ft. 6 in. apart and special 
gutter units along the eaves. Each main cross- 
spanning portal is made of four separately-cast members 
with a patented system (Lambda) of scarfed jointing at 
the connections, which maintains the required degree 
of structural continuity. The leg members are 
L-shaped; they weigh about 2} tons each and are 
stiff to minimise moments of bending in the rafters. 
Rafter elements weigh about 1} tons apiece, and despite 
their _— are only 18 in. by 7 in. in cross-section. 
Laterally, the stiffness and structural rigidity come 
from the purlin and gutter units—with the method of 
jointing used at their connections, shown in Fig. 3. 
To form these joints, U-shaped bars projecting from 
each end of both types of unit are looped round fixing 
bolts that protrude upwards from the backs of the 
rafter principals ; the nut on these bolts is tightened 
down over a large washer which grips and holds the 
U-bars in place; and the joint is completed by filling 
with a grout and flushing up the 2-in. wide gap formed 
between the ends of the units. All the pre-casting for 
the main frames was carried out at the site, but the 
smaller units—purlins, gutters, roof slabs, etc.—were 
all factory-made. Main frame sections were actually 
east on the first-floor slab, and, to save handling, as 
near as practicable to the places in which they were 
ultimately to be used. Because wheel loads from a 
mobile crane would have been too great for the slab 
to withstand, the lifting was performed with four 
guyed timber poles, blocks and hand-operated winches. 





-PRE-CAST CONCRETE KILN BUILDING. 
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After being lifted into position, the leg members were 
umbed and lined up along the scarfings and kept in 
ine by temporary scaffold frames. These units were 
dowelled at the foot with the in-situ concrete of the 
lower storey, and, during the placing, were wedged 
accurately into position in holes pre-formed in the 
first-floor slab. They were lined on the external faces 
with those of the columns below by temporary clamps. 
The lifting and placing of the rafter members followed, 
and it was not until these had been bolted up that the 
weight on the poles was eased and the dowels grouted 
up. Erection of purlins and gutter units followed on 
immediately after the erection of the portals. 

The external wall in-filling to all the reinforced- 
concrete framing is in 1l-in. cavity brickwork. The 
windows are metal casements which, on the first floor, 
extend from column to column and uninterruptedly 
from end to end of the bailding. For the main roof 
the covering is asbestos-cement corrugated sheeting. 
Above the kilns this is of the normal type, laid with 
normal laps, but to the working area at the south end 
of the building, where thermal insulation is of impor- 
tance, the sheeting is of the combined type. In the 
kiln area there is little need for central top lighting, 
since that given by the windows is adequate. At the 
north end, however, where glost ware is inspected 
and good lighting is essential, 6-ft. wide strips of patent 
glazing are incorporated in ‘the roof. Patent roof 
plesing was also fitted into each of the two gables. 
To reduce glare through the gable facing south, the 





rough-cast wire glass used was sand-blasted on the 
inside. Lead-covered steel bars have been used for 
the patent glazing throughout. The reason for this 
is that, during the biscuit firing, fluospar in the 
clay gives rise to fluorine gas which might attack bars 
of any other material. 





JOINT COMMITTEE ON MATERIALS AND THEIR TESTING. 
—A symposium on “Recent Developments in the 
Notch-Bar Testing of Materials and their Relation to 
Welded Construction ” is being arranged by the Joint 
Committee on Materials and their Testing of Technical 
Institutions and Societies in Great Britain (to give this 
Committee its full title) and the Institute of Welding. 
The presentation of, and discussion on, the symposium 
will take place at the Institution of Civil Engineers, 
Great George-street, London, S.W.1, on Wednesday, 
December 5, commencing at 10 a.m., and resuming after 
an interval for lunch, at 2.30 p.m. Papers will be contri- 
buted by Mr. W. Barr, A.R.T.C., F.I.M., Mr. G. M. 
Boyd, A.M.I.Struct.E., M.I.N.A., Professor W. Soete, 
Mrs. C. F. Tipper, Sc.D., and Dr. J. H. Van Der Veen. 
All papers wil! be preprinted and will be presented by 
Dr. N. P. Allen as rapporteur. The chairman will be 
Mr. H. J. Thompson, M.I.Mech.E., President, Institute 
of Welding. Admission is by ticket only, obtainable 
from Mr. G. Parsloe or Mr. G. H. Ford, 2, Buckingham 
Palace-gardens, London, S8.W.1, from whom advac-¢ 
copies of the papers are also obtainable. 
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MAGNETIC TEMPERATURE DETECTOR. 


GRAVINER MANUFACTURING COMPANY, LIMITED, COLNBROOK. 
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MAGNETICALLY-OPERATED 
TEMPERATURE-DETECTION 
SWITCH. 


THE practical application of the cha of the 
magnetic properties of ferro-magnetic alloys with 
temperature was proposed originally by the Royal 
Aircraft Establishment. A prototype magnetic tem- 
perature detector, made by the Graviner Manufacturing 
Company, Limited, Poyle Mill Works, Colnbrook, 
Buckinghamshire, to the requirements of the Royal 
Airaaft Establishment, was demonstrated in the 1949 
exhibition of the Society of British Aircraft Constructors’ 
and was described on page 161 of our 169th volume 
(1950). The instrument consisted of a spring-loaded 
moving temperature-sensing armature of a suitable 
ferro-magnetic material, normally held in contact with 
a permanent magnet by mutual attraction. When the 
temperature rose above the Curie point of the armature 
material, and the armature lost its magnetism, the 
spring forced the armature to shift and, in so doing, 
to complete an electric circuit and operate a flame- 
warning lamp. Since then, the Graviner Company 
have developed a considerably improved instrument ; 
the spring has been eliminated and a fixed temperature- 
sensing element is employed, instead of a moving 
armature. A number of magnetic temperature detec- 
tors, connected in flame-warning circuits, are at 
present undergoing extensive flight trials on 21 different 
types of aircraft in this country, the United States, 
Sweden and Australia, and in the laboratories of Air 
France and the K.L.M. Royal Dutch Air Lines. 

The accompanying illustration shows the Graviner 
magnetic temperature detector. Silver-soldered to the 
cover-plate of the instrument is the temperature- 
sensing element—a projecting conical cap a, in a nickel- 
iron alloy, which shows a sharp change of magnetic 
permeability at the temperature at which the switch 
Is required to operate; at present, the detector is 
available in two marks for operation at 170 deg. C. and 
290 deg. C., respectively. Inside a seam-welded 
stainless-steel sealed casing is the magnet assembly, 
which consists of a balanced beam 6 at one end of which 
is &@ shrouded permanent-bar magnet c which, under 
normal temperatures, is attracted to the cap. The 
other end of the beam carries another magnet d, adja- 
cent to a fixed magnet ¢ of similar polarity, so that there 
18 & repelling force between them. At normal tempera- 
tures, the repulsion between the two lower magnets is 
overcome by the stronger attraction between the upper 
magnet and the cap. When the temperature rises to 
the critical value, however, and the cap ceases to 
attract the upper magnet, the repulsion between the 
two lower magnets causes the beam to swing about 
its pivot f, closing two contacts in the detector circuit. 
As soon as the temperature falls below the Curie point, 
and the magnetic properties of the cap are restored, 
the beam swings back to its normal position and the 
detector cireuit is opened. To ensure that no moisture 








or fumes can penetrate into the mechanism, the elec- 
trical leads are introduced into the casing through 
bonded metal-to-glass seals. 

In comparison with the differential-expansion type 
of temperature detector, which is in current use in 
aircraft fire-detector circuits, the magnetic detector, 
which weighs 2? oz., is 45 per cent. lighter. Most of 
the components can be manufactured by press work, 
and the Graviner Company expect that, when in full 
production, the cost of the magnetic detector will be 
appreciably lower than that of the current type. 
Routine checks of the operation of the magnetic 
detector are carried out simply by a special magnetic 
tester; there is no necessity for applying a flame. 
The accuracy of the temperature-sensing element cannot 
deteriorate in service, since it depends upon the pro- 
perties of the material ; the small magnets used in the 
detector are carefully calibrated and matched before 
assembly. Although the magnetic temperature detec- 
tor has been developed in the first place for a specialised 
aircraft application, its robust simplicity and accuracy 
render it suitable for many other fields in which a tem- 
perature detector is required to close a warning circuit 
or to actuate a relay. Since there are alloys existing 
with Curie points ranging from room temperature, or 
even lower, to 700 deg. C., the instrument can easily 
be adapted for a wide range of possible uses. 





BRITISH-EQUIPPED GRAIN ELEVATOR AT BUENOS 
AIREs.—The latest of five large grain elevators which 
are being built at the principal Argentine grain-shipping 
ports, under the national elevator scheme of the 
Argentine Government, was inaugurated at Buenos 
Aires on November 2. The entire mechanical and 
electrical machinery and equipment of all five plants 
have been supplied, erected and put to work by Simon 
Handling Engineers, Ltd., Cheadle Heath, Stockport, 
the contract for the Buenos Aires elevator amounting to 
over 21. million. This elevator has a total grain storage 
capacity of over 150,000 tons, and its equipment includes 
comprehensive grain-cleaning and drying machinery and 
dust-collecting plant. There are altogether some 250 
electric motors giving a total of 7,500 h.p., and about 
six miles of conveyors. Grain arrives at the elevator 
by rail, road and coastal barge; rail and road vehicles 
can be discharged at a rate of 2,000 tons per hour, and 
two travelling pneumatic plants, each of 70 tons per 
hour capacity, are installed on the quay-side for dis- 
charging barges. Grain can be loaded into ocean-going 
ships at the rate of 3,600 tons per hour; the shipping 
gallery, approximately half a mile long, allows five ships 
to be berthed and loaded simultaneously. The contract, 
which was placed in September, 1948, was completed on 
time, and in the course of the speeches made at the 
inaugural ceremony, Simon Handling Engineers, Ltd., 
were complimented on the efficiency with which the 





work had been carried out. 





BRITISH STANDARD 
SPECIFICATIONS. 


TuE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Sound and Television Broadcast Reception.—The 
Council for Codes of Practice for Buildings, Construc- 
tion and Engineering Services, Lambeth Bridge House, 
London, S.E.1, have now issued in final form Code 
No. 327.201, covering broadcast reception, sound and 
television by radio. It has been drawn up by a com- 
mittee convened on behalf of the Council by the 
Institution of Electrical Engineers and the present 
Code is a revision of a draft previously issued for com- 
ment. The Code forms part of the series dealing with 
telecommunication services in buildings and sets out 
recommendations for the good reception of sound 
broadcasts on the long- medium- and short-wave 
bands, and of television broadcasts. Recommenda- 
tions are made for the provision of aerial systems and 
for the earthing of radio equipment. Particular atten- 
tion is given to measures for reducing the effect of 
electrical interference. Sections on inspection and 
testing and on maintenance are included. [Price 6s., 
postage included.] 


Atmospheric-Pollution Deposit Gauges.—With the 
object of aiding the work of combating the problem 
of atmospheric pollution, the Institution has issued a 
new specification, B.S. No. 1747, covering the con- 
struction, installation and use of deposit gauges for 
the collection and measurement of atmospheric im- 
purities which are deposited by their own weight or 
with the assistance of rain. As a secondary function 
the gauge provides a measure of the monthly rainfall. 
The apparatus and methods of analysis described are 
in accordance with recommendations based on the 
considerable experience of local authorities and of the 
Department of Scientific and Industrial Research. 
[Price 2s. 6d., postage included.] 


Jointing Materials for Water, Town Gas, and Low- 
Pressure Steam Installations.-—In response to a request 
from the Ministry of Works, a new specification, B.S. 
No. 1737, covering the preparation of jointing materials 
and compounds suitable for gas, water and low- 
pressure steam services in factories, offices and residen- 
tial buildings, has now been issued. It covers the 
general and specific requirements for materials and 
compounds, and methods for testing the various 
materials are covered in a number of appendices. A 
jointing material is defined as a manufactured solid 
material provided either in sheets, from which the 
required shapes can be cut, or in a shapes. 
A jointing compound is a manufactured substance 
which, when prepared for use, shall be of a paste-like 
or paint-like consistency. The materials and com- 
pounds are for use with screwed, flat-faced flanged 
and flat-seated joints for cold water (up to 300 lb. per 
square inch), hot water (up to 50 lb. per square inch 
and 100 deg. C.), town gas (up to 50 lb. per square inch), 
and saturated steam (up to 30 lb. per square inch). 
[Price 58., postage included.] 


Portable Fire Extinguishers.—The Council for Codes 
of Practice for Buildings, Construction and Engineering 
Services have issued another Code, namely No. 402.401, 
relating to portable fire extinguishers. It has been 
drawn up by a committee convened on behalf of the 
Council by the Institution of Mechanical Engineers, and 
the present Code is a revision of a draft issued for 
comment. In the Code are made recommendations 
on the design, installation, testing, inspection and 
maintenance of portable fire-fighting appliances for 
general use in buildings. The appliances dealt with 
are portable extinguishers of the soda-acid, gas-pressure 
and foam types, fire buckets and portable pumps, such 
as can be carried by one person. [Price 2s., postage 
included.] 


Bronze Welding by Gas.—A new specification, B.S. 
No. 1724, covering bronze welding by the oxy-acetylene, 
oxy-hydrogen or oxy-propane processes is a specifica- 
tion supplementary to B.S. No. 1723, relating to braz- 
ing, and it has been prepared as part of a programme 
of welding specifications authorised by the Welding 
Industry Standards Committee of the Institution. 
Under the heading “‘ general requirement ” are included 
a description of the parent metals to which the process 
can be applied, data regarding filler metals, and a 
system of testing procedure. The application of the 
process to specific parent metals, namely copper, 
mild steel, galvanised mild steel, cast iron, malleable 
iron and a combination of any two of these metals, is 
dealt with in individual sections, particular attention 
being given to the details of the joints. Included as an 
appendix are reproduced photographs illustrating 
neutral oxydising and carburising oxy-acetylene weld- 





ing flames. [Price 3s. 6d., postage included.] 
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SCHOLARSHIPS IN NAVAL 
ARCHITECTURE AND MARINE 
ENGINEERING. 


ParticuLars of three scholarships in naval archi- 
tecture and one in marine engineering, to be offered 
for competition in 1952 and tenable for three or four 
years according to the length of the course at the 
university selected, have now been announced by the 
Institution of Naval Architects. The three scholar- 
ships in naval architecture are, respectively, the 
Institution of Naval Architects, the Trewent and the 
Denny scholarships. The first is valued at 1751. per 
annum and candidates must be below the age of 23. 
It is open to British apprentices or pupils in the Royal 
Dockyards or in private shipyards, and entries close 
on January 15, 1952. The Trewent and the Denny 
scholarships are worth 175l. per annum each and 
candidates must be under 19 years ofage. The Trewent 
scholarship is open to British subjects who are, or have 
been, apprentices or pupils in private shipyards. The 
Denny scholarship in naval architecture is tenable for 
four years at the University of Glasgow, with appren- 
ticeship for five years. It is open to British subjects 
who have not yet begun their apprenticeship, or have 
served not more than one year of it with Messrs. 
William Denny and Brothers, Limited, Dumbarton. 
Entries for both the Trewent and the Denny scholar- 
ships close on May 31, 1952. The one scholarship in 
marine engineering, the Denny, is valued at 175l. per 
annum and the age limit is 19. The conditions for this 
scholarship are identical with those for the Denny 
Scholarship in naval architecture. Further par- 
ticulars may be obtained from the secretary of the 
Institution, 10, Upper Belgrave-street, London, S.W.1. 





ANNUALS AND REFERENCE BOOKS. 


Aircraft Engines of the World, 1951.—The ninth 
edition of this compact yet comprehensive hand-book, 
compiled in the United States by Mr. Paul H. Wilkin- 
son, is arranged on similar lines to previous editions. It 
is divided into two main sections, the first of which deals 
with jet engines and gas turbines, and includes a list of 
aircraft thus propelled. The second section covers 
piston engines, including American compounded 
engines. Specifications of aviation fuels and lubricants 
are also given. Each section opens with a review of 
design trends in engines and accessories, and progress 
during the year in the various countries. Then follow 
individual data sheets for current engines, classified 
under the manufacturing country ; it may be mentioned 
that specifications of six Russian turbo-jets and eight 
Russian piston engines are included. The data are 
arranged in a standard form, in English and metric 
units, so that different engines may be quickly com- 
pared. Some caution is advisable, however, in accepting 
the data presented for engines which have recently been 
‘* classified ’’ under security regulations ; for example, 
the Orenda engine, manufactured by Messrs. A. V. Roe 
(Canada), Limited, constructional details of which were 
officially released only in June, has a ten-stage com- 
pressor, whereas in this book, which must have been 
written considerably earlier, the compressor is stated 
to have nine stages, probably a confusion with the 
experimental Avro Chinook engine. It should be under- 
stood, however, that this inaccuracy is not typical of 
the book as a whole; it is, in fact, a valued work of 
reference. It is published, price 50s. net, by Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. 





Sell’s National Directory and British Exporters’ 
Register. Aviation Supplement, 1951.—Sell’s Aviation 
Supplement is divided into three main _ sections, 
preceded by a review of the progress of the British 
aviation industry during the year. The explanatory 
notes to each section are given in English, French 
and Spanish. The first section contains, in alpha- 
betical order, the names and addresses of the leading 
aircraft, equipment and accessories manufacturers, 
air-line operators, distributors, insurance firms, etc. 
Then follows a section classified under headings covering 
practically all mee of jaircraft construction and 
operation. The classifieu directory is preceded by an 
index, in English, to the classified trade headings, and 
also by French-English and Spanish-English alpha- 
betical lists of items mentioned in the hand-book which 
are valuable in themselves to anybody handling French 
or Spanish technical sales literature relating to the 
aviation industry. Finally, there is a section giving 
brief particulars of British aircraft in production and 
under construction; as we su last year, this 
section would be improved if the compilers were to 
indicate clearly which aircraft are available now and 
which have not yet flown. The book can be recom- 
mended as a buyers’ guide; a trade-names index 
might, perhaps, add to its value. It is published at 
the price of 10s. by Business Dictionaries, Limited, 
133-137, Fetter-lane, London, E.C.4. 





ARC-WELDING TRANSFORMERS. 


QUASI-ARC COMPANY, LIMITED, BILSTON. 

















SINGLE-OPERATOR ARC-WELDING 
TRANSFORMERS. 


THE single-operator arc-welding transformers manu- 
factured by the Quasi-Arc Company, Limited, Bilston, 
Staffordshire, have up to now been housed in a rectan- 
gular steel tank with the sides turned outwards at 
the top to form a 2-in. flange. The top plate was 
bolted to this flange. The firm have now re-designed 
this equipment to give greater compactness and robust- 
ness, as well as improved current selection controls. 
‘The appearance of the plant has also been altered to 
give a “cleaner ” exterior. 

The accompanying illustration shows the new range 
of plant. The two units on the left-hand side both 
have a current range up to 300 amperes, but the second 
is provided with a built-in capacitor. The third unit 
has a current range up to 450 amperes, while the fourth 
is a double-operator plant with a current range of 20 to 
300 amperes on each transformer. It is fitted with a 
switch which enables both transformers to be con- 
nected in parallel and thus double the output to be 
obtained. 

Two multi-position roller-action selector switches 
are incorporated in each unit and enable the welding 
current to be adjusted in small increments at an open- 
circuit voltage of either 80 or 100 volts. These 
switches have been housed in the tank without increas- 
ing its size by economising in the space occupied by 
other details. The board at one end of the tank, on 
which the handles for operating these switches are 
mounted, has been anodised to reduce the risk of short- 
circuiting the electrode or electrode holder to the top 
cover. 





TRADE PUBLICATIONS. 


Aluminium-Sheathed Cables.—British Insulated Callen- 
der’s Cables, Ltd., Norfolk-street, London, W.C.2, have 
sent us a well-illustrated brochure in which full details of 
the types of aluminium-sheathed cables manufactured 
by them are given. 


Pressed-Steel Joint Boxes.—-Particulars of the “ un- 
crushable ” pressed-steel joint boxes, which they manu- 
facture for use in mines, are given in a pamphlet received 
from British Insulated Callender’s Cables, Ltd., Norfolk- 
street, London, W.C.2. 


Industrial Vacuum Cleaners.—Types of vacuum cleaners 
suitable for a wide range of industries are dealt with in 
an attractive publication (No. 5006) entitled ‘‘ Industrial 
Vacuum Cleaning,” issued by the Sturtevant Engineering 
Co., Ltd., Southern House, Cannon-street, London, E.C.4. 


Industrial Instrumentation.—Sunvic Controls, Ltd., 
10, Essex-street, Strand, London, W.C.2, have sent us a 
temporary catalogue which describes the range of 
industrial instruments and controllers which they are 
now manufacturing under licence from the Moore 
Products Co., Philadelphia, U.S.A. The list covers 
thermometers, pressure regulators, flow meters, liquid- 
level gauges, automatic controllers, valve positioners 
and relays. 

Electronic Equipment.—Dawe Instruments, Ltd., 130, 
Uxbridge-road, Hanwell, London, W.7, have prepared a 
6-page illustrated brochure giving details of a wide 
range of electronic measuring equipment manufactured 
by their Instrument Division. This brochure covers 
resistors, capacitors, inductors, oscillators, electrical 
meters, thickness gauges, stroboscopes, balancing 
machines, sound and vibration meters, moisture meters, 
photographic accessories, etc. 





BOOKS RECEIVED. 


Véest Jahrbuch, 1950-51. Vereinigte Oesterreichische 
Eisen- und Stahlwerke Aktiengesellschaft, Linz a.d. 
Donau, Austria. 

Building Technicians’ Pocket Diary, 1952. Association 
of Building Technicians, 5, Ashley-place, London, 
8.W.1. [Price 5s. 3d., post free.] 

Foundations of Wireless. By M. G. ScroaGir. Fifth 
revised edition. lliffe and Sons, Limited, Dorset 
House, Stamford-street, London, S.E.1. [Price 12s. 6d. 
net.) 

Servicing Guide to British Motor Vehicles. Cars, Com- 
mercial Vehicles and Tractors. By J. N. MCHATTIE. 
Trader Publishing Company, Limited, Dorset House, 
Stamford-street, London, S.E.1. [Price 63s. net.] 

Department of Scientific and Industrial Research. Report 
of the Fuel Research Board, with the Report of the 
Director of Fuel Research for the Period 1st April, 1946, 
to 31st March, 1949. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 3s. net.] 

Road Research. Note No. 10. A Rapid Method of 
Analysis for Bituminous Road Materials. By Dr. 
A. R. LEE, C. M. Goueu, and E. H. GREEN. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
1s. net.] 

King’s Manual of Gas Manufacture. Section 5. By 
T. A. TOMLINSON. Walter King, Limited, 11, Bolt 
Court, Fleet-street, London, E.C.4. [Price 7s. 6d. net, 
postage 3d.) 

Fuel Economy Pays. A Guide to the Saving of Indus- 
trial Fuels. Federation of British Industries, 21, 
Tothill-street, London, S.W.1. [Price 2s.] 

Refrigeration Insulation. By G. YATE Pitts. Published 
for the Institute of Refrigeration by ‘“‘ Modern Refri- 
geration,”” Empire House, St. Martin’s-le-Grand, 
London, E.C.1. [Price 7s. 6d., post free.] 

Electromagnetic Waves. By SIR JOHN TOWNSEND. 
Hutchinson’s Scientific and Technical Publications, 
Stratford-place, London, W.1. [Price 6s.] 

Vibration and Shock Isolation. By CHARLES E. CREDE. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York, 16, U.S.A. [Price 6.50 dols.] ; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C,2. [Price 52s. net.] 

The Nature of Pol e Induction Machines. By 
Pure L. ALGER. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 7.50 dols.]; and Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 60s. 
net.] 

Soil Testing for Engineers. By T. W1tLL1AM LAMBE. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 5 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 40s. net.) 

Abridged Wiring Regulations. Based on Twelfth Edition, 
1950. The Institution of Electrical Engineers, Savoy- 
place, London, W.C.2. [Price 5s. in paper covers, or 
7s. 6d. cloth-bound, post free.] 

The Electrician Red Book. Electricity Undertakings of 
the World. 1951-1952. Edited by STANLEY G. RATTEE. 
Benn Brothers, Limited, Bouverie House, 154, Fleet- 
street, London, E.C.4. [Price 30s., post free.] 

Facts, Files and Action in Business and Public Affairs. 
By Dr. J. Epwin Hotmstrom. Part One. Sources 
and Backgrounds of Facts. Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W,C.2. [Price 36s. 
net.] 

Schnelistéhle und ihre Warmebechandlung. By Dr.-Inc. 
Witul Havre. Carl Hanser-Verlag, Leonhard-Eck- 
Strasse 7, Munich 27, Germany. [Price 29 D.M.] 
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50-B.H.P. DIESEL CRAWLER 
TRACTOR. 


Tus Smithfield Show, which opens in London 
on December 3, continues to gain in popularity and 
an increasing number of firms make it the occasion 
for introducing new products to the farmer. This 
year, several firms will be showing new tractors, 
among which will be the Challenger I Diesel crawler 
tractor, made by John Fowler and Company 
(Leeds), Limited, Hunslet, Leeds, 10. This machine 
has been in process of development for several 
years, and, it is understood, will be produced in 
limited quantities during 1952. It is fitted with 
the Marshall E.D.5 two-cylinder loop-scavenge two- 
stroke Diesel engine developing 50 brake horse- 
power and, although primarily intended for agri- 
cultural work, is equally suitable for industrial 
applications. Fig. 1 shows the machine hauling a 
five-furrow plough, a task well within its capabilities, 
and Fig. 2, equipped as a bulldozer. 

The power unit, which is manufactured by 
Marshall, Sons and Company, Limited, Gains- 
borough, is a twin-cylinder vertical engine having a 
bore and stroke of 5} in. and 6 in., respectively, and 
developing its maximum output of 50 brake horse- 
power at 1,250 r.p.m. It is illustrated in Fig. 3, 
on page 674. Performance and consumption curves 
are given in Figs. 4 and 5, on the same page, and 
transverse and longitudinal sections, respectively, 





in Figs. 9 and 10, on Plate XLV. A two-stroke 
design was chosen, as it gives an engine which is 
smaller, and cheaper to produce, than a four-stroke 
type of equivalent power and speed; moreover, 
maintenance costs of a two-stroke engine are con- 
siderably less. The engine is conservatively rated, 
the brake mean effective pressure being 61 lb. per 
square inch. The design of pistons and rings is 
such that it is capable of hard working for long 
periods with complete freedom from ring sticking. 
As will be seen from Figs. 6 and 7, the cylinder 
block is of the monobloc type; it is cast from 
high-duty iron and the crankshaft is supported 
from the integral crankcase by three main bear- 
ings. These are of the steel-backed copper-lead 
type, and similar bearings are employed for the 
big ends, the caps of which are each held in position 
by four bolts. The cylinder heads are cast separ- 
ately and each embodies a central pre-combustion 
chamber, a decompression valve and a fuel injector. 
C.A.V. fuel-injection equipment is fitted, the pump, 
which incorporates a variable-speed governor of the 
mechanical type, being driven through a chain from 
the engine crankshaft. 

The scavenging air is supplied by a Roots-type 
blower made by Sir George Godfrey and Partners, 
Limited, Hampton-road, Hanworth, Middlesex. The 
mean pressure of the air supply is approximately 
3-5 lb. per square inch, with an air-delivery ratio of 
1-25 times the swept cylinder volume. It is driven 
from the crankshaft through a duplex chain situated 
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at the front of the engine. A second duplex chain 
drives the fuel pump and the lubricating-oil 
pump; both chains are provided with jockey 
tensioning sprockets. The coolant is circulated by a 
centrifugal pump mounted on the fan spindle and 
arranged to deliver to the cylinder jacket at a 
position just below the exhaust ports. After 
passing round the cylinders, the coolant flows 
through four large-diameter transfer holes into each 
cylinder head and then by a manifold to the radiator 
header tank. Twin V belts are used to drive the 
fan and water pump, the belt tensions being main- 
tained by a jockey pulley. Lubrication of the main 
bearings, big ends, etc., is by a gear pump sub- 
merged in the oil sump. The main oil pressure 
is controlled by a relief valve, the by-pass from 
which is led to the timing case for lubrication of the 
ancillary chain drives, the oil subsequently draining 
back into the sump. Oil filtration is exceptionally 
thorough, there being a removable gauze filter at 
the suction side of the pump and metal-element and 
replaceable-cartridge type filters at the discharge side 
of the pump, the metal-element filter is self-cleaning. 

Starting is effected by an opposed-twin 5 h.p. 
Coventry-Victor petrol engine, arranged at the rear 
of the main unit above the clutch housing. In 
extremely cold temperatures, starting of the main 
engine is facilitated by running the starting unit 
for a short period and allowing the warm circu- 
lating water to pass round the cylinder jackets, 
etc., of the main engine. The starting engine is 
connected to the main unit by a small clutch and 
Bendix pinion, the decompression valves being 
opened at the commencement of starting operations. 
To render starting easier in conditions of extreme 
cold, the main engine is fitted with holders for the 
insertion of starting papers. 

The power from the engine is transmitted by a 
14-in. Borg and Beck single dry-plate clutch through 
a propeller shaft to the input bevel pinion of the 
gearbox; this, in turn, meshes with a bevel wheel 
on the first-motion shaft, located transversely on 
the main gearbox casing. This arrangement will be 
clear from Fig. 8, on Plate XLV, which shows a 
plan view of the main gearbox and final drive 
assembly. The first-motion shaft carries three 
pinions of progressively varying size, which can be 
brought into mesh with mating gearwheels on the 
second-motion shaft, thereby giving a choice of 
three different ratios. A locking device is provided 
on the gear-shift lever to prevent more than 
one gear being engaged at the same time. In 
the middle of the second-motion shaft, however, 
there is a double pinion for transferring the drive 
to the clutch shaft, either of which can be engaged 
at any one time, thereby giving a full range of six 
forward speeds. Two reverse speeds are obtained 
by means of the gear cluster-illustrated in Fig. 12 ; 
this is interposed between the first-motion and 
second-motion shafts and, when engaged, causes the 
second-motion shaft to rotate in the opposite direc- 
tion to that produced by normal engagement of the 
three pinions on the first-motion shaft. All the 
shafts are kept as short as possible and in every case 
they are carried in ball bearings. The complete 
assembly of gears, shafts, etc., is contained in an 
oil-tight casing. 

The drive from the change-speed section of the 
transmission to the right-hand and left-hand 
track-driving sprockets is identical, most of the 
parts being interchangeable. Each end of the clutch 
shaft is fitted with a clutch centre-piece having 
external serrations which engage with similar internal 
serrations formed in the bores of the metal clutch 
plates. Between these plates are externally-serrated 
fabric discs, engaging with internal serrations in 
the inner periphery of the combined driven member 
and brake drum, the driving and driven members 
of each clutch assembly being held in engage- 
ment by a spring-loaded clamping plate. To 
disengage the clamping plate and free the clutch, 
the springs are compressed by rotating a three-lobed 
face cam, each lobe of which makes contact with 
one of three rollers located in a fixed bracket. 
The driven member of the clutch assembly is splined 
to a separate shaft, arranged along the same axis 
as the clutch shaft and fitted with the final-driven 
pinion. The tractor is braked by externally- 
contracting flexible-steel bands lined with friction 
material, which operate on the outer peripheries 
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Of the clutch-driven members. All shafts final- 
drive assembly, as in the gearbox, are supported 
in ball bearings and the units are effectively 
sealed against the ingress of dirt, etc., by 
means of spring-loaded diaphragms which make 
contact with the sprocket hubs. The engine and 
transmission casings together form a robust chassis 
which is independent of the track unit and designed 
so that all parts are easily accessible. 

In general, the design of the track frames follows 
the manufacturers’ standard practice. The track- 
frame assembly is shown coupled to the transmission 
in Fig. 6, and separately in Fig. 7,0n page 675. 
The offside and nearside frames are separate struc- 
tures which are coupled together at the rear by a 
large cross-tube on which they swivel, and at the 
front by a double-cranked axle, the crank being 
forward of the axle at one side and behind the axle 
at the other side. This form of construction will 
be clear from Fig. 8, on page 675, which shows one 
end of the cranked axle in position on the frame. 
the crank in this case being behind the centre line 
of the axle. With this arrangement, oscillation of 
the. axle gives the track frames at the front end 
opposite motions in the vertical planes, the rear 
of each frame swivelling on the cross beam; the 
frames, therefore, are held in the correct alignment 
and are prevented from “‘heeling and toeing,” a 
common cause of track wear. The forward track 
idlers slide horizontally in guides on the frames, each 
idler being located between forks in the usual man- 
ner. Between each idler and cross-beam swivel 
bracket is a recoil spring, contained in a grease- 
packed tubular cover, the purpose of which is to 
absorb shocks imposed on the idler and permit the 
idler to recoil slightly should any obstruction be 
caught between the track and the driving sprocket 
or the track and idler, Four rollers are provided 
for each track; these are of the centre-thrust 
bushed type and are fitted with efficient oil and 
water séals. The oscillations of the cranked axle 
are damped by two leaf springs, one at each side of 
the transmission unit, which also control the move- 
ment of the crank throws ; one of these springs can 
be seen in Fig. 8. 

The tracks are of the pin-and-bush type with the 
links, pins and bushes suitably heat-treated to 
resist wear. To facilitate servicing there are two 
master track bars at each side. The track plates 
are of rolled section and can be fitted with sheet 
plates, designed to be rapidly put in place and 
removed. The tractor is easy to drive, the con- 
trols consisting of a gear lever with a further 
lever to select high or low range, two steering 
levers, a clutch pedal and a brake pedal, which 
is connected to the brakes through a compensat- 
ing linkage and arranged so that it can be locked 
in the applied position for packing purposes. 
When a slower turn is required, the clutch at the 
appropriate side of the tractor is released by pulling 
the steering lever through half of its total movement, 
the brake not being applied until the lever is pulled 
hard back, at which position the trace will be 
locked. 

There are four power take-off points for operating 
auxiliary equipment. Yor operating hydraulic 
pumps used in connection with bulldozers or 
mounted agricultural implements, a drive is taken 
from the forward end of the crankshaft through a 
resilient coupling or from a chain sprocket fitted to 
the crankshaft fan pulley, both drives operating, of 
course, at engine speed. A'belt-pulley power take- 
off is fitted to the first-motion shaft of the trans- 
mission assembly at the near side of the tractor 
and operated at a speed of 686 r.p.m. with the engine 
at maximum governed speed ; the full engine power 
can be transmitted. The rear power take-off, which 
also can transmit the full power of the engipe, has a 
neutral position and high and low ratios, giving 
speeds of 1,250 r.p.m. and 535 r.p.m., respectively. 
A belt-pulley drive is available for coupling into the 
rear power take-off, the operating speed being 1,062 
r.p.m. and the pulley diameter 12 in., the required 
direction of rotation being obtained by mounting the 
drive so that the pulley is either to the right or the 
left of the power take-off shaft. The two forward 
power take-off drives run continuously, but the 
side and rear power take-off drives can be dis- 
connected by releasing the engine clutch. 

The weight of the complete tractor in full working 


TWO-STROKE ENGINE FOR FOWLER TRACTOR. 


MARSHALL, SONS AND COMPANY, LIMITED, GAINSBOROUGH. 
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order is 10,900 Ib., the overall length 10 ft. 4} in., 
the overall width 6 ft., and the height, excluding the 
exhaust pipe and air cleaner, 5 ft. 9}in. The gauge 
of the tracks, measured from centre to centre, is 
4 ft. 8 in., and the width of the track plates 16 in., 
which, with a length of ground contact of 5 ft. 0} in., 
gives an area of contact of 1,930 sq. in. and the low 
ground pressure of 5-65 Ib. per square inch. The 





speeds in the various forward ratios are 1-68 miles 
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an hour in first ratio ; 2-25 miles an hour in second ; 
3-11 miles an hour in third ; 3-86 miles an hour in 
fourth; 5-2 miles an hour in fifth; and 7-2 miles 
an hour in top ratio. For the two reverse ratios, 
the speeds are 1-27 miles an hour and 2-96 wiles 
an hour, respectively. The drawbar pulls, accord- 
ing to the gear in use, are 10,000 Ib. in first gear ; 
6,880 Ib. in second ; 4,500 Ib. in third ; 3,400 lb. in 
fourth ; 2,160 Ib. in fifth, and 1,150 Ib. in top gear. 
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= “CHALLENGER” 50-HORSE-POWER DIESEL CRAWLER TRACTOR. 


JOHN FOWLER AND COMPANY (LEEDS) LIMITED, LEEDS. 
(For Description, see Page 673.) 


SECTIONAL ARRANGEMENT OF TWIN VERTICAL OIL ENGINE. 


Fig. 10. 
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Fig. 11. 
ARRANGEMENT OF TRANSMISSION. 
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“ CHALLENGER” 


50-H.P. DIESEL CRAWLER TRACTOR. 


JOHN FOWLER AND COMPANY (LEEDS), LIMITED, LEEDS. 


(For Description, see Opposite Page.) 

















Fie. 6. TRANSMISSION AND TRACK-FRAME ASSEMBLY. 

















Fie. 7. Sipe Frames anp TRACK IDLERS. 


LITERATURE. 


Chemical Thermodynamics. 
By FREDERICK D. ROssINI. 
Incorporated, 440, Fourth-avenue, 
U.S.A. [Price 6 dols.]; and Chapman and Hall, 
~~ 37, Essex-street, London, W.C.2. [Price 48s. 
net.) 

Snycz every chemical reaction may be regarded as 

& particular example of the conversion of energy, 

the chemist has a vastly greater field for the appli- 

cation of thermodynamic principles than the man 

Whose interest in the subject is confined to the 

behaviour of heat engines. The work of both is 

governed by the two fundamental laws of the con- 
servation of energy and the increase of entropy, 
but, beyond this, their outlooks differ as widely as 
their respective aims. Chemical thermodynamics 

| therefore come to have a literature of its own 

Which is well exemplified in the present volume. 


John Wiley and Sons, 
New York 16, 





The author, who is professor of chemistry at the 
Carnegie Institute of Technology, has assumed his 
readers to be equipped with a good knowledge of 
mathematics and physical chemistry, and it might 
be said, without casting any reflections on the 
lucidity of his text, that some understanding of 
ordinary thermodynamics and of atomic physics 
would be a further advantage to the student. The 
author’s aim is to give a comprehensive review of 
modern chemical thermodynamics presented as a 
logical sequence of ideas without regard to the 
chronological order in which they arose. Thus, the 
Einstein equivalence of mass and energy, and the 
consequent changes in mass in chemical and nuclear 
reactions, follow immediately after a brief explana- 
tion of the First Law, and before such relatively 
simple matters as specific heats and the behaviour 
of perfect gases are considered. Entropy is intro- 
duced as a property associated with the capacity 
of a system for spontaneous change, rather than as 
a mere mathematical expression, and its conserva- 











Fie. 8. CRANKED AXLE. 


tion during reversible changes is then stated as the 
Second Law of Thermodynamics. 

Except for the omission of the theory of jets, 
which, however, does not concern the chemist, all 
or more than the average engineer needs to know 
about thermodynamics is covered in about one- 
third of the book. Then, after a discussion of the 
heat capacity of substances according to the 
theories of Einstein and Debye, and of free energy 
and heats of reaction, the longest chapter in the 
volume is devoted to the calculation of the various 
thermodynamical functions by the methods of 
statistical mechanics, the distribution of molecules 
among their possible states of energy being assumed 
to correspond with the Boltzmann law. A con- 
sideration of the contributions to the entropy of a 
substance made, respectively, by the translational, 
rotational and vibrational degrees of freedom, the 
electronic states and the nuclear spins of the mole- 
cules, leads naturally to a chapter on the so-called 
Third Law of Thermodynamics. This states that, 
at the absolute zero of temperature, the entropy will 
fall to zero provided that the molecules then only 
have one quantum state of existence available to 
them. The carbon molecules in both diamond and 
graphite fulfil this condition, although their energies 
at zero temperature are different. Substances that 
retain some entropy at zero temperature may do so 
because of nuclear spin, being mixtures of different 
molecules or isotopes, having a randomness in the 
structure of their crystals, existing in a glassy or 
non-crystalline form, etc. The effect of each of 
these conditions is considered in detail, 

The book is particularly interesting to engineers 
as showing how the outlook of a chemist may differ 
from their own on many matters. An engineer, for 
example, is not used to regarding the temperature 
of a substance as a measure of the escaping tendency 
of the heat it contains. Nor does it probably occur 
to him that a state of thermodynamic equilibrium 
between two phases of the same substance, such as 
steam and water, can only exist when the escaping 
tendency of the molecules of one phase is balanced 
by an equal tendency in the other phase ; otherwise, 
one of the phases must disappear. He may well 
know that, under equilibrium conditions, the molal 
free energy of the water must be equal to that of the 
steam, without deducing from this fact that the free 
energy of a phase may also be looked upon as an 
escaping tendency of the molecules. This concep- 
tion serves well enough for liquid and solid phases, 
but for gases the free energy is an inconvenient 
measure of the escaping tendency, because the free 
energy of a perfect gas approaches minus infinity 
as the pressure approaches zero. Hence, the chemist 
has been led to devise a property called “ fugacity ”’ 
which, if substituted for the pressure in the equation 
for the free energy of a perfect gas at constant 
temperature (dF = VdP), enables the simplicity of 
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this relationship to be retained in calculations on 
actual gases. The value of the fugacity of any gas 
is determined from its equation of state. A further 
artificial property called the “ activity,” which is 
related to the fugacity, and therefore to the free 
energy, permits calculations on actual solutions to 
be performed with corresponding ease. 

In a chapter on thermodynamic calculations, 
among a number of diagrams showing the equili- 
brium conditions of the reactions for the synthetic 
production of such substances as toluene, rubber, 
alcohols, hydrocarbon fuels, etc., there is one con- 
cerning the possibility of converting graphite into 
diamond. Thermodynamic considerations show that 
the transformation would be favoured by low 
temperatures and high pressures, the pressure 
required at ordinary room temperature being about 
15,000 atmospheres. It still remains, however, to 
find a catalyst that will make the reaction proceed 
at a reasonable rate. Some useful appendices 
giving the values of the constants of special interest 
to the theoretical chemist, conversion factors, etc., 
terminate a book of exceptional value to students of 
the thermod i basis of chemistry. It is 
particularly well written, and appears to cover the 
whole range of the subject, especially in view of the 
very full references to detailed publications on 
particular matters which are to be found at the 
end of every chapter. The volume undoubtedly 
deserves a place in every chemical library. 





Investment in Empire. 

By DANIEL THORNER. University of Pennsylvania 

Press, Philadelphia, U.S.A. [Price 3.75 dols.]; and 

Geoffrey Cumberlege, Oxford University Press, 

Amen House, Warwick-square, London, E.C.4. [Price 

308. net.) 

Tue subtitle to this book, “‘ British Railway and 
Steam Shipping Enterprise in India, 1825-1849,” 
indicates that it is more than a philosophical 
dissertation on the abstract theme suggested by the 
main title. It is, in fact, as the preface makes 
clear, a study of the process by which the steamship 
lines to India, and the railway systems in India, 
were established ; a process which, it is pointed 
out, resulted in a movement of capital from England 
to India that “‘ formed the largest single unit of inter- 
national investment in the Nineteenth Century,” 
and “‘ gave rise to the Indian business class which 
provided the core of modern Indian nationalism.” 
The survey, being essentially one of economic facts 
and influences, is not directly concerned with 
technical considerations, though the developments 
which stimulated the economic changes were 
entirely technical and scientific ; but the book may 
be commended to the engineering reader as an 
excellent example of the enormous influence that 
engineers have had, and have still, on the course of 
human affairs. 

Dr. Thorner, who has been since 1948 a research 
assistant professor of economic history in the 
University of Pennsylvania, has had a varied 
experience. His initial researches were carried out 
between 1938 and 1940, with the aid of postgraduate 
fellowships, in the archives of the United States and 
England. In the early part of the war, he was an 
officer in a merchant ship ; then, from 1944 to 1946, 
in India, with the United States Foreign Economic 
Administration, in which he was directly concerned 
with railway matters. The actual text of the book 
is remarkably concise—almost to a fault, for some 
parts might have been somewhat elaborated for 
the benefit of readers who have not ready access to 
the numerous origina! sources which are cited. To 
some extent, however, this brevity is amended by 
the notes appended to the individual chapters. 
These notes are supplemented by a well-arranged 
bibliography and an adequate index. As might be 
expected, a large proportion of the bibliographical 
references are to works studied by the author in 
American libraries ; but most of them are available 
also in London. Considerable use has been made 
of the remarkable collection of records in the former 
India Office in London, and previously in that of 
the Honourable East India Company. The author 
has adhered fairly strictly to the period indicated 
in the subtitle, which is perhaps the reason why no 
mention appears to be made of Dr. C. N. Parkinson’s 
Trade in the Eastern Seas, published by the 





Cambridge University Press in 1937, which dealt 
with the period from 1793 to 1813; but those who 
wish to know more of the background to the intro- 
duction of steam in Indian transportation may be 
interested to add this reference to Dr. Thorner’s 
selected list. 


Elements of Ore Dressing. 

By Proressor ARTHUR F, TaGeart. John Wiley 

and Sons, Incorporated, 440, Fourth-avenue, New 

York 16, U.S.A. [Price 10 dols.]; and Chapman 

and Hall, Limited, 37, Essex-street, London, W.C.2. 

[Price 80s. net.} 

“Taacart”’ and the classic Handbook of Mineral 
Dressing are synonymous terms in the minds of 
most people who are interested in the subject of ore 
dressing, and no better compliment than this could 
be paid to the world-famous Professor of Mineral 
Engineering in the School of Mines, Columbia 
University. In his new treatise, the emphasis is on 
the basic principles of mineral-dressing machines 
and processes rather than on structural and operat- 
ing details. It is essentially a text-book for the 
student who wishes to understand the fundamental 
aspects of the subject. All important treatments to 
which crude ores are subjected in order to separate 
and discard the worthless fractions are reduced to 
their simplest forms, clearly explained and thought- 
fully analysed, and the large number of review 
questions at the end of each chapter should ensure 
that the reader has absorbed and properly digested 
the textual material. 

The author’s foreword to students contains 35 
‘**elements,” summarising his wide experience and 
factual knowledge Of ore-dressing processes. He 
then devotes more than 500 pages of informative 
text, adequately illustrated with line diagrams, to 
the numerous separating and concentrating pro- 
cesses in general use at the present time. Hand 
picking, screening and filtration are followed by 
explanations of magnetic and electric concentration. 
After a general introduction to sedimentation and 
gravity separation, he deals with heavy-media 
separators, jigs, trough concentrators and shaking 
tables. Six of the 24 chapters are occupied with 
explanations of the ramifications of froth flotation 
and the final chapters cover the subjects of crushing, 
grinding, transport and controls, and mill flow- 
sheets. The author’s style is unusually refreshing 
for a text-book and the whole work is clearly pre- 
sented and printed. 

There is an excellent 50-page appendix on labora- 
tory instruction and experimental work, which is 
obviously designed to encourage observation and 
deductive reasoning. As the author states in his 
preface: “The function of a mill is to integrate a 
number of individual operations into a unit treat- 
ment for making one or more valuable products. 
The purpose of laboratory study is to gain under- 
standing of the individual operations, invariably in 
themselves complex.” It can be imagined, in read- 
ing the book, that Professor Taggart himself treated 
each chapter like a laboratory experiment, and 
many students, in the mill as well as in the class 
room, should derive great benefits from his method 
of treatment. 





RECOVERY OF GOLD FROM DisusED MINE Dumps.—In 
the early days of gold mining in South Africa, the methods 
of extracting the gold were somewhat crude; as a 
consequence, the gold content of the old dumps is 
comparatively high and is worth recovering now that 
improved extraction processes are available. The Victory 
Gold Recovery Company, who began such operations a 
few years ago, are at present engaged on reworking the 
dumps at the site of the old Robinson shaft on the 
Witwatersand. At first, they used large gangs of native 
labourers to break down the dumps manually as a 
preliminary to the process of extraction. This method 
proved extremely costly and tended to be unsatisfactory 
as large lumps of hard sand were left which were not 
suitable for the ensuing processing. This trouble has 
been overcome, however, by employing four Gem rotary 
hoes for breaking down the dumps, the machines having 
proved so efficient for this purpose that it has been 
estimated that each does the work of 44 native labourers. 
Standard 6 horse-power series III Gem Rotovators, as 
manufactured by Rotary Hoes, Limited, East Horndon, 
Essex, are being used, the only modification found 
necessary being the fitting of a special bladed rotor with 
a working width of 20 in. 








PRESTRESSED-CONCRETE 
STATICALLY-INDETER- 
MINATE STRUCTURES. 


A SYMPOSIUM on prestressed-concrete statically. 
indeterminate structures, organised by the Cement 
and Concrete Association in conjunction with the 
Prestressed Concrete Development Group, was 
held at the Institution of Civil Engineers, London, 
on September 24 and 25. The programme was 
opened by Mr. A. Kirkwood Dodds, M.C., F.R.1.B.A. 
M.1.Struct.E., chairman of the Group. The seven 
papers covered the whole field of the problem, 
namely, theoretical considerations, experiment, 
design and practical construction. The titles and 
authors of the papers were as follows: ‘‘Con- 
tinuity of Prestressed Concrete Structures: the 
Practical Aspect,” by A. J. Harris, B.Sc. (Eng.), 
A.M.LC.E.; “The Analysis of Statically Inde- 
terminate Structures Subjected to Prestress,” by 
D. W. Cracknell, A.M.I.C.E., A.M.LStruct.E , and 
W. A. Knight, B.Sc.; ‘“‘ Some Experimental Work 
on Interconnected Prestressed Beams,” by P. B. 
Morice, B.Sc.; ‘Continuity in Prestressed Con- 
crete,” by Professor G. Magnel, A.8.C.1., M.A.C.L, 
M.LC.E.; “ Determination of Continuity Bending 
Moments in Prestressed Continuous Beams,” by 
E. G. Trimble, B.Sc. (Eng.), A.M.LC.E.,, 
A.M.[Struct.E.; ‘Continuity Using Post-Ten- 
sioned High-Tensile Alloy-Steel Bars,” by G. 0. 
Kee, B.Sc. (Eng.), A.M.LC.E., and 8. Jampel, 
M.8e., A.M.LC.E.; and “ A Theoretical Treatment 
of Continuity in Prestressed Concrete,” by Y. Guyon. 
The following report opens with a general introduc- 
tion to the subject and is then a digest of the 
papers by topics rather than as presented by the 
several authors. 


PRINCIPLES OF PRESTRESSED CONCRETE. 

Consider first a rectangular beam, simply sup- 
ported and loaded from above, so that the under- 
side is in tension and the top-side in compression. 
Now suppose that a cable is threaded through 
the unloaded beam and tensioned, as shown in Fig. 1, 
opposite; this action will induce a compressive 
stress in the beam. If the cable is placed through the 
centre of gravity of the section, the compressive 
stress caused by the cable will be uniformly distri- 
buted over the section; if, however, the cable is 
dropped towards the lower face of the beam the 
action of the force in the cable will be similar to that 
of the action of an eccentric load on a column, and 
so long as the cable lies within the middle third no 
tensile stress will be raised in the beam. Since, how- 
ever, the weight of the beam will cause bending 
stresses in the beam, it is possible to lay the cable 
just outside the middle third and still not raise any 
tensile stresses in the beam. The stress distribution 
due to the cable force will be of the form shown in 
Fig. 2. The application of the working load will 
cause bending stresses of the form shown in Fig. 3, 
and when added to those already existing in the 
beam by virtue of the prestress, the stress distribu- 
tion shown in Fig. 4 will result. 

These remarks apply to central portions of the 
beam, where under normal types of loading, such as 
concentrated point loads and uniformly-distributed 
loads, the bending moments are greatest; but in 
a simply-supported beam the bending moment, and 
hence the bending stresses, fall off to zero at the 
ends of the beam and it is not then necessary to 
provide the high prestresses that are required at 
the mid-sections. It is therefore usual to reduce 
the eccentricity of the cable toward the ends of the 
beam (see Fig. 5, opposite) so that a condition of 
uniform compressive stress is produced at these end 
sections. This raising of the cable line has a similar 
advantage to that of the turned-up bars in ordinary 
reinforced concrete by providing a resistance to the 
higher shear stresses which exist at the ends of 4 
simply-supported beam. 

The great advantage of construction by pre- 
stressed concrete, in comparison with normal 
reinforced concrete, is the considerable reduction in 
beam section that is achieved. The saving in con- 
crete and steel may easily be 50 and 75 per cent., 
respectively. Furthermore, there are the resulting 
advantages of increased headroom and more slender 





lines that are then possible in certain types of 
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PRESTRESSED-CONCRETE STATICALLY-INDETERMINATE STRUCTURES. 


Fig. 1. 
SIMPLY - SUPPORTED RECTANGULAR BEAM 
WITH STRAIGHT CABLE. 
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structures, such as bridges. Partly offsetting the 
saving in cost of materials, there are the increased 
cost of the higher quality steel (since prestressing 
becomes most economical when the initial prestress 
is of the order of 120,000 Ib. per square inch) and 
the added cost of the provisions that must be made 
to obtain the prestress. Two practical methods of 
prestressing exist. Either a specially-strengthened 
framework or other external anchorage has to be 
provided so that the concrete can be placed about 
an already tautened cable; the prestress is then 
maintained during the beam’s working life by the 
action of the bonding of the concrete to the steel. 
Alternatively, the cable can be kept free from the 
concrete, either by suitable sheathing or, with 
particular forms of beam such as hollow boxes, 
I and T beams, by keeping the cable outside the 
concrete altogether. ‘The cable is then tautened 
after the concrete has hardened and strengthened, 
by using the beam itself as the abutment for jacking 
the prestressing load into the cable. The cable is 
then wedged by grips that are often finally buried in 
‘situ soncrete. This process is occasionally 
referred to as post-tensioning. 

One of the difficulties encountered is due to the 
creep and shrinkage of the concrete that tend to 
Telease the load in the cable, thus reducing the 
working load that can be applied to the beam without 
introducing serious tensile stresses on the underside 
face. The combined effect of shrinkage and creep 
is such that the prestress may, in the course of time, 
fall to about 85 per cent. of the initia! figure, but 
since sufficient information is available for this loss 
to be accurately assessed, prestressed concrete 
beams can be designed that have economic advan- 
tages over ordinary reinforced concrete. 

Another problem is that of obtaining the curved 
form of the cable shown in Fig. 6, on this page. If 
the beam is being manufactured by first tautening 
the cable and then casting the concrete in situ, 
suitable means have to be found for holding the 
loaded cable in the required shape. Alternatively, 
if the beam is being post-tensioned, part of the 
load goes In overcoming friction either at the pegs, if 
the cables are outside the concrete, or against the 
Side of the sheaths. The loss of load due to friction 
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cannot be assessed accurately, and consequently 
the resultant prestress is not known accurately 
either. This difficulty can be overcome in the case 
of post-stressed beams by dividing the cables into 
pairs, as in Fig. 7, so that each cable changes 
direction only once along its length. If the cables 
are external to the concrete they pass round only 
one peg, and by jacking from both ends simul- 
taneously the loss due to friction can be avoided 
entirely. If the cables are sheathed within the body 
of the concrete, the total change of direction in the 
cable has stili been considerably reduced and friction 
losses minimised. 

This problem of shaping the cable and of tau- 
tening a curved cable can be side-stepped in certain 
circumstances by keeping the cable straight and by 
haunching the beam, as in Fig. 8. A little con- 
sideration will show that this has the same effect of 
inducing a uniform compressive stress as turning up 
the cable, since the effective eccentricity of the cable 
is reduced from a maximum at the mid-section to 
zero at the ends. This practice is limited when the 
number of cables required, and hence the number of 
anchorages, is so large that there is insufficient space 
at the ends of the beam to place all the anchorages 
across the width of the beam section. This method 
of bending the neutral axis is not possible if head- 
room is restricted so that haunches cannot be 
allowed. One more limitation must be mentioned 
here: the cables cannot be accurately tautened 
to a given degree of prestress in situ or under normal 
factory conditions if they are too short. In general, 
the longer the cable tne greater the accuracy with 
which the prestress may be applied. Furthermore, 
assuming the length of cable to be independent of 
all other factors, the number (and, therefore, the 
cost) of providing anchorages is reduced by the use 
of longer cables. 

Another advantage of prestressed cables should 
be mentioned. After the cable—which usually 
consists of a large number of independent wires— 
has been initially loaded it is never likely to be so 
heavily strained again, for the following reason. 
Immediately after prestressing, the cable stress 
falls due to creep and shrinkage in the concrete, but 
the increase in strain, due to the application of the 
working load, is only 4 or 5 per cent. of the initial 
prestress, the cable load being nearly independent 
of the working load. Hence, if the cable does not 
fail under the action of prestressing, every confidence 
may be expressed that the cable will not fail under 
working conditions. 

NEED For PrestREssInc CoNTINUOUS 
Concrete STRUCTURES. 

Professor Magnel went to the heart of the problem 
in the opening paragraphs of his paper. He pointed 
out that all of the pioneers in the field of prestressing 


started by making exclusive use of simply- 
supported beams. This was a natural approach, as 
it was to become thoroughly acquainted 
with the problems of the new technique by applying 
them to the more simple cases first. Furthermore, 
it was unlikely that authorities would agree to the 
erection of buildings designed on principles that 
were untried ; but the need to construct statically- 
indeterminate structures in prestressed concrete was 
recognised from the beginning. Indeed, it is 
impossible to avoid the problem in many instances ; 
for example, in the construction of multi-storey 
buildings, or even one-storey buildings in areas 
subject to earthquakes, and in the construction of 
bridges of two or more spans. 

The advantages of continuity are well known. 
In general, more satisfactory structures result, 
unless there is any doubt of the foundations, so that 
differential settlement may occur. Where such 
doubtful foundations exist and are recognised in the 
design stage, continuity may provide the solution of 
the difficulties for certain types of building. Con- 
tinuity in beams usually results in both a reduction 
in the depth of construction and the omission of 
artificial joints, and, taken together, a more slender 
and finer line of construction will result. The use 
of continuous beams reduces the number of anchor- 
ages that have to be provided, and therefore makes 
feasible the construction of short prestressed- 
conerete beams that would not be as economical as 
simply-supported beams. 

The disadvantages of continuity are both theoreti- 
cal and practical. They include the tendency of 
continuous prestressed-concrete beams to develop 
secondary moments, which may be either advan- 
tageous or disadvantageous; these moments are 
often tedious to calculate. Alternatively, in order 
to avoid the causes of such secondary moments, 
special bar or cable arrangements have to be 
designed, a procedure that may be as tedious as 
the calculation of the secondary bending moments 
that are being avoided. Such arrangements may 
introduce practical difficulties in placing and 
controlling the cable during prestressing. Calcu- 
lation and experiment show that a small mis-place- 
ment of the cable may easily produce secondary 
moments far larger than can be accommodated 
by the structure. 

PROBLEM OF CONTINUITY IN PRESTRESSED 
STRUCTURES. 

The theoretical difficulties of continous prestressed 
structures result from the fact that the prestress 
cannot be induced in any member of the structure 
without causing strains. Now, if the structure is 
statically determinate, i.e., if there is only just a 
sufficiency of members and all the connections are 





pin-jointed, then each member may be internally 
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prestressed without modifying the external reactions 
in any way and without communicating any load 
to any other member of the structure. The mem- 
bers of such a statically-determinate structure will 
simply dispose themselves to taxe up the slight 
alteration in the length of the member that is 
prestressed. With an indeterminate structure, 
however, the problem is far more complex, since 
the act of prestressing one member will cause 
secondary moments and forces to be induced in 
adjacent members. Furthermore, the external 
reactions may be modified by the deformations 
of members that are occasioned by prestressing, 
and this modifying of the reactions will, in turn, 
change the loads in the members of the structure. 
In consequence, the effect of prestressing may be 
twofold: the immediate effect within the member 
concerned and a secondary effect due to the change 
of external reaction brought about by the pre- 
stressing. 

The method of design is not at first straight- 
forward, although no new principles are involved. 
The methods available for calculating the fixed- 
end moments and the “ carry-over” moments over 
supports are well known, and use of a fawiliar 
method is the sole criterion of choice of method for 
design calculations. More important than new 
methods is the need to be aware of factors that are 
normally neglected when dealing with steel or 
ordinary reinforced-concrete structures. For 
example, the shortening of members of a framework 
is normally neglected in structural design without 
serious damage, but in prestressed concrete the 
shortening of members due to prestress, shrinkage 
and creep must be taken into consideration. For- 
tunately, the principle of superposition holds good 
for prestressed concrete ; if this were not so, the 
problem would be difficult and even intractable. 

The assumptions made in respect of elasticity of 
concrete, of the effects of creep and shrinkage on 
the prestressing force, are such that great finesse in 
calculation is not justified. The varying properties 
of concrete do not warrant a too refined calculation, 
and the facility of concrete in adapting itself to the 
conditions of local over-stress, together with the 
high factors of safety allowed with concrete, do 
not make slight under-estimation of secondary 
moments of great importance. To quote Professor 
Magnel again: ‘Consequently, do not let us 
make long calculations in order to increase the 
accuracy ; let us rather concentrate on a good general 
conception of the structure to be made, and see that 
the prestressing is done in the best possible manner.” 


PracticaL TREATMENT OF THE PROBLEM. 


Four methods of treatment can be considered 
when dealing with the problem of continuity in 
prestressed-concrete structures. The form of the 
structure will often determine which of the methods 
of treatment is to be used. The four methods are 
as follows. 

(1) Avoiding the problem by prestressing the 
structure in a statically-determinate condition, 
or by the use of individually prestressed members, 
and finally rendering the whole into a single con- 
tinuous structure without affecting the prestress. 
This usually involves the thickening of hinges or 
joints that have been left free; the hinges are 
packed with in situ concrete that is often strength- 
ened by ordinary rod reinforcement or by prestressed 
cap-cables. Such treatment has proved successful 
in the construction of multi-framed buildings. 

(2) Stressing the structure and adjusting the re- 
dundant reactions to either their initial values or 
to some other value found to be more advantageous. 
This method is of particular value when dealing with 
indeterminate arch structures or with continuous 
beam structures. 

(3) Stressing the structure in such a way as not 
to affect the redundant reactions. This is most 
usually done—for example, in continuous-beam 
structures—by the use of an undulating cable. 
The difficulties of a curved cable and possible losses 
of prestress due to friction during straining have 
already been mentioned for simply-supported 
prestressed beams, and the difficulties are multiplied 
In the case of continuous beams. 

(4) Stressing the structure in the most convenient 
manner and calculating the total effect of the pre- 


such forms as continuous beams, portal frames and 
arches that are themselves attuned to structural 
analysis. 

In designing continuous prestressed structures 
two practical difficulties have to be borne clearly 
in mind from the initial stages. The cables have 
to be kept in the required position during the act 
of prestressing; or for post-stressing, if the cable 
is too curved, either the frictional forces will be 
too large for accurate tautening of the cable, or 
large transverse forces may be realised that will 
develop troublesome secondary moments. Secondly, 
at least one end, and preferably both ends, of the 
cable must be accessible in order that it may be 
tensioned and finally enclosed in cases where other 
than bond-anchorage is used. 


MaTHEMATICAL ANALYSIS OF THE PROBLEM. 

Four of the papers discussed the problem wholly 
or partly in terms of mathematical analysis. The 
paper by Mr. Guyon, of the Société Technique pour 
l’Utilisation de la Précontrainte, was the most 
purely mathematical and set out in general terms 
the problem of determining the most suitable line 


Fig. 10. 


were arranged so that < dx = 0, as shown in Fig. 10. 


The authors gave a useful set of curves to assist 
calculation of the cable position to obtain this 
condition in a beam with straight haunches. The 
paper also gave a number of formulm, including 
some for estimating secondary moments due to 
prestressing in the case of portal frames with 
tapering columns.’ 

The paper by Messrs. D. W. Cracknell and W. A. 
Knight, dealt with the fundamental aspects of the 
behaviour of statically-indeterminate structures and 
the application of some suitable methods of analysis, 
In an analysis of the simple portal frame the paper 
referred to the relative significance of the pre- 
stressing forces and the applied loads. The argu- 
ment showed that the presence of a uniform pre- 
stress, designed to offset the stresses due to an 
applied load at the centre of the beam, is such as 
to reduce the horizontal thrust at the foot of the 
columns due to the axial shortening of the beam 


(Fig. 11). The thrust is reduced to H (1 -4). 





where H is the thrust in the absence of prestress, 
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for the cable so that no additional reactions at the 
supports are caused by the act of prestressing. The 
additional effects of the superposition of external 
loading were then considered and the ideal require- 
ments for the cable arrangements were determined 
for given instances. The paper concluded with a 
general statement of the technique of adjusting 
the reactions on a structure by means of jacks at 
critica] points of support. 

Mr. Trimble, in his paper, analysed the problem 
of continuity moments in a set of prestressed- 
concrete beams. In particular, he discussed the 
moments induced in a set of such beams during the 
act of prestressing an undulating cable, due to the 
forces that such a curved cable will set up in the 
vertical plane, as shown in Fig. 9, page 677; these 
moments will act, of course, over and above those 
moments due to the eccentric force in the cable. The 
problem was tackled for individual beams that were 
considered to be fixed ended, and the author showed 
how the resultant end moments may be divided 
into two parts: one part due to the eccentricity 
of the prestressing force and the other due to the 
curvature of the cable. The first part is the same 
in magnitude, although of opposite sense, for the 
two sections of a continuous beam meeting 
over a support, and there is therefore no need to 
include this moment in the balance sheet when 
estimating the “carry-over” moments. This 
moment must, however, be included in the final 
summation of moments at the support in question. 
The paper included two tables designed to assist in 
the calculation of the fixed end moments of prisma- 
tic beams with either straight or parabolic haunches. 
The theoretical problem of continuous beams was 
also briefly dwelt upon in the paper by Messrs. Kee 
and Jampel. who pointed out that there would be 
no secondary moments due to the act of prestressing 





stressing forces. This treatment is restricted to 





if the position of the cable and shape of the beam 








vetiatee? 
Cable 


Support 


d the depth of the beam and h the height of the 
portal. It was then shown that shrinkage will 
account for a shortening of the beam of about 
1} times that due to prestressing; the conclusion, 
therefore, was that the combined effect of prestress 
and shrinkage must be allowed for in a prestressed 
portal frame. Though the reduction of the thrust 
at the foot of the column lessens the bending 
moment in the columns, there is, of course, a simul- 
taneous increase in the bending moment in the 
beam for which allowance must be made. The 
discussion of the effects of shortening of members 
was carried a stage farther in relation to multi- 
storey buildings; the effect varies with the pro- 
portions of the building, but for a typical frame 
the modification of moments in the column may be a 
reduction of about 15 per cent. and, in the beams, 
an increase of 5 per cent. 

Three methods of analysis were discussed in this 
paper in considerable detail with the aid of examples, 
namely, the “ method of cut,” the column analogy 
and the theory of a beam on an elastic foundation. 
The explanation of the last-named method was 
greatly amplified by the inclusion of an extensive 
appendix of data for many standard basic cases 
from which any particular case in practice may be 
synthesised. By the “ method of cut,” the authors 
determined the moment required at a support to 
re-establish continuity in a system of beams that 
has been “cut” at the support in the individual 
members. The relative slope of the ends of succes- 
sive members at a point of cut, due to the internal 
bending moment, is determined and the continuity 
moment required to produce an equal but opposite 
slope is calculated. Use is made of two propositions 
that are extensions of Mohr’s theorems : firstly, the 
slope at any point in a beam relative to the line 
joining its supports is numerically equal to the 
shear force at that point in the conjugate beam 


loaded with the a diagram ; and, secondly, the 


deflection at any point in a beam relative to the 
line joining its supports is numerically equal to the 
bending moment at that point in the conjugate 


beam loaded with the = diagram. 


The column analogy, developed by Professor 
Hardy Cross, is based upon the similarity between 
the expressions giving the end-fixing moments for 
an encasiré beam and those giving the stresses 0 
the extreme fibres of a short column that is eccen- 
trically loaded. The authors developed the analogy 
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so that it might be applied directly to portal frames. 
The theory of beams on elastic foundations, which 
is based on the conception of a reactive pressure that 
is everywhere proportional to the deflection in the 
beam, was discussed at length, and by example it 
was showD how the results of the theory may be 
applied to cases other than that suggested by its 
title. For example, walls of cylindrical tanks 
containing liquids may be considered as vertical 
beams supported by elastic horizontal circular 
rings; the radial expansion of the ring corresponds 
to the depression caused in the elastic medium 
supporting the beam in the basic theory. 

Unfortunately, parts of the mathematics of most 
of the papers car only be followed with difficulty, 
due to the brevity of the presentation and the 
paucity of initial explanations of what the authors 
were attempting to determine. 

(To be continued.) i 





DE JOUFFROY D’ABBANS: 
PIONEER OF STEAM 
NAVIGATION. 


Wao first applied steam to ship propulsion is a 
question which is never likely to be settled, because 
there is no certain evidence that some of the earliest 
designs were ever built. William Symington, 
Robert Fulton and Henry Bell all have their 
assured places in the history of steam navigation, 
but there are incontestable historical records to 
show that a Frenchman, de Jouffroy d’Abbans, was, 
in all probability, the first to achieve practical 
results. The bicentenary of his birth has recently 
been celebrated extensively in France, and the 
following record of his work has been prepared from 
a series of addresses delivered in his honour at the 
Sorbonne, on Friday, October 26, in the presence of 
the President of the Republic and a large and 
distinguished company. 

Claude-Frangoise-Dorothée de Jouffroy d’Abbans, 
whose portrait is reproduced in Fig. 1, herewith, 
was the son of a noble family. He was born in 
1751 at Roche-sur-Rognon, near Lyons, and brought 
up in France during that period of transition when 
the old order was crumbling and the spirit of 
revolution was in the air. Nevertheless, although 
grievously affected by the tide of events, he remained 
throughout his life faithful to his f mily traditions, 
and to the belief, inculcated in him by his father, 
that the first duty of a gentleman is to serve his 
King. His father destined his son for the army, 
and, by way of preparation, enlisted him at the 
age of 13 as a page in the service of the Dauphine, 
Marie Josphe. At the school attached to the court, 
he studied mathematics under a celebrated teacher, 
Trincano, and developed a lively interest in mech- 
anics and mechanisms. It is said that he frequently 
took to pieces clocks and other mechanisms at his 
father’s chateau. 

On the death of the Dauphine, he returned to 
his family home at Abbans where he struck up a 
friendship with two of his neighbours, d’Auxiron 
and de Follenay, considerably older than himself 
and officers in the artillery. D’Auxiron was 
passionately interested in the steam engine, and 
had already proposed to apply it to supply water 
to towns, in particular, Paris. He had also, in 
manuscript, a proposal for using the “ fire pump” 
to propel ships. His stimulating conversation 
developed in the young de Jouffroy a taste for 
science, and he begged to be allowed to follow in 
d’Auxiron’s footsteps by entering the artillery 
school at Metz. His father, however, shared the 
prejudices of many of the nobility against that 
branch of the army and it was, therefore, to a 
regiment of the Bourbon infantry that the lad was 
assigned as a subaltern. 

This submission to his father’s will would have 
ended his career as an inventor had it not been for a 
Providential incident. In 1772, after an altercation 
With his colonel over a love-affair with a lady of 
rank, which induced him to issue a challenge to a 
duel, he was unexpectedly packed off to the fortress 
at Sainte-Marguerite on the Iles de Lérins to serve 
& term of imprisonment in expiation of his crime of 
msubordination, In prison, he dreamed and 
schemed. From the window of his cell, he could 
Watch the action of the rowers in the King’s galleys 





in Cannes roads and he drew up plans for the experi- 
ment which he was to try later on the river Doubs 
at Baume-les-Dames. On the death of Louis XV, 
he was freed and returned to Abbans, his military 
career broken. Thenceforth, he resolved to devote 
himself to science. In the eyes of his father, this 
was a kind of mésalliance which was soon to cause 
grave family dissensions. His younger brother 
replaced him in the army, married into wealthy 
circles and received the marquisate and lands of 
Abbans, while de Jouffroy, reduced to his legitimate 
inheritance, could only style himself Comte. He 
was, however, a free man. 

During de Jouffroy’s captivity, his friend d’Auxiron, 
aided by certain associates, had made certain 
proposals in official quarters, and, in 1772, had 
obtained a licence to undertake steam navigation 
on rivers on condition that the system employed 
was approved by the Academy of Sciences. The 
latter body delegated its task of supervision to one 
of its number, J. C. Périer, an able technician and 
industrialist who was greatly interested in Watt’s 
engine, first patented in 1765. D’Auxiron set to 
work and a small boat was built at Ile des Cignes. 
The engine was a twin-cylinder one, brought from 

; details of it are lacking. Im any case, 
the boat, which had been taken to Meudon, sank 
during a night in September, 1774, probably owing 
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to malevolent action and despite the guard which 
was kept over it. D’Auxiron, ruined, appealed to 
Périer for assistance, but the latter suggested that 
d’Auxiron should turn his attention instead to the 
proposal he had made some years earlier to supply 
water to Paris from the Seine by means of steam- 
driven pumps. Shortly afterwards, d’Auxiron died 
without having achieved his ambition, and his 
associates, who had fallen out with Périer, thereupon 
invited de Jouffroy to take over. 

De Jouffroy, however, asked time to reflect. 
During 1775 and 1776, there had been several con- 
ferences which had brought together persons who, 
for divers reasons, were interested in steam navi- 
gation. Among these were Périer, the Abbé d’Arnal, 
and also de Jouffroy. In the course of the dis- 
cussion, Périer took the view that the power required 
in an engine used to propel a boat was equal to that 
of the horses needed to tow it at the same speed. 
De Jouffroy, on the other hand, maintained that, 
since the propulsive force was applied to water, 
which yielded to the paddles, a considerably 
greater power—three times, he suggested—was 
required in the engine. He had, therefore, arrived 
intuitively at a result verified later with screw 
propellers. Nevertheless, it was Périer who pre- 
vailed and who installed in a small boat an engine 
constructed in his own workshops at Chaillot. This 
craft, it is said, sailed down the Seine, in 1775, in 
the presence of the Marquis du Creot, who was also 
a member of the Academy, but—although this may 
be true, it was unable to sail up-river for its engine 
was too feeble. Périer did not consider the scheme 
worth pursuing. 

De Jouffroy, the correctness of whose views had to 
some extent been proved by this failure of Périer, 
had meanwhile returned to Abbans, where he built 


@ small mill, the action of which enabled him to 
perfect his knowledge of hydrodynamics. Then, 
since his father had definitely refused him any 
assistance, he set off for Baume-les-Dames, where 
he had a sister who had promised to help him. There, 
with the help of the village blacksmith, he construc- 
ted an atmospheric engine which was installed in a 
40-ft. boat on the river Doubs. The cylinder of this 
engine was made of copper, beaten and polished, and 
furnished on the outside with longitudinal stiffeners 
and iron hoops. For the propulsive system, 
Jouffroy had recollected his observations made in 
captivity and employed two frames, one on each 
side of the boat, supporting hinged paddles like 
articulated oars. In its descent, the piston, which 
was vertical, acted through a chain running over a 
pulley, and pulled the frames of oars astern. 
Counterweights carried the frames forward during 
the rise of the piston, and the paddles, which were 
hinged towards the rear, folded back on the return 
stroke. 

The ‘“‘ Pyroscaphe,” as de Jouffroy called his 
vessel, manceuvred successfully on the Doubs in 
June and July, 1778. It was @ real achievement, 
but a modest one, since the propulsive mechanism 
was very inefficient. De Jouffroy was sufficiently 
encouraged to return to Paris and declare himself 
ready to succeed d’Auxiron on condition that he 
was allowed to modify the plans of his predecessor. 
This proposal was accepted and, with the assistance 
of de Follenay, the necessary funds were collected 
and the company was re-formed on June 9, 1781. 
The Comptroller-General, M. de Calonne, confirmed 
his promise to d’Auxiron, ten years before, that he 
should enjoy sole operating rights for a period of 
15 years. De Jouffroy thereupon returned to 
Lyons, where he arranged for a boat to be built at 
Vaise, on the outskirts of the town, and an engine to 
be made for it in the celebrated workshops of 
Frérejean. The boat was 45 m. long and 4} m. in 
beam, with a draught of almost a metre, and was 
fitted with paddlewheels. 

De Jouffroy has given an incomplete description 
of the engine, in a memoir dated 1816. From a 
comparison of this description with one given to the 
Academy of Sciences by his son Achille, in 1834, and 
another unpublished memoir by de Jouffroy himself 
which appears to date from 1784 and which is 
preserved at Besancon, it seems that the inventor 
employed successively two types of engine. The 
first was an atmospheric one comprising two brass 
cylinders side by side, open at the top, and inclined 
at about 20 deg. to the horizontal. These cylinders, 
to which steam was admitted alternately, turned 
the paddle wheels continuously by means of chains 
connected to the pistons, which were returned by 
counterpoises. The second, and improved, model 
corresponds to the description given by de Jouffroy 
in 1816 and to the drawing attached to his patent 
of the same year, which is indicated as representing 
the boat used at Lyons in 1783. It is also fairly 
certainly the engine represented in the model, 
illustrated in Figs. 2 and 3, on page 680, and now 
in the Marine Museum in Paris, which is thought 
to be the one which was sent by de Jouffroy to 
Périer at the Academy of Sciences in 1784. . 

The engine had a double-acting horizontal cylin- 
der to the ends of which the steam was admitted 
alternately through a swivelling valve actuated by 
chains. The cylinder was integral with the boiler, 
and the steam pressure was applied through the 
piston and piston rod to two racks fixed, one 
above the other, in a frame. It was transmitted 
to the shaft carrying the paddle wheels through a 
rack and pinion or rack and pawl mechanism. A 
transmission system almost identical with this is 
to be found in a model steamboat made by Desblancs 
which dates from 1802 and is now in the museum 
of the Conservatoire des Arts et Métiers in Paris. 
This similarity is not surprising when it is remem- 
bered that Desblancs had been employed at Frére- 
jean’s works. In other respects, his engine shows 
the advances which had been made in 20 years. 
Desblancs had replaced the paddle wheels by endless 
chains carrying paddles. 

The trials of de Jouffroy’s new boat took place on 
July 15, 1783, before several thousand spectators. 
In the presence of many notabilities from Lyons, 
the vessel steamed up the Saéne from Lyons to 





Ile Barbe in 15 minutes. A document testifying 








680 


ENGINEERING. 


Noy. 30, 1951 








to the success of the venture was immediately 
drawn up and signed by eight of the dignitaries 
present. It is still preserved in the office of a lawyer 
at Lyons. 

De Jouffroy now felt assured of success, especi- 
aliy after his boat had made several trips between 
Lyons and Ile Barbe. His success was more 
apparent than real, however, for he had not 
reckoned with administrative prudence or with the 
enmity of others. He hastened to Calonne and 
requested him to implement his promised grant 
of exclusive steam-navigation rights. The latter, 
however, was not convinced that the new departure 
would pay and referred the matter to the Academy 
of Sciences, who appointed a commission of four 
persons to investigate de Jouffroy’s claims. It is 
significant that one of the four was Périer. In the 
meantime, the river-transport undertakings saw in 
the steamboat the ruin of their trade and inflamed 
public opinion against de Jouffroy by pretending 
that the high fuel consumption of the steam engine 
would exhaust the country’s stocks of fuel and that 
the fumes would pollute the air of the towns. 
De Jouffroy’s rivals, the Abbé d’Arnal and, more 
especially, Périer, who had spent a fortune in 
importing engines from England, saw in his suc- 
cess a development which might ruin them. The 
members of the Academy were hostile to “ this 
obscure gentleman,” who was a member of no 
academy and who had been foolish enough not 
to place himself under the patronage of Messieurs 
d’Alembert and Condorcet, who disposed, it was 
said, of all the favours and positions. For this 
reason, the press, which devoted whole pages to 
experiments by Montgolfier, said not a word about 
de Jouffroy. As for the Academy of Sciences, its 
members had no intention of going to Lyons to see 
the “ Pyroscaphe.” Their reply to Calonne was 
laconic. ‘“‘ Messieurs de Borda and Périer have 
reported on Comte de Jouffroy’s steam boat. Further 
experiments are necessary.” 

In due course, Calonne notified de Jouffroy and 
requested him to resume his experiments, but this 
time on the Seine in Paris, where he might demon- 
strate the advantages of his scheme convincingly. 
For de Jouffroy, this was a shattering blow, for it 
obliged him to be at the expense of building a new 
boat. Completely without funds, he sought in 
vain for assistance. He even went to Périer, who, 
of course, turned him down; nevertheless, he 
summarily rejected an offer made to him to sell 
his invention in England. Then 1789 and the 
Revolution arrived. Faithful to his principles, 
de Jouffroy considered it his duty as a gentleman to 
emigrate for a time and carry on the struggle from 
abroad. He returned to France during the period 
of the Empire, but could expect nothing from 
Napoleon, whom he called “The Usurper”’ and, 
indeed, he scorned the idea of offering him his 
invention. The return of the Bourbons brought 
him no reward, for he was not one of those who 
assailed the Tuileries with petitions. Besides, his 
opportunity had passed; others had taken his 
place. The American, Robert Fulton, who was a 
lad of 18 when de Jouffroy made his successful trials 
on the Sadne, in 1783, had constructed his first boat 
in 1803, and had tried it out successfully on the 
Seine in August of the same year. Having failed 
to interest the First Consul, however, and meeting 
with no better success in England, he returned to 
the United States where, in 1807, he built the 
famous Clermont. 

De Jouffroy had not taken out a patent, for the 
good reason that the relevant legislation in France 
dated only from 1791., He kept silent during the 
Empire because of his political convictions but, on 
the return of the Bourbons, he applied for a patent, 
which was granted to him on April 23, 1816. In the 
same year, aided by the Comte d’Artois, he was able 
to launch, at Bercy, a new steamboat, named the 
Charles-Philippe. This vessel, though the Parisian 
watermen tried to wreck it, was a success and 
repeatedly sailed up the Seine from la Rapée to 
Charenton. By then, however, his rivals were too 
powerful. A new undertaking which he started at 
Lyons, with a boat named the Persévérant, got into 
financial difficulties and he was completely ruined. 
He rejoined the army and, after some years of 
roving, found refuge in the Invalides, where 
he died of cholera on July 18, 1832. As a final 
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misfortune, when the cemetery of the Invalides 
was done away with in 1859 his remains were 
disinterred and cast into the great boneheap of the 
Catacombs. 

These details of the life and work of de Jouffroy 
d’Abbans have been taken, as stated above, from 
the addresses delivered by Monsieur René Théry, 
Professor of Marine Engineering at the Conserva- 
toire des Arts et Métiers, Paris, and Monsieur L. A. 
Boiteux, a member of the Académie de Marine 
and secretary-general of the committee which 
arranged the recent celebrations in honour of 
de Jouffroy d’Abbans. The president of this com- 
mittee, who also delivered an address at the Sor- 
bonne, was Mons:eur Jean Marie, well known in 
shipping circles as president of the Compagnie 
Générale Transatlantique. At the commemoration 
ceremony in the Grand Amphitheatre of the Sor- 
bonne the present Marquis de Jouffroy d’Abbans 
also delivered an address, which included some 
personal details of his ancestor, taken from the 
family archives. Later in the evening, a radio 
programme dealing with episodes in the life of 
de Jouffroy was projected through a stereophonic 
sound system with realistic effect. On the next day, 
an exhibition of family relics, documents and 
models was opened at 52, Rue de Bassano, Paris. 
Other celebrations took place at Iles de Lérins, 
Roches-sur-Rognon, Baume-les-Dames, Abbans, 
Besancon and Lyons. At Lyons, we are informed 





by Monsieur Charles Dollfus, curator of the Musée 


3. 


de l’Air, Paris, and himself a historian of steam 
navigation, a small flotilla proceeded up the Sadne 
from Vaise, traversing the route covered by the 
Pyroscaphe in 1783. It was led by an old steam- 
boat belonging to the Compagnie Générale de Navi- 
gation at Lyons, the machinery in which dated from 
1854 and had been constructed by the Lyons 
engineering firm of Verpilleux. This firm formerly 
made a special type of boat known as @ grappin, 
driven by a large toothed wheel rolling on the 
bottom of the river. The engine of the old steamer 
had been used originally in a grappin and was & 
twin-cylinder horizontal type with spur gearing to 
the paddles. 





THE NEWCOMEN SocreTy.—At the annual general 
meeting of the Newcomen Society for the Study of 
the History of Engineering and Technology, which was 
held at the Institution of Civil Engineers, London, 00 
November 21, Mr. J. Foster Petree, M.1.Meci.E., 
A.M.Inst.N.A., was elected President in succession to 
Dr. C. H. Desch, F.R.S. New members of the Council 
elected were Dr. F. Sherwood Taylor, Director of the 
Science Museum, and Dr. W. H. Chaloner, of the Univer- 
sity of Manchester. Dr. H. W. Dickinson having inti- 
mated that, on account of advancing years, he would 
be obliged to relinquish his duties as joint honorary 
secretary, a special resolution was adopted, appointing 
him Secretary Emeritus in recognition of his long and 
distinguished services to the Society. Mr. A. 8. Crosley, 
who had previously acted jointly with Dr. Dickinson, 
was appointed honorary secretary. 
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_ THE STEPHENSON 
BUILDING, KING’S COLLEGE, 
NEWCASTLE-UPON-TYNE. 


A NOTEWORTHY addition to the ever-growing 
facilities in Britain for the training of under- 
graduate and post-graduate students of engineering, 
and for the advancement of engineering science by 
research, was made this week, when, as reported 
elsewhere in this issue, H.R.H. the Duke of Edin- 
burgh, K.G., F.R.S., opened the Stephenson 
Building at Newcastle-upon-Tyne, as part of King’s 
College, University of Durham. The new building, 
which is illustrated in Fig. 1, on this page, is not 
only a fine example of modern architecture, of which 
Tyneside may be proud, but its name perpetuates 
the memory of one of the most illustrious of those 
who have made the North-East famous in the 
annals of engineering. George Stephenson had 
many associations with Newcastle and lived for a 
time not far from the site of the new building. 
His portrait in oils, a copy of that made of him 
when he was the first President of the Institution 
of Mechanical Engineers, in 1847, has been pre- 
sented to King’s College by a former student, 
Dr. S. F. Dorey, F.R.S., himself a past-President 
of that Institution, and occupies a prominent 
position in the new building. It cannot, we imagine, 
fail to be an inspiration to those who look upon it. 

For the history of engineering instruction in 
King’s College, it is necessary to go back to 1891, 
When the first professor of the subject, R. L. 
Weighton, was appointed ; though some engineering 
had been taught in the Department of Mining as 
early as 1873, that is, only two years after the 
foundation of the College. The establishment of a 
department of engineering resulted from negotia- 
tions between the then Principal of the College and 
the North East Coast Institution of Engineers and 
Shipbuilders, a body which still retains an active 
interest in the department’s work. The first 
Cccupant of the chair was styled Professor of 
Engineering and Naval Architecture, but, before his 





Fie. 1. Ariat View or Bouriprnes. 


retirement in 1919, separate departments of Naval 
Architecture and Electrical Engineering had been 
established. In 1944, Civil Engineering, also, 
acquired its own chair, with the result that the 
former professor of engineering came to be styled 
Professor of Mechanical and Marine Engineering, 
which is the designation of the present holder, 
Professor A. F. Burstall, D.Sc., Ph.D., who com- 
menced his duties in 1946. 

The immediate post-war years saw a rapid 
growth in the demand for university training every- 
where, and particularly so in the engineering faculty 
of King’s College, where the number of students 
increased from 190 in 1939 to 420 in 1948. New 
schools in Agricultural, Chemical and Production 
Engineering made further demands on the limited 
space available in what had formerly been known 
as Armstrong College, which, in spite of extensions 
in 1947, was fast becoming inadequate. Plans for 
new accommodation, however, had been laid earlier, 
in 1946, when it was decided to proceed as soon as 
possible with accommodation for 650 students and 
to make provision for future expansion by erecting 
a building which could, in the meantime, also house 
other departments of the College which were out- 
growing their accommodation. A site was made 
available by the Freemen and Council of Newcastle- 
upon-Tyne, Messrs. Edwards and Manby, of New- 
castle, were appointed architects, and Messrs. Leslie 
and Company, Limited, of London and Darlington, 
became the main contractors. The consulting 
engineers were Messrs. R. W. Gregory and Partners 
and Messrs. L. G. Mouchel and Partners. Work 
on the new building began on January 3, 1949, and 
it was completed early this year, some of the work- 
shop equipment being transferred from the Arm- 
strong Building at the same time. Most of the 
remaining equipment was installed during the 
summer vacation. 

The building occupies an island site adjacent to 
Claremont-road, conveniently near to the centre 
of the city and close to the Great North Road. 
Full advantage has been taken of the ease of access 
provided by this excellent situation and the building 








has no fewer than seven entrances suitable for the 
delivery of heavy equipment. There are three 
main parts to the structure, namely, a large five- 
storey block which faces south, illustrated in Fig. 2, 
on page 682, and two diverging wings, each two 
storeys high. The north ends of the latter are 
joined by a building, also of two storeys, with the 
result that a courtyard is formed. This enclosed 
space is not only of value as an open-air store, but 
also as a space wherein work involving a risk of fire, 
explosion or fumes may be conducted. 

Most of the ground floor of the building is occupied 
by laboratories and workshops, and provision has 
also been made there for research by the individual 
members of the staff and senior students, by the 
construction of a number of small rooms adjoining 
the main laboratory. The staff rooms, and class 
and study rooms for senior students, are situated, 
for the most part, on a mezzanine floor, which over- 
looks the larger laboratories and the workshop. 
The lecture theatres, classrooms, library and reading 
room are in the main block on the first and second 
floors above the mezzanine floor, and the top floor 
of the building is almost entirely occupied by a 
large drawing office, extending the whole length of 
the block. 

Of the two-storey laboratories, overlooked by the 
mezzanine floor, that on the west side was designed 
as a heat-engines laboratory, although one quarter 
of it is divided off at present for use by the Depart- 
ment of Agricultural Engineering. This laboratory 
and some of the equipment installed in it are illus- 
trated in Fig. 3, on page 682. One of its principal 
features is a tiled pit round which the steam engines 
and turbines are placed so that their condensate 
can be discharged into tanks and measured by 
weighing. The largest and most impressive item of 
equipment in the laboratory is the experimental 
quadruple-expansion steam engine designed by 
Professor R. L. Weighton, who was Professor of 
Engineering and Naval Architecture at Newcastle 
from: 1891 to 1919. It was this engine which was 
used in the historic series of the ‘“‘ Newcastle trials,” 
an extended programme of original research into the 





682 


ENGINEERING. 








NOV. 30, I951. 











THE STEPHENSON BUILDING, KING’S COLLEGE, NEWCASTLE-UPON-TYNE. 





— 


Fie. 2. FrontaGe or StepHenson BuILpIna. 


economy of steam engines, which established for 
Professor Weighton a world-wide reputation. The 
engine is now used for instructional purposes. 
In contrast to it, there is, on the opposite side of 
the hotwell, a modern Parsons steam turbine, 
presented to the college by the makers, Messrs. C. A. 
Parsons and Company, Limited, Heaton Works, 
Newcastle-upon-Tyne. This turbine, which is of 
50-kW capacity, has a running speed of 8,000 r.p.m. 
A full description of it will be found in EnermngERING 
of June 17, 1949 (vol. 167, page 560). In addition 
to these major items there is another small Parsons 
turbine, a compound reciprocating engine, a single- 
cylinder steam engine and some smaller units. 
The east side of the laboratory contains a number 
of internal-combustion engines, a refrigerating 
machine, and an air compressor which supplies 
compressed air to various other laboratories in the 
building. Items particular to research include a 
Ricardo E6 variable-compression engine, which 
can be run on gas, petrol, or Diesel oil ; an 11-h.p. 
Junkers opposed-piston two-stroke engine—a recent 
acquisition which is at present in course of erection 
and will be used for experiments on scavenging 
—and apparatus for demonstrating the Kadenacy 
effect. A National gas-oil engine and a variety of 
special instruments, including electronic indicating 
units, Farnborough indicators, fuel flowmeters 
and a viscous-flow air meter, are also provided. 

In the section of the laboratories at present 
devoted to agricultural engineering, the equipment 
ranges from full-size farm machinery to small 
models. An experimental drier and other appa- 
ratus for fundamental investigations into agricul- 
tural processes contrasts with miniature ploughs 
operating in a soil bath. The instrumentation is 
modern and consists largely of equipment developed 
and constructed within the department, a remark 
which applies equally to the other laboratories, it 
being the policy of the College to construct as much 
equipment as possible on the premises. 

Two laboratories on the ground floor, on each side 
of the main entrance hall of the building, are used 














for the study of strength of materials and hydraulics. 
The former of these contains several items of stan- 
dard equipment, including universal testing machines 
of from 5 tons to 50 tons capacity, a torsion-testing 
machine and other apparatus for determining the 
physical properties of materials, and does not 
require special mention. The other laboratory is 
used for hydraulics and contains equipment for 
testing hydraulic machinery, including pumps 
and turbines, as well as various pieces of apparatus 
for experiments on the flow of water over weirs 
and notches, and for determining pressure losses 
in pipes. It is intended to add a Pelton wheel, and 
Francis and Kaplan turbines. 

Below the hydraulics laboratory, and in communi- 
cation with it by the removal of floor slabs, is a long 
basement laboratory where there is ample room 
for conducting experiments on flow in open channels, 
model river beds, spillways, etc. In the centre 
of the laboratory is a large covered-in storage tank, 
and other smaller tanks to which the water used in 
hydraulics work is discharged and from which it 
can be pumped to elevated storage tanks. The 
latter, of which there are two, are situated in a 
tower at the rear of the main block and provide a 
constant head of water for the experiments. They 
are connected to the laboratories by means of a 
number of 4-in. diameter pipes, arranged in parallel. 

A short passage leads from the heat-engines 
laboratory into the courtyard, the main access to 
which is a central archway opening on to Park- 
terrace, at the rear of the building. On one side 
of the gateway is a laboratory for gas-turbine 
research, at present being used for studies of 
blade cooling. In the near future, the laboratory 
will be equipped with a six-stage turbo-compressor 
capable of delivering 1,200 cub. ft. of free air per 
minute, at pressures up to 5 lb. per square inch 
gauge. On the other side of the gateway is the Fuel 
Technology Laboratory, illustrated in Fig. 4, on 
Plate XLVI. This laboratory has been equipped 
to meet the requirements of students in the Mining, 
Metallurgy and Chemical Engineering Departments, 


Fig. 3. 





Heat-Enaines LABORATORY. 


as well as those of the Mechanical and Marine 
Engineering Department, and contains a wide 
range of facilities for the analysis of solid, liquid 
and gaseous fuels and for the determination of 
calorific values. Equipment for the carbonisation 
and assay of coal, for coke testing, gas analysis. 
and laboratory methods of distillation, employing 
various types of fractionating columns, are also 
provided. Some of the apparatus, including electric 
furnaces, was made in the College workshops. The 
courses of instruction available in fuel technology 
include pass and honours degree courses for B.Sc. 
students of mechanical and marine engineering, 
two-year courses leading to the M.Sc. degree, for 
senior students of chemical and agricultural engi- 
neering, and two courses, each of one year’s duration, 
securing @ certificate for students of fuel technology 
and production engineering. 

Instruction in chemical engineering, which is also 
the responsibility of the Professor of Mechanical 
and Marine Engineering, is given in a laboratory in 
the east wing of the building. The equipment 
covers a wide range and includes a natural- 
circulation evaporator, a stainless-steel autoclave, a 
filter-press unit, centrifuge, mixing vessel, ball and 
hammer mills, a drier, heat exchangers and a 
distillation unit which is at present under con- 
struction. There is also laboratory apparatus for 
measuring particle sizes, for the fractionation of 
liquid mixtures and for studying catalytic reactions 
on a micro scale. As in other laboratories, much 
of the equipment was designed and constructed in 
the department. Students can attend a two-year 
post-graduate course in chemical engineering. : 

The workshop, part of which is illustrated in 
Fig. 6, on Plate XLVI, serves a dual purpose. Its 
primary function, namely, to supply the laboratories 
with such equipment as can be manufactured on 
the premises, has already been mentioned. For 
this purpose a large number of modern machine tools 
have been installed, including nine centre lathes 
ranging in size from a 21-in. lathe by Dean, Smith 
and Grace, which is capable of dealing with the 
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largest work normally encountered, to a precision 
watchmaker’s lathe. The latter is housed in an 
instrument shop which adjoins the main workshop. 
Other lathes in the toolroom are a Holbrook 13-in. 
lathe, a Smart and Brown 4-in. lathe, and a Pultra 
bench-lathe. Milling can be done in the instrument 
shop on a Toolmaster universal milling machine and, 
in the toolroom, on a Cincinnati universal horizontal 
milling machine and an Archdale 34-in. vertical 
machine. Requirements for shaping, slotting and 
screwing are met by a 24-in. Invicta shaping machine, 
a Butler 8-in. toolroom slotting machine and a 
Kendall and Gent 3-in. screwing machine with 
tangential dies. A precision horizontal boring 
machine is on order. These machines are supple- 
mented by a range of drilling machines of various 
sizes, and saws, including a Do-all contour machine. 

An adjoining grinding room contains a Churchill 
24-in. by 10-in. universal grinding machine, a 
Cincinnati tool and cutter grinder, a Norton surface 
grinder, a Delapina honing machine and a South 
Bend lathe which has been adapted for super- 
finishing. Next to this room is another which 
contains a variety of welding equipment and plate- 
working machines. Woodworking machinery is 
housed elsewhere. Among equipment at present 
under construction in the workshop are parts for a 
twin-cylinder hot-air engine which will, however, 
when completed, run on inert gas. This engine, 
which will be of V-type, with the regenerator 
connecting the arms of the V, will be used to study 
the effect of the adiabatic indices of the gases 
employed on the engine’s performance. The other 
function provided by the workshop is that of a 
training ground for students of Production Engi- 
neering. A Ward lathe has been installed for small 
batch work and for demonstrating tool-setting. 

A metrology laboratory, the temperature of which 
can be thermostatically controlled, adjoins the 
instrument shop. It contains a number of standard 
pieces of equipment the largest of which are an 
8.LP. universal measuring machine, a Hilger 
universal profile projector and a Talysurf surface- 
measuring machine. These are supplemented by a 
wide range of smaller instruments, including vertical 
comparators, pitch and diameter measuring machines 
for screw threads, a Coventry optical dividing head, 
a Watts auto-collimator and angle Dekkor, and 
ranges of length bars, slip and angle gauges, surface 
plates, optical flats, micrometers, etc. 

Before dealing with the remaining laboratories, 
mention must be made of certain features common 
to all those already mentioned. Each is provided 
with an overhead travelling crane, generally of 








oF Borer Hovssz. 


5 tons capacity, so that heavy machinery can be 
transported and handled readily anywhere within 
the building. Special arrangements have also been 
made to provide both direct and alternating 
electrical power supplies, up to 20 or 40 h.p., 
throughout the ground floor without the need for 
special wiring. For this purpose, each room is 
provided with a number of “ test points ” into which 
flexible leads, similar to those used in arc-welding 
sets, may be plugged. The current is obtained 
from a 6,000-volt substation, in which the supply 
is reduced to 415 volts and, in part, rectified by 
three mercury-arc rectifiers to provide direct 
current at 240 volts and 480 volts on a three-wire 
system. The switchgear was installed by Messrs. 
Reyrolle and Company, Limited, Hebburn. 

On the mezzanine floor, there are 28 study rooms, 
work rooms and offices, including a drawing office 
for senior students of chemical engineering. A 
laboratory for honours students, two photographic 
dark-rooms, a work-study laboratory and a staff 
common-room are also on this floor, and rooms have 
been set aside for the use of honours students in 
mechanical and marine engineering and for post- 
graduate students of chemical, agricultural and 
production engineering, and fuel technology. On 
the first floor of the main block there are two large 
laboratories for the study of fluid mechanics and 
two others for mechanics and the theory of machines. 
Much of the experimental equipment required by 
the fluid mechanics laboratory has yet to be con- 
structed as it represents a new departure. Mean- 
while, a portion of the laboratory is being used to 
house and demonstrate equipment. 

Two of the main lecture theatres, each of which 
can accommodate 160 persons, are situated on the 
first ‘floor, and these have certain features worthy 
of note. Both are equipped for the projection of 
sound-films or lantern slides, and the projection 
room separates the two, so that the projector or 
lantern may be swung round and directed into either 
room, as desired. Blacking-out in each case is 
accomplished by the use of a single pair of curtains 
which can be closed and reopened automatically by 
the operation of push buttons on the lecture table. 
From the same position, and by the same method, 
the lights may be dimmed or raised, or set at any 
desired level of brightness so that, for example, 
sufficient light may be retained for students to see 
to make notes during the projection of lantern 
slides. The dimming process, which is a gradual 
one, is accomplished by means of a motor-driven 
variable inductance, consisting of a solenoid with 
an adjustable core, which varies the wattless current. 


One of the rooms is comfortably furnished with 
upholstered tip-up seats and both have twin roller 
black boards. 

The second floor above the mezzanine floor 
at present accommodates the Department of 
Mathematics, but also contains the reading room 
and library of the Mechanical and Marine Engineer- 
ing Department. This geographically close rela- 
tionship of the two departments cannot fail to be 
to their mutual advantage. Three of the lecture 
rooms on this floor are used by both departments. 
The top floor, as has been mentioned, contains a 
large drawing office, illustrated in Fig. 5, on Plate 
XLVI. This fine room, lighted from without by 
windows along the whole of its south side and by 
northern roof-lights, is also equipped with fluorescent 
electric lighting. When the whole of the space is 
not required or when some of it is required for 
purposes other than instruction in machine drawing 
and design, the room may be subdivided by folding 
partitions of the type used in aircraft hangars. 
There are three such partitions, as may be seen from 
the illustration. The room has accommodation 
for 200 students and each is provided with a drawer 
for keeping his drawing instruments, board and 
T-square under lock and key. A small room on this 
floor is to be let annually, under competitive condi- 
tions, to a purveyor of stationery, etc. 

One other important section of the building 
requires to be mentioned, namely, the boiler house, 
which is much more than a source of heating, 
although this is one of its functions. This building, 
the interior of which is illustrated in Fig. 7, on 
Plate XLVI, is situated at the rear of the main 
building and is really an adjunct to the heat- 
engines laboratory, being used for the instruction 
of both mechanical and marine engineering students. 
It contains three gas-fired boilers of’ different 
capacities which supply steam at different pres- 
sures but, for the purposes of steam distribution, 
each boiler discharges into a header and the three 
headers are interconnected through reducing valves 
so that any boiler can supply steam at its own 
normal pressure or at any lower pressure. Such 
an arrangement makes for flexibility and economy. 
The three boilers, which are all vifMle in the 
illustration are, from left to right, a Ruston and 
renin ae Thermax boiler rated at 

,000 Ib. of steam per hour at a pressure of 
120 Ib. per square inch; a Cochran. Kirke vertical 
Sinuflo boiler rated at 4,000 lb. of steam per hour at 
150 lb. per square inch; and a Clarke Chapman 
water-tube boiler with economiser and superheater 
rated at 6,000 Ib. per hour at 220 Ib. per square inch, 
and a temperature of 440 deg. F. 

The — water for the boilers is treated in a 
water-softening plant, additional processing bei 
provided for the Clarke Chapman belles. A i 
panel containing gauges and other indicating and 
recording devices relating to the operation of the 
boilers faces the latter. It was made and fitted 
up in the college workshop. Also facing the boilers 
is a large enclosed bunker space, to which is 
through three folding doors opening into the court- 
yard, as can be seen in Fig. 8, herewith. This space 
is intended for storing emergency fuel to be used 
in case of failure of the gas supply. Failure of the 
electrical supply is catered for by a small emergency 
generating set capable of lighting the corridors of 
the building. One other feature of the building 
may be mentioned at the same time, as a stairway 
in the boiler house gives access to it. This is a 
large duct which accommodates gas, steam and 
water pipes and electrical supply cables, which are 
thus readily accessible. 

The Stephenson Building is at present housing 
other departments temporarily, but even so, there 
is room in the Mechanical and Marine Engineering 
Department for more students and for additional 
equipment. References have been made to the 
fact that much equipment has been made on the 
premises. It is Professor Burstall’s policy to allot 
each honours student a specific task, which involves 
designing some piece of equipment, either a piece of 
laboratory apparatus, or part of an experimental 
set-up. The student is required to supervise its 
production or, in some cases, to build it himself and 
make it function. Not only is this a valuable way of 
adding to the department’s store of apparatus ; 





it is also an excellent training for students. 
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Fic. 1. Enp Brackets REstinG on JOISTS. 
*“*HICO’’ SECTIONAL STEEL 
CENTRING. 


A neat form of sectional steel centring, for use in 
constructing floors or roofs of poured or slab concrete, 
is shown inthe accompanying illustrations, Figs. 1 to 5. 
It is madeBy Messrs. Blaw Knox, Limited, 94, Bromp- 
ton-road, Tondon, S.W.3, and is marked under the 
name of “Hico” falsework centring. The method 
of construction can be seen in Fig. 3, and Figs. 1, 2, 
4 and 5 show various applicaticns. It consists of 
parallel framework bearers, the top boom of which is 
formed as a light pressed-steel inverted channel, 6 in. 
wide, connected to the bottom boom, a round steel 
tie-bar, y round steel lattice members, welded to the 
booms. The units, which are supplied in lengths of 
24} in., 37 in. and 49} in., are connected on the top 
booms by a tongue-and-groove clamp, which effectively 
resists lateral distortion, and in the line of the bottom 
boom by plug bolts and sockets, tightened by turn- 
buckles. By means of the turnbuckles, any desired 
camber can be given to the centring to counteract 
sagging in large spans when the concrete is poured, or 
to provide a cambered surface ; an example is shown 
in Fig. 4. 

One of the principal advantages claimed for the 
centring is that it is supported only at the ends and, 
in consequence, puts no load on the floor below; in a 
multi-storey building, this enables erection to proceed 
more quickly. Each length is carried on end bearers 
supported on the walls or wall framing, as shown in 
Fig. 1. The top sections of these bearers can slide in 
slotted guides, so that the overall length of each span 
can be adjusted fractionally to suit the width of the 
building. The amount of this adjustment is about 
9 in., allowing this variation to be accommodated, in 
build:ngs that are not of uniform section, without dis- 
mounting and re-assembling the parts of the individual 
centres. Tables showing the permissible free spans 
for different centre spavings can be supplied by the 
makers; they range from 3 ft. 3 in. to 26 ft. 11 in. 
Greate spans can be covered, of course, if the junctions 
can be supported from the ground or from the floor 
below. It is pointed out that the props should be 
applied, in such cases, at the end junctions only, as 
the “ Hico ” centre must not be regarded as a through 
centre on more than two props. 

Various special fittings are available, such as cross- 
members of different types and lengths, and others 
provided with rotatable bearers, enabling them to be 
laid directly along the wall, even in rooms which are 
not truly rectangular in plan. The centres weigh only 
25 lb. per lineal yard and can be readily handled by 
unskilled labour: it is stated that two men can erect 
or dismantle the centring needed to cover 1,000 sq. ft. 
in less than 40 minutes. 
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Fia. 2. Typican Layout oF CENTRING,. 

















Fie. 3. Components oF ‘“‘ Hico’’? CENTRING. 








Fic. 4. CENTRING ADAPTED TO ARCHED ROorF. 


annual rate of 15,629,000 tons, compared with a rate of 
15,749,000 tons in the previous month and of 17,040,000 
tons in October, 1950. The output of pig iron ;wes 
at an annual rate of 9,865,000 tons in October, 1951, 
against 10,084,000 tons in October, 1950. 


UNITED KINGDOM PRODUCTION OF IRON AND STEEL.— 
Statistics issued by the British Iron and Steel Federation, 
Steel House, Tothill-street, Westminster, London, 
8.W.1, indicate that the production of steel ingots and 
castings in the country, during October, was at an 
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HORIZONTAL BORING MACHINE. 














SCHIESS HORIZONTAL BORING 
MACHINES. 


Since the end of the war in 1945, Messrs. Schiess, of 
Dusseldorf, have concentrated on the production of 
vertical turret lathes and vertical boring mills, but 
they have also made a number of horizontal boring 
and milling machines of fairly large dimensions. 
Messrs. Alfred Herbert, Limited, Coventry, who are 
agents for Messrs. Schiess in the United Kingdom, have 
supplied us with the following particulars of these 
boring and milling machines. 

The smallest machine in the range has a spindle 
6-3 in. in diameter and is made in two forms: with 
fixed column and traversing table, and with traversing 
column and fixed floor-plate. The larger machines are 
made with a fixed floor-plate only, as shown in the 
accompanying illustration, which is of a machine with 
7}-in. spindle. Other machines are made with 8} in., 
10} in., and 12% in. spindles. Messrs. Schiess have been 
making these large boring machines for over 70 years. 
All the machines have fully-automatic lubrication and 
scales and verniers for the horizontal travel of the 
column or table, the vertical travel of the spindle head 
and the travel of the spindle. A tachometer on the 
spindle head gives the spindle revolutions per minute 
without reference to the gear-lever positions.  Pro- 
vision is also made for mounting an ammeter, which is 
useful in detecting when the cutting tools need to be 
Te-sharpened. Also, on the floor-plate machines, the 
face-plate, has axial adjustment for applying the cut. 

For large boring operations, on the smallest machine, 
the main spindle has speeds ranging from 1-8 to 290 
r.p.m. and from 0-7 to 125 r.p.m. on the largest, but for 
drilling and boring small holes the machines can be 
provided with a high-speed spindle running inside the 
main spindle. This has speeds ranging from 75 to 
700 r.p.m. and from 60 to 400 r.p.m., depending on the 
size of the machine. The illustration shows the 
WEF 19 machine (7}-in. spindle) without floor plate but 
with the central high-speed spindle. 





FURTHER RESTRICTIONS ON COPPER AND ZINC.—The 
Minister of Supply has issued the Copper and Zinc 
Prohibited Uses (Ministry of Supply) (No. 2) Order, 
1951 (S.I, 1951, No. 1960), which extends the list of 
articles in which the use of copper and zinc is banned. 




















P. W. WILLANS: EXHIBITION AT 
THE SCIENCE MUSEUM. 


THE centenary of the birth of Peter William Willans, 
M.I.C.E., M.I.Mech.E., M.I.E.E., who was born on 
November 8, 1851, and died on May 23, 1892, was 
marked by a lecture given to the Newcomen Society 
at the Institution of Civil Engineers, London, 8.W.1, 
on November 21, by Mr. Kyrle W. Willans, M.I.Mech.E., 
who recorded numerous incidents and personal details 
in the life and work of his father. The event is also 
being commemorated by the grouping together in the 
East Hall at the Science Museum, South Kensington, 
S.W.7, for a few weeks, of a number of exhibits of 
particular interest, including three original Willans 
high-speed vertical steam engines. The first, made in 
1884, is of his earliest single-acting type, in which the 
three high-pressure pistons act as valves for adjacent 
cylinders. This engine worked for many years at the 
Royal Laundry, Kew, and was presented to the Museum 
by King George V in 1929. The second is of the well- 
known central-valve triple-expansion type and is the 
actual engine tested by P. W. Willans in the classic 
series of economy trials, the results of which were 
published by the Institution of Civil Engineers in 1888 
and for which he was awarded the Watt Medal and a 
Telford Premium. This engine was sectioned after- 
wards and has been lent to the Museum by the English 
Electric Company, Limited, who are the present owners 
of the Willans Works at Rugby. The third main 
exhibit is a small generating set on one baseplate with 
a twin-tandem compound central-valve engine, directly 
coupled to a 9-5-kW 80-volt Siemens dynamo, which 
ran at 450 r.p.m. A peculiarity of this set is that the 
flywheel is mounted on the end of the dynamo shaft 
farthest away from the engine. It was made in 1888, 
and worked for over 30 years lighting the seed-crushing 
mill of Messrs. Chambers and Fargus, Limited, at Hull, 
who presented it to the Science Museum this year. 

Other exhibits include historical photographs of 
P. W. Willans as a young man, early Willans engines 
and launches, the machine and erecting shops in 1891 
at Ferry Works, Thames Ditton, and copies of early 
drawings. There are also shown one of his earliest 
notebooks, dating from 1880, the John Scott Medal 
awarded to him posthumously by the city of Phila- 
delphia in 1895. All these relizs have been lent to the 
Museum by Mr. Kyrle W. Willans. 








PROBLEMS OF TRANSONIC 
FLIGHT. 


THe factors affecting the increased weight, complexity 
and cost of military aircraft were discussed by Mr. 
A. N. Clifton, B.Sc., F.R.Ae.S., in a paper presented to 
the Royal Aeronautical Society at Cheltenham on 
Thursday, November 22. Dealing firstly with prob- 
lems of drag and thrust, Mr. Clifton said that in 
order to keep down the large drag increase as the 
aircraft approached and passed through the speed 
of sound, it was worthwhile to use a thin swept-back 
wing of considerably Jarger area: than the straight 
wing of conventional thickness having the same stalli 
speed; even so, the wing drag at a Mach iauker @ 
1-3 would be about 20 times that of the conventional 
wing at a Mach number of 0-7. Similarly, it paid to 
increase the length-to-diameter ratio of the fuselage 
at transonic speeds and, therefore, longer and thinner 
engines were required for fighter aircraft. Surface 
roughness due to a poor paint finish could increase the 
drag by about 20 per cent. Although the maintenance 
of laminar flow on aerofoils was of less importance 
than at high subsonic speeds, skin waviness could give 
rise to local shock waves and separations causing local 
loss of lift which might lead to wing dropping, buffeting 
or stalling in turns. The use of light-alloy skins with 
integral stiffeners should reduce both skin roughness 
and skin waviness. The thrusts réquired for transonic 
flight were enormous, and more knowledge was required 
on air-intake efficiencies at the speed of sound. 


Considering stability and control, Mr. Clifton showed 
that whereas the rate of change of lift with incidence 
on a fixed control surface improved with increasing 
Mach number, the opposite was true of the moving 
surface; the elevator effectiveness dec’ con- 
siderably as the speed approached that of sound. The 
increasing effect of structural distortion also had a 
marked influence on elevator effectiveness, and again 
a structure was required with integral stiffness. There 
was a trend, particularly in the United States, to deal 
rapid changes of trim in the transonic regicn by 
adjusting the tailplane incidence in flight; in some 
cases it was used for longitudinal control. The 
control-column loads for a given manoeuvring ‘a- 
tion would increase considerably at high Mach numbers, 
both as a result of the backward shift of the aerodynamic 
centre and of the loss in elevator effectiveness; prob- 
ably the best longitudinal-control arrangement for 
transonic flying would be a small-chord elevator, 
power-boosted, with a variable tail-incidence actuated 
automatically by the elevator angle. By using 
hydraulic boosters and an electrically-operated inci- 
dence change, the possibility of simultaneous failure 
of both would be reduced. 

There was a tendency for swept-back wings to 
become longitudinally unstable at large angles of 
attack, due to loss of lift at the tips occurring at pro- 
gressively lower lift coefficients as Mach number 
increased; with the result that, in tight turns, the 
control-column load might become zero or negative 
under certain conditions of flight. This led to a 
possible danger of overloading the aircraft unintention- 
ally. Considering lateral control, swept-back wings 
required both high torsional and flexural stiffness to 
avoid the onset of aileron reversal. 

In the final section of the paper, Mr. Clifton con- 
sidered temperature effects at transonic speeds. Skin 
temperatures of about 100 deg. C. would be experienced 
in the tropics at the speed of sound at low altitudes. 
It would no longer be possible to use canopies made of 
acrylic resin beyond Mach numbers of 1-4. Until a 
better material was available, glass transparencies 
would have to be used. At 150 deg. C., the strength 
of light-alloy bar and sheet material decreased appreci- 
ably. Since engine temperatures would tend to 
increase as powers increased, and the clearances 
between the engine and aircraft structure were small, 
large quantities of air would be required to keep the 
temperature of the structure down to 150 deg. C., 
resulting in large increases in drag and weight, and 
in a loss of thrust. It was already necessary to provide 
cooling air for the pilot, gun ammunition, and some 
radar components; for the Vickers-Armstrongs 
Attacker aircraft, at a Mach number of 0-8, the weight 
of the air-conditioning equipment was about 75 Ib. ; 
it would be nearly 24 times that value at a Mach 
number of 1-2. 

The present lack of full-scale data was causi 
designers of high-speed aircraft to add weight an 
complication in their efforts to solve the problem of 
transonic flight. In the case of naval aircraft, this 
might lead to a demand for larger lifts and wider 
decks and hangars on aircraft carriers. These com- 
plexities should not be accepted as a permanent feature ; 
as new aircraft came into production, some of them 
should be allocated to research and development 
immediately, so that the steepness of the rising cost 
of aircraft production might be alleviated and a better 
product might be obtained. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


HOovER ELEcTRIC-MoTOR WORKS AT CAMBUSLANG.— 
Hoover, Ltd., 211-213, Regent-street, London, W.1, 
announce that Hoover (Electric Motors) Ltd., Cambus- 
lang, near Glasgow, will nearly double the size of their 
original factory by bringing a big extension, now being 
built, into operation early next year. Of the motors 
produced at present, upwards of 60 per cent. are ex- 
ported. This will be the second extension since the 
company opened a factory of 82,000 sq. ft. at Cambuslang 
in 1946. About two years ago, a further 15,000 sq. ft. 
were added and the new extension will bring the floor 
area to 161,000 sq. ft. The employees are drawn mainly 
from the East Glasgow and neighbouring Lanark- 
shire areas. In 1943 the Hoover organisation began 
to make aircraft wiring equipment at Rutherglen for the 
Ministry of Aircraft Production. In 1946, as part of 
the national scheme for the encouragement of light 
engineering in the Clyde Valley, the company opened 
the factory at Cambuslang for the manufacture of frac- 
tional horse-power motors. 





CoaL Export SrTaTistics.—Scottish coal exports rose 
to 79,171 tons in October, compared to 77,058 tons in 
September and 73,843 tons in August. Despatches of 
666,019 tons during the first 10 months of this year, 
however, remained well below the total of 815,140 tons 
in the corresponding period of 1950. Among the principal 
importing countries, shipments to Eire from the beginning 
of 1951 declined substantially to 95,835 tons against 
195,513 tons; while Denmark received only 226,984 
tons compared with 294,650 tons, and Sweden 129,580 
tons against 174,126 tons. Belgian consignments, on 
the other hand, previously nil, amounted to 47,510 tons ; 
and Italy, which took 10,168 tons, appeared among the 
list of importing countries for the first time since before 
the war. 





SHORTAGE OF COLD-ROLLED STEEL Strip.—Out of 
the general shortage of steel there has arisen in Scotland 
a@ scarcity of small sizes of bars and cold-rolled strip 
amounting almost toa famine. There is only one firm in 
the district making the latter, and the demand for the 
material has been increasing rapidly year by year. 
Similarly, the demand for bright bars, either drawn or 
turned, far exceeds current supplies. While the capacity 
for producing small round bars has been substantially 
expanded in recent years by an up-to-date mill producing 
reinforcing bars and wire rods, the capacity for the 
production of flats does not appear to be keeping pace 
with the demand. 





Licut INDUSTRIES aT PETERHEAD.—The formation 
@ new company, known as the Premier Tyre Service, 
Ltd., which will carry out the retreading of tyres at a 
factory on a former Royal Air Force hospital site at 
Forehill, near Peterhead, Aberdeenshire, was announced 
on November 14 by Mr. Peter Reid, jun., of Peterhead, 
who hoped the factory would start operations in a 
few weeks. It was stated also, on November 13, by Mr. 
J. A. Dickie, the Provost, that a precision engineering 
works was-to be established in the town. 





INCREASED DUES FOR CLYDE LIGHTHOUSE TRUST.—On 
account of increased costs of materials and higher wages, 
the Clyde Lighthouse Trust have found it necessary to 
increase their dues by 25 per cent. This was announced 
on November 21 at a meeting of Greenock Chamber of 
Commerce. Ex-Provost Drummond said that the trus- 
tees were to install a new lighting system at the Cumbrae 
lighthouse and that this would increase its power. 
Inquiries were also being made into the possible use of 
=" which would further raise the efficiency of the 

its. 





PROPOSED O11 Depot aT DUNDEE.—Dundee Harbour 
Board decided on November 21 by 16 votes to 5 to 
instruct a sub-committee to tonsider the offer by Scottish 
Oils & Shell Mex, Ltd., to lease harbour ground at the 
Stannergate for the purposes of establishing an oil depot. 
This reversed a previous decision. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


UNSATISFACTORY STEEL SITUATION.—A rise in fuel 
prices is considered unavoidable if the wage claims of the 
miners are conceded and this, together with the higher 
steelmaking costs, will have to be passed on to the con- 
sumer of steel products. Recognised market values, 
however, are of little moment just at present. Dis- 
tributable parcels of foreign iron and steel are being 
purchased at double the quotation ruling for home-made 
c dities and operations in a “ black 








market ” for steel have an additional disquieting effect 
on the present unsatisfactory industrial situation. The 
small business that conditions permit, however, is 
understood to be entirely at fixed market prices. Supplies 
are vastly below the pressing current needs of customers 
and threaten to be still further curtailed. The acute 
scarcity of iron and steel scrap is contributing largely to 
the interruption of operations at plants engaged in the 
manufacture of commodities urgently needed in large 
quantities. The news that imports of 4,000 tons of 
German scrap may be unloaded this month is most 
welcome, though the quantity involved is below the 
average monthly intake last year. 





INDUSTRIAL-ACCIDENT PREVENTION.—Speaking at a 
meeting of the Tees-side Industrial Accident Prevention 
Group in Middlesbrough, on November 21, Mr. B. 
Inshaw, director, Industrial Division, Royal Society for 
the Prevention of Accidents, stated that upwards of 
11,500 firms in this country, each employing more than 
1,000 persons, had no connection with the Society. 
Far from being a parochial concern, accident prevention 
was a question of international importance, but many 
firms had had no dealings with the Society because they 
were not aware of what it had to offer. Their sugges- 
tions and ideas might have far-reaching effects in pre- 
venting accidents and thus could be useful to the 
Society, which had embarked on a campaign of accident- 
prevention practice in all branches of industry. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


Firms IMMUNE FROM POWER CuTs.—Some leading 
firms in the Sheffield district are in the fortunate position 
of being immune from power cuts and the working of 
staggered hours. At the Thorncliffe works of Newton 
Chambers & Co., the firm’s generating plant was retained 
as a stand-by when it was decided, some four years 
ago, to take current from the public supply, and it has 
saved the situation ever since. The Lee Mills of the 
David Brown Group at Scholes, Rotherham, are in a 
similar position, having a vertical steam engine which 
is performing good service in spite of its age. The engine 
began duty at Lee Mills 65 years ago, when the premises 
were owned by a textile concern, and it is still working 
efficiently. 





STEEL RESEARCH STATION.—It is expected that, early 
in the New Year, equipment will be installed at the 
new research station which is being built at Sheffield for 
the British Iron and Steel Research Association. An 
experimental 10-cwt. arc furnace for steel melting has 
arrived on the site recently. There will be two main 
laboratory buildings, one of which will be used for 
research into the mechanical working of steel, and 
will house rolling mills, and forging and wire-drawing 
plant. An experimental two-hole non-slip wire-drawing 
machine will work at speeds from three to five times as 
great as those in existing production practice. A large 
administrative block and laboratories, it is hoped, will be 
finished by the end of next year. 





CUTLERY Imports.—It is announced that the import 
of cutlery into the United Kingdom is to be cut by at 
least 50 per cent. in the next six months. This follows 
the withdrawal of the open general licence under which, 
in the six months from April to September this year, 
nearly 50,0001. worth of cutlery, not including spoons 
and forks, was brought into the country. Imports to 
the total value of 125,0001. are to be permitted on 
licence up to June 30 next year, and this figure will 
include imports of spoons and forks. 





HigH RATE OF EMPLOYMENT.—A very high rate of 
employment continues at Sheffield, where the percentage 
of unemployment. is much less than half the average for 
the whole of the country. There were 1,241 unemployed 
in October, compared with 1,225 in the previous month, 
including 342 women. In the East and West Ridings 
region the total unemployed rose from 13,644 to 19,281 
during October. The percentage rate of unemployment 
in Sheffield is less than 0-5 per cent. compared with 1-1 
per cent. for the region and 1-3 per cent. for the whole 
country. ; 





THE MIDLANDS. 


BLAasT FURNACE RESTARTED AT BILSTON STEELWORKS. 
—No. 5 blast furnace at the Bilston steelworks of 
Stewarts and Lloyds, Ltd., which was blown out recently 
for re-lining, has been blown in again, and is now in 
production. The furnace, which supplies the company’s 
adjacent steelworks, was out of operation for only 
24 days. 





THE LATE MR. FRANCIS FRASER.—We regret to record 
the death on November 21 of Mr. Francis Fraser, F.C.1.S., 
who was secretary of the British Thomson-Houston Co., 
Ltd., for 40 years, and had been a director of the 
company for 27 years, when he retired at the end of 


1941. Mr. Fraser was born in Scotland in 1863. After 
experience with a shipping firm and in a solicitor’s office 
in Edinburgh, he went to the United States, and, in 
1890, joined the Edison General Electric Co. in Denver. 
He returned to England in 1901, to become secretary to 
the British Thomson-Houston Company. 

New Cycie Facrory In Inpi1.—The Wearwell 
Cycle Co., Ltd,, of Wolverhampton, are forming an 
associated company, the Wearwell Cycle Co. (India), Ltd., 
to handle sales in the Indian market. At first the Indian 
company, which will operate from New Delhi, will 
assemble cycles from components made in Great Britain, 
but they are expected to produce more of their own 
components in the future. 








BORING FOR COAL IN CANNOCK CHASE.—The National 
Coal Board are to sink a borehole, 3,000 ft. deep, at 
Satnall Hill, about four miles east of Stafford, and in 
the northern part of Cannock Chase, where at present 
there are no collieries. 





Fitm ON THE LIFE OF WILLIAM MurRpDOcK.—A docu- 
mentary film on the life of William Murdock, the pioneer 
of gas lighting, is being made at Malvern Link, 
Worcestershire. The film, which will run for 20 minutes, 
is being produced and directed by Mr. John Stewart, 
and will include shots of a replica of Murdock’s 1784 
locomotive engine, and of a model, 30 ft. high, of the 
gas-lighted pagoda erected in St. James’s Park, London, 
in 1814. The pagoda, which was illuminated by 10,000 
gas lights, was destroyed by fire on the day before it 
was to have been exhibited to the public. 





HEAT-RESISTING ENAMELS.—Ferro Enamels, Ltd., of 
Wombouwrn, Staffordshire, state that they have developed 
a vitreous enamel capable of resisting temperatures in 
the region of 900 deg. C. A gas-turbine flame tube, 
lined internally with this material, has been exhibited 
at Wolverhampton. 





Moror VEHICLE Exports.—The Rootes Group have 
chartered the M.S. Hoperidge to carry motor vehicles 
to Australia. The ship has been loaded with a full 
cargo of Humber, Hillman and Sunbeam Talbot cars, 
some assembled and some completely ‘‘ knocked down,” 
and Commer and Karrier commercial vehicles. The ship 
is also carrying a consignment of spare parts and 
components. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


CHAIRMAN OF S.W. DIvISIONAL CoaL BoarpD.—It was 
announced during the past week that, on account of 
ill-health, Mr. G. E. Aeron-Thomas was resigning his 
position of chairman of the South Western Divisional 
Coal Board at the end of the present year. His resigna- 
tion has been accepted “‘ with extreme reluctance” by 
Sir Hubert Houldsworth, chairman of the National Coal 
Board. Mr. Aeron-Thomas, who is 65, met with an 
accident in Cardiff 18 months ago, from the effects of 
which he is still suffering. He is the second chairman 


of the Division. 





THREATENED STRIKE AT NANTGARW COLLIERY.—Pit- 
workers at the Nantgarw Colliery, where 5,000,0001. has 
been spent by the Coal Board on the mine and by-product 
plant, have tendered 14 days’ notice to terminate con- 
tracts. The dispute concerns arrangements for Saturday 
working. Two strikes in the Welsh coalfields, at the 
Pare and Dare Colliery, involving 2,500 men, and at the 
Lewis Merthyr Collieries, involving 160 men, have ended, 
the men returning to work so that their grievances can be 
discussed with officials of the Board. 





OBJECTIONABLE INDUSTRIAL FuMES.—The Ministries 
of Housing and Local Government and of Health have 
been asked by the Caerphilly Urban Council to call 4 
conference to discuss problems caused by fumes from 
the new by-product plant at the Nantgarw Colliery. It 
was stated that these fumes had discoloured paintwork 
on houses opposite and deposited a brown stain on baths. 
It was also contended that the problem affected industries 
on the Treforest Trading Estate. 





EFFECT OF WATER POLLUTION ON FisHERIES.—The 
South Wales Sea Fisheries District Committee were told, 
when they met at Cardiff on November 23 to discuss ° 
report on the pollution of the New Dafen River, Llanelly, 
through the discharge of acid effluent from the new Steel 
Company of Wales tin plate works at Trostre, that 
they must choose between fish and industry. Recovery 
plant installed at Trostre, at a cost of 300,0001., was an 
economic process for recovering sulphuric acid and not 
to prevent pollution. It was stated that the com- 
mittee’s officials were doing everything possible and the 
Steel Company of Wales were spending very large ame 
of money on plant to mitigate the damage caused nd 
pollution. The committee and the Steel Company Ww’ 





continue to work together to improve the position. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the ting 


*“ Black Light : Its Effect and Application,” by Mr. H. L. 
Privett. Birmingham Centre: Friday, December 7, 
6 p.m., Imperial Hotel, Temple-street, Birmingham. 
“The Architect’s Approach to Artificial Lighting,” by 
Mr. R. G. Cox. Bath and Bristol Centre: Friday, 








SocrETY OF ENGINEERS.—Monday, December 3, 5.30 
p.m., Geological Society, Burlington House, Piccadilly, 
W.1. “Some Aspects of Industrial Filtration,” by Mr. 
R. E. Gray. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
December 3, 5.30 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion: ‘‘ Are Sales Engineer 
Representatives Necessary ?’”’ opened by Commander 
R. B. Fairthorne. South Midland Centre: Monday, 
December 3, 6 p.m., James Watt Memorial Institute, 
Birmingham. “Sutton Coldfield Television Broad- 
casting Station,’’ by Mr. P. A. T. Bevan and Mr. H. Page ; 
and “the Vision Transmitter at Sutton Coldfield,” by 
Mr. E. A. Nind and Mr. E. McP. Leyton. Mersey and 
North Wales Centre: Monday, December 3, 6.30.p.m., 
Royal Institution, Colquitt-street, Liverpool. ‘‘ The 
London-Birmingham Television-Cable System,” by Mr. 
T. Kilvington, Mr. F. J. M. Laver and Mr. H. Stanesby. 
Measurements Section : Tuesday, December 4, 5.30 p.m., 
Victoria-embankment, W.C.2. Discussion on “ Servicing 
of Electrical Instruments in Large Industrial Under- 
takings,’’ opened by Mr. A. J. Young ; and Discussion on 
“Maintenance of Electrical Instruments in Atomic- 
Energy Factories,”” opened by Dr. Denis Taylor. North- 
Western Centre: Tuesday, December 4, 6.15 p.m., 
Engineers’ Club, Manchester. ‘‘ Technical Colleges and 
Education for the Electrical Industry,” by Dr. H. L. 
Haslegrave. Radio Section: Wednesday, December 5, 
5.30 p.m., Victoria-embankment, W.C.2. ‘ An Investiga- 
tion into.the Mechanism of Magnetic-Tape Recording,” 
by Mr. P. E. Axon. Scottish Centre: Wednesday, 
December 5, 7 p.m., Heriot-Watt College, Edinburgh. 
“Effect of Friction on Servo Mechanisms at Creep 
Speeds,” by Mr. J. G. L. Michel and Dr. A. Porter. 
Institution; Thursday, December 6, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘“‘ Technical Colleges and Educa- 
tion for the Electrical Industry,” by Dr. H. L. Haslegrave, 


INSTITUTIGN OF MECHANICAL ENGINEERS. North 
Eastern Branch: Monday, December 3, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. ‘“‘ Steam 
Piping for High Pressures and High Temperatures,” by 
Dr. R. W. Bailey. Scottish Branch: Thursday, Decem- 
ber 6, 7.30 p.m., Royal Technical College, Glasgow. 
“Technical Education in America,” by Dr. D. 8S. 
Anderson and Mr. James Ferguson. Institution (Adminis- 
tration and Production Group): Friday, December 7, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
“Measurement and Interpretation of Machinery Noise, 
with Special Reference to Oil Engines,” by Mr. C. H. 
Bradbury. AUTOMOBILE DIVISION.—Derby Centre: 
Monday, December 3, 6.15 p.m., Rolls-Royce Welfare 
Hall, Nightingale-road, Derby. ‘‘ The Aviation Engine,” 
by Air-Commodore F. R. Banks. Coventry Centre: 
Tuesday, December 4, 7.15 p.m., Craven Arms Hotel, 
High-street, Coventry, ‘‘ Independent Rear Suspension,” 
by Mr. Donald Bastow. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Centre: Monday, December 3, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. Discussion on ‘‘ Transmission.” 
Eastern Group: Tuesday, December 4, 6.15 p.m., 60, 
Cremorne-lane, Norwich. ‘‘ Use of Light-Weight Sand- 
wich Materials in Road-Transport Vehicles,” by Mr. 
F. C. Lynam. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch: Monday, December 3, 7.30 p.m., College of 
Technology, Sheffield. ‘‘ Unskilled Labour in the 
Foundry Industry,” by Mr. F. H. Hoult. Burnley 
Section: Tuesday, December 4, 7.30 p.m., Municipal 
College, Burnley. ‘‘ Pattern Making,” by Mr. N. Gott. 
Newcastle Branch: Saturday, December 8, 6 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“ Production of Heavy Castings for Electrical Generating 
Equipment,” by Mr. N. Charlton. 

JUNIOR INSTITUTION OF ENGINEERS.—North Western 
Section: Monday, December 3, 7.30 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“ Power Stations,” by Mr. F. 
Marshall. Midland Section: Wednesday, December 5, 
7 p.m., James Watt Memorial Institute, Birmingham. 
“ Printing and Allied Machinery,” by Mr. J. F. Elsworth. 
Institution : Friday, December 7, 6.30 p.m., 39, Victoria- 
street, S.W.1. Film Evening. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
December 4, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. “ Design of Process Equipment 
with Special Hygenic Requirements,” by Mr. J. Mat- 
thews, Mr. H. F. Goodman and Mr. G. H. Botham. 


ILLUMINATING ENGINEERING SocteTY.—Cardiff Centre: 
Tuesday, December 4, 5.45 p.m., South Wales Electricity 
Board’s Offices, Cardiff. “‘ Lighting in the New House 
of Commons,” by Mr. C. Dykes Brown. Newcastle 
Centre: Wednesday, December 5, 6.15 p.m., Minor 
Durrant Hall, Oxford-street, Newcastle-upon-Tyne, 1. 





D ber 7, 6.15 p.m., South Western Electricity Board’s 
Offices, Colston-avenue, Bristol. ‘Lighting for the 
Prevention of Industrial Accidents,” by Mr. E. W. 
Murray. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaND.—Tuesday, December 4, 6.30 p.m.,.39, Elm- 
bank-crescent, Glasgow. “Higher Tensile Short-Link 
Steel Chain and Chain Slings,” by Mr. W. Gibson Biggart. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch: Tuesday, December 4, 6.30 p.m., 
Cleveland Scientific and Technical Institution, Corpora- 
tion-road, Middlesbrough. “Factory Extension at 
Silvertown,” by Mr. Frank G. Etches. Wales and 
Monmouthshire Branch: Tuesday, December 4, 
6.30 p.m., South Wales Institute of Engineers, Park- 
place, Cardiff. Discussion on “‘ Structural Engineering 
Problems.” 

INSTITUTE OF METALS.—South Wales Local Section: 
Tuesday, December 4, 6.30 p.m., University College, 
Singleton Park, Swansea. “The Solidification of 
Castings,” by Mr. R. W. Ruddle. Sheffield Local Section : 
Friday, December 7, 6.30 p.m., The University, St. 
George’s-square, Sheffield. ‘‘ Precious Metals in Indus- 
try,” by Mr. H. G. Dale. 

WoMEN’s ENGINEERING Society.—London Branch: 
Tuesday, December 4, 7 p.m., 35, Grosvenor-place, 
S.W.1. “ Opening Doors,” by Miss L. Chitty; and 
“* Power Station Design,” by Miss J. C. Thompson. 

INSTITUTION OF PRODUCTION ENGINEERS.—Reading 
Section: Tuesday, December 4, 7.15 p.m., Apprentice 
School, Morris Motors, Ltd., Cowley. “ Productivity 
and the Machine Tool,” by Mr. N. Stubbs. Coventry 
Section : Wednesday, December 5, 7 p.m., Church House, 
Church-street, Rugby. “ Planning for Batch Produc- 
tion,” by Mr. B. C. Harrison. Nottingham Section: 
Wednesday, December 5, 7 p.m., Victoria Station Hotel, 
Nottingham. ‘“‘ Arc Welding,” by Mr. G. D. Earl. 
Institution: Thursday, December 6, 7 p.m., Royal 
Empire Society, Northumberland-avenue, W.C.2. “‘ High- 
Speed Press Work,”’ by Mr. J. A. Grainger. 

RoyaL Society oF ARTS.—Wednesday, December 5, 
2.30 p.m., John Adam-street, Adelphi, W.C.2. “‘ Carriages 
and Their History,” by Sir Garrard Tyrwhitt-Drake. 

RoyaL METEOROLOGICAL SOcIETY.—Wednesday, 
December 5, 5.30 p.m., Royal Institution, Albemarle- 
street, W.1. “The Optical Properties of the Atmos- 
phere,” by Mr. J. Paton. 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
December 5, 6 p.m., 11, Upper Beigrave-street, 8.W.1. 
“Circular Liquid-Retaining Structures in Prestressed 
Concrete,” by Mr. J. W. A. Ager. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, December 5, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “ Ventilation of Coal’ Mines,” by Mr. J. G. 
Bromilow. Manchester Branch: Friday, December 7, 
6.30 p.m., Engineers’ Club, Manchester. ‘‘ Heating and 
Air Conditioning in the New House of Commons,” by 
Mr. J. R. Kell. 

INSTITUTION OF WORKS MANAGERS.—Notts and Derby 
Branch: Wednesday, December 5, 7.30 p.m., Welbeck 
Hotel, Nottingham. ‘‘ Economic Aspect of the Small 
Factory Competing with Larger Organisations,” by 
Mr. A. H. Huckle. 

RoyaL AERONAUTICAL SocteTy.—Thursday, Decem- 
ber 6, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. “ Air Intakes for Gas Turbines,” 
by Mr. J. Seddon. 

ENGINEERS’ GuiLpD.—Thursday, December 6, 6 p.m., 
Caxton Hall, Victoria-street, S.W.1. Film Evening. 

LEEDS METALLURGICAL SocieTy.—Thursday, Decem- 
ber 6, 7 p.m., The University, Leeds. Film on “ Process 
Heating Equipment.” 

BRITISH INSTITUTION OF RADIO ENGINEERS.—Scottish 
Section: Thursday, December 6, 7 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. ‘‘ Automatic Precision Tem- 
perature Recorders,” by Mr. C. H. Offord. 

INSTITUTION OF WATER ENGINEERS.—Friday, Decem- 
ber 7, 10 a.m., Institution of Civil Engineers, Great 
George-street, S.W.1. “The Low Worsall to Wilton 
Raw-Water Supply,” by Mr. T. S. R. Winter; “ Pre- 
stressed Concrete Pipes,” by Mr. G. A. P. Ooykaas ; 
and Report on “ Problems Concerning the Distribution 
of Water.” 

INSTITUTE OF FUEL.—South Wales Section: Friday, 
December 7, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. ‘‘Tests on Commercial CO, 
Recorders,” by Mr. L. J. Flaws and Mr. W. Hill. 

Norta East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, December 7, 6.15 p.m., 
Mining Institute, Newcastle-upon-Tyne. Annual 

“‘ External Ship Corrosion Due to Bacterial 
Action,”’ by Dr. W. 8. Patterson. 





PERSONAL. 


H.H. Sm Hamipurtan Kuan, G.0.S.1., G.C.LE., 
G.C.V.0., Sm JosepH W. Buore, K.C.S.I., K.C.LE., 
C.B.E., Mr. G. W. Opry, C.B.E., M.P., Sm Jwata 
PrasaD Srivastava, K.C.S.I., K.B.E., and Proressor 
L. F. R. WiiiiaMs, C.B.E., J.P., have resigned from the 
board of Darwins Ltd., Sheffield. Sm ALEXANDER 
DunBak, Mr. A. Torry, A.I.M., and Mr. P. E. H. WILDE 
have been elected directors and Sir Alexander Dunbar 
has been made deputy chairman. 

Mr. DONALD F. ANDERSON has been appointed chair- 
man of the shipowners’ side of the National Maritime 
Board, in succession to Mr. Basi. SANDERSON. 

COMMANDER (E) T. J. Turner, R.N. ret., A.M.I. 
Mech.E., has been appointed general manager of 
Prat-Daniel (Stanmore) Ltd., Dalston-gardens, Stan- 
more, Middlesex, as from November 1. 


Mr. S. R. Hatsry, who has been 20 years with James 
Gordon & Co., Ltd., has now been appointed a director 
of the company. 

Mr. A. E. SHave, A.M.I1.0.E., A.M.I.Mech.E., 
A.M.I.E.E., who became senior assistant to the purchas- 
ing officer of the London Transport Executive, 55, 
Broadway, S.W.1, in 1949, has now been appointed 
supplies officer. Mr. J. MorGAN has been appointed 
chief ratefixer (omnibuses and coaches) at the Chiswick 
and Aldenham Works of the Executive. 

Mr. F. Fawcett, A.M.1.C.E., hitherto assistant district 
engineer, Walsall, has been appointed district engineer, 
Derby (South), British Railways, London Midland 
Region. 

Mr. P. W. Howarp has been appointed managing 
director of the British Tyre & Rubber Co., Ltd., Herga 
House, Vincent-square, London, S.W.1, in succession to 
the late Mr. ALAN SINCLAIR. 

Mr. E. B. Watron, A.M.I.E.E., until recently assistant 
editor of the Hlectrical Times, has joined the publicity 
department of Babcock & Wilcox, Ltd., Babcock House, 
Farringdon-street, London, B.C.4, as editorial assistant 
to Mr. G. M. C. Peacock, the publicity manager. 

Mr. M. VEROOE has been appointed official representa- 
tive of the Institution of Engineering Draughtsmen and 
Designers, Grand Buildings, Trafalgar-square, London, 
W.C.2, on the Standardisation of Drawing-Office 
Materials Sub-Committee of the Engineering Standards 
Co-ordinating Committee under the Joint War Produc- 
tion Committee of the Ministry of Supply. 

Mr. W. E. Davis has been appointed Midland regional 
controller, Ministry of Labour and National Service, in 
succession to Mr. H. 8S. Gosney, who is moving to the 
Ministry’s southern region to take up a similar post. 

In consequence of the death, on November 6, of Mr. 
F. M. SELSON, managing director of the Selson Machine 
Tool Co., Ltd., Cunard Works, Chase-road, North Acton, 
London, N.W.10, Mr. D. W. Cooper has been appointed 
managing director, and Mr. J. SIMPsON, who is a director, 
will discharge the duties of general manager. Mr. C. M. 
COHEN remains chairman. 

Mr. I. A. Gray has been appointed assistant to the 
President of Canadian Pacific Airlines, at his head- 
quarters in Vancouver. Mr. Gray vacates the post of 
general superintendent of engineering for Canadian 
Pacific Airlines upon taking up his new appointment and 
he is succeeded by his former assistant, Mr. F. M. 
FRANCIS, of Vancouver. 

Mr. W. W. SHortTER, director and general sales 
manager of the Westinghouse Brake and Signal Oo. 
Ltd., 82, York Way, King’s Cross, London, N.1, has 
been appointed to the board of W. R. Sykes Interlocking 
Signal Co., Ltd., Clapham, London, S.W.4. 

Mr. P. W. DARNELL is relinquishing his post as Press 
officer to the Ministry of Transport, Berkeley-square 
House, London, W.1, to-day, November 30. The 
Ministry’s information branch is now under Mr. 8. W. 
BAINBRIDGE, principal information officer, who is 
assisted on the Press side by Mr. K. J. Ley. 

Mr. S. A. Movustey, sales manager, rubber-goods 
division, Dunlop Rubber Co., Ltd., Manchester, has been 
elected a member of the firm’s local board in that city. 

The ALUMINIUM WIRE AND CABLE Co. LTD., have 
opened a Midlands branch office at Great Western 
Buildings, 6, Livery-street, Birmingham, 3. (Telephone : 
CEN. 5370.) 

THe RocKWELL MacHINE Toot Co., LTp., Welsh 
Harp, Edgware-road, London, N.W.2, have been ap- 
pointed sole agents in this country for four German 
manufacturers of machine tools, namely, Messrs. 
DRABERT, Minden-i-West; DELISLE UND ZIEGELE, 
Stuttgart ; KRAUMENDABL, Lorrach-Baden; and Har- 
TEX, Berlin. 

The address of the London office of HaARBORMASTER 
Ltp., is now 42, Walmer-road, W.10. (Telephone : 
LADbroke 1221.) 

The address of the Hull Office of British INSULATED 
CALLENDER’s CABLES LTD., is now 199, Anlaby-road 
Hull. (Telephone (unchanged): Central 16367.) 
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CONTRACTS. 


LEYLAND Motors Ltp., Leyland, Lancashire, have 
received an order worth nearly 250,0001. from the 
Corporacion Automotriz 8.A., Montevideo, Uruguay, for 
over 100 motor-vehicle chassis, 80 of which are of the 
new Comet “90” range. The latter is a long-wheelbase 
haulage model fitted with a 90-h.p. high-speed Diesel 
engine and a two-speed rear axle, which, together with 
a five-speed gearbox provides 10 forward speeds. Other 
recent orders include the purchase of 30 Titan passenger 
models by Ribble Motor Services Ltd., 20 Titan chassis 
by Southdown Motor Services, Ltd., and 10 Royal Tiger 
coaches by the North Western Road Cer Co., Ltd. 

HUNTING AEROGSURVEYS LTD., 20, Old Bond-street, 
London, W.1, have been awarded an aerial survey con- 





tract by the Iraq Government, involving the air photo- 
graphy and contoured mapping of a large portion of 
Iraq. This contract is the first step in the economic 
development of the country, as drawn up by the Iraq 
Government Development Board. The survey photo- 
graphs will take two seasons to complete and the mapping 
work will be spread over a five-year period. 


THE DE HAVILLAND AIRCRAFT Co., Ltp., Hatfield, 
Hertfordshire, announces that Air France intends to 
purchase three Series 1 Comet aircraft and that an agree- 
ment in principle to purchase these machines, subject to 
the formalities of French Government approval, has now 
been signed. 


FERGUSON BROTHERS (PoRT GLASGOW), LTD., Newark 
Works, Port Glasgow, have received an order from the 














Fie. 5. Lecture Haw. 


Aden Port Trust for a powerful twin-screw sea-going 
salvage and towing steamer. Reciprocating engines of 
Ferguson Brothers manufacture will be installed. 


THE NorTH BRITISH LOCOMOTIVE CO., LTD., Glasgow, 
have received an order from the South African Railways 
and Harbours Administration for locomotives and 
tenders valued at about 5,000,000. This, it is stated, 
should mean two years of steady employment at the 
company’s Springburn and Polmadie Works. Recently, 
the company booked an order for 60 locomotives and 
tenders of the new “25” class, but in the interval this 
class has been improved and the original order replaced 
by one for 100 locomotives. With the exception of ten, 
all will be fitted with condenser equipment, because of 
water shortage on some South African Railway lines. 
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THE ELECTRIC LAMP 
‘* MONOPOLY.’’ 


In March, 1949, the Monopolies and Restrictive 
Practices Commission was instructed by the 
Board of Tradé to discover whether the conditions 
to which the Monopolies and Restrictive Practices 
(Inquiry and Control) Act, 1948, applied prevailed 
in the British electric-lamp industry ; and whether 
what was taking place in that industry was con- 
trary to the public interest. A report* of some 
100 pages, which was published last week, contains 
the result of their investigations; and, in the 
manner of its kind, is accompanied by nearly 
another 100 pages of appendices. Its perusal may 
be recommended to those who are interested in the 
history of a not unimportant branch of the electrical 
industry, but this recommendation must be 
accompanied by the warning that many of the 
statements are ex parte and that the treatment is 
sometimes so detailed as to confuse the issue. 
An even graver criticism is that there are signs 
that the case has been prejudged. To some extent 
this is, perhaps, inevitable, from the nature of the 
terms of reference, which rendered it unlikely that 
a verdict of “ not guilty’ would be returned. The 
best that could have been expected would have been 
the unsatisfactory Scottish judgment of “not 
proven,” which is frequently much the same as 
“not guilty, but don’t do it again.” 

This result is, we think, partly due to the fact that 


* The Monopolies and Restrictive Practices Commission. 
Report on the Supply of Electric Lamps. London: H.M. 








Stationery Office. [Price 6s. net.] 





the Commission has considered it necessary to 
inquire closely into past history. Their investiga- 
tions show that the first step towards monopoly in 
the electric-lamp industry was taken as long ago 
as 1905, when the British Carbon Lamp Association 
was formed to combat foreign competition. The 
pooling of patents and of the results of research 
followed and above all agreements regarding manu- 
facture, supply and sales were entered into. In 
1919, the formation of the Electric Lamp Manufac- 
turers’ Association, Limited, further crystallised 
the position. Even greater stabilisation occurred 
when the international body known as S.A. Phoebus 
was formed. Under the terms of this association, 
which was set up in 1925, the world market was 
divided into territorial zones, a common policy on 
sales was laid down, and the cross licensing of 
inventions was contemplated. As a result, when 
war broke out in 1939, the principal lamp manu- 
facturers of the world, except those of Japan, were 
associated by a network of agreements. Although 
since then these agreements have naturally become 
ineffective, their place has been taken by an under- 
standing between British manufacturers under which 
most of their provisions are maintained. The 
ramifications of this association are now, however, 
principally of importance because the Commission 
feels that many of to-day’s conditions are heritages 


99 | of its baleful influence. 


Stating these conditions as briefly as possible, 
British electric lamp manufacturers can be divided 
into three groups: those who are members of the 
Electrical Lamp Manufacturers’ Association ; those 
who are non-members, but are “controlled” by 
members; and those who are “independent.” 
The aggregate annual production of the industry is 
rather over 247 million filament lamps and five 
million discharge lamps. Of the former class, about 
60 per cent. are produced by members of the 
Association, 13 per cent. by the “ controlled” 
companies, and 27 per cent. by the “ independent ” 
manufacturers. Members of the Association also 
produce 62 per cent., and “independent” manu- 
facturers 38 per cent., of the discharge lamps. These 
figures, therefore, do not disclose “the exclusive 
possession of a trade in some commodity,” which is 
the usual definition of a monopoly, although they 
bring the industry within the “ conditions ” of the 
1948 Act. 

It must be admitted from the evidence produced 
that the Association is a powerful body and that its 
power is not diminished by the fact that two firms 
are between them responsible for over half the 
production of its members. Naturally, therefore, 
these firms play a considerable part in its activities. 
For instance, they supply not only their own require- 
ments for bulbs and caps, but those of other members 
of the Association and to a large extent of the 
“ controlled ” companies and “‘ independent ” manu- 
facturers as well. Further, they possess many 
patent rights, although it is conceded that the 
benefits of these have been made generally available. 
Finally, they perform the greater part of the research 
work of the industry, although, again, many of the 
resulting technical benefits have been passed on to 
the public in the form of reduced prices. 

If, however, the evidence of the report is accepted 
this is not the whole story; for members of the 
Association are permitted only to manufacture 
approved types of lamps and a uniform price 
which, in the case of the ordinary 60-watt lamp, is 
now lower than before the war, must be charged 
for these at every stage in their distribution. The 
advantages of competition among members are 
therefore, it is argued, practically eschewed. More- 
over, each member is entitled only to a fixed per- 
centage of the total trade; and, if he sells more 
than his quota, must make a compensatory pay- 
ment to those who are more unfortunate—or less 
energetic. On the other hand, the total number of 








lamps of all kinds sold by members is not restricted 
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but is free to grow—or to diminish—according to 
the demand. Competition, therefore, exists, if not to 
the extent that the Commission considers desirable. 
Moreover, the “independent” manufacturers buy 
a large proportion of their components from mem- 
bers of the Association and the present policy of 
the latter. is, generally speaking, to maintain this 
supply at reasonable prices. The Commission, 
is, however, uncertain how long this halycon state 
of affairs will continue and therefore recommends 
that the sales quota system should be terminated. 
It is also uneasy about the patent position on 
even more slender grounds; for while licences 
are now being granted well beyond the obligations 
required by law it is felt that this may be due 
more to the provisions of the Patent Act, 1949, 
than to a realisation of the error of their former 
ways. In any event, patents, at least as far as 
filament lamps are concerned, are not so important 
as they used to be. Again, therefore, there is some 
misgiving as to what might happen, and it is conse- 
quently considered that the position should be care- 
fully watched. It is also regarded as important 
that the “‘ independent ” companies should continue 
to exist and that the “ controlled ” companies should 
still practise an independent price policy. One 
member of the Commission (and this is the only 
departure from unanimity in the report) regards this 
latter proposal as unrealistic; and suggests as an 
alternative that the Government should acquire the 
share capital of these companies at a fair valuation, 
while leaving their management in present hands. 
Turning to the distributive side, it is pointed 
out that the two fundamental features of the 
system established by the Association are that its 
members must not supply any concern with lamps 
on wholesale terms unless that concern agrees not 
to sell non-Association lamps ; while retailers who 
sign similar agreements are solaced by the award 
of an extra 5 per cent. discount. The Commission 
recommends that both these practices should cease 
for the reason that they stultify competition. 
Nevertheless, it is admitted that only 19,000 of the 
35,000 lamp retailers in the country have signed 
the exclusive agreement and that actually competi- 
tion from independent manufacturers is not ineffec- 
tive. The practice of granting rebates to cus- 
tomers based on their total purchases of Association 
lamps is also deplored, partly because it is against 
the public interest and partly because the elaborate 
statistical machinery which must be used to imple- 
ment it leads to a waste of effort and manpower. 
Upon this necessarily concise, but nevertheless, 
we hope, unbiased summary of the Commission’s 
conclusions two comments may be made: one is 
that their researches into past history have given 
them a somewhat exaggerated idea of the strangle- 
hold imposed on the industry before the war by 
Phoebus and its associates, and of the exploitation 
of the consumer which resulted therefrom. Few 
such organisations are, however, as black as they 
are painted and if it were only for the contributions 
that it made to knowledge and for its successful 
attempts to avert a price war its existence may 
have been justified. This opinion is, however, at 
least by implication, rejected by the Commission, 
although it is admitted that the position is not so 
bad as it used to be. It is therefore the more 
unsatisfactory that sc many of its, recommenda- 
tions seem to be based rather upon conditions as 
they were, or might be, than on what they really are. 
‘Phe second point is perhaps even more important. 
Can the recommendations of the Commission be 
implemented and, if they can, what will be the 
results ? Will the removal of the restrictions we 
have outlined result in the public being provided 
with a better quality article at a lower price? Is 
it possible that the same result could be obtained 
in a better way ? It is upon the answers to these 
questions that the justification for the conclusions 
reached by the Commission must rely. 


CLEAVAGE FRACTURES OF 
SHIP PLATES. 


THE brittle behaviour of steel under certain con- 
ditions is not a new phenomenon, but it has caused 
perplexity since the earliest days of steel-making. 
The increased use of welding in recent years, how- 
ever, has brought the matter into prominence, and 
the failures of American “ Liberty” ships stimu- 
lated research into the behaviour of steel subjected 
to the stresses and conditions imposed on the hull 
of a ship at sea. Many new facts have been dis- 
closed, and techniques for avoiding failure have 
been evolved, but a fundamental understanding of 
the problem has not yet been obtained. The 
toughness of steel, that is, its capacity to resist 
fracture in a brittle manner, cannot be determined 
from the usual physical tests, and it has been 
necessary to devise additional tests to reveal this 
characteristic. The amount of energy required to 
produce or extend a fracture may be taken as an 
index of the toughness, and, in this country, the 
standard usually adopted is the Izod value. In 
recent years, however, the Charpy V-notch test 
has come into favour ; in this test, a beam specimen 
having an Izod notch is broken on a Charpy machine. 
By this means, it is possible to relate the toughness of 
steel at various temperatures to the energy absorbed, 
and the transition temperature range from the 
brittle to the ductile state may be determined. 
It is possible, too, to relate the appearance of the 
fracture, whether crystalline or fibrous, denoting 
brittleness or toughness, to the energy absorbed. 
There are many such tests, but unfortunately it is 
not possible to relate the results to each other, 
even on steel of a standard quality, nor to reconcile 
them completely with service results. It may be 
said, nevertheless, that it is possible to put steels 
in order of toughness by these methods. These 
are commercial tests, and therefore are carried 
out on small specimens, but attempts have been 
made to determine the factors influencing cleavage 
fractures in ship plates by testing large specimens. 

The most important work of this nature was that 
carried out at the Engineering Experiment Station of 
the University of Illinois, under the egis of the United 
States Office of Scientific Research and Develop- 
ment, and the Bureau of Ships, Navy Department.* 
This work was part of a programme sponsored 
by a Board appointed by the Secretary of the 
Navy “to investigate the design and methods of 
construction of welded steel merchant vessels” 
(afterwards superseded by the Ship Structure 
Committee of the National Research Council) 
to attempt to explain certain aspects of the 
failures in “Liberty” ships. Plates ? in. in 
thickness, having widths of 72 in., 48 in., 24 in. and 
12 in. were tested, a 3,000,000-Ib. tensile machine 
being used for the wider specimens. A stress raiser, 
with a width equal to one quarter of the breadth 
of the plate, and consisting of a } in. slot with a 
jeweller’s saw cut at each end, was cut in each 
plate, transversely to the direction of pull. Tests 
were carried out with the plates at different tem- 
peratures, and a variety of data was obtained. 
The distribution of the longitudinal strain across 
the plate was measured, and the energy absorbed 
to failure was estimated from the area under a 
curve showing total load and the average elonga- 
tion of the plate on a standard gauge length equal 
to three ‘quarters of the width of the plate. The 
fractures of the plates were examined to determine 
the proportion of the total section for which the 
failure was of the cleavage type and the part which 
was of the ductile type. It was found that, with 





* Cleavage Fractures of Ship Plates. By Professor 
Wilbur M. Wilson, Robert A. Hechtman and Professor 
Walter H. Bruckner. Bulletin No. 388. University of 
Illinois Engineering Experiment Station, Urbana, 
Illinois, U.S.A. [Price 1 dol.) 








the stress raiser used, the cleavage fracture, when 
it occurred, might take place instantaneously over 
the whole section, or intermittently, in “jumps.” 
Factors which were considered to enter into the 
strength of the plates were the temperature of the 
steel, the type of fracture, the width of plate, and 
the type of steel. The relation between the tem- 
perature of the steel and the strength was some- 
what erratic, but, in general terms, it was found 
that the strength of a wide plate with a severe 
stress raiser increased with increase in temperature 
in the transition range. 

On the second criterion, it is not surprising to 
find that the strength of the plate increased with the 
proportion of the fracture that was of the shear 
type. When attempting to relate the strength of 
the plate to the width, the matter is obscured by 
the amount of cleavage in the fracture, but the 
broad result emerges that the strength decreased 
with the width of plate, and moreover, the effect 
would continue beyond a width of 72 in., the widest 
plate tested. Five kinds of steel were used in 
the tests, ranging from rimmed steel as rolled, to 
killed steel normalised ; the chemical constituents 
of the steels varied. Three varieties of steel were 
used for the tests on the 72-in. plates, and it was 
found that the order of merit was: killed steel as 
rolled, killed steel normalised, and, lowest, rimmed 
steel as rolled. A similar result was obtained in 
the other plates. As regards energy absorption, it 
was found, as might be expected, that the capacity 
increased with the proportion of shear in the frac- 
ture, and this was many times greater under condi- 
tions which produced a shear fracture than under 
those which produced a cleavage fracture. 

In addition to the tests on wide plates, Charpy 
V-notch impact tests were taken from each variety 
of steel. The transition-temperature range deter- 
mined on this basis was broad, and, in average value, 
differed considerably from the values determined 
from the wide-plate specimens, where the range of 
the transition temperatures, as defined by energy 
absorption, percentage of shear in fracture, or 
elongation was narrow for the 72-in., 48-in. and 
24-in. plates. However, the relative merits of the 
different steels fell into the same order as was 
obtained from the Charpy V-notch impact tests, 
except in the 12-in. plates, where the order was not 
the same. This partial correlation between the 
impact tests on the small specimens, and the tensile 
tests on the large specimens, is probably the most 
valuable result obtained by these elaborate, and 
no doubt costly, experiments. In addition, they 
demonstrated that the behaviour of the large plates 
was generally in line with what might have been 
expected. It does not follow from the experiments 
that service results must necessarily follow the 
same pattern, but they offer a valuable extra- 
polation from the commercial tests. It is worth 
noting that the manganese-carbon ratio in the killed 
steel tested in the wider plates was of the order of 
2-5 or 3-0 to 1, a ratio which modern opinion, 
influenced by Barr and Honeyman, considers 
suitable for a reasonably tough steel ; the ratio in 
the rimmed steel was 1-6 to 1, so that this steel is 
condemned on two counts. Several incidental 
results of interest were obtained ; the most import- 
ant arose through the failure of one of the pulling 
plates, to which the specimens were welded. This 
plate fractured with a complete cleavage, and an 
examination showed that the Charpy impact value 
was low, and that the sheared edge of the plate 
had incipient cracks and a greatly increased hard- 
ness, factors which might have been expected to 
reduce the strength and ductility of this strain 
aged plate. Summing up, therefore, it may be 
said that these experiments have provided data on 
the subject of brittle fracture of steel which can be 
fitted into the wider picture, though they do not, 
in themselves, add much to fundamental and 
scientific understanding cf the phenomenon. 
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NOTES. 


OPENING OF STEPHENSON BUILDING. 


On Wednesday of this week, at Newcastle-upon- 
Tyne, His Royal Highness the Duke of Edinburgh, 
K.G.,F.B.S., declared open the Stephenson Building, 
the new headquarters of the Mechanical and Marine 
Engineering Department of King’s College, Univer- 
sity of Durham. Further details regarding this 
building and its equipment will be found on page 681. 
Prior to the opening ceremony, which was performed 
in the heat-engines laboratory, Lord Eustace Percy, 
Vice-Chancellor of the University and Rector of 
King’s College, delivered an address of welcome to 
His Royal Highness and conferred upon him the 
honorary degree of Doctor of Civil Law. The Duke, 
in reply, thanked the Vice-Chancellor and the 
University of Durham for the honour which, he 
said, would always be a reminder to him of the 
occasion. The great industrial prosperity which 
Great Britain had attained by the turn of the 
century was in no small degree due to the genius 
of such men as George Stephenson, but, since then, 
it had been largely destroyed by two major wars. 
There was, therefore, a pressing need for scientists 
and engineers able to develop new ways of applying 
technical knowledge and skill. The training grounds 
for such men were the universities and technical 
colleges and, in order that the men might give of 
their best, the training must be sound and thorough. 
Engineering science was particularly important in a 
highly industrialised and technically developed area 
like Tyneside, which had long been famed for its 
shipbuilders and engineers. He hoped that those 
who studied in the new building would go forth 
determined to maintain and, where possible, improve 
on the high standards set by their fathers. Praise 
and thanks were due to the Vice-Chancellor and 
those associated with him, whose foresight and 
determination had now borne fruit, to the Freemen 
and City Council of Newcastle-upon-Tyne, who had 
made the land available, and to all those who had 
contributed in their several capacities to achieve 
the final splendid result. In the certain knowledge 
that they had made wise provision for the future, 
he had great pleasure in declaring the Stephenson 
re an aren ys A. F. Burstall, D.Sc., 

essor 0 chanical and Marine Engineering, 
in reply, spoke of His Royal Highness as the Univer. 
sity of Durham’s youngest Doctor of Civil Law, and 
doubted whether the degree had ever before been 
conferred in such unusual surroundings. He 
thanked the Duke for the readiness with which he 
had accepted the invitation to open the new building 
and for the interest and enthusiasm which he had 
displayed during his tour of it earlier. As a serving 
officer in His Majesty’s Navy, His Royal Highness 
was well acquainted with engineers and engineering. 
In some ways, said Professor Burstall, the ceremony 
reminded him of the launching of a ship, and he 
hoped that, some day, His Royal Highness might 
return to see how fared the “ship” that he had 
launched. As the concluding item of the ceremony, 
the architect of the building, Professor W. B. 
Edwards, presented the Duke with a souvenir album 
of photographs. Subsequently, His Royal Highness 
lunched at the Sutherland Dental School, Newcastle, 
and later, in his capacity as President of the British 
Association, paid a private visit to the Heaton Works 
of Messrs. C, A. Parsons and Company, Limited. 


E.zorric Wirinc REGULATIONS FOR SMALL 
DWELLINGs. 

The well-known Wiring Regulations of the Insti- 
tution of Electrical Engineers deliberately cover all 
safe methods of installation practice with a view to 
Providing a defence against every contingency, 
including fire and shock. They are therefore 
necessarily diffuse, a quality which does not always 
make it easy for the inquirer to find the material he 
heeds. To overcome this difficulty, the Post-War 
Planning Committee on Electricity Supply, Distri- 
bution and Installation proposed to the Council in 
1944 that the Regulations should be divided into 
two parts consisting, respectively, of those dealing 
with basic safety and of a code of practical inter- 
Pretations, While not accepting this proposal in 
its entirety the Council decided to include a state- 
ment of the principles on which specific requirements 





were based in the twelfth edition of the Regulations 
(published in May, 1950), and to supplement it 
with an abridged version containing the require- 
ments necessary for simple family dwellings using a 
single-phase alternating-current supply. This 
abridgment has now been published and can be 
obtained from the Institution of Electrical engi- 
neers, Savoy-place, London, W.C.2, at a price of 
2s. 6d., including postage. While covering the re- 
quirements applicable to domestic installations, it 
omits matters which are not the concern of those 
engaged in work on the site, the assumption being 
that proper planning and ordering of materials have 
already been carried out and that the materials them- 
selves comply with the full regulations. The abridg- 
ment, which is about one-third that of the complete 
edition, therefore provides a convenient means of 
reference to points likely to be met with on site. 
The numbering of the full regulations has, as far as 
possible, been retained and where the precise wording 
of these has been modified the change is indicated by 
the use of italics. The format is only 6% in. by 
44 in., so that the book can be carried in the pocket. 


New ENGINEERING MarTERIALS. 

The evening discourse at the Royal Institution, 
Albemarle-street, London, W.1, on Friday, Novem- 
ber 16, was one of particular interest to engineers. 
The lecturer, Dr. T. E. Allibone, F.R.S., head of 
research to Associated Electrical Industries, Limited, 
chose as his subject ‘‘ New Materials in Engineering,” 
and, although he gave away no secrets, the range 
of topics which he discussed was so wide, and his 
practical demonstrations were so well selected and 
efficiently carried out, that the lecture was of 
absorbing interest. The emphasis throughout was 
mainly on electrical engineering, since it is in 
this field that many of the most spectacular advances 
have been made. During recent years, said the 
lecturer, the synthetic polymer industry had ex- 
panded enormously; so much so that the bulk 
output of plastics now exceeded that of all the 
non-ferrous metals. Polythene, which was not pro- 
duced before 1933, had revolutionised electrical 
communications since signals of all frequencies were 
attenuated only very slightly in polythene cables 
compared with cables containing cellulose. Syn- 
thetic rubbers resisted chemical attack more 
strongly than natural rubber, and silicones were 
more resistant to heat. The co-polymerisation of 
synthetic resins in situ eliminated voids in insula- 
tion, which freqently led to electrical breakdown, 
while a coating of synthetic polymers could prevent 
the ingress of moisture into insulation. The range 
of new synthetic materials included adhesives which 
had good insulating and bonding properties and 
which were being used experimentally to fix 
glass or porcelain to metal for a variety of purposes. 
Barium titanate and a number of related substances 
had dielectric constants about a thousand times 
greater than mica, owing to a small misfit in their 
crystalline lattice structure, and were useful for 
making very compact capacitors. The same struc- 
tural feature was responsible for their being strongly 
piezo-electric. Semi-conducting elements, such as 
silicon, had long been known, but their production 
in pure form, or containing controlled traces of 
impurities, was comparatively recent and had 
opened the way to important developments. Silicon 
and germanium rectifiers and triode “ valves ”’ were 
likely to replace thermionic valves in many applica- 
tions and result in lighter and less bulky equipment 
and economy in power consumption. Electronic 
conduction in materials which were almost insulators 
was now better understood, as was also the reason 
why a mixture of two metal oxides, each a good 
insulator, could have a low resistance. New photo- 
electric crystalline materials had been produced 
which were sensitive to X-rays or to infra-red rays. 
Basic research during the past 20 years had also 
produced magnetic materials with excellent proper- 
ties, and the cost of these developments was likely 
to be amply repaid by the reduction of hysteresis 
losses in electrical machines. The very rapid 
magnetic saturation of some of the newer iron alloys 
under very small fields had opened up a new field of 
application of iron cores as “switches” without 
contacts, and a combination of new magnetic 
materials and new insulating materials had made 
possible the construction of small high-power motors 


which could run at high temperatures for long 
periods. A section of one such motor was shown 
which had run for 1,000 hours at 250 deg. C., without 
significant damage. New developments in metal- 
lurgy had also had important results, leading to 
better materials for turbine blades, metals with 
greater resistance to corrosion, metals, like zir- 
conium, which did not absorb neutrons and were 
suitable for atomic “boilers,” and metals with 
good cutting properties and high resistance to wear. 
Sintering of metal and non-metallic powders in an 
electric induction furnace had produced extremely 
hard metals and porous metals which could carry a 
lubricant for a bearing. The electric-arc furnace 
described over a century ago was now finding an 
important application for melting metals like 
titanium and zirconium in argon, to avoid their 
oxidation. 


THe Printinc, PackaGING AND ALLIED TRADES 
RESEARCH ASSOCIATION. 


The annual general meeting of the Printing, 
Packaging and Allied Trades Research Association 
(Patra) was held on November 22 at the Con- 
naught Rooms and was followed by a luncheon and 
an exhibition illustrating the work of the various 
departments. Further progress has been made 
during the year on the suitability of rubber and 
thermoplastic printing plates for reducing the 
standing time of printing machines, by improving 
the impression ; the tendency of the characters to 
spread sideways, it has been concluded, may be 
reduced by using materials of low resilience; the 
static hardness of rubbery materials is relatively 
unimportant in this connection. Trials are now 
being carried out on printing plates made of various 
materials of low resilience. On the packaging side, 
the investigations on the strength of containers 
continues, and 40 journey-shock recorders, manu- 
factured in the Patra workshops, are now being 
used in service trials to determine the hazards to a 
package in journeys by full container load and by 
mixed goods traffic. Another type of recorder is 
under development to give more detailed informa- 
tion on the intensity and angle of the shock and the 
time at which it occurred. Other work carried out 
on packaging includes the construction of an instru- 
ment, adapted from the Hounsfield Tensometer, for 
measuring the initial tear strength of boards at 
loads up to two tons. A new research undertaken 
during the year, in connection with the accelerated 
deterioration of certain packaged goods which is 
known to be caused by light of certain wavelengths, 
is the measurement of transmission spectra of the 
common transparent packing materials, some of 
which extend farther into the ultra-violet region 
than others. The Council have decided to expand 
the inquiry departments and the information 
services. Among new activities to be undertaken 
on the printing side may be mentioned investigations 
on the applications of electronics and radioactive- 
tracer techniques to printing problems. Patra’s 
research activities on packaging will be expanded to 
deal with adhesives, cutting and creasing boards, 
further investigation of the strength of packages and 
the penetration of packages by gases, liquids and 
heat. 

Tue British CounciL. 


Under the terms of its Royal Charter, the 
purposes of the British Council are to promote 
‘a wider knowledge of . . . the English language 
abroad ” and to the development of “‘ closer cultural 
relations between Our United Kingdom of Great 
Britain and Northern Ireland and other countries.” 
“ Cultural relations ” is an indefinite term and to a 
large extent the Council has interpreted it as 
referring to literary and artistic matters. Science 
is not altogether neglected and both medicine and 
some aspects of agriculture are given considerable 
attention; engineering, however, fares badly. 
The report for the year ended March 31, 1951, 
contains a list of some 113 lectures delivered abroad 
during the year and the only one of these which 
might be described as being of an engineering nature 
is on “Industrial Atomic Energy,” given by 
Dr. T. E. Allibone, F.R.S., in Greece and Turkey. 
There is, perhaps, no reason to grumble about this 
neglect of engineering, as presumably the Council 





attempts to choose subjects likely to interest a wide 
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non-specialist audience. It would appear, however, 
that lectures on some aspects of British civil 
engineering might fall within this class. These 
overseas lectures, however, do not constitute one 
of the Council’s major activities and although it 
would be difficult, or impossible, to present those 
in order of importance, the teaching of English 
must take a high place. It is doubtful if the 
“culture” of one country can be properly under- 
stood in another if the latter is entirely ignorant of 
the language of the former. From this point of 
view, it is satisfactory to learn that during the 
year 150 British teachers of English were working 
in educational institutions abroad and that several 
thousand native teachers of English were using the 
Council’s facilities. It is probably in its work 
connected with the welfare of overseas students that 
the Council’s activities have most direct effect in 
the engineering field. Students are met on arrival 
in this country, found accommodation, assisted in 
case of sickness and generally looked after. A large 
number of lecture courses are also organised by the 
Council for these foreign students and although, as 
with the lectures abroad, art and literature bulk 
largely, there are a number of engineering courses 
and study tours, particularly the latter. In the 
year under review these included tours for Chilean 
engineering students; Danish, Dutch and Nor- 
wegian shipbuilding students ; and Swedish Diesel- 
engine, students. A number of university posts 
abroad are subsidised by the Council and assistance 
is given in connection with the university interchange 
of lecturers. 


PASSENGER TRANSPORT IN GLASGOW. 

The report of a Committee, which was appointed 
in August, 1949, by the British Transport Commis- 
sion to make recommendations regarding improve- 
ments or developments in the transport facilities in 
and around Glasgow, was published last week 
at the price of 7s. 6d. Copies can be obtained from 
the offices of the Commission in Edinburgh. The 
major problem which faced the Committee, it 
appears, was street congestion. It is considered, 
therefore, that first priority should be given to plac- 
ing the railways in a position to attract a greater 
volume of traffic. Investigations showed that exist- 
ing lines could cater for three times the present 
number of passengers; and it recommended that 
new halts be built and the steam services amplified 
to enable this to be done. As, however, more 
intensive suburban and inter-urban working is 
handicapped by steam operation, it is further recom- 
mended that an extensive electrification scheme, 
estimated to cost about 10,000,000/., should be 
undertaken in two stages. The first of these would 
involve some 153 route miles and the second 37 
route miles, while at a later date a further 118 route 
miles should be converted. The scheme would 
include the provision of 11 new halts and of a new 
link between the King’s Park and Circle lines west 
of Cathcart station. It is also regarded as desirable, 
if less urgent, that the existing main line stations at 
Queen Street High Level and Buchanan Street 
should be combined at the latter place, the site of the 
former being converted into a *bus terminal. Pro- 
posals are further made for co-ordinating rail and 
*bus facilities by establishing a series of traffic 
exchanges on the outskirts of the city. At these, 
passengers would transfer from the "buses to the 
railway and vice versa, thus relieving congestion 
in the central area and reducing travelling time. 
Generally speaking, it is felt that railways should 
be preferred to buses for distances over five miles, 
though the latter form of transport should be 
retained as a feeder anc! where withdrawal would 
cause hardship. Railway and ’bus fares should be 
brought into line, and the interavailability of the 
tickets. on the two systems should be increased. 
Several other recommendations are made on points 
of detail. The report as a whole provides a mass 
of interesting evidence which should be useful in 
reaching a solution of what is clearly a difficult 
problem. 


Tae Burmprine Exarsrrion. 

The Building Exhibition, which closed at Olympia 
on Wednesday last, after having been open since 
Wednesday, November 14, was probably the most 
successful of the series ever to be held, as not 
only were the Grand and National Halls filled 








to capacity but it proved necessary to add the 
ground floor of the Empire Hall to the exhibition 
area. Furthermore, the number of visitors and 
the volume of trade inquiries were well beyond 
expectations. It was the third biennial exhibition 
to be held since the war and the twenty-fourth of a 
series founded in 1895. Attempts had been made 
to hold such an exhibition earlier than this, but on 
those occasions the title Building Exhibition was 
purely nominal, since most of the stands showed 
anything but building equipment. This year, the 
stands covered an area of approximately 300,000 
sq. ft. and provided a very clear picture of the 
building industry and its allied trades. Perhaps 
the most outstanding feature was the quality of 
the stands; these, without exception, were of a 
very high order, particularly those exhibiting 
such products as bricks, tiles, glass and similar 
materials. The emphasis of the exhibition was on 
productivity and there was on view a wide selection 
of mechanical aids ranging from brick barrows 
which automatically pick up a load of bricks to 
mobile tower cranes and large hoists. Although the 
principles of woodworking machinery remain very 
much as heretofore, much progress has been made 
during recent years in tidying up the designs, and 
it was noted that the exhibits in this section were 
well finished, had a neat appearance and were built 
so that the guards, a very necessary adjunct to all 
such machines, formed an integral part of the 
design. As in former years, Government depart- 
ments associated with the building industry took 
part in the exhibition. The Ministry of Works, for 
example, had two stands, one concerned with 
building research and housing and the other with 
their technical information services. Other Govern- 
ment departments represented included the Depart- 
ment of Scientific and Industrial Research, the 
Ministry of Fuel and Power and the Ministry of 
Housing and Local Government. The special 
feature this year was devoted to the craft of the 
stone mason and was designed to remind architects 
of the virtues of stone and to show the attractions 
of this craft as a career. 





LETTERS TO THE EDITOR. 
LOCKE, STEPHENSON AND 
BRUNEL. 


To THE Eprror oF ENGINEERING. 


Smr,—In the 172 volumes of ENGINEERING there 
are probably few in which no reference is made to 
Robert Stephenson and Isambard Kingdom Brunel, 
but none of them contains a finer tribute to the 
genius of Brunel than that of Mr. A. S. Quarter- 
maine in his presidential address to the Institution 
of Civil Engineers, printed in your issues for 
November 9 and 16, on pages 599 and 633. To- 
gether with Joseph Locke, Stephenson and Brunel 
were regarded as the triumvirate of the engi- 
neering world and it was a remarkable thing that 
all three should pass away within about a year; 
Brunel died on September 15 and Stephenson 
on October 12, 1859, and Locke on September 18, 
1860, all still under 56 years of age. As is well 
known, Locke and Brunel were buried in Kensal 
Green cemetery, and Stephenson’s grave is next to 
that of Telford in the nave of Westminster Abbey, 
in the north aisle of which memorial windows were 
erected to them all. ; 

Of the three windows, those of Stephenson and 
Locke were removed between 30 and 40 years ago, 
and that of Brune] a little over a year ago. Thanks, 
however, largely to the Newcomen Society and 
ENCINEERING, the Stephenson window was re- 
erected 18 years ago by the late Dean Foxley 
Norris; but the windows to Brunel and Locke, 
like that to Siemens, is still stored away out of sight, 
and every mention of the window to Locke is now 
omitted from the Official Guide to the Abbey. 

In concluding his address, Mr. Quartermaine 
quoted from the presidential address of Locke in 
1859, who, after referring to the recent deaths of his 
famous contemporaries said, “‘We ... who feel 
that our Institution has reason to be proud of its 
association with such names as Brunel and 
Stephenson have a duty to perform and that duty 
is to honour their memory and emulate their 


example.” No one will quarrel with these senti- 
ments but may one not ask respectfully if the 
Institution has not a duty to perform in this matter 
of the memorials to their distinguished members ? 
To a student of history, it is a very extraordinary 
thing for the Institution to acquiesce in the removal 
of memorials to their presidents, but still more 
extraordinary for the Institution apparently to care 
nothing about what becomes of them Perhaps 
I ought to apologise for again taking up your space 
in calling attention to this matter, but what has 
been done in the past is little credit to anyone. 
Yours faithfully 
Epear C. Suir, 
Engineer Captain, R.N. (ret.). 
Keepers Corner, 
Horley, Surrey. 
November 25, 1951. 





THE STANDARD OF LIVING. 
To THE Eprror oF ENGINEERING. 

Sm,—It seems to me a great pity that the other- 
wise admirable balance of your leading article on 
“The Standard of Living,” on page 593, ante, should 
have been marred by the implication that all blame 
for the restrictive attitude of British labour belongs 
to the men themselves or their trade-union leaders. 
Primary responsibility for the existence of an 
unhealthy climate of opinion in any community 
ought surely to be attributed to those who have 
enjoyed the best and most frequent opportunities 
of forming it. Can anyone seriously dispute the 
fact that, in the industrial community, it is the 
managements of individual firms, rather than 
national or branch trade-union officials, who have 
at their disposal the most powerful means of con- 
vincing the workers that increased efficiency does, 
really, benefit us all ? 

Managements can, if they choose, keep in daily 
communication with their employees. They can, 
if they are really sincere in their desire to over- 
come prejudice, give specific and binding guarantees, 
such as that workers rendered redundant by new 
processes will be re-trained and re-employed in 
another capacity, or, failing that, that the total 
number of employees will be reduced by cutting 
down recruiting, not by dismissing existing person- 
nel. Trade-union officials can do neither of these 
things, and it is therefore unrealistic as well as 
unjust to reproach them for failing to do what is not 
being seriously attempted by those who have 
infinitely better facilities for the job. 

What a sad commentary it is upon the extent to 
which management has abdicated from its proper 
responsibilities in the field of human relations, that, 
when we are introduced to “‘ a distinguished labour 
leader,” we do not expect to meet the managing 
director of a large company ! 


Yours faithfully. 
Bsorn Guy. 
18, Gardnor Mansions, 
Church-row, 
London, N.W.3. 


November 18, 1951. 





THE SAMPLING OF SMALL COAL. 
To tue Eprror ofr ENGINEERING. 


Srmr,—I have read with great interest the article 
by Mr. E. T. G. Emery on “ The Sampling of Small 
Coal,” which appeared on page 452 in your issue of 
October 12. The first part of the paper is concerned 
with the accuracy of a sample of coal in relation to 
the variance of individual increments, where the 
sample has been obtained in the usual way by 
taking increments distributed evenly over the 
consignment. In the simplest possible case where 
successive increments are uncorrelated, the variance, 
s*, of the sample value is obtained from the 
variance, S*, of the individual increments by the 


2 . : 
relation s* = dl However, if there is a pattern 
n 


in the ash distribution of the consignment, then 
successive increments will not be uncorrelated. 
Under such conditions the variance of the sample is 


less than A whereas your correspondent implies 
n 


2 “ i 
that it will be greater than —. (It is this, of 
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course, that makes it better to sample by taking 
increments evenly over the consignment, rather 
than at random.) In the article it was assumed 
that in equation (6) the term 22 m(n—q)Com is 
positive, whereas it will be negative except in a 
few special cases of no practical interest. It should 
be noted that rym is not the intraclass correlation 
coefficient as stated, since in its derivation no 
allowance has been made for the mean. 

In the second part of the article an attempt is 
made to deduce a law relating the variance of a 
single increment to its size. Equations (9) and (10) 
are intended to provide this relation, on the assump- 
tion that an increment is a “‘sample”’ of the 
sub-elements within it, where the “sample” 
consists of all these sub-elements. However, it can 
be shown that, under these conditions, the R.H.S. of 
equation (9) is necessarily zero. In fact, since the 
value for the increment is measured and not esti- 
mated, it cannot have a sampling error. 

The subject of coal sampling has been treated by 
many different methods and, in an article to be 
published shortly in Fuel, a review of the various 
treatments together with a proposed solution of the 
problem is given by Mr. F. D. K. Liddell. In 
general, it would appear that no solution can be 
obtained by theoretical means without a large 
number of assumptions. Although these assump- 
tions can sometimes apparently be justified by the 
results on a few coals, they have never been found 
to hold generally. This conclusion has been con- 
firmed in the last 18 months in sampling trials 
carried out by the scientists of the National Coal 
Board. 

Coal is not a simple substance which can be 
fitted easily to a theoretical model. Not only are 
coals inherently different in their ‘‘ patchiness,”’ but 
the method of handling and preparation, as well as 
the mixing of different seams, are all factors which 
affect the sampling accuracy to an unpredictable 
extent. The only satisfactory method of sampling 
is to use a simple quality-control technique to 
measure the accuracy actually obtained. This would 
require that the sample should be taken in two 
halves by putting alternate increments into different 
containers. Two half-samples would thus _ be 
obtained, each representative of the whole con- 
sigament. The mean value for the two half- 
samples would be returned as the ash content of the 
consignment and, after a number of similar con- 
signments have been sampled, the mean accuracy 
obtained from the mean of the differences between 
half-samples. 

A procedure such as the above requires no 
further work from the sampler and in many cases 
it will be found that the accuracy measured is 
greater than actually required, so that the amount 
of sampling may be reduced. This technique is 
suited to products which are being sampled regularly 
and needs modification when an isolated consign- 
ment is to be sampled. In such a case, at least 
five sub-samples will be needed in order to obtain 
any worth-while estimate of the sampling accuracy. 

Yours faithfully, 
R. C. ToMLtinson. 
Scientific Department, 
National Coal Board, 
Hobart House, 
London, S.W.1. 
November 19, 1951. 





INTERLINGUAL TECHNICAL 
DICTIONARIES. 


To THe Eprror oF ENGINEERING. 


Stmr,—In your issue of November 16, on page 626, 
you made an interesting reference to Dr. J. E. 
Holmstrom’s work, under the title “ Interlingual 
Technical Dictionaries.” In your review, you 
referred to a number of groups or fields of technical 
work, including electronics. With our world-wide 
export business, we also have felt the need for 
improved technical dictionaries, particularly beyond 
the three more usual European languages. We 
should like to point out that the spread of automatic 
control in industry has required a whole new termi- 
nology, which has received considerable attention 
in the United States and here, and also, to a lesser 


control terms correctly into the languages of many 
other countries which, through rapidly increasing 
industrialisation, are beginning to have to make use 
of these new techniques and equipment. 
Since the war, we have produced a catalogue 
covering standard measuring and control instru- 
ments, which has now been printed in French, 
Italian, German, Swedish and Danish. If the 
International Organisation for Standardisation, at 
Geneva, would be interested to receive copies of 
these catalogues, we should be happy to send them 
a set; and we should be pleased to contribute sets 
to institutional and other libraries concerned with 
‘this branch of technology, on request from the 
librarians. 
Yours faithfully, 
For Grorce Kent, Lowrrep, 
J. M. Wurrs, 
Luton, Bedfordshire. 
November 23, 1951. 





PINCHBECK MARSH PUMPING 
STATION. 


To THE Eprror oF ENGINEERING. 


Sm,—During the 1951 summer meeting of the 
Newcomen Society, a visit was paid to the beam 
engine and scoop wheel at Pinchbeck Marsh, near 
Spalding, Lincolnshire, possibly the only remaining 
plant of this kind that is still working. At the time 
of the Society’s visit—May 31—the fate of the plant 
was in some doubt, but the interest shown in it, 
coupled with the fact that, they are advised, it is 
still serviceable, has decided the owners, the Deeping 
Fen, Spalding and Pinchbeck Internal Drainage 
Board, to preserve the engine and wheel in the 
original building, which is really the only way to 
preserve such historical exhibits if the effect of their 
environment is to be appreciated. 








The buildings comprise a boiler house, engine 
room and wheel annexe or casing. Over the 
entrance to the engine room is a stone bearing the 
date 1833, and above it is an old fire plate of the 
Royal Exchange Assurance Company. The engine, 
illustrated herewith, has a single cylinder of about 
25 in. bore and 4 ft. 6 in. stroke, and takes steam at 
10 lb. to 30 lb. per square inch from a Galloway 
boiler. Its normai speed is 30 r.p.m. The boiler, 
of course, is not the original one, and is of much 
later date than the engine. Some years after it 
was erected, the engine was fitted with an early 
type of piston valve in which the steam is admitted 
at the centre, exhausting at the ends of the valve. 
This enables a cut-off of 10 per cent. to be used. 
The condenser can maintain a vacuum of 26} in. 
The engine has a Watt parallel motion. The beam 
centres are 14 ft. and the length of the connecting 
rod is 10 ft. 8 in. The flywheel is 19 ft. 6 in. in 
diameter, with six spokes and a rim constructed in 
six segments. A barring plate is attached to the 
engine-house wall. 

The scoop wheel has a maximum diameter, over 


eight pairs of folding keys, fitted between corres- 
ponding flats on the shaft and inside the boss. It is 
driven through internal gearing, so that the engine 
and wheel rotate in the same direction. The scoop- 
wheel annulus has 126 teeth and the crankshaft 
pinion has 31, giving a ratio of 4-06 to 1; the teeth 
are 10 in. wide and of 3} in. circular pitch. There are 
40 floats on the wheel, measuring 5 ft. 4 in. parallel 
to the axis and 2 ft. 3 in. wide. Bearing in mind 
the impossibility of housing in museums all the 
interesting examples of early engineering practice, 
I feel that the Drainage Board are to be commended 
for their decision to preserve this pumping plant on 
its original site. 
Yours faithfully, 
Ronautp H. CrarKk, A.M.I.Mech.E. 
Norwich. 
November 14, 1951. 








OBITUARY. 


PROFESSOR A. L. MELLANBY. 


WE regret to record the death of Professor A. L. 
Mellanby, which occurred on Monday, November 26, 
at Westwood, Bridge of Weir, Renfrewshire, at 
the age of 80. He was well known for his work on 
the flow of steam in turbines, as a result of which 
he was able to separate the nozzle losses into their 
constituents and thus to evaluate performance. 
Engineers will be, perhaps, less generally aware 
that he was also an accomplished Latinist. 

Alexander Lawson Mellanby was born at Hartle- 
pool on July 3, 1871, and was educated at Barnard 
Castle School. At the age of 16 he was entered 
as an apprentice at the Central Marine Engine 
Works, West Hartlepool, and on the completion of 
his five years’ service attended Armstrong College, 
Newcastle-on-Tyne, where he obtained the degree 
of Bachelor of Science and an 1851 Research Scholar- 
ship. He was subsequently engaged on research on 
multiple-expansion engines, both at McGill Univer- 
sity, Montreal, and at Newcastle, until, in 1897, he 
became chief technical assistant at the West Hartle- 
pool works of Messrs. T. Richardson and Sons, now 
Richardsons, Westgarth and Company. After a 
short time in this position, he was appointed chief 
lecturer in engineering at Battersea Polytechnic, 
London ; and thereafter devoted himself mainly to 
educational work. 

In 1899, he assisted Professor J.T. Nicolson in 
designing and supervising the erection of a labora- 
tory and power station at the Manchester School 
of Technology ; and on the completion of this work 
became lecturer in engineering at that institution. 
Four years later he was appointed Professor of 
Mechanical Engineering at the Royal Technical 
College, Glasgow, and in 1924, on the death of 
Professor J. G. Longbottom, was placed in full 
charge of both the civil and mechanical engineering 
departments. He retired from this position in 1936 
with the title of Emeritus Professor and at the same 
time was awarded the honorary degree of Doctor 
of Laws by the University. In addition to his 
educational work, he had acted as consultant to 
many Clydeside shipbuilding firms and had taken 
an active part in the engineering life of Glasgow 
for many years. 

Professor Mellanby was elected a member of the 
Institution of Mechanical Engineers in 1906. He 
had served on the Council of that body and had 
acted as its representative on the Joint Committee 
for National Certificates in Mechanical Engineering 
in Scotland. He was also a member of the Marine 
Oil Engine Committee of the Institutions of Mech- 
anical Engineers and Naval Architects. He was 
elected a member of the Institution of Engineers 
and Shipbuilders in Scotland in 1905 and became 
an honorary member in 1941. In 1937 he delivered 
the fifth Andrew Laing Lecture before the North 
East Coast Institution of Engineers and Ship- 
builders, taking as his subject “ Land and Marine 
Steam Generators,” while in 1940 he gave the 
Thomas Lowe Gray Lecture entitled “‘ Fifty Years 
of Marine Engineering,” before the Institution of 
Mechanical Engineers. He was the author of a 
number of papers on steam and oil fuel, and as a 
young man had collaborated with Unwin in writing 








extent, in France and Germany; but it is still a 
problem to interpret the many new automatic. 


the floats, of 22 ft., and is staked on to its shaft with 
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INTERNATIONAL 
CONFERENCE ON ABRASION 
AND WEAR. 


As we mentioned on page 658, ante, an Inter- 
national Conference on Abrasion and Wear was 
held in Holland, at Delft, on November 14 and 15, 
by way of inaugurating the new buildings of the 
Rubber Stichting, the Dutch institute for research 
in rubber technology which corresponds with the 
British Rubber Producers’ Research Association. 
We commence below a report of the proceedings ; 
but, before dealing with the papers and discussions, 
it is desirable to include some particulars of the 
establishment in which the meetings were held. 
Some photographs of the new premises are repro- 
duced in Figs. 1 to 5, on page 688. 


THe Rupser Sticutine, DELFT. 


The Dutch word stichting, literally translated, 
means “foundation,” and it is as the ‘“ Rubber 
Foundation ”’ that the establishment is referred to 
in such of its technical and descriptive literature as 
is published in English. The organisation was set 
up in 1936, but its development was naturally 
interrupted by the war and it was not until 
August 22, 1950, that the first pile was driven 
(by Mr. Mohamad Roem, the then High Com- 
missioner for the Republic of Indonesia) on the 
present site at 178, Oostsingel, Delft. The primary 
purpose of the organisation, which is financed by the 
rubber-growers of Indonesia, is to stimulate the 
demand for natural rubber. To this end, two lines 
of policy are pursued; on the one hand, there is 
the function of undertaking scientific research and 
thus eventually creating new uses for rubber, and, 
on the other, propaganda and publicity, for which 
P a permanent exhibition formed an important 
part of the design of the new buildings. In a sense, 
the premises themselves are an exhibition of many 
of the uses to which rubber and rubber compounds 
can be applied, as they are used wherever possible in 
floorings, fittings, decoration, etc. 

The arrangement of the buildings comprises a 
two-storey block, with one of its long sides facing 
the roadway, connected by the exhibition hall to 
the main block of offices, laboratories and workshops. 
The central portion of this main block, which is 
roughly square in plan, is a single-storey structure ; 
but along the two sides at right angles to the 
Oostsingel a second floor has been added. From the 
main entrance, a short passage leads on the right 
to the administrative offices and another, on the 
left, to a large room which normally is the office of 
the Director-General, Dr. Ir. R. Houwink, but 
which is alsé used for meetings of the Governing 
Board, conferences of departmental heads, etc. 
Adjoining it is the accounts office. On the floor 
above, which is reached by double staircases that 
lead on to a landing from which the visitor can 
obtain a general view of the exhibition hall, there 
is a large lecture theatre over the Director-General’s 
office and, on the other side of the building, a staff 
canteen. 

At the far end of the exhibition hall, as viewed 
from the gallery at the top of the stairs, corridors 
lead right and left to the workshops, etc., and a 
door, facing the hall, provides direct access to the 
library. The exhibition hall is intended to be used 
largely for temporary exhibitions, and was so used 
during the Conference, scientific apparatus used in 
rubber research, and in tests of the abrasion and 
wear of other materials, being displayed there for 
the benefit of the delegates. There is, however, a 
permanent exhibition also, showing the various 
kinds of rubber, the various stages in its production, 
and many of the uses to which it is put ; these are 
displayed partly in the main hall and partly in the 
corridors. There is also an interesting collection of 
portraits of pioneers in the discovery and com- 
mercial production of rubber, arranged on the walls 
of the corridors on the upper floor. 

The laboratories include two for the study of 
latex, @ mechanical laboratory and an adjoining 
room containing the heavier machines, laboratories 
for physical and organic chemistry, and an analyt- 
ical laboratory. Among the other departments 
are instrument shops, a carpenters’ shop, an engi- 





neering shop, and another devoted to glass-blowing, 
for the use of the various laboratories. There are, 
in all, about 80 rooms in the complete range of 
buildings. Rubber is extensively used in all of 
them. In the lecture hall, which accommodates 
about 150, the seats are upholstered with different 
types of rubber sponge, etc., the doors covering the 
blackboards (to be seen in Fig. 5, on page 688) 
are decorated with designs in moulded rubber, 
and the curtains consist of a “‘ sandwich ” of rubber 
between two layers of textile material: The 
insides of the doors are blacked, so that, as they 
are swung open, they provide, in effect, seven 
blackboards instead of the four that Fig. 5 suggests ; 
seven, and not eight, because the back “‘ board ” 
on the right of the platform is a sheet of ground 
glass, illuminated from behind, so that a lecturer 
can write or draw upon it while the lantern is in 
use and the room is otherwise in darkness. Under 
these conditions, ordinary white chalk, because of 
its opacity, appears black on the ground glass. 
The lanternist is accommodated in an enclosed 
gallery above the entrance to the hall. 

The equipment in the workshops and laboratories 
comprises all the machines necessary for the pro- 
cessing of rubber—calendars, extruding presses, 
etc.—some of which can be seen in Fig. 3; and 
an extensive range of testing equipment. This 
includes several types of abrading machine, among 
them one for wearing out rubber soles and heels 
of footwear by imitating the foot action of a pedes- 
trian walking normally and turning corners; and 
another, constructed in the establishment, for 
abrading model motor-car tyres by running them 
on the inside of a large wheel, which can be lined 
with any desired form of road-surfacing material. 
During the Conference, as mentioned, the permanent 
equipment of the laboratories was supplemented, 
for the benefit of the delegates, by a special display 
of abrasion-testing apparatus as used by the various 
departments of the National Council for Industrial 
Research T.N.O. (which is the Dutch counterpart 
of the Department of Scientific and Industrial 
Research in Great Britain), together with some 
apparatus lent by other laboratories and individuals. 
A brief description of these loan exhibits will be 
appended in due course to our report of the Con- 
ference. 

THE CONFERENCE. 

The Conference proceedings opened with a short 
address of welcome by the Director-General, Dr. 
Ir. R. Houwink, who explained that, while there 
had been a formal opening ceremony on October 29, 
the Conference was also a part of the opening cele- 
bration. The subject of ‘“ Abrasion and Wear” 
had been chosen because it was considered to present 
the most pressing need for research within the 
sphere of the Rubber Stichting. In selecting 
speakers for the symposium, the organisers had 
sought deliberately to draw upon the experience 
of workers concerned with materials other than 
rubber, in the hope that fresh ideas would emerge 
from the interaction of different interests. Rubber 
was the best material in resistance to wear, but it 
could be improved, for there was much about it 
that was still obscure, and in the past the approach 
to the subject had not been very scientific. It was 
gratifying, Dr. Houwink continued, to note how 
international the gathering was; of the 152 par- 
ticipants, there were 26 from the United Kingdom, 
six from Belgium, five from France and the same 
number from Germany, three from the United 
States, and some from as far as Indonesia. In all, 
eleven countries were represented. 

Dr. H. C. J. de Decker, the Director of Research 
of the Rubber Stichting, having outlined the general 
order of the proceedings (the whole of which, he 
explained, would be conducted in English, “‘ the 
international technical language ”’), called on Dr. 
F. P. Bowden, of the University of Cambridge, to 
present the first paper,”“which was entitled “‘ The 
Friction and Surface Damage of Non-Metallic 
Solids,’ and dealt with some recent work carried 
out at Cambridge. 


Friction anD SurFace DamaGE or Non- 
Meratuic Souris. 
Dr. Bowden remarked, at the outset, that the 
contact between two accurately finished surfaces 
resembled, in.a degree, what might be obtained by 





inverting Switzerland and setting it down on 
Austria ; even the best electro-polished aluminium 
surface, when examined by the electron microscope, 
revealed undulations of the order of 200 Angstrom 
units. A metal was plastically and elastically 
deformed at the few points of contact until the area 
of contact was sufficient to carry the load without 
further plastic flow. This deformation was usually 
sufficient to remove any protective oxide or the 
lubricant film, so that the two surfaces welded 
together at the isolated points of contact. The 
force of friction was that required to shear those 
junctions; and, the area of the junctions being 
proportional to the applied load, the force required 
to shear them was also proportional, giving rise 
to the constancy of the coefficient of friction. The 
materials in the vicinity of the junctions became 
work-hardened, so that fracture took place within 
the body of the material, the matter removed 
representing the “wear.” Differences in the 
behaviour of various metals when in contact could 
be associated, in some respects, with their different 
elasticities ; thus (as he demonstrated with polished 
specimens of the metals) steel lightly rubbed over 
a polished surface of silver did not ‘“‘ wring ” to it, 
because of the high elasticity of silver, whereas steel 
would wring to indium, which had a low elasticity. 

The behaviour of non-metals closely resembled 
that of metals, with certain important differences ; 
for example, recent experiments with diamond 
showed a lack of constancy of the coefficient of 
friction with variations in load. This was attri- 
buted to the absence of plastic deformation, so that 
the area of contact was defined by the elastic con- 
siderations expounded by Hertz. In particular, the 
area of contact was proportional to the 2/3rds 
power of the applied load. When testing under 
ordinary atmospheric conditions, diamond on dia- 
mond gave a coefficient of friction of about 0-05, 
but, after heating in vacuum to 1,000 deg. C., the 
friction increased to 0-5. The admission of oxygen 
resulted in reduced friction. Thus adsorbed or 
chemisorbed layers accounted for the low friction 
ofdiamond. Asapphire behaved similarly. Rubber 
on rubber could produce a local temperature of 
600 deg. C. Dr. Bowden then dealt with the 
frictional properties of plastics, and, by means of 
an inclined steel plane and miniature toy motor- 
cars fitted with tyres of different materials, gave an 
interesting demonstration of their differing fric- 
tional properties; a car with tyres of polytetro- 
fluorethylene could not climb the slight incline, 
whereas a similar car with tyres of Perspex climbed 
it with ease. 

(To be continued.) 





Sun PROTECTORS FOR LEYLAND EXPORT VEHICLES.— 
A combined sun-visor and roof canopy has been intro- 
duced by Leyland Motors, Limited, Leyland, Lancashire, 
for fitting to the drivers’ cabs of super-heavy duty 
vehicles destined for service in hot climates. Made 
from the blank of a standard roof panel, the canopy is, 
more or less, a duplication of the fixed roof over which 
it is mounted. It is made from a 16-gauge aluminium 
alloy and is held 4 in. above the fixed roof by two steel 
brackets bolted to the structure of the cab roof. The 
canopy follows the contour of the front of the cab above 
the windscreen and is then carried forward about 9 in. 
in front of the screen to form a full-width visor. To 
ensure the most effective air flow, the gap between the 
canopy and roof varies, being 2 in. at the front, 4 in. 
at the centre,and more pronounced still at the rear, to 
aid extraction. 





Exports OF BRITISH ROAD VEHICLES.—The Society of 
Motor Manufacturers and Traders have announced that 
the value of British cars exported during October broke 
all records, amounting to 11,400,0007. In volume, the 
shipment totalled more than 32,000 units, the largest 
since last May. Although the volume was slightly 
smaller than for May, the increased value is accounted for 
by the fact that more complete cars were exported 
during October and that a greater proportion of them 
was of the high-powered class. The value of com- 
mercial vehicles exported during October was also the 
largest since last May, a total of 10,840 units, worth 
nearly 6,000,0001., having been shipped. The figures 
for the export of agricultural tractors during October 
were the largest ever, both in actual numbers and value, 
just over 10,800 units, worth 4,400,0007., having been 
shipped. The previous highest figures were for July of 
this year, when 10,208 units, worth 3,964,000/., were 
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THE IRON AND STEEL 
INSTITUTE. 


THE autumn general meeting of the Iron and 
Steel Institute was held on Wednesday and Thurs- 
day, November 21 and 22, at the offices of the 
Institute, 4, Grosvenor-gardens, London, S.W.1. 
We gave on page 659, ante, a report of the prelimin- 
ary business on the first morning and commence 
below a report of the technical proceedings. 


GRAPHITE AND CARBIDE IN CasT IRons. 


The first two papers considered after the conclusion 

of the formal business of the meeting dealt with 
“The Crystal Structure of Graphite in Cast Iron,” 
by Dr. W. S. Owen and Dr. B. G. Street, and “ The 
Carbide Phase in Iron-Carbon-Silicon Alloys,” by 
Dr. W. S. Owen. Both papers described work 
carried out in the Department of Metallurgy of the 
University of Liverpool, and they were presented 
by Dr. Street, after which the papers were discussed 
jointly. 
In the first paper the authors stated that they 
had studied the crystal structures of graphite 
extracted from an iron-carbon-silicon alloy prepared 
from high-purity materials and also graphites from 
a variety of commercial cast irons, by the X-ray 
powder method. In all cases, the structure was a 
mixture of the « and f structures found in other 
graphites of different origin. In the «-graphite 
structure the atoms were arranged in layers (within 
which they formed a regular pattern of hexagons) 
such that neighbouring layers were displaced and 
alternate layers lay directly beneath each other. 
In the f-graphite structure, the two layers were 
arranged in such a manner that the next layer was 
displaced by an equal amount in the opposite 
direction, the pattern being repeated at every fourth 
layer. Owing to the similarity of the structures, 
many, of the diffraction lines coincided, and, in 
a mixed structure, only a few additional lines 
appeared. In the present investigation, the propor- 
tions of the « and 8 structures present varied con- 
siderably in the different forms of graphite, and a 
correlation between the microscopic appearance and 
the crystal structure had been established. The para- 
meters of the unit cells had been measured, and, as 
no variation from the accepted value for pure 
graphite had been found, it was concluded that the 
graphite occurring in iron-carbon-silicon alloys 
and in commercial cast irons was appreciably pure 
carbon. 

In the second paper on ‘“‘ The Carbide Phase in 
Iron-Carbon-Silicon Alloys,” Dr. Owen stated that 
the dimensions of the unit cell of the crystal struc- 
ture of the carbide phase extracted from a plain- 
carbon steel, a commercial white iron, a high-purity 
vacuum-melted iron-carbon-silicon alloy, and a 
similar alloy melted in air, had been measured to a 
high degree of accuracy by a Debye-Scherrer 
powder X-ray method. No variation in the dimen- 
sions of the cell had been found. It was concluded 
that silicon in iron-carbon-silicon alloys did not 
enter the carbide phase, and, from this, it was 
deduced that the position commonly accepted for 
the peritecto-eutectic point in the metastable 
diagram of this ternary system was probably 
considerably in error. 

Dr. R. V. Riley, who opened the discussion, stated 
that it would be appreciated, of course, that the 
work on the carbide phases and the formation of 
graphite in iron-carbon-silicon alloys was still 
going on, and that there were other publications 
pending on this subject. Some of the conclusions 
in the present two papers appeared to be rather 
sweeping. In the first paper, by Drs. Owen and 
Street, it was concluded that the crystal structure 
of any particular microscopic form of graphite was 
independent of the composition and method of 
manufacture of the iron. This conclusion appeared 
rather hasty in view of the limited number of 
Specimens of cast iron which had been examined. 
The specimens of cast iron mentioned included 
none which contained alloying elements such as 
nickel, chromium, molybdenum, or even silicon 
above, presumably, 3 to 4 per cent. For years 
kish graphite had been found, on chemical analysis, 
to contain impurities. Very recent electron micro- 
Scopic studies by the Belgian worker de Sy had 





shown that nodular graphite also was not homo- 
geneous, but often had small inclusions in the 
centre of each nodule. The nature of these impuri- 
ties could well be further investigated by X-rays, 
and then perhaps the rather broad statement in 
one of the conclusions that the pure graphite, the 
material extracted from the cast iron, did not contain 
any element other than carbon, might require to 
be modified. 

Turning to the second paper, by Dr. Owen, it 
should be recognised that the statement that the 
solubility of silicon in the carbide phase was neglig- 
ible must be applied only to irons in the very limited 
range covered by this research. The author, in 
private correspondence, had agreed to this qualifica- 
tion. It was probable that the position would be 
made clear upon the publication of the results of 
Dr. Owen’s present researches, which had been 
submitted to the Institute, and possibly in his further 
researches in the United States. 

Dr. A. Taylor said that he had read the paper by 
Drs. Owen and Street with great interest, in the hope 
that he would learn something of the mechanism of 
the formation of the spheroids in cast iron, but he 
had been a little disappointed to find that, with all 
the X-ray work carried out, they did not give any 
hint concerning how the spheroids or the flakes in 
cast iron were formed. The conclusion reached in 
the paper was that the graphite present in iron 
alloys did not contain any element other than carbon 
in appreciable quantities, and this seemed to be 
based on lattice-parameter measurements. This, 
of course, could refer only to elements which were 
actually in solution in between the planes, and did 
not in any way rule out the presence of foreign 
material in the way of a nucleus at the centre of 
each spheroid, which some workers believed to 
exist. It might be that stringent cleaning of the 
graphite would remove that nucleus, but the pene- 
tration would probably not be good enough to 
remove that small amount of nuclear material, 
and, in any case, X-ray methods would not be very 
sensitive for the detection of small amounts of 
nucleating constituents. It would be interesting to 
know whether chemical or spectrographic analyses 
were carried out to substantiate the statement that 
the impurities were negligible, because it would not 
be difficult to isolate a fair quantity of clean 
spheroids and then examine them spectrographically 
to see whether there was any nucleating constituent 
in them. 

The second paper seemed to be based on the fact 
that the lattice parameter of Fe,C remained 
constant in the presence of silicon. In a paper by 
Groeber, published in 1937, the lattice parameters 
of the cementite had been measured and Groeber 
had found that they did not change however much 
the carbon content of the cast iron might be changed, 
and, moreover, in the presence of silicon. It 
seemed that the conclusions reached in Dr. Owen’s 
paper bore out the earlier work. 

Mr. H. Morrogh, dealing first with the paper by 
Dr. Owen and Dr. Street, said that he would like to 
underline the comments made by the previous 
contributors to the discussion with regard to the 
fourth conclusion, which was that ‘‘ The graphite 
present in iron alloys does not contain any element, 
other than carbon, in appreciable quantities.’”” He 
thought that the investigators might have been a 
little more justified if they had worded that con- 
clusion to read ‘‘ The graphite present in the extract 
from iron alloys does not contain any element other 
than carbon,” but, even then, the statement would 
be open to considerable doubt. He had carried 
out experiments involving the chemical analysis of 
the extracts of graphite from cast irons of a wide 
range of composition, and it had been found that 
certain impurities were present, such as silicon. It 
could be argued, of course, that the method of 
extraction was not complete. 

With regard to the paper by Dr. Owen on the 
carbide phase in iron-carbon-silicon alloys, he 
believed that his observations were probably quite 
correct, but that the conclusions which he had 
drawn were incorrect. Taking the eutectiferous 
iron-carbon-silicon alloys, with increasing silicon 
content up to about 2-5 per cent., the eutectic 
carbide phase appeared to behave as cementite. 
With silicon contents in excess of 2-5 per cent., 
there began to appear another phase which metallo- 





graphically could be distinguished from cementite 
and appeared to be a carbide phase. With in- 
creasing silicon it increased in amount progressively, 
until with about 7 per cent. of silicon the original 
cementite was replaced by this other carbide phase. 
The highest silicon content examined by Dr. Owen 
was 3-14 per cent. The alloy of that composition 
would contain only a very small proportion of this 
second silico-carbide phase, and he submitted that 
the author’s methods were not sufficiently sensitive 
to detect the presence of that phase. 

Dr. B. G. Street, in a brief reply, stated that the 
X-ray work on the graphite referred, of course, to 
elements in solution in the graphite, not to foreign 
bodies. They had not tried to find why spheroids 
formed, but only whether any elements were in 
solution in the graphite, and the work of Dr. Taylor 
had emphasised their conclusions. With regard to 
the carbide phase, Dr. Owen had agreed with 
Dr. Riley and others that the results which he had 
reported applied only to alloys of the composition 
of those that he had examined, and he did not 
intend them to be extended to alloys having higher 
silicon contents, because they (Dr. Owen and Dr. 
Street) agreed that other carbides did form with 
higher silicon contents. 

(To be continued.) 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 


Tus list appears in the last issue of each month, 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 








INTERNATIONAL CYCLE AND MoTOR-CYCLE EXHIBI- 
TION.—Saturday, December 1, to Monday, December 10, 
at Milan. Organised by the National Association of 
Cycle, Motor Cycle and Accessories Manufacturers, Via 
Macchi 32, Milan, Italy. 

SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXHIBITION.—Monday, December 3, to Friday, Decem- 
ber 7, at Earl’s Court, London, 8.W.5. Organised by 
the Smithfield Show Joint Committee, 148, Piccadilly, 
London, W.1. (Telephone: GROsvenor 4040.) 

SYMPOSIUM ON CORROSION OF BURIED METALS.— 
Wednesday, December 12, at 4, Grosvenor-gardens, 
Westminster, London, 8.W.1. Organised by the Iron 
and Steel Institute. Apply to the secretary of the 
Institute at the address given above. (Telephone: 
SLOane 0061.) See also page 190, ante, 

PETROLEUM INDUSTRY EXHIBITION.—Monday, Decem- 
ber 17, to Sunday, January 27, 1952, at the Royal 
Scottish Museum, Edinburgh. Organised by the Shell 
Petroleum Co., Ltd., St. Helen’s-court, London, E.C.3 
(Telephone: AVEnue 4312); and the Anglo-Iranian 
Oil Co., Ltd., Britannic House, Finsbury-circus, London, 
E.C.2 (Telephone : CENtral 7422). See also page 480, 
ante. 


NEw BUILDING MATERIAIS AND TECHNIQUES EXHI- 
BITION.—Friday and Saturday, January 18 and 19, 1952, 
at the Royal York Hotel, Toronto. Agenis: Tides, 
Ltd., 1, Hanover-square, London, W.1. (Telephone: 
MAYfair 1101.) 

INTERNATIONAL RADIO AND ELECTRONICS EXHIBITION 
or Inp1A.—Saturday, February 9, to Friday, February 
29, 1952, at Bombay. For further information, apply 
to the secretary, Radio and Electronics Society of India, 
Fateh Manzil, Opera House, Bombay, India. 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Sunday, February 17, to Sunday, February 24, 
1952, at Brussels. Apply to the secretary, Société de 
Mecanique et d’Industries Agricoles, 8.A., 29, Rue de Spa, 
Brussels, Belgium. 

ScoTTiIsH BUSINESS EQUIPMENT AND MANAGEMENT 
EXHIBITION.—Tuesday, February 26, to Friday, Febru- 
ary 29, 1952, at the Waverley Market, Edinburgh. 
Organised by the Office Appliance and Business Equip- 
ment Trades Association, 11-13, Dowgate-hill, Cannon- 
street, London, E.C.4. (Telephone: CENtral 7771.) 

GERMAN INDUSTRIES Fairs, HANOVER.—Light Indus- 
tries: Wednesday, February 27, to Sunday, March 2, 
1952, at Hanover. Heavy Industries : Sunday, April 27, 
to Tuesday, May 6, 1952, at Hanover. Agenis: 
Schenkers, Ltd., 27, Chancery-lane, London, W.C.2. 
(Telephone : HOLborn 5595.) 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Tuesday, March 4, to Sunday, March 9, 1952, 
at the Parc des Expositions. Organised by the Union 
des Exposants des Machines et d’Outillages Agricoles, 
38, Rue de Chateaudun, Paris 9e. 

VIENNA SPRING FairR.—Sunday, March 9, to Sunday, 
March 16, 1952. Agents: British Austrian Chamber of 
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Commerce, 29, Dorset-square, London, N.W.1. (Tele- 


phone : PADdington 7646.) 


GENEVA INTERNATIONAL MoToR EXHIBITION.—Thurs- 
day, March 20, to Sunday, March 30, 1952, at Geneva. 
For further information, apply to the secretary of the 
exhibition, 1, Place du Lac, Geneva, Switzerland. 


SECOND UNITED STATES INTERNATIONAL TRADE FalIr. 
—Saturday, March 22, to Sunday, April 6, 1952, at the 
Nay Pier, Chicago. Representative for the United 
Kingdom and Ireland: Mr. A. P. Wales, 16-22, Shelton- 
street, London, W.C.2. (Telephone : TEMple Bar 2972.) 


MANCHESTER BUILDING TRADES EXHIBITION.—Tues- 
day, March 25, to Saturday, April 5, 1952, at the City 
Hall, Deansgate, Manchester. Apply to Provincial 
Exhibitions, Ltd., City Hall, Deansgate, Manchester. 
(Telephone: Deansgate 6363), or to the London agent 
at 167, Oakhill-road, Putney, London, S.W.15. (Tele- 
phone: VANdyke 5635.) 


First SUPERVISING ELECTRICAL ENGINEERS NATIONAL 
EXHIBITION.—Friday and Saturday, March 28 and 29, 
1952, at the Royal Horticultural Society’s new hall, 
Greycoat-street, Westminster, London, 8.W.1. For 
further information, apply to the conference secretary, 
Mr. P. A. Thorogood, 35, WUibbs-green, Edgware, 
Middlesex. See also page 266. 


EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
Test GEAR FOR THE RADIO, TELEVISION, ELECTRONIC 
AND 'TELECOMMUNICATIONS INDUSTRIES.—Monday~ to 
Wednesday, April 7 to 9, 1952, at Grosvenor House, 
Park-lane, London, W.1. Organised by the Radio and 
Electronic Component Manufacturers’ Federation, 22, 
Surrey-street, Strand, London, W.C.2. (Telephone: 
TEMple Bar 6740.) 


Swiss InpusTrRIEs Farr.—Saturday, April 19, to 
Tuesday, April 29, 1952, at Basle. Apply to the Division 
Economique, Swiss Legation, 18, Montague-place, 
London, W.1. (Telephone: PADdington 0701.) 


SYMPOSIUM ON DIAMOND DRILLING.—Monday, Tuesday 
and Wednesday, April 21, 22 and 23, 1952, at Johannes- 
burg. Organised by the Chemical, Metallurgical and 
Mining Society of South Africa and the Diamond Research 
Laboratory. Apply to the director of the Laboratory, 
P.O. Box 916, Johannesburg. 

RoyaL SANITARY INSTITUTE HEALTH CONGRESS.— 
Tuesday, April 22, to Friday, April 25, 1952, at Margate. 
Apply to the secretary, the Royal Sanitary Institute, 
90, Buckingham Palace-road, Westminster, London, 
8.W.1. (Telephone : SLOane 5134.) 


TELEVISION CONVENTION.—Monday, April 28, to 
Saturday, May 3, 1952, at Savoy-place, Victoria-embank- 
ment, London, W.C.2. Organised by the Radio Section 
of the Institution of Electrical Engineers. Apply to the 
secretary of the Institution at the address given above. 
(Telephone: TEMple Bar 7676.) See also pages 265 
and 371, ante. 


British INDUSTRIES Famr.—Monday, May 5, to 
Friday, May 16, 1952, at Earl’s Court, London, S.W.5, 
and Olympia, London, W.14; and Castle Bromwich, 
Birmingham. Particulars from the director, British 
Industries Fair, Board of Trade, Lacon House, Theo- 
bald’s-road, London, W.C.1. (Telephone: CHAncery 
4411); or the general manager, British Industries Fair, 
95, New-street, Birmingham, 2. 

INTERNATIONAL EXHIBITION OF ELECTRICAL APPLI- 
ANCES,—Tuesday, May 13, to Tuesday, May 27, 1952, 
at Bologna. Apply to the Ente Autonomo Fiera di 
Bologna, via Farina 6, Bologna. 


SweEpisuH INDUSTRIES FaIR.—Saturday, May 17, to 
Sunday, May 25, 1952, at Gothenburg. Agents: John E. 
Buck and Co., 47, Brewer-street, London, W.1. (Tele- 
phone: GERrard 7576.) 


GERMAN EXHIBITION OF CHEMICAL APPARATUS.— 
Sunday, May 18, to Sunday, May 25, 1952, at Frankfurt- 
on-Main, Germany. Organisers: Dechema Deutsche 
Gesellschaft fir Chemisches Apparatewesen E.V., Frank- 
furt. 


ELECTRICAL ASSOCIATION FOR WOMEN, 27TH ANNUAL 
CONFERENCE.—Monday, May 19, to Saturday, May 24, 
1952, at Scarborough. Apply to the director, the 
Electrical Association for Women, 35, Grosvenor-place, 
London, 8.W.1. (Telephone : SLOane 0401.) 





SUMMARY OF GREY IRONFOUNDERS PRODUCTIVITY 
TEAM’s REPORT.—The Council of Ironfoundry Associa- 
tions, Crusader House, 14, Pall Mall, London, S8.W.1, 
have issued an illustrated popular summary of the Grey 
Ironfounders Productivity Team’s report and are offering 
free supplies of it to the ironfounding industry. The 
Council inform us that, so far, 588 firms have taken 
advantage of their offer and that 56,000 copies have 
been distributed to ironfoundry employees. Supplies of 
the popular summary are still available and ironfoundry 
managements are requested to make early application 
to the secretary of the Council, at the above address. 





LABOUR NOTES 


Retations between trade unions and Governments 
in Britain were discussed in a paper read before the 
Industrial Co-partnership Association at a meeting in 
London on November 21, by Mr. E. P. Harries. He 
expressed some surprise that anyone should have 
questioned the willingness of the Trades Union Congress 
to co-operate with the new Government. That bcdy 
could gain nothing from industrial or political opposi- 
tion to a Government which must obviously be sup- 
ported by many of the country’s 16 million manual 
employees and their families. He suggested that the 
T.U.C. was, in fact, faced with the task of endeavouring 
to convert some eight million workpeople to a new way 
of thinking. A whole generation would probably have 
to pass, however, before the idea of class warfare and 
permanent opposition to the employers was abandoned 
by rank-and-file trade unionists. 





Mr. Harries, who was at one time production officer 
to the T.U.C., considered that it was the duty of the 
trade unions concerned to co-operate with the manage- 
ments of the nationalised industries. In his view, the 
trade-union movement, having persuaded a majority 
of the electorate to accept the principle of nationalisa- 
tion, should understand that this was as yet only an 
experiment and still in its early stages. It seemed 
certain that little progress could be made unless a 
change took place in the attitude of the employees in 
these industries towards the employing Boards. Mr. 
Harries referred to the disappointment felt by some 
employers at the lack of response by the unions to 
suggestions put forward by “sincere enlightened 
managements,” such as the British Institute of Manage- 
ment, for improvements and concessions on both sides 
of industry. The cautious inclinations of the work- 
people was largely due to the attitude of the many 
old-fashioned employers who still remained in industry. 
An increase in effective joint consultation would do 
much to improve industrial relationships. 





The Government’s intention to submit a motion to 
the House of Commons for the setting up of a Select 
Committee on certain aspects of the nationalised indus- 
tries was announced in the House, on November 22, 
by Mr. H. F. C. Crookshank, the Leader of the House. 
If appointed, the Committee would investigate the 
existing methods by which the House was informed of 
the affairs of the nationalised industries and report 
on any changes which might be desirable in the provi- 
sions laid down by Parliament. Mr. Crookshank 
informed the House that the establishment of this 
Committee would be irrespective of the wider review 
of the nationalised industries which the Government 
intended to undertake at a later date. A question 
was asked whether the Committee would receive evi- 
dence from the Ministers concerned with these industries 
as well as the chairmen of the nationalised Boards. 
Mr. Crookshank replied that it would be for the Com- 
mittee to dezide whom it wanted to hear. 





A whole-day discussion on miners’ wage claims, 
between the 24 members of the National Coal Board 
and the executive of the National Union of Mine- 
workers, took place in London on Nevember 22. The 
union had asked for an increase of 23s. a week in the 
minimum rates for underground employees, 20s. a 
week for surfacemen, and 3s. a shift for those engaged 
at piecework rates. This was the second occasion on 
which the two sides had met to discuss the claim. It 
is understood that some preliminary assurances were 
called for by the Board that the union would co-operate 
fully in the taking of steps to improve colliery outputs. 
The Board also appears to have raised such questions 
as the acceptance of Italian workmen in the mines in 
the lower grades, holidays with pay, the adjustment of 
piece rates, and the introduction of wage ceilings. 
The probable effect of any wage increases on the price 
of coal was also considered during the negotiations 
between the two sides at this meeting. 





The N.U.M. has desired for some time to secure the 
setting up of a new wage structure in the industry and 
a number of problems have arisen in this connection. 
In particular, it was hoped by both sides that, when 

iecework earnings were increased, existing anomalies 

etween the various districts would be carefully avoided. 
At the same time, some members of the union’s execu- 
tive felt that the advantages enjoyed in certain areas 
could not be surrendered lightly. Strong opposition 
at the meeting was unders to exist, within the 
executive, to a suggestion by the National Coal Board 
that the miners should forgo a second week’s paid 
holiday during 1952, in order to avoid the resulting 
loss in production. The principle of a second week’s 
paid holiday was conceded by the Board some time 
ago. The joint meeting was eventually adjourned 
until November 28, to enable the union’s executive to 
consider the Board’s proposals separately. 





After a separate meeting of the executive of the 
N.U.M. on Tuesday last, it was announced that a 
special delegate conference of the union would be sum- 
moned on December 7, at which the executive would 
recommend the delegates to accept certain proposals 
by the Board. These included an increase in the mini- 
mum rates for underground employees of 13s. 6d., bring- 
ing their new rate up to 7/. 0s. 6d. a week; and of 
1ls. 6d. for surface men, bringing their new rate up to 
6l. 1s. 6d. a week. The wages of women and boys 
would also be advanced by similar amounts. These 
additional payments are based on an increase of 2s. 3d, 
a shift for underground employees and Is. 11d. a shift 
for surface men. Piecework employees would receive 
an increase of 2s. 3d. a shift and it will be suggested 
to the conference that it should agree to these advances 
becoming operative from to-morrow. 





Should agreement be reached regarding the new 
minimum rates, proportionate increases should follow 
automatically for the various grades of skilled miners, 
but there will be suggestions by the executive for the 
imposition’ of an upper limit on day-wage earnings 
and for restrictions on the revision of pieceworkers’ 
price lists. As a result, the higher-paid employees 
may receive little benefit from the new wage conces- 
sions, and there may be some narrowing of differentials 
in particular districts. It is estimated that the cost 
of these wage improvements to the Board may amount 
to nearly 261. million in a full year, and that the price 
of household coal may have to be advanced by 4s. a 
ton, owing to the many additions to the Board’s 
expenses of production and marketing. These include 
additions to the wage bill, expenditure on the new 
supplementary pension scheme, higher railway-freight 
charges and the second week’s annual holiday with 


pay. 


The dispute concerning the Thames lightermen and 
tugmen took a fresh turn on Monday last, when another 
ban on overtime was put into force on the instructions 
of their trade union, the Watermen, Lightermen, 
Tugmen and Bargemen’s Union. During the early 
days of this week, the men have worked strictly to 
rule and congestion at the Port of London has been 
growing rapidly in intensity owing to the delay in the 
loading and discharge of ships there. The dispute 
has had a somewhat complicated history and com- 
menced in September, when the union started a 
work-to-rule policy and imposed a partial ban on 
overtime in an endeavour to secure certain wage 
improvements which had been rejected by the em- 
ployers. Ata later stage, normal working was resumed 
by the men in order to enable a committee appointed 
by the Ministry of Labour to investigate their pay 
grievances. Working to rule was re-started a few days 
later, when the committee presented its report rejecting 
the union’s claims. 








For their part in observing the ban on overtime, 
some 200 lightermen were suspended from duty for 
three days by the Dock Labour Board. The appeal of 
one of these men was dismissed last week by the 
relevant tribunal and the ban on overtime was reim- 
posed by the union as from Monday last. The appeals 
of the remaining suspended men had still to be heard 
at the time of going to press. Most of the four thousand 
employees who were due to benefit from the union’s 
claims for additional pay are taking part in the current 
protest action, and during the first two days of this 
week some 360 men were returned by their employers 
to the dock labour pool and reported to the Board with 
a view to other disciplinary action being taken against 
them. 





The union appears to take the view that the working 
of overtime at the port is entirely voluntary but the 
employers contend that it has always been the practice 
for the lightermen and tugmen to work overtime when 
required. The Dock Labour Board have pointed out 
that the dock labour scheme, which has conferred 
many benefits on the men, rules that registered port 
employees are required to work overtime for such 
periods as are reasonable in each particular case. Inter- 
pretations of what is reasonable vary considerably. 
To many of the men it appears to mean that all over- 
time is unreasonable unless they are prepared to 
undertake it. Theix union has ruled that, at the 
present stage in the dispute, the men may work only 
between 8 a.m. and 5 p.m. and claim that labour 
between these times is “‘ reasonable.” 


Men who have been adversely reported on by their 
employers and returned to the dock’s labour pool will 
receive only the guaranteed wage of 84s. a week while 
they remain under this disability, compared with 
their normal pay, which is stated to average betwee 
nine and ten pounds a week. Other tugmen and 
lightermen, who are obeying the overtime ban, but 
who have not been returned to the pool, will also »¢ 
losing about four pounds a week. 
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RESEARCH ON FRICTION AND 
WEAR.* 
By F. T. Barwett, B.Sc. (Eng.), Ph.D. 
(Concluded from page 651.) 

_ Iris quite clear that the best way of minimising wear 
is to arrange for surfaces to be held apart by hydro- 
dynamic forces and lubricant. The theory underlying 
this technique has its origin in the experiments of 
Beauchamp Towert in 1885. The formulation, which is 
the basis of all thinking on the subject, was enunciated 
by Osborne Reynoldsf in 1886. Reynolds’ treatment 
is not applicable in a quantitative sense to everyday 
design because of certain simplifying assumptions that 
he made, the most obvious being lack of allowance 
for the quantity of lubricant which finds its way out 
at the sides of a bearing. Again, the effects of the 
changes in viscosity consequent on increase in tempera- 
ture of the oil as it passes through the bearing are not 
allowed for; neither is the question of what happens on 
the unloaded side of a bearing fully understood. 
However, with the use of relaxation methods, as 
expounded by Christopherson,§ means are being 
developed to take such factors into account, and we 
may look forward to the day when the design of journal 
bearings can be placed on a more rational basis than 
it is at the moment. 

Another vital question is the behaviour of a bearing 
under the action of a load that varies either in magni- 
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tude or in direction. Some work on this subject has 
been published, and rough rules as a guide to designers 
are beginning to emerge. One such guide, applicable 
where the applied load may be represented as a rotating 
vector, is presented by the formula 


b=) 


where L=load capacity; L, = load copesty: of 
similar bearing under constant unidirectional load ; 
N, = shaft speed ; and N, = speed of rotation of load 
vector. 

Another type of bearing which is not amenable 
to analysis on Reynolds’ theory is the oscillating 
bearing, such as the top end of a marine Diesel engine 
Here the movement of the bearing from rest through 
an angle of about 30 deg. to rest again does not provide 
an opportunity for the formation of the Reynolds wedge. 
There are, however, indications that quasi-hydro- 
dynamic conditions may exist in these circumstances, 


and some researches on this complicated problem are 
at present being carried out for the British Shipbuilding 
R ch Association on a specially-designed machi 





* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland at meetings in Aberdeen on 
November 2 and at Glasgow on November 6, 1951. 
Abridged. 

t Proc, I. Mech. E., vol. 36, page 58 (1885). 

t Phil. Trans. Roy Soc. A, vol. 177, page 157 (1886). 

§ Proc. I. Mech. E., vol. 146, page 126 (1941). 





wherein friction and wear can be under a wide 
—— of operating conditions. Some interesting 
ts, ernggiamy on the influence of grooving 
arrangements, are being obtained. 
Similar considerations apply in the case of recipro- 
cating motion, and an t shown in Fig. 13, 
herewith, provides direct evidence of the existence of 


| speed emphas 


WEAR. 
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Fig. 16. VARIATION OF NATURAL RUNNING TEMP. 
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hydrodynamic pressure during slidi The pressure 
was measured in a gauge embodying electric resistance 
strain gauges, which was connected to a small hole 
drilled through the upper specimen. The causes of 
these pressures are not yet fully understood. Experi- 
ments are in progress to test the validity of some of 
the following hypotheses: that the hydrodynamio 
pressures arise from a thermal e ion of the oil 
ing thro a parallel channel as postulated by 
Pogs* ; that the rugosities of the surfaces may provide 
minute wedge action, as postulated by Salamaf; that 
inertia terms arising from the oscillatory nature of 
the motion may cause sufficient pressure to separate 
the surface ; and that there may exist, due to therma 
expansion or elastic deformation of apparatus, depar- 
tures from the assumed form and position of the surfaces, 
sufficient to give rise to the Reynolds type of wedge. 
The advent of the internal-combustion turbine has 
tended to focus attention on rotating machinery running 
at higher and higher yay In thrust ings, the 
tilting pad is general for bearings at speeds of 3,000 
r.p.m., providing engineers with an almost ideal method 
of transmitting thrust loading from rotary shafts to 
stationary supports. However, operation at high 
ises factors which may not be of import- 
ance in more conventional applications. For example, 
the centrifugal action may deprive pads of oil, and 
various osci ry phenomena, as yet unexplained, 
have been noticed with this type of bearing. Some 
experiments are in progress which involve the use of 
air-gauging to measure the tilt of pads and to estimate 
film p< li The experimental arrangement is 





hine| shown in Figs. 11 and 12, herewith. To equalise 


thrust load on the shaft, two bearings aa are tested 
simultaneously, bearing on opposite sides of disc }, 
which is mounted on shaft c. The bearing rings are 
carried in sliding housings dd, which are, in turn, 





* Proc. I Mech. E., vol. 155, page 49 (1946). 
t Ibid., vol. 163, page 149 (1950). 
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Fie. 18. Four-Batxt Test Ria. 


carried in a spherical housing. Thrust load is applied 
so as to force the sliding housings dd together. A 
rim on. disc b serves as a reference face against which 
impinges air from nozzles ee. The air supply to the 
nozzles passes through apparatus for the accurate 
measurement of pressure, which is calibrated so that 
a change in the gap between the nozzle and the face 
of the rim is indicated as a variation in back pressure. 
It is thus possible to measure changes in the magnitude 
of the mean oil-film thickness. Similarly, nozzles f f, 
mounted directly on the tilting pads, enable the tilt 
of the pad to be measured. , 

From the results shown in Fig. 14, page 697, it will 
be noted that the pad tends to tilt both in the expected 
direction and also about the axis at right angles thereto. 
To overcome the risk that lubricant under the action 
of centrifugal forces might be thrown clear of the 
pads, a restrictor ring is arranged as shown in Fig. 11. 
This results in a bearing running fairly full of oil, with 
® consequent viscous shear loss. In this particular 
instance, the loss is 3-3 h.p. per bearing at 7,000 r.p.m. 
Indeed, one of the problems of high-speed bearings 
| sarees | is that of viscous drag in the lubricant. 

mventional oils are required to shear at such a high 
rate in a high-s journal bearing, operated at, say, 
50,000 r.p.m., that there is a surfeit of load-carrying 
capacity. Bearings are capable of supporting, without 
additional friction-drag, loads much in excess of those 
required, with the result that the coefficient of friction 
is excessive. The obvious step is to reduce drastically 
the viscosity of the oil, though this may lead to trouble 
at starting or under conditions of overload or misalign- 
ment. Such a thin oil should therefore be com- 
pounded with suitable boundary additives, in order 
that such difficulties may be overcome. 

A further point of importance as — are increased 
is the possible breakdown of the laminar conditions 
prot ay by Reynolds, upon which all bearing theory 

epends. Analogy with other problems of fluid flow 
leads one to anticipate that, at a certain critical Rey- 
nolds number, turbulence will set in. G. I. Taylor* 
has, however, shown that, in an annular space bounded 
by a stationary cylinder on the outside and a rotating 
cylinder on the inside, vortex conditions occur when 
@ certain value of the a non-dimensional 
parameter is exceeded. This has been confirmed 
experimentally in the Thorntonhall laboratories; Fig. 
15, on page 697, shows the vortices occurring—visible 
by the fact that the outer cylinder was made of methyl 
pay ory omg (Perspex). ‘Laylor’s theory was derived 
on the basis that the inner and outer cylinders were 
concentric. In the loaded bearing, however, the 
journal is eccentric with the bearing, which adds greatly 
to the difficulty of the mathematical approach. There- 
fore experiments were carried out in which the rotor 
was di relatively to the stator. This had no 
noticeable effect on conditions causing the formation 
of the vortices. It can be assumed, therefore, that 
Taylor’s work can be applied directly to an eccentric 
bearing, the speed of which should not exceed 





* Proc. Roy. Soc. A, vol. 157, page 546 (1936); and 





Phil. Trans. A, vol. 223, page 289 (1923). 
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are to be maintained ; where v = kinematic viscosity in 
centistokes, C = clearance in inches x 10-*, and D = 
diameter in inches. 

Ball and roller bearings have been used for so long 
and so extensively that at first sight there appears to 
be little that is not known about them. However, 
the variations in length of life is the cause of con- 
siderable concern and the operation at high speeds 
presents problems somewhat novel in character. 
Heat generation at normal speeds is negligible, but at 
speeds of, say, 20,000 r.p.m., a generous supply of oil 
is needed to carry away the heat. However. if such oil 
is allowed to form a beth, the viscous drag at these 
speeds would be prohibitive ; therefore, the best wa 
of lubricating a bearing is to inject a quantity of oil, 
which might be something of the order of 8 pints per 
minute, in the form of a high-pressure jet, and to 
arrange for adequate drainage. The variation of heat 
generation with direction of application of load is 
shown in Fig. 16, page 697. The most critical com- 
ponent isthe cage. For operation at high speeds, this 
should be machined from the solid, icular care 
being taken regarding the method of location. The 
most common form now adopted is located on the inner 
race, though it is estimated that the viscous friction 
between the cage and the race accounts for approxi- 
mately 10 per cent. of the power dissipated in the 


The reason for the greater variations in the lives 
of ball bearings is not wholly understood and it is 





x 700. 


general practice to rate the load-carrying capacity of 
bearings so that the life of 90 per cent. of the bearings 
will exceed the figure assumed as the desired life. It 
can be shown by Hertzian analysis* that the stress at 
contact for given ball and race is proportional to the 
cube root of the load applied. It is known from 
the researches of Palmgrent and others that the life 
of an assembled bearing is inversely proportional to 
the cube of the load; therefore life is inversely pro- 
portional to the ninth power of the stress. In a 
diagram such as Fig. 17, page 697, in which life is 
plotted against stress if it is assumed that due to 
minor inclusions the local stress on the bearing material 
is increased by an amount X it will be seen that the 
life will be reduced by an amount Y. When X is 
2 per cent., Y may be 17 per cent., and when X is 
10 per cent., Y may be 50_per cent. This is one possible 
explanation. The other is that, while ball bearings 
are made to very fine tolerances, chance causes—for 
example, a ball at the maximum of the tolerance 
surrounded by balls at the minimum of the tolerance 
—would give rise to higher local stresses than one in 
which the diameters of the balls within the tolerance 
were more evenly distributed. These ideas are some- 
what speculative and lack experimental confirmation 
of their validity. Simple experiments are in hand on 
the rig illustrated in Fig. 18, herewith. This is an 
adaptation of the Boerlage four-ball machine for 
testing extreme-pressure lubricants. Three balls are 
allowed to rotate in the outer race and are loaded by 
a fourth ball, which is carried in a chuck. The outer 
race is stationary and the upper ball is loaded vertically 
and rotated at 3,000 r.p.m. The arrangement is thus 
representative of an angular contact bearing under pure 
thrust loading, the fourth ball representing the inner 
race. Fig. 19, herewith, shows some metallurgical 
changes occurring in this ball under high surface stress. 
It will be noted that mechanical troostite is formed 
at some distance from the surface of the material, 
which is in accordance with the Hertzian analysis, 
which indicates that the maximum shear stress is so 
located. However, further tests with lower loads 
indicate that the appearance of surface cracks and 
pitting is not correlated with the formation of troostite ; 
indeed, in the more lightly loaded bearings, pitting 
occurs with no evidence of troostite formation. It is 
possible, therefore, that the formation of troostite is 
dependent on high temperatures reached by the 
intensive loading used in the experiments, and need not 
be taken into account as a factor contributing to the 
failure of under more normal conditions. 
However, at very high speeds, even where loads are 
light, it is possible that high temperatures will be 
generated in the material of contact. Experiments are 
now proceeding on similar lines, but with high speeds 
and low loads. 

The tremendous advantage of hydrodynamic over 
boundary lubrication, as evidenced in bearing practice, 
leads one to consider devices whereby hydrodynamic 





* Theory of Elasticity, by S. Timoshenko (1934). 
+ Ball and Roller Bearing Engineering, by A. Palmgren. 





Second edition (1946). 
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conditions can be achieved artificially in circumstances 
where there is no inherent Reynolds wedge effect. 


Figs. 20 and 21, opposite, show an arrangement used to |- 


take the thrust reaction in the high-speed bearing test- 
ing machines at Thortonhall. Here hydrostatic 
pressure is provided by a pump which is connected to 
cavities in one of the bearing surfaces through restricted 
orifices. Sufficient flow of oil is provided under stable 
conditions to maintain pressure between the sliding 
surfaces and to keep them apart. If, however, one of 
the surfaces tilts relatively to the other, the flow from 
the cavities at the distant side will increase, but because 
of the action of the restriction, pressure on this side will 
diminish. Pressure will increase on the near side due 
to the restriction imposed by the reduced clearance. 
There will thus be brought into existence a couple tend- 
ing to restore alignment. It is possible that the system 
might be applicable to bearings generally if the power 
required to drive the pump were compensated by reduc- 
tion in friction, but the main application of the system 
18 to cases where no friction is required at very low or 
~ ee 
t will be gathered from the foregoing that our 
knowledge of frictional effects is by = po static. 
a tools for research, such as radioactive tracer 
Ee nniques, are becoming available, with the result 
t it is possible to look deeper and deeper into the 
complicated phenomena of friction. Provided that 
such work can be carried out against a background of 
wee neering practice, so that the results may be rapidly 
plied in the form of improved designs or the use of 
Seah tateciale, the effort should be justified. It is 
» ble that the outcome will not be the development 
~ pad lubricants or materials but the deepening of 
understanding of the mode of operation of those 
~ y available, so that their selection may be based 
Sounder premises, and bearing design amended so 
48 to enable them to be used to greater effect. 








BRIDGE DEMOLITION BY 
EXPLOSIVES. 


THE use of explosives being the quickest method of 
demolishing a bridge, and causing the least interference 
with railway traffic, this method was adopted recently 
to demolish an occupation over-line bridge on the 
East Coast main line between Tempsford and St. 
Neots. The maintenance of the running lines in the 
vicinity of the bridge had been difficult for some 
time, owing to the presence of a clay formation, and 
it was impossible to lift the tracks any more due to 
the obstacle formed by the bridge. It was a three-arch 
brick structure, about 12 ft. wide, spanning four lines. 
The work was carried out by the Demolition and Con- 
struction Company, Limited, 3, St. James’s-square, 
London, 8.W.1, under the supervision and general 
direction of the railway district engineer, King’s Cross. 

Traffic conditions would only permit the full posses- 
sion of the four lines for two hours on a Sunday morning. 
Therefore, to ensure the minimum amount of clearance 
after the explosion, the bridge was stripped down to 
the arch rings in advance, as shown in Fig. 1, and 
the arches were drilled for placing the charges. About 
300 holes were prepared in the crown and haunches of 
the arches, and they were charged during the night 
with approximately 55 lb. of Polar ammonal gelignite. 
Then, } ,200 ft. of Cordtex fuse were laid, and at 8.5 a.m. 
on Sunday, September 23, the skeleton bridge was 
blown by electrical contact. Fig. 2 shows clearly the 
explosions bursting from the haunches and the centres 
of the arches. 

The down slow line was restored to traffic at 8.50 a.m. 
and the up slow line at 9.50 a.m. The up and down 
fast lines were used for removing the debris, but were 
opened to normal traffic at 5.0 p.m. The track was 
not damaged, having been protected with a layer 
of sleepers, as can be seen in Fig. 1. 





REMOTE AND SUPERVISORY 
CONTROL OF ELECTRICAL 
SYSTEMS.* 


By W. Forpuam Coopsr. 


Ir is common practice in power-station control 
rooms for each panel to be provided with a red and 
green light for indicating whether the switches are 
open or closed ; and to have a mimic diagram giving 
single-line representation of the system and showing 
the position of each switch. With the development 
of armature instruments these control panels and 
diagrams have often been combined; and there has 
been a tendency to replace the semaphore indicators 
by lamps. To ensure that confidence in these systems 
is not misplaced, the equipment must fail to safety, 
ie., every position indicator must give, and every 
handle must cause, either correct operation or no 
operation ; every interlock must allow safe operation 
or prevent all operation ; every indicator or interlock 
should also be linked with the moving parts of the 
circuit-breaker ; and every important indication. and 
operation should be self-checking. 

On the basis of these requirements, early designs of 
semaphore indicators were not satisfactory, since they 
often failed to operate if the voltage was reduced ; 
operators, therefore, had little faith in them. A more 
recent development has been the introduction of 
translucent semaphore discs with lamps behind them ; 
the connections being such that if the dise is in the 
correct position the lamp is extinguished but is 
iluminated if the disc is in the wrong position. This 
has the advantages that some of the troubles due to 
inertia are overcome and that attention is immediately 
drawn to incorrect indication. Further, should the 
switch trip the change of conditions can be indicated 
by a flashing lamp or audible alarms. When the lamps 
burn out, however, the arrangement, if used alone, 
fails to meet the requirement that there shall either be 
a correct indication or none. 

When it is desired to operate a circuit-breaker 
remotely, it is important to assume that the correct 
switch has been selected and that the operation has 
actually been performed. This can be effected by 
arranging that when any key on the switch panel is 
turned a lamp — from the switch-operating 
circuit is lighted. this lamp is placed alongside the 
switch symbol on the mimic diagram it will perform 
the joint function of proving the circuit and ensuring 
that the operator is at the correct panel. If the 
‘operate ” button is then depressed the fact that the 
correct operation has been successfully carried out will 
be shown by the pe changing from red to green 
(or vice versa) and the lighting of the yellow light will 
indicate the change of conditions. Where an isolator 
is remotely operated, it is important that neither a red 
nor a green indication should be shown when it is in 
the half-open ition. Similarly, the auxiliary 
contacts on an oil circuit-breaker should be linked as 
directly as possible to the cross arms and the diagram 
should show neither red nor green, unless the breaker 
is fully closed or open. Mimic di ms should not 
be placed opposite windows or under skylights, as if they 
are it is difficult to see the lights on bright days. 
Trouble with lamps may arise from inadequate venti- 
lation behind the board or diagrams. Where switch- 
gear has draw-out or drop-down isolation, the absence of 
the switch should be recorded on the diagram. 

When light-current channels are used for control or 
protection in parallel with power-supply lines, steps 
must be taken to protect the operators from induced 
high voltages or even acoustic shocks. It is also 
important to ensure that the transmission equipment 
itself is not damaged and the communication channel 
thus lost. The channel may be an insulated pilot cable 
with a multiply-earthed sheath to give electrostatic 
screening, while shunt reactors with the centre point 
earthed can be used at the terminals to ensure that the 
parallel longitudinal voltage produced in the conduc- 
tors are suppressed and thus effective protection 
afforded against low-frequency interference and acous- 
tic shock. Further protection can be given by spark 
gaps of various types, as well as air gaps or horn gaps. 
Whatever precautions are taken, however, it is impos- 
sible to give infallible protection. When telephones 
are used, therefore, an isolating transformer should be 
provided as a link between the pilot and the terminal 
apparatus. Every additional discharge path, however, 
provides an additional possible source of unreliability 
and the probability of damage must, therefore, be 
weighed against that of losing the channel of communi- 





* Paper on “ Electrical Control of Dangerous Machin- 
ery and Processes: Part 3. Remote and Supervisory 
Control,” read before the Utilisation Section of the 
Institution of Electrical Engineers on Thursday, Novem- 
ber 22, 1951. Abridged. A review of the first part 
of this paper appeared in ENGINEERING, vol. 162, 
page 494 (1946), and of the second part in vol. 171, page 
171 (1951). 
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cation through defects. It is, in fact, evident that 
although some protection can be given to’ both equip- 
ment and operators, little can be done to reduce the 
vulnerability of the line. It is most important, thete- 
fore, that the equipment should fai] to safety and 
that the circuits should be either “ proved” before 
and after each operation or that some alternative 
safeguard should be arranged. 

Where carrier-currents are used in connection with 
supervision, operation and selective protective gear, 
care is necessary to ensure that the channel of com- 
munication remains intact and neither initiates nor 
picks up spurious signals. The obvious method of 
securing continuity is to institute an overall check, 
which can automatically be provided by the telephone 
and by frequent meter readings. Where such fortuitous 
checks are not available some authorities favour the 
transmission of regular checking signals, although it is 
argued from recent Post Office experience that more 
faults arise from the equipment used for testing and 
monitoring than from normal use. It is therefore again 
necessary to balance the importance of continuity 
against that of knowing immediately when a circuit 
becomes defective. 

Various self-checking devices have been adopted to 
ensure that danger shall not arise in remote super- 
visory systems from incorrect indications or operations. 
These include the insertion of characteristic resistances 
for the different operations in series with the control 
circuit and the measurement of the combined resist- 
ance of the two. As a result, indicator lamps are 
lighted on the switchboard and the control engineer 
does not open or close a switch or make use of an 
indication until he has obtained the correct check back 
signal. Alternatively, the substation automatic equip- 
ment can be arranged to dial back the instruction it 
receives. Systems of this type are, however, limited in 
scope and slow acting. Equipment has therefore been 
designed in which a pair of rotary selector switches are 
installed in both the sending and receiving stations. 
An impulse transmitted by one of the pair of switches 
at the sending station causes the associated switch at 
the receiving station to assume the corresponding 
position. As a result, the second switch at the receiving 
station is also turned to the same position and an 
impulse is re-transmitted to the second switch at the 
sending station. It is only when the rotary arm of 
this second switch has come to rest on the corresponding 
segment to that occupied by the first switch at the 
sending station that the operating key can be released 
and the executive signal transmitted. The primary 
danger with such a system is that a pulse may be lost 
or a spurious pulse picked up. The chance of this 
happening, however, is only 1 in 10*, a figure which is 
negligible in comparison with other sources of danger. 

Alternatively, the signal can be checked by counting 
the pulses, in which case the apparatus comes to rest 
if a pulse is missed or is locked out if a spurious pulse is 
picked up. With such a system the chances of mal- 
operation are not so remote as with a repeat back 
mechanism, but there is a valuable increase in the 
speed of operation. Another method, which will soon 

in use, employs two alternative signals or units of 
communication, the resulting instruction resembling 
the Morse code. A sequence of nm impulses will then 
serve to make a selection between two ] circuits, if a 
suitable interpreting system of relays is employed at 
the receiving station. Such a system can be made self- 
checking at every step, i.e., if the position of the last 
relay to be operated at the receiving station does not 
correspond with that of the last impulsing relay at the 
sending station the channel will be interrupted and the 
circuit locked out. The systems working on these two 
principles depend on the use of long and short pulses, 
which are interpreted by stepped relays, and it is 
uncertain whether they are as reliable as — or 
negative direct-current signals or alternative frequencies 
on alternating-current signalling systems. If the 
check is not correct, the most recent practice is for the 
substation to register “ failure to ” by a special 
signal and to disconnect the faulty circuit, thus allowing 
= oo other points to proceed and the system to 
opera 
In all the methods of signalling described, the possi- 
bility of error in details has been accepted and steps 
have been taken by checking and coding to reduce the 
possibility of these errors passing unheeded. The 
most profitable line of advance now seems to be to 
study the problem of encoding in the light of recent 
advances in fundamental communication theory. It 
is not, however, at all clear whether some systems s 
the complete operation and for important functions 
the final check should cover not only the communica- 
tion channel, but the encoding apparatus and the switch- 
operating rods. Use might also be made of filter 
uits to eliminate 2 peer impulses such as are 
smecae for example, by transients in power systems. 
ere seems little douht that the use of electronic 
valves in place of relays should be onsidered as a 
means of accelerating the transmission of information 
for large supervisory systems. The special weaknesses 
of electronic systems, in particular the difficulty of 





detecting leakage from high-impedance circuits and 
the possibility of sneak circuits from common supplies 
to groups of valves, will no doubt be overcome, but 
more operating experience as well as tests in research 
and development laboratories are desirable before they 
can be considered as alternatives to the well-established 
automatic telephone equipment. 

On the face of it, any system of protection that can 
be operated by pilots can equally well be operated by 
carrier currents. Such a system would be largely free 
from troubles with capacitance current. In practice, 
such systems have not been employed, but a recent 
development has been the use of carrier technique for 
phase-comparison protection. In applying any method 
in which the signalling channel is provided by the 

wer conductors to be protected, consideration must 
be given to the possibility of the fault itself interfering 
with the operation of the protective gear. In such 
circuit areas, both monitoring and coding may be 
desirable. 

This analysis of a fairly wide range of equipment 
shows that a comparatively small number of funda- 
mental principles is involved and that occasional failure 
of individual components or circuits must be expected. 
Such failures are, however, largely overcome either by 
closed-circuit checking or coding in such a way that 
incorrect operation will take place only on the 
simultaneous occurrence of failures, which are indeed 
usually fairly rare. As has already been shown, many 
mimic diagrams could be improved and the extent 
to which the protection spares the equipment an 
operation should be increased. The author has 
heard of only one doubtful case where checks may 
have failed and wrong operation occurred with tele- 
phone-type apparatus. On the other hand, experience 
with coded operating signals over pilot lines suggests 
that unless very great care is taken in devising them 
spurious signals may be interpreted by the relays as 
operating instructions. Induced currents, due to 
transient phenomena, may have a similar effect. 
Special precautions must also be taken where there are 
inflammable or explosive liquids, gases or vapours. 
As much of the equipment as possible should be placed 
in a safe area with only pilot connections to ger 
spots. The systems described are not absolutely safe, 
but if designed in accordance with the principles set 
out, they can be made as safe as any other part of the 
equipment and safer than any arrangement based on 


verbal messages. 





STANDARDISATION OF INTERNAL- 
COMBUSTION ENGINES FOR THE 
SERVICES. 


To dispel any impression that an internal-combustion 
engine included in the “ Inter-Services List of Standard 
General- Internal-Combustion Engines for 
Plant and Equipment” is officially deemed to be 
superior to those omitted, the Ministry of Supply 
have issued a notice setting out the reasons for drawing 
up this list. The main purpose, they emphasise, is to 
remove the complexities brought about by using an 
excessive number of different engine types in the 
Services; accordingly, the list is kept as short as 
practicable. The necessity for such a list became 
apparent during the 1939-45 war, when the three 
fighting Services, and the corresponding branches in the 
Ministries of Supply and Aircraft Production, were 
seriously hampered by the number of engine types 
and the diversity of spares and techniques, including 
special tools, required in all theatres of war. In 1945, 
an inter-Services committee was appointed to draw 
up outline specifications for standard ranges of engines 
from 1 h.p. to 2,000 h.p. for all general, as apart from 
particular, applications. They recommended the 
selection and, where possible the expansion into ranges, 
of suitable types of existing engines, and proposed an 
interim list of preferred engines as the basis of a 
standard list. Towards the end of 1950, a second 
committee was appointed to prepare a standard list 
based on the original interim list as revised from time 
to time by the Admiralt 
Completion of the standard list is expected in time for 
its adoption by the three Services this year and changes 
in it are not expected to be frequent. Features 
qualifying engines for inclusion are, in general: the 
number of engines of a given make, together with the 
quantity of spares, already held in the Services; the 
maximum use of common parts; a balanced covering 


and Ministry of Supply. 


pan} of the field of probable requirements while keeping 


the number of types to a minimum; and the actual 
and potential productive capacity. Although the 
technical merits of an engine are given full con- 
sideration, these, unless accompanied by some or all 
of the features enumerated above, would not normally 
justify its inclusion in the list. It will be clear, there- 
fore, that non-inclusion in the list of any particular 
engine implies no disparagement of its technical 
merits and it was neither contemplated, nor intended, 
that the list should be used as a guide for the selection 
of prime movers by non-Service customers. 





POWER-OPERATED CONTROLS : 
FOR AIRCRAFT.* 


By C. F. Joy, A.F.R.Ae.S, 


(Concluded from page 666.) 

Lag in response in a powered flying-control system 
is particularly important when using it with an auto- 
matic pilot. The well-trained human pilot can deal 
with a certain amount of lag in the flying controls, 
particularly when he knows the aircraft. Furthermore, 
he —— neglects small periodic oscillations which are 
smoothed out by the natural damping of the aircraft. 
The gyroscopes of the automatic pilot, however, cannot 
differentiate between a small oscillation and, say, the 
onset of a divergent disturbance ; thus, a correcting 
signal will always be sent té the control surfaces. The 
effects of this signal may increase the damping or may 
make the oscillation divergent and produce instability. 
The criterion is the relationship of the time lag between 
a disturbance and the onset of the aircraft righting 
moment, to the natural periodic time of the aircraft. 
A small lag is probably acceptable; in any case, 
provided that it is linear with amplitude and not really 
excessive, the modern automatic pilot can provide 
correction by means of phase advance: Unfortunately. 
the automatic pilot cannot deal with a lag which is 
irregular and varying with amplitude, such as results 
from backlash and lost motion in any part of the 
system between the automatic-pilot servo and the 
control surface. With excessive lost motion and very 
low-amplitude inputs, the output can disappear 
altogether. This difficulty is not new, but it is 
aggravated by the powered control-surface actuator, 
and its effects are worse on modern high-speed aircraft, 
having short natural periods and requiring small 
control-surface angles when in automatic flight. 

It is impossible, during the design and rig-testing 
stages, to be sure that the system is stable; it can only 
be checked by flight trials. The best way to ensure 
that the lost motion between the automatic-pilot servo 
and the control surface is a minimum is to provide the 
shortest possible length of control run from the auto- 
matic-pilot servo to the control-actuator input, and a 
short stiff inter-connection between the actuator output 
and the control surface. Such an arrangement is 
practicable for the elevator and rudder circuits ; on the 
aileron circuit, however, the automatic-pilot servo can 
only be situated close to one aileron actuator and 
backlash in the aileron inter-connection signalling 
circuit must be accepted as inevitable. ; 

The problem of installing an automatic pilot which 
will have sufficient power to control the aeroplane in 
automatic flight and, at the same time, will not have 
enough power to break the aeroplane in the event of a 
“ runaway ” type of failure, usually presents difficulties 
on a manually-controlled aeroplane. With power- 
operated controls, the problem becomes more complex. 
The normal input signal load is not likely to be more 
than 1 or 2 ib. per valve but, in order to prevent 
inadvertent operation, the fault detector requires 
load of some 10 times that amount. It follows that the 
automatic-pilot servo power must be adequate to con- 
trol the aeroplane, when resisted by the feel simulator, 
the most adverse circuit friction and the normal valve 
loads ; at the same time, it must be capable of operating 
a fault detector. Its maximum power, however, must 
be such that, in the event of a runaway, it cannot 
break the aeroplane if these various contributions to 
** feel” are at their lowest value. 

If manual flying controls are used as a stand-by, the 
simplest method of providing the pilot with “ feel 
is to feed back a proportion of the control-surface 
hinge moment. Proportional feed-back of feel is 
obviously confined to powered controls of the reversible 
type, where mass balances on the control surface are 
essential, and, probably, to aircraft cruising at rela- 
tively low subsonic speeds. With all-powered irrevers- 
sible controls, some form of artificial feel is necessary. 
On aircraft fitted with automatic pilots, feel should 
vary with some function of speed, unless the danger 
of a runaway automatic pilot breaking the aeroplane is 
accepted or is dealt with in some other way. On modern 
aircraft with large speed ranges, even without powered 
controls, much effort is spent on beating the speed- 
square law, for example, by the use of spring tabs, 
aerodynamic servos, etc. It is suggested that no general 
requirement as to whether feel should vary with the 
speed V, V*, or V3 can be laid down and that each air- 
craft type should be considered on the basis of its opera- 
tional functions. For example, a fighter must have light 
aileron controls at high indicated airspeeds, whereas 
high-altitude bomber, in order to provide a steady 
bombing platform, should have a heavy rudder at 
relatively low airspeeds. : : 

Broadly speaking, artificial-feel simulators may 
act by the direct force provided by dynamic pressure, 
or by a force provided by some auxiliary means re 
trolled by dynamic pressure. An example of the firs 


* Lecture given before the Royal Aeronautical Socicty 
on Tuesday, October 9, 1951 Abridged. 
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POWER-OPERATED CONTROLS FOR AIRCRAFT. 


Fig. 8. DIRECT-TYPE FEEL SIMULATOR. 














Fig. 9. 
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type is shown in Fig. 8, opposite; control-column 
displacements are resisted by dynamic pressure, trans- 
mitted through a bellows and cam, and the characteris- 
tics are modified by varying the area of the bellows and 
the cam shape. This scheme is undoubtedly the sim- 
plest, but the bellows may require a large space if the 
desired pilot’s loads are high. The alternative, an 
example of which is shown in Fig. 9, is a spring-feel 
arrangement, with the relationship between the pilot’s 
control displacement and spring displacement varied by 
an actuator which is controlled by d: ic pressure. 
Variavions in forward speed result in movements of the 
phragm which controls power to the actuator by 
means of electrical contacts and a follow-up gear. Since 
the dynamic ure is used only to e and break 
Contacts, the bellows can be small. Its disadvantage is 
the employment of auxiliary power with the accom 
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panying risk of failure. A compromise between the tw® 
schemes is to use dynamic pressure directly, through an 
irreversible mechanism, to modify the gear ratio between 
the controls and the spring (British Patent Application 
No. 28176/50). With this mechanism, if the controls 
are held in an untrimmed position, during a speed build- 
up, there is insufficient power to increase the pilot’s loads, 
to a value appropriate to the higher speed. However, 
the difference is likely to be small and is probably 
acceptable. 

With high indicated airspeeds, and, in the case of 
large modern aircraft, relatively low ultimate load 
factors, a means of introducing manceuvring accelera- 
tion, or “ g,” into the artificial feel is probably desirable. 
Figs. 10, 11 and 12 show three methods of increasing 
control-column force with increasing acceleration ; 
Fig. 10 by a simple bob-weight in the control run ; 





Fig. 11 by combining the bob-weight with a feel simu- 
lator through a differential lever, and Fig. 12 by a 
powered g-restrictor. 

The main disadvantage of the simple bob-weight 
is that the control-column force is a combination of 
the force due to the bob-weight and the force due to 
the forward-speed feel. Thus, at a given high value 
of acceleration, the control-column force will vary 
with the weight and the position of the centre of 
gravity. With the second method, the spring which 
balances the bob weight can be pre-loaded to any 
desired value of the acceleration, and until this value is 
reached, the normal feel is unaffected by acceleration. 
Above this pre-set value, g-feel replaces the normal feel 
and the latter cannot be felt on the control column. 
Thus, above this pre-set value, the stick force is indepen- 
dent of aircraft loading and centre-of-gravity position. 
In the last scheme, the spring can be set so that the g 
control-column forces come in at any desired value. 
The control-column forces will, however, vary with 
weight and centre of gravity position. It has another 
disadvantage in that it uses auxiliary power, which 
inevitably increases its fallibility. 


IMPACT TEST FOR PLASTICS. 


A opxscripTion of a single-blow falling-weight 
testing machine for on ma the impact resistance 
of small notched specimens of polystyrene, cellulose 
acetate and other plastics is given in a paper, entitled 
“An Impact Test for Miniature Plastics Specimens,” 
by Mr. H. W. Woodham, Mr. M. G. Wirick, and Mr. 
W. H. Markwood, printed in the October issue of the 
Bulletin of the American Society for Testing Materials. 
The test is carried out on injection-moulded notched 
specimens, 1} in. in length, and is intended for use in 
connection with experimental plastics when only small 
quantities of from 20 to 50 grammes of the moulding 
powder are available. Briefly, the machine consists 
of a steel cantilever, to the free end of which the end 
of the specimen is clamped. The specimen is frac- 
tured by a cylindrical striker freely falling a vertical 
distance of 2 ft., and attaining a velocity of approxi- 
mately 11 ft. per second before coming in contact 
with the specimen. Attached underneath the steel 
beam, near the specimen clamp, is an Alnico bar 
magnet which dips vertically downwards into a hollow 
coil of wire, or solenoid, the terminals of which are 
connected to a cathode-ray oscillograph having a 
long-persistence screen. During a test, the energy 
required to break the test specimen is transferred 
to the cantilever beam, causing it to be deflected 
downwards. When the specimen is fractured, the beam 
is free to vibrate, and as it passes upwards through its 
normal central position from its point of maximum 
deflection (a travel of a few thousandths of an inch), 
its velocity is at a maximum. At this instant, the 
e.m.f. induced by the movement of the box magnet 
through the solenoid is recorded as a single trace on the 
oscillograph. The height of the trace is read visually, 
and this value can be converted to the approximate 
Izod fi by an empirically-derived correlation curve. 
As in testing, at least five check determinations 
are recommended to obtain an average resistance 
value, although estimates can be made from single 
specimens. 
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WORLD SUPPLY OF NON-FERROUS 
METALS.* 
By R. Lewis Srvusss. 

Tue present shortages of non-ferrous metals have 
led to much speculation about the future. A few 
experts believe that output cannot be increased to 
match the current expansion of the world’s industrial 
capacity and that some metals will always be scarce ; 
others are still more pessimistic and predict that the 
world resources of non-ferrous metals are rapidly being 
exhausted. In this paper I have tried to assemble the 
facts on which any forecast must be made. All the 
major non-ferrous metals are covered, namely, copper, 
zinc, lead, tin, aluminium and magnesium. Since our 
present shortage has led to a certain confusion of 
thought on the whole subject, I am going to begin 
analysing its extent and causes in order to clear the 
air. Authoritative figures of production and con- 
sumption in the free world have been issued by the 
Economic Co-operation Administration in Washi n, 
and Table I gives these figures for 1948, 1949 and 
1950. In Tables I and II figures for tin have been 
taken from the “‘ Review of the World Tin Industry ” 
for 1950-51, published by the International Tin Study 
Group, The Hague, Holland, and from their Statistical 
Bulletin for July and August, 1951. All the figures 

iven here and later on are in metric tons. The pro- 

uction figures represent the total virgin metal output 
of the smelters or refiners; the consumption figures 
cover all virgin metal used by the fabricating industries 
and include the metal taken out of the fabricators’ own 
stocks, The Economic Co-operation Administration 
statistics show deliveries for “‘ Special account” the 
metal not being available for consumption, and these 


TaBLE I.—World Production and Consumption of Copper, 
Zinc, Lead, Aluminium and Tin 1948-50. 
































Metal. 1048. | 1049. | 1950. 
Thous, Metric tons. 
Copper . Refinery production ..} 2,291 | 2,237) 2,537 
Consumption . . --| 2,826 | 2,075 | 2,539 
U.S. Special Account 
purchases .. ee 13 163 208 
Zinc . Smelter production ..| 1,564 | 1,680 | 1,819 
Consumption . . .-| 1,543 | 1,478 | 1,847 
U.S. Special Account 
purchases .. a 54 103 116 
Lead . Smelter production ..}/ 1,365 | 1,510 | 1,674 
Consumption .. --| 1,827] 1,185 | 1,560 
U.S. Special Account 
purchases .. od 7 192 155 
Aluminium .. Smelter production ..} 1,117 | 1,127] 1,285 
Consumption .. .-| 1,111 | 1,024] 1,812 
U.S. oo Account 
purchases .. os _ 11 20 
, ee . Smelter production .. 160 171 175 
Consumption .. ee 136 117 149 
U.S. Special Account 
purchases .. aye 24 53 30* 
* Estimated 


TABLE II.—Summary of Three-Year Period, 1948-50. 








ve 
Total Total Excess Special _— 
Metal, |Produc-|Consump-| or Account | “*erss 
tion. | tion, | Deficit. | Purchases Deficit 
For Three . 

Years. 
Thous ous Thous. Thous. Thous, 
Metric} Metric Metric Metric Metric 
Tons. Tons. Tons. Tons, Tons, 
Copper 7,065 | 6,940 +125 384 —295 
Zinc 5,063 4,868 + 97 278 — 78 
.«| 4,549 4,072 +564 354 +123 
Aluminium | 3,529 3,447 + 82 31 + 51 
Tin ee +100 107 — 7 




















are generally accepted by experts in America as the 
amount of metal “stockpiled” each year. They are 
shown separately in the tables and are not included in 
consumption. No figures for magnesium are given 
since production in recent years has been at a low 
level, the stocks accumulated after the war having 
been adequate for most requirements. 

It will be seen that, in 1950, the consumption of 
copper, zinc and aluminium was in excess of produc- 
tion, the output of lead and tin having remained com- 
fortably above consumption. Table II shows that 
it was the amounts of metal stockpiled by the U.S. 
Government in these years and earlier which really 
threw production and consumption out of balance. 
During the three years some 5 per cent. of the world’s 
total copper and zinc production was stockpiled, 8 per 
cent. of that of lead and no less than 21 per cent. of 





* Paper entitled “‘ The World Supply of Non-Ferrous 
Metals, including the Light Metals,” read at a meeting 
of the Institute of Metals, on Wednesday, October 17, 
at which a general discussion on “ Metal Economics ” 
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tin. In the case of copper the total deficit on paper 
is so great that it is hard to believe that the stocks 
could have been depleted to that extent, and perhaps 
the truth is that consumption has been over-estimated. 
In any case, what has happened is that stocks previ- 
ously in the hands of the producers and consumers 
have been in effect transferred into the American 
stockpile. The mine production for the same three 
years, 1948-50, is also known, and Table III give, 


TaBLE III.—World Mine and Smelter Production of 
Copper, Zinc and Lead, 1948-50. 
































Metal. 1948. | 1949. | 1950. 
Thous,. Metric Tons. 
Copper . Mine production -+| 2,120 | 2,051 ; 2,280 
Metal content of scrap 155 199 239 
Combined total 2,275 | 2,250 | 2,519 
Smelter production ..| 2,291 | 2,237 | 2,537 
Zine . Mine production --| 1,542 | 1,593 | 1,764 
Metal content of scrap 64 83 130 
Combined total 1,606 | 1,676 | 1,894 
Smelter production ..| 1,564 | 1,680 | 1,819 
Lead . Mine production --| 1,282 | 1,847] 1,466 
Metal content of scrap 68 137 143 
Combined total 1,350 | 1,484 1,609 
Smelter production ..| 1,365 | 1,510 | 1,674 














TABLE [V.—Summary of Three-Year Period, 1948-50. 








Metal Mine Production Plus Smelter Excess or 
? Scrap for Smelting. Prodaction. Deficit, 
Thous. Metric Tons. Thous. Metric Thous. 
Tons. Metric 

Tons. 

Copper 7,044 7,065 — 23 
Zinc .. 5,176 5,063 +113 
Lead . 4,443 4,549 —106 
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the figures for copper, zinc and lead, and also shows 
the metal content of the scrap used by the smelters 
to supplement the supplies of concentrates. The 
figures for scrap are only approximate, but help 
te complete the picture. They do not of course 
include scrap used by the secondary smelters or the 
fabricators. It will be observed that the supply of 
cupriferous material for copper production was ade- 
quate. A summary of the three-year period, 1948-50, 
is given in Table IV. From Table IV it would appear 
that, for zinc, mine production plus scrap exceeded 
smelter production by 113,000 tons. In fact, however, 
a part of the mine production was used to make zinc 
oxide and lithopone (namely, 142,000 tons in 1948, 
113,000 tons in 1949 and 112,000 tons in 1950). Thus 
there was a deficit of 254,000 tons, which was partly 
made good by the release of 104,000 tons of concen- 
trates from the U.S. stockpile, thus leaving a final 
deficit of only 150,000 tons for the three years. The 
deficit in lead was only about two-thirds as great. __ 
It must be remembered that during the period in 
question the flow of zinc and lead concentrates was 
dislocated by a shortage of transport, with the result 
that large stocks of concentrates often accumulated at 
the mines; the total smelting capacity appears to 
have been adequate. Various opinions are held on 
the policy of stockpiling, but most people will agree 
that the present shortages are unreal since, if the 
American stockpiles were released now for general 
consumption—as one day they must be—the shortages 
would be made up for at least a year or two and perhaps 
longer. Nevertheless most of us would undoubtedly 
welcome a stockpile in the U.K. for use in case of war, 
provided no unreasonable sacrifice were entailed. 
Producers, on the other hand, must view stockpiles 
with a certain amount of apprehension lest they should 
at some time be used for other than strategic purposes. 
Recently sales from the United States Government 
stocks of tin (but not from the stockpile) were made to 
home consumers to bring down world prices. Again, 
copper from the United States stockpile was issued to 
consumers during a recent strike at producers’ works. 
Since 1950, defence requirements have changed the 
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Fig. 3. BRITISH METAL PRICES, £ PER LONG TON, YEARLY AVERAGE SINCE 1913. 
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Fig. 4. BRITISH METAL PRICES, £ PER CUBIC FOOT, 


YEARLY AVERAGE SINCE 1937. 
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situation and the shortages this year have been due 
more to them than to stockpiling, for which purchases 
have been smaller. Later in the paper the prospects 
of production being increased in the immediate future 
to meet this expanded demand will be examined. . 
While, in a general way, it is possible to determine 
roughly the requirements for the next few years, it is 
not so easy to make any accurate forecast farther 
ahead. Recent years have been a period of exceptional 


1938 1939 


demand while the ravages of war were being repaired ; | cen 


and we now seem to have entered a stage of accelerated 
industrial activity arising from the development of 
backward countries as well as from a general rise in 
the standard of living and an increase in world popula- 
tion. Until now, all metals have been equally plentiful 
for the consumer and the trends in consumption have 
been the result of advances in metallurgy and the 
techniques of fabrication, production and demand 
having been reasonably balanced in the long run. In 
the last few years, there have been significant changes 
in the relative consumption of the different metals 
which may be even more pronounced in the future 
and these changes, and the reasons for them, are 
examined below. 

The graph, Fig. 1, opposite, indicates the world 
production of metals by weight over the past 50 
years. The points plotted are yearly averages over 
the five-year periods beginning with 1900 to 1904. 
The index of world industrial production is also plotted 
on the same graph and shows how the production of 
metals has risen at roughly the same rate as industrial 
output. It will be seen that the production of copper 
anc zine is rising fairly persistently despite fluctuations. 
Allowance must of course be 1 for the exceptional 
rises in the last few years which are largely due to war 
and its aftermath. Zinc production in 1945-49 was 
about three times that of 1900-04 and —_ production 
about four times. Lead, however, a rising to a 
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peak in the middle twenties roughly 70 per cent. above 
the 1900-04 level, declined later and production in 
1945-49 was only about one-third higher than in 
1900-04; It has ceased to be the most used non-ferrous 
metal and now holds third place by weight. The most 
notable feature of the graph is the spectacular rise in 
aluminium during the second world war and its con- 
tinuing high level, production in the last five years 
being about 140 times that in the first five years of the 


tury. " 

A rather better comparison between aluminium and 
the other metals is obtained by measuring their pro- 
duction on a volume basis, since articles now made of 
aluminium are seldom of much greater bulk than the 
rival products of brass or zinc. The graph shown in 
Fig. 2, opposite, was obtained by dividing the 

in the first by the specific gravity of the metals. The 
growth in the popularity of aluminium has been due 
mainly to its comparative abundance and relative 
cheapness since the war, but the increased knowledge of 
ite properties and the experience gained during the 
war have also helped to keep up the demand. Price 
has an important influence on the consumption of all 
metals though it is rather overshadowed just now by 
shortages; in the long run, it will again be a major 
factor in deciding how much of each metal is used. 
Between the wars, there seems to have been no sig- 
nificant relationship between price and output, the 
slow downward trend in price corresponding with the 
slow increase in the value of money as measured by the 
wholesale price indices.* This trend has been main- 





* It is difficult to assess the change in the value of 
money at all accurately, but the following figures are 
based on the United Kingdom Wholesale Price Indices 
published by The Economist: 1913 Index = 100; 


1920 Index = 283; 1930 Index = 125; and 1938 





Index = 127. 





tained through a period of slowly mounting output. 
Only in the case of tin were there major fluctuations 
which did not conform to this pattern. Except for 
aluminium, prices began tc move upwards again with 
the outbreak of war and continued to do so until the 
middle of 1948. The falls that began then were soon 
arrested by the new demands which occurred after 
the start of the Korean war. The price of aluminium, 
however, with minor fluctuations, rose only slightl 
during and after the war and, after allowing for the fall 
in the value of money, is now much lower than ever 
before. Tin again did not conform to the pattern, 
purchases for the United States stockpile causing 
steep price rises which have been followed recently by 
falls resulting from the discontinuance of the stook pile 
purchases and the sale of metal from United States 
Government stocks. The variations in prices, in 
pounds sterling ton, since 1913 are shown in the 
graph reproduced in Fig. 3, on this page. This shows 
that, between the wars, the relationship in the price 
of the different metals never changed significantly, 
but now things are very different. 

Aluminium, the price of which has remained fairly 
stable for a long time, is now much cheaper than copper 
and zinc. While it is unlikely that the prices of 
copper and zinc have yet found their true post-war 
levels, it is still more unlikely that they will ever dro 
so much that they will compete as ncmeaey wi 
aluminium as they did before the war. Furthermore, 
as world production increases, the price gap between 
the old and the new metals might even widen. Thus, 
the average costs of copper, zinc and lead might be 
expected to rise as output mounts, since new production 
may come from lower-grade ores from which it will be 
more expensive to extract the metal. On the other 
hand, the raw materials for aluminium and magnesium 
are abundant and cheap, and the prospects for in- 
creasing the supply of electric power, the main 
component in the cost of production, are almost 
limitless in some parts of the world. Magnesium. is 
another metal which is likely to be very important in 
the future, both for its properties and its comparatively 
low price. At present its price per pound in the 
United Kingdom is about twice that of aluminium, 
but its specific te is only 1-7 compared with 2-7, 
so its price per cubic foot is not much greater. Inciden- 
tally, the price of magnesium is now much higher here 
than a year ago, probably because of the sudden 
increase in demand as a result of the rise in rearmament, 
but in the United States its price is only 35 per cent. 
higher than that of aluminium. At the end of the 
war huge stocks were left over, so production virtually 
ceased and has only just started again. The significance 
of the low price of aluminium and magnesium when 
compared with the older metals on a volume basis is 
shown in Fig. 4, on this page, which illustrates the 
yearly average British metal prices, since 1938, in 
pounds sterling per cubic foot. 

From all this it is clear that we are now faced with an 
entirely different pattern of consumption from that 
which prevailed between the wars, and that more and 
more non-ferrous metals are becoming available for 
general use. The indications are that, as consumption 
grows, aluminium and magnesium will take an increas- 
ing share of it, and thus the rise in the consumption 
of copper, zinc, lead and tin is likely to be less steep 
than the rise in industrial production throughout the 
world. This has already occurred in the United 
‘Kingdom, where industrial production from 1946 to 
1950 rose some 40 per cent., but the consumption of 
various metals rose by very different percentages, 
namely, aluminium 56, zinc 13, copper 6, and lead 3 ; 
tin consumption actually fell. Hitherto, a certain 
conservatism has caused the older metals to be chosen 
for many purposes because they have always been so 
used. Now, however, aluminium is getting a tradition 
of its own which will tend to increase its use at the 
expense of the older metals, and the same applies 
in a lesser degree to magnesium. The fact is that there 
are perhaps many seeeton in which the older metals 
could be replaced by aluminium or ium, and 
the extent to which the switch over will take place will 
depend mainly on the price and availability of the 
ey metals. These, however, may feel the pressure 
from aluminium rather less because the latter has a 
competition of its own with steel which may divert 
its supplies. Titanium, again, is another metal for which 
a great future is predicted, though it seems likely to com- 

more with steel than with the non-ferrous metals. 
lastics already compete with metals in many respects 
and may make big inroads into the non-ferrous field. 
(Z'o be continued.) 





GAUGE AND TOOL MAKERS’ ASSOCIATION: CRAFTS- 
MANSHIP COMPETITION.—The first competition in crafts- 
manship and draughtsmanship, held by the Gauge and 
Tool Makers’ Association in May, was so successful that 
it has been decided to hold another in 1952, for appren- 
tices and learners attached to member firms. Detailed 
particulars will be announced later. 
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ANNUALS AND REFERENCE 
BOOKS. 


The Electrician Red Book; Electricity Undertakings of 
the World. 6l\st edition, 1951-52.—In dealing with 
last year’s edition of this useful annual, we pointed 
out that during its existence it had undergone many 
changes of form. This year another alteration has been 
made, the information being no longer given in the 
form of tables. Moreover, particulars now ap 
regarding the personnel and other details of Elec- 
tricity Commissions, Boards and Authorities. As 
time goes on, it is felt, this type of information will 
become more important than systems operational 
data, since the latter will change less owing to the 
increasing tendency towards standardisation. For 
the rest, the arrangement follows that adopted for 
the first time last year and covers information regarding 
British generating stations according to Divisions, 
the organisation of the Area Boards with the towns 
served by the various district organisations, and i- 
culars of the system of supply. Similar, although not 
such complete information, is given regarding the 
Channel Islands and Isle of Man, as well as of certain 
undertakings in the British Commonwealth and 
foreign countries. The latter is, however, by no means 
comprehensive, and is often meagre so that, on this 
score, the criticism might well be made that the new 
title is misleading. We note that the output of the 
generating stations is still ~— in megawatts. This 
is both incorrect and confusing. The Red Book is 
published by Benn Brothers, Limited, 154, Fleet- 
street, London, E.C.4, at the price of 30s., post paid. 





LAUNCHES AND TRIAL TRIPS. 


8.8. “ BELTINGE.”—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 
pool, for Constants (South Wales), Ltd., London, E.C.2. 
First vessel of an order for three. Main dimensions : 
340 ft, overall by 46 ft. 6 in. by 24 ft. 34 in. to upper 
deck; deadweight capacity, 4,628 tons on @ mean 
draught of 20 ft. 6 in. Triple-expansion steam engine 
developing 1,250 i.h.p. at 75 r.p.m., and two oil-fired 
boilers. Service speed, 104 knots. Trial, October 12. 


M.S. “‘ Croypon.”—Single-screw collier, built by tae 
Burntisland Shipbuilding Co., Ltd., Burntisland, Fife, 
for the South Eastern Gas Board, Croydon, Surrey. 
Main dimensions: 264 ft. 6 in. between perpendiculars 
by 39 ft. 6 in. by 18 ft. 6 in. ; deadweight capacity, 2,825 
tons on a draught of 17 ft. 1 in.; gross tonnage, about 
1,870. British Polar eight-cylinder marine Diesel engine, 
developing 1,150 b.h.p. at 225 r.p.m., constructed by 
British Polar Engines, Ltd., Glasgow, and installed by 
the shipbuilders. Speed, about 10% knots. Launch, 
November 1. 


8.8. “ Kineston JacintH.’—Single-screw trawler 
built by Cook, Welton and Gemmell, Ltd., Beverley 
Yorkshire, for the Kingston Steam Trawling Co., Ltd. 
Hull. Dimensions: 189 ft, by 32 ft. by 16 ft. 3 in. ; gross 
tonnage, 750; fishroom capacity, 15,750 cub. ft. Triple- 
expansion steam engine to develop 1,100 ih.p. at 
130 r.p.m., and one multitubular oil-fired boiler, con- 
structed. and installed by Charles D. Holmes & Co., 
Ltd., Hull. Speed, 13 knots, loaded. Launch, Novem- 
ber 3, 


M.S. “ Eskwoop.’’—Single-screw cargo vessel, built 
by the Burntisland Shipbuilding Co., Ltd., Burntisland, 
Fife, for the Constantine Shipping Co., Ltd., Middles- 
brough. First of two similar vessels. Main dimensions : 
214 ft. 6 in. between perpendiculars by 35 ft. 4 in. by 
16 ft.; deadweight capacity, 1,675 tons on a draught 
of 15 ft. 84 in.; gross tonnage, 1,273. Four-cylinder 
two-stroke trunk-piston direct-reversing Diesel engine, 
developing 640 b.h.p. at 250 r.p.m., constructed by British 
Polar Engines, Ltd., Glasgow, and installed by the 
shipbuilders. Speed, 10 knots. Trial trip, November 5. 


M.S. “France STove.”—Single-screw oil tanker, 
built and engined by Harland and Wolff, Ltd., Belfast, 
for the Lorentzens Red:ri| Co., Oslo, Norway. Main 
dimensions: 580 ft. between perpendiculars by 78 ft. 
by 42 ft. 6 in. to upper deck; deadweight capacity, 
24,000 tons on a draught of about 32 ft. Harland- 
B. and W. seven-cylinder two-stroke single-acting 
oil engine. ‘Trial trip, November 10. 


8.8. ‘“ Hacknrey.”—Single-screw collier, built by 
S. P. Austin & Son, Ltd., Sunderland, for the British 
Electricity Authority, London, W.1. Last vessel of a 
series of three. Main dimensions: 260 ft. between 
perpendiculars by 39 ft. 6 in. by 18 ft. 6 in. ; deadweight 
capacity, about 2,700 tons on a draught of 17 ft. 1 in. 
Direct-acting triple-expansion engine of North Eastern 
reheat type, developing 800 i.h.p. at 78 r.p.m., con- 
structed and installed by George Clark (1938), Ltd., 
Sunderland, and one coal-burning three-furnace boiler. 
Service speed, 10} knots. Launch, November 14. 


HYDRAULIC ACCUMULATOR. 


THE accompanying illustration shows in section 
the Greer-Mercier hydraulic accumulator, now being 
made under licence in this country by Messrs. Finney 
Presses, Limited, Berkley-street, Birmingham, 1, for 
industrial and marine-engineering applications. It is of 
the hydraulic-pneumatic type, in which a flexible bag 
inflated with air or nitrogen to a predetermined pressure 
is contained in a hydraulic pressure vessel. A pump 
compresses the gas in the inner bag, thus storing energy 
which is imparted to the fluid (water or oil) under 
pressure. The cylindrical outer casing is drawn from 
a single piece of alloy steel. Into the top of the 
synthetic-rubber bag is moulded a high-pressure air 
valve, secured to one end of the outer casing ; the bag 
is designed so as to ensure that no severe stress concen- 
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trations occur in the envelope as the gas expands when 
the system is on load. At the opposite end of the 
cylinder is the fluid port through which the accumulator 
is charged and disc It is designed to provide 
an unrestricted flow of oil, and is fitted with a spring- 
loaded poppet valve to prevent the flexible from 
being extruded through the outlet port as the h ulic 
pressure is exhausted. The Greer-Mercier accumulator 
is suitable for pressures ranging from 500 Ib. to 3,000 Ib. 
per square inch and for operating in a temperature 
range of from — 40 deg. F. to 180 deg. F. At present 
the accumulator is available with a capacity of six 
gallons ; it is intended, however, to extend the 

to cover capacities from half a gallon to 10 gallons. 





THE F. B. RICHARDS EQUIPMENT FUND, LEEDS 
UNIVERSITY.—To mark the retirement of Mr. F. B. 
Richards from the chairmanship of the Woodall-Duckham 
Group of Companies, after nineteen years of service in 
that capacity, the directors of The Woodall-Duckham 
Vertical Retort and Oven Construction Company (1920), 
Limited, 63-77, Brompton-road, London, S.W.3, have 
arranged to make a grant of 1,0001. per annum under a 
seven-year covenant to create an equipment fund for 
the Department of Coal Gas and Fuel Industries with 
Metallurgy at the University of Leeds. The capital 
from the fund will be utilised for the purchase of equip- 





ment for the department. 
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INTERNATIONAL FLAME- 
RADIATION TRIALS IN 
HOLLAND. 


SUBSTANTIAL savings in fuel and improvements in 
performance of cement kilns, furnaces for making 
steel, non-ferrous metals and ceramics, boiler fur- 
naces and many other types of furnace would result 
from a better understanding of the processes of 
flame radiation. At present, the radiating proper- 
ties of non-luminous gases, such as CO, plus H,0O, 
are sufficiently well-known to enable the thermal 
radiation of non-luminous flames to be calculated 








particles, and the influence of the furnace wall 
temperature on the cracking process is equally 
unknown. A vigorous international effort to close 
this important gap in engineering knowledge has 
been in progress for the past two years on a specially 
built experimental furnace at the works of the 
Royal Netherlands Steel Company at Ijmuiden, 
Holland, where scientists from France, Holland, 
Great Britain and Sweden have been at work on a 
joint project. Two views of the furnace, showing 
the special testing equipment, are reproduced in 
Figs. 1 and 2, and Figs. 3,4 and 5, on page 706, 
show the general arrangement. The results of the 
first year’s work have now become available and are 
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fairly accurately, provided that their temperature, 
their geometric dimension and composition are 
known. The case is different, however, with 
luminous flames, which are diffusion flames con- 
taining carbon particles. Very little is understood 
about the formation of these particles, due to a 
combustion and thermal cracking and to incomplete 
combustion ; nor is the evolution of these particles 
during the progressive penetration of outside air 
to the flame interior understood. It is not possible 
at present to calculate the effect on the flame of 
heavy hydrocarbons capable of generating carbon 


of the Institute of Fuel. 





appearing in full detail in the pages of the Journal | of any of the main variables. 


and: an experimental flame 3 ft. in diameter and 
15 ft. in length is used in the investigations. The 
furnace consists of a tunnel 7-5 m. long by 2 m. 
wide and 2 m. high, built in 25-cm. fireclay brick ; 
the roof has a lift of 20 cm. at the centre. The 
brickwork at the burner end is designed to give a 
more or less evenly distributed air flow at the 
beginning of the flame. A refractory baffle at the 
farther end of the furnace forces the waste gases 
through a narrow opening, to give a horizontal 
flame and reduce the effect of the external wind 
conditions; it also limits the dimensions of that 
part of the furnace which has to be brought to the 
** steady-state ” condition for measurements. Vari- 
ous vertical slots and holes are distributed over the 
furnace to allow for the insertion of probes and the 
sighting of instruments. 

Two types of experiments were decided upon, 
namely, performance trials, which provide informa- 
tion on the relation between the flame and its 
surroundings at points along the flame, by measure- 
ment made outside the flame; and combustion- 
mechanism trials, which show what is actually 
happening as the fuel burns, by measurements 
showing the extent of combustion. The first 
year’s experiments culminated in intensive per- 
formance trials from which certain interim conclu- 
sions can be drawn. In such performance trials, 
relatively few measurements are made on a large 
number of flames, corresponding to a variety 
of fuels and of other variables which govern the 
performance of industrial flames. As there are so 
many variables, and as the furnace itself has some 
uncontrollable variability, a careful statistical plan 
had to be followed. In these investigations, there- 
fore, five variables were examined, each on two 
levels, by a factorial method. These variables are 
the quantity and type of fuel, the quantity and 
type of atomising agents, and the quantity of 
combustion air. In all, 48 trials were carried out. 
The measurements taken during these trials 
consisted of a vertical traverse with mirror-type 
radiation pyrometers at various points along the 
flame; readings with probe and wall heat-flow 
meters; a suction-pyrometer traverse and a gas 
sampling traverse at the baffle; measurements of 
the flame contour at all possible points along the 
flame ; and optical-pyrometer readings of the flame 
at all possible points. The intention of the trials 
was not only to reveal the effect of changes in these 
variables, but also to give information on the 
development of suitable instruments for use in this 
and industrial furnaces, and to assess their effective- 
ness in precision measurement and control of the 
furnace. 

Taking the last two points first, it can be said 
that the experience of the trials was satisfactory. 
In all cases, the accuracy of control on the input 
variables and on the furnace was as good as the 
accuracy of the instruments. In other words, the 
effects found were genuinely due to changes in the 
variables and not to systematic inaccuracies in the 
instruments (many of which had to be specially 
developed) or to trends not under the control of 
the experiment. The statistical analysis of factorial 
experiments of this sort is a highly complex matter. 
In the present case, the work has been carried out 
in three countries, the greater part of it in the 
United Kingdom. 

While allowances must be made for the simplifying 
assumptions that it was necessary to make if con- 
clusions useful to designers could be drawn from 
these investigations, it may be said that the follow- 
ing indications are observed. 

The time or distance of travel of the flame from 
the burner has a primary influence on the emissivity 
of an oil flame. This influence is greater than that 
Very broadly, it can 
be said that the flame emissivity is unity up to 


As the experimental flame must not be scaled |two metres from the burner and then falls steadily 
down by more than two or three to one (linear | to a value of about 0-5 at four metres and probably 
dimension) and must be subject to the same relation |reaches calculable non-luminous emissivity in 
between mixing processes and heat transfer as it |another one or two metres. 
would be in an ordinary industrial furnace if con- | combustion is proceeding more or less uniformly 
clusions from the work are to be usefully applied | with distance over the range where the emissivity 
to industrial problems, the minimum size of the |is falling steadily, and that the region of constant 
experimental furnace is still fairly large. The high emissivity is the region where fuel is evaporat- 
largest industrial flames in boilers, open-hearth | ing and cracking under the influence of heat with a 
furnaces, glass tanks or metal reheating furnaces | deficiency of air. 


It is probable that 
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The only significant effect on emissivity of the 
variables in investigation on the early part of the 
flame is that due to variation in fuels. Oiland pitch 
creosote were compared, and pitch creosote gave the 
higher emissivity. Temperature, on the other hand, 
may be affected significantly in the early part of 
the flame by fuel quantity, air atomisation (instead 
of steam), and a high quantity of atomising agent. 
All these increase the temperature. Reduction of 
the quantity of combustion air has its largest 
effect at an intermediate position, probably because 
insufficient air for combustion has been drawn into 
the jet at an earlier stage in the flame, while, later 
in the flame, the “false” air is in excess of the 
“intentional ’’ combustion air. 

A decrease in the quantity of atomising agent 
gives a strong increase in relative emissivity, and 
so does an increase in the quantity of fuel. The 
type of fuel also appears to have an effect, but 
this is not certain. Since the relative emissivity 
is always falling in the tail of the flame, a higher 
value simply means a slower fall; that is, a longer 
flame. The only important effect on the tempera- 
ture at the tail of the flame is that caused by varia- 
- tion in fuel quantity; as might be expected, a 
higher fuel quantity gives a higher temperature. 

Certain practical consequences follow, even from 
the detailed observations on which these interim 
conclusions are based. For example, it is obvious 
that, since the flame radiation varies greatly with 
distance along the flame in spite of the flattening 
effects of longitudinal radiation from the hot walls, 
it is necessary to take account of this in calculating 
radiant-heat transfer in boilers or furnaces. The 
assumption that radiation is uniform along the 
flame length is not accurate enough. Further, it is 
possible to construct curves, on the basis of the 
calculations made in these experiments, to show 
flame emissivities for various distances along the 
flame. Based on the grand mean for all the trials, 
and allowing the spread indicated by the maximum 
effect expected from altering one of the five variables 
over the range considered in the trials, a sufficiently 
accurate result may be achieved. Another practical 
conclusion from these trials concerns heat radiation 
from the early part of the flame. The use of air 
instead of steam as an atomising agent gave an 
increase of 13 per cent. Similarly, the use of 
creosote pitch instead of oil gave an increase of 
20 per cent. Observation of the tail radiation 
showed that an increase of 39 per cent. in the fuel 
input gave an increase of 49 per cent. in the radia- 
tion at 3 m. distance from the burner; a reduction 
of 25 per cent. of the excess air gave an increase of 
17 per cent., and a decrease of 45 per cent. in the 
quantity of the atomising agent gave an increase 
of 13 per cent. in the radiation at this point. These 
results have an obvious bearing on the design and 
operation of many types of furnace. 

Another practical result from the trials has been 
the design of a total-radiation meter which is very 
sensitive, can be calibrated on the absolute scale, 
and requires a very small radiation angle. It can 
be used on any practical furnace where a cold heat 
sink on the other side of the flame is practicable, 
and it enables changes in total radiation to be 
subdivided into the relative effects of changes of 
mean radiant temperature and mean emissivity. 
Further work is required, however, before a method 
is available for the reliable determination of absolute 
emissivity. 

The combustion mechanism trials which have 
now been started at [jmuiden cover the next stage 
in these investigations. While maintaining a 
constant fuel-quantity rate and air rate, detailed 
measurements are being made in all parts of the 
flame to determine such things as the flame com- 
position, the carbon particle size, local emissivity, 
flame temperature, degree of mixing, etc. In such 
experiments as this there is a need for more mea- 
surements and more accurate measurements than 
in the performance trials. For example, in the 
performance trials, CO, is measured at the exit 
point only. It is necessary in the combustion 
mechanism trials to make such measurements along 
the length of the flame. 

The first series of combustion mechanism trials 
has been completed recently and the next series 
will be carried out in the spring of 1952, on a new 
furnace which is shortly to be built in the same 
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works through the generosity of the Royal Nether- 
lands Steel Works themselves. The new furnace, 
which it is hoped to bring into operation about 
March, 1952, will be about the same size as the 
present one, but will have a fundamental alteration 
in that it will be possible to vary the load of the 
new furnace by means of water-cooled pipes at 
various levels and points. This will present another 
point of similarity between experimental conditions 
and an industrial furnace. 

Behind all this work on flame radiation, which 
is directed towards a theory of heat transmission 
and the establishment of laws of luminous flame 
radiation, stand three classes of work, namely, the 
full-scale work in progress at Ijmuiden, model work, 
and laboratory work. 

The full-scale work at Ijmuiden will shortly be 
supplemented by Swedish experiments on the 
furnace now being reconstructed at Stockholm. 
This furnace was used by Professor Lindmark many 
years ago in establishing the body of work for which 
he is well known. It has water-cooled walls, as 
compared with the refractory wall at Ijmuiden, 
and it will be of particular interest to observe the 
parallel experiments which will be carried out 
between the two furnaces. Various industrial appli- 
cations of the water-cooled furnaces are likely to 
be held particularly in mind, such as glass-making 
furnaces and water-cooled boilers. Professor O. G. 
Hammar is directing the Swedish work, which is to 
be carried out in close conjunction with the Joint 
Committee which directs the work at Ijmuiden; 
and the Shell Petroleum Company have made 
available a supply of the same “reference ”’ fuel as 
is used at Ijmuiden. 

Work on model furnaces, such as that carried 
out by the United Steel Companies Limited, and 
by the Aerodynamics Section and the Steelmaking 
Division of B.L.S.R.A., will be supplemented shortly 
by a replica of the Ijmuiden furnace, 6 ft. long, con- 
structed by the Shell Petroleum Company at Delft. 
There it is proposed to investigate similarity pro- 
blems, with a view to the possibility of getting 
valuable results at a reduced expense. The wall 
temperatures of this furnace can be varied from 
the well-insulated condition of the Ijmuiden furnace 
to the water-cooled condition of the Stockholm 
furnace. 

Constant laboratory work is necessary to provide 
the information required to make the flame radia- 
tion trials a success. Much of this is carried out at 
the Physics Laboratories of the British Iron and 
Steel Research Association in London, where such 
matters as droplet formation, and the physical and 
chemical details of the mechanism of combustion, 
have been and are being investigated. The whole 
project is supervised by a Joint Committee of 
scientists from France, Great Britain, Holland and 





Sweden with Professor G. M. Ribaud as chairman and 
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two representatives from each national committee. 
The chairman of the British Committee is Pro- 
fessor O. A. Saunders, of the Imperial College of 
Science and Technology, London. In general 
charge of the studies included in the research pro- 
gramme is Mr. M. W. Thring, head of the Physics De- 
partment of B.I.S.R.A., while Mr. J. E. de Graaf, head 
of the Research Laboratories of the Royal Netherlands 
Steelworks, is in charge of the Ijmuiden experiments. 
The address of the Secretary-General of the British 
Committee, who, we understand, would be pleased 
to hear from anybody interested in this work, is at 
the B.LS.R.A. Physics Laboratory, 140, Battersea 
Park-road, London, 8.W.11. 








LITERATURE. 
Laboratory Design. 


Edited by H. S. Cotman. Reinhold Publishing Cor- 
poration, 320, West 42nd-street, New York, U.S.A. 
{Price 12 dols.]; and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 96s. net.] 
Mechanical Engineering Laboratory. 
By C. W. MESSERSMITH and C. F. WARNER. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16. [Price 3*50 dols.]; and Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 288.] 
AMERICAN books on the design and equipment of 
scientific laboratories are apt to engender in British 
technological breasts mixed feeling of envy and 
nostalgia for the days before present post-war 
circumstances compelled the practice of a rigorous 
austerity in existing British laboratories, and 
almost suppressed all hope for the new scientific 
buildings that are so sorely needed. Even in the 
United States, however, laboratory construction 
was practically at a standstill throughout the second 
World War. Since then, of course, American 
scientific activities have been expanding at a pheno- 
menal rate ; and from a shrewd community which, 
notwithstanding its wealth, is rightly anxious to 
secure the best value for expenditure on the 
facilities for research that it regards as second only 
to abilities, appeals for assistance in the planning 
and furnishing of science buildings soon began to 
reach the National Research Council in even greater 
numbers than before the war. A pre-war advisory 
body was accordingly re-activated in 1947 as a 
Committee on Design, Construction and Equipment 
of Laboratories, whose members, representative of 
science teaching as well as of industrial and institu- 
tional research, were charged to prepare a new and 
fully modern report on laboratory construction to 
replace a similar report which their predecessors 
had published in 1930. 
Edited by Mr. H. S. Coleman, Assistant Director 
of the Mellon Institute and chairman of the com- 
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mittee, the report takes the form of a large and 
handsomely-bound book, printed on expensive 
paper that does full justice to the reproductions of 
photographs and architectural drawings with which 
it is profusely illustrated. The text consists of 
42 articles by a corresponding number of contribu- 
tors, each of whom has expert knowledge of one or 
more aspects of laboratory construction or utilisa- 
tion. The arrangement of these chapters falls 
conveniently and logically into four main parts, the 
first of which treats, along general lines, of structural 
materials, permanent furniture and service supplies. 
Among the latter, provision for domestic ventilation 
figures more prominently than is warranted by the 
more equable climate of this country, but the 
American precautions against noxious chemical 
fumes and other bazards to the safety and well-being 
of scientific workers are none the less attractive, 
comparing favourably with the conditions under 
which a deal of first-class research is somehow 
accomplished in extemporised British laboratories. 


them, procedures for conducting trials of mechanical 
engineering plants, the observation and recording 
of data, and the computation and presentation of 
performance results. The subject matter covers 
heat engines comprehensively enough to include 
stationary boilers and refrigeration plants, and the 
more mechanical aspects of hydraulic meters, 
pumps and fans, but it excludes all mention of 
materials testing and of much electronic apparatus 
that is nowadays considered essential to the equip- 
ment of a mechanical engineering laboratory. If 
these restrictions of scope are regarded as defects, 
it is fair to say that the authors’ insistence on the 
importance of good reporting, and their recom- 
mendations for the conduct of experimental trials 
along the lines of recognised power-test codes, are 
compensating features of indisputable merit. In 
these general respects, no less than in numerous 
points of detail where experience of difficulties 
encountered and surmounted can make all the 
difference, the book offers valuable guidance to 





The ten articles by university professors, which 


teachers and sound instruction to students. 
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comprise a main section devoted to teaching labora- 
tories, discuss in detail almost every conceivable 
aspect of that subject, from the selection of the 
site to the disposition of minor items of apparatus. 
Th» emphasis throughout is on the equipment for 
practical science students at university level; so 
pre-occupied, it would seem, with chemistry that 
all but marginal subjects like biochemistry or 
metallography are crowded out of the scientific 
curriculum. In the third main part, where atten- 
tion is directed to the general requirements of 
industrial ‘laboratories, the scope is extended to 
include the fields of the metallurgist and the 
biologist, and there are articles of special interest 
on the design of laboratories for high-pressure 
research, pilot-plant operation, and the safe handling 
of radio-isotopes. To exemplify how far the ideal 
laboratory can be realised in practice, the last 
quarter of the report consists of descriptions of a 
dozen or so actual laboratories, many bearing 
names that are deservedly famous throughout the 
world of science. The outstanding impressions 
gained from a study of these excellently written and 
illustrated articles are, first, the immense amount of 
forethought that has led to such rewarding results ; 
and, secondly, the admirable way in which the 
severely functional demands of the scientific user 
can be blended and merged with the esthetic 
feeling of the architect into a whole that is usually 
dignified, often unexpectedly beautiful, and always 
a most satisfying and stimulating scene for the 
_pursuit of scientific knowledge. 

The regrettable dearth of attention paid, in 
Laboratory Design, to buildings used specifically 
for engineering research is not made good by 
Mechanical Engineering Laboratory, which is con- 
cerned primarily with the practical course work of 
the undergraduate student, only incidentally with 
the layout of testing equipment, and not at all with 
the architectural or structural features of a mech- 
anical-engineering research building. Both of the 
authors profess mechanical engineering at Purdue 
University, and out of the wealth of their teaching 
experiences they have compiled and published what 
18 essentially an illustrated notebook which deals, 
iM sequence, with instruments and methods of using 





PRESTRESSED-CONCRETE 
STATICALLY-INDETER- 
MINATE STRUCTURES. 
(Concluded from page 679.) 
DrsigN FEATURES AND CONSTRUCTION. 


TuREE of the papers gave space to descriptions of 
design features and successful completed structures. 
Messrs. Kee and Jampel described the advantages 
of rod reinforcement in prestressed-concrete con- 
struction, and went on to show its application to 
continuous beams and to portal frames. Mr. Harris 
and Professor Magnel devoted the larger part of 
their papers to descriptions of completed structures. 
The advantage of rod reinforcement in prestressed 
concrete, over the more common form of cable, 
arises from the greater ease of placing and stressing 
the stiffer rods, and from the more positive anchorage 
that is obtained by special nuts and washers acting 
against steel end plates. The rod is manufactured 
in diameters of } in. to 1} in. and in lengths limited 
to 65 ft. The initial stress applied to the steel is 
usually 94,000 Ib. per square inch, as compared 
with 120,000 Ib. per square inch for cables, and the 
total loss of prestress is about 16 per cent. Creep 
in the steel at this stress is negligible, and the end 
fixing is claimed to permit no loss of prestress due 
to slip. For continuous structures where long 
lengths of rod are required, the bars can be extended 
by the use of couplers ; these couplers impose some 
limitations, but also prompt development on the 
following lines. Provision of a cavity must, of 
course, be made to house the coupling, but the 
couplings can be useful when it is necessary to 
prestress a continuous structure by parts, in order 
to avoid excessive longitudinal movements at certain 
points along the structure. 

The use of such bar reinforcement as “ con- 
tinuity”’ bars or ‘“‘cap” bars is shown in Figs. 
12 and 13. As has been pointed out already, short 
cables (or bars) cannot be accurately prestressed, 
and the curved form shown in Fig. 10, page 678, ante, 
to be criticised for this reason. Nevertheless, the 
use of such continuity bars does assist in the 


The arrangement to be adopted when constructing 
a prestressed portal frame from pre-cast members 
and utilising bar reinforcements is shown in Fig. 14, 
on page 708. The process can be extended more or 
less indefinitely to multi-storey and multi-framed 
buildings. 

As may be seen from the foregoing, bars can, in 
general, be used as an alternative to wire cables, 
but the maximum scope is obtained when they are 
used to prestress individual members, the length of 
which is of the order of 20 ft. Their use in con- 
tinuous structures is best when the structure itself is 
an assembly of a number of individually prestressed 
units, the joints being strengthened where necessary 
by continuity bars. 

The method of avoiding the problem by pre- 
stressing the individual members of a structure and 
finally rendering the whole into a single continuous 
structure has been instanced; Professor Magnel 
described large multi-storey buildings erected by 
this technique. Mr. Harris described two bridges, 
one at the Festival of Britain site, and the other a 
multi-span bridge in Brazil, where virtual hinges 








assembly of individual prestressed precast members. 


were left in the structure until prestressing was 
completed, when the hinges were finally packed 
solid. In the second method of treatment, suitable 
for flat two-hinged arches, jacks are built into the 
abutments and their load regulated at intervals 
until the value of the thrust has become sensibly 


constant; by which time, it may be assumed, 


the deferred strains in the bridge have ceased. 
Examples are to be found in the bridges over the 
Marne, where not only was it difficult to determine 
the state of stress brought about by any arrange- 
ment of the cables, but where any deferred strain in 
the arch changed its geometry sufficiently to cause 
serious modification in the stresses in the arch. 
This treatment of regulating the reactions, which 


affects only the permanent loads, that is, the dead 


load and the prestressing force, can only be used 
when these loads are large compared to the live load. 

The third technique—the use of an undulating 
cable, or the use of a straight cable with an undulat- 
ing neutral axis—offers a method whereby a struc- 
ture consisting of a succession of continuous beams 
may be prestressed without modifying the redun- 
dant reactions. The immediate limitation on an 
undulating cable is the number of waves that the 
cable can be made to assume and still be p-estressed : 
in practice, the limit is certainly no higher than 
three, and even then accurate prestressing will not 
be possible. Alternatively, the neutral axis may 
be made to pass below the cable at the supports, 
and to rise akove the cable at mid-span. In 


practice, this can be done by haunching the beams 


or by varying the thickness or breadth of the 
flanges. With such a treatment full economy of 
steel and concrete is not possible, some sections 
being considerably stronger than is necessary, but, 
on the other hand, the stressing operation is simple, 
direct and accurate. 

Examples of such a method are to be found in a 
grillage of haunched beams to some reservoirs at 
Orleans, and in a continuous-slab road-bridge deck 
over a covered railway at Rouen. Professor Magnel 
also described the Sclayn bridge, in Belgium, where 
this method was employed, and which, he said, was 
the most important example of continuity. The 
Sclayn bridge, shown in Figs. 15, 16 and 17, on 
page 708, in a continuous-girder road bridge of two 
spans over the River Meuse. The two main spans 
are each 205 ft. 9 in. long. The roadway is about 
23 ft. wide, and on each side there are cantilevered 
footpaths, each about 5 ft. wide. The cross-section 
is cellular and comprises four longitudinal walls 
with a transverse wall at each of the third points of 
each span; rectangular openings in these transverse 
walls allow the passage of the cables and permit 
inspection of the bridge. The continuous beam is 
supported at the middle pier by a hinge, and at the 
end supports each span rests on precast-concrete 
rockers. The main beams are prestressed by 36 
cables, each of 48 wires, with a total length, including 
anchorage, of about 416 ft. The cables are straight 
in each span, with a slight change of direction above 
the central support; straining was done simul- 
taneously from both ends. A compressive stress of 
2,160 lb. per ‘square inch and a tensile stress of 
110 Ib. per square inch were allowed for in the 
concrete. 
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Fig. 14. TYPICAL PORTAL FRAME 
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As examples of work where the structure was 
analysed as a prestressed continuous structure, 
With tui! allowances for the redundancies, Mr. Hurris 


gave brief descriptions of the University Footpaths 
bridge at Oxford and the foundation beams to the 
Malago Factory at Bristol. Here the problem 
becomes the practical issue of controlling and placing 
the cables in strain. 

EXPERIMENT AND RESEARCH. 

Only one of the papers, that by Mr. Morice, was 
entirely concerned with experiment and research, 
although two others, those by Professor Magnel 
and by Messrs. Kee and Jampel, noted experi- 
mental work. In the last-mentioned paper, indica- 
tions were given that experiments are in hand to 
determine the minimum curvature that can be 
employed when high-alloy steel bars are used for 
prestressing, and that further experiments are 
being conducted into the frictional losses likely with 
such bars. The authors indicated, as a prelimi 
weasure, that curvature should be limited to 25 ft. 
for bars up to {-in. diameter, and to 35 ft. for bars 
up to 1}-in. diameter. No figures were given for 
the loss of prestressing force due to friction with 
bars. Professor Magnel, however, presented two 
items of investigation. The first concerned tests 
to measure frictional losses during the prestressing 
of wires which pass round a single peg. His results 
may be summarised as follows : the loss is directly 
proportional both to the angle of deviation at the 
peg and to the applied degree of prestress. The 
second investigation related to the opportunity 
taken by Belgian engineers to measure the loss of 
prestress in the course of time in two cables placed 
for that purpose in the Sclayn Bridge. After two 
years from the date of initial stressing, measure- 
ments showed that “ the loss of prestress is rather 
less than is generally accepted by designers.” 
Such comment goes far to create confidence in the 
data and methods of calculation in current use. 

In the single paper devoted to research, Mr. 
Morice touched upon two topics. First, he con- 
sidered the problems involved in the use of pre- 
stressed concrete in the elastic, but non-linear, 
range, with particular reference to highway bridges. 
Briefly, the object is to tap the great reserves of 
strength available in this range by relating normal 
working stresses to the loads on a structure that 
are of relatively high frequency, and reckoning on 
using the non-linear range for those high loads 
that occur only occasionally (see Fig. 18). Such a 
design procedure, if accepted by the appropriate 
authorities, would lead to considerable economies in 
material. The paper then went on to describe 
some experiments in progress at the Cement and 
Concrete Association’s laboratory at Wrexham 
Springs into the behaviour of prestressed frames 
just prior to failure. The frames consist of four 
main beams of 20-ft. span, inter-connected by 
three transverse beams spaced equally along the 
principal members ; two such frames have so far 
been built. The frames were cast monolithically, 
the main beams being prestressed by the Magnel- 
Blaton system, and the transverse beams by 
arrangements that permit the degree of prestress 
to be varied. Loading of the frame is made at 
diverse points and the measured deflections used 
to check the assessment of moment redistribution 
that is occurring ufder load. Such tests should lead 
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overloads for structures with an economical degree 
of transverse stiffness and prestress for normal 
working loads. One of the frames has already been 
tested to ultimate failure, under loading designed 
to bring about rupture at a predetermined point 
in the frame; failure occurred initially by local 
crushing of the concrete, followed by the formation 
of a shear crack at the cable line. Large deflections 
developed in the failing beam, while simultaneously 
the remainder of the frame relaxed to its unloaded 
deflection, but with the collapse of the failing beam 
the load was immediately redistributed and further 
points of failure developed throughout the frame. 
Failure of the beam was sudden and complete, not 
as is commonly found in tests on normal reinforced 
concrete, where first the concrete fails and then 
spalls off as the steel reinforcement distorts. 

On the last evening of the symposium, Dr. F. G. 
Thomas, M.I.C.E., summed-up the papers and 
discussions, emphasising the difficulties and differ- 
ences of opinions that are as yet unsolved. He 
appealed in particular for the publication of data 
from all sources of information, so that the loading 
of structures might be more accurately assessed 
and the most economic designs prepared to meet 
these requirements to the general benefit and 
satisfaction of all concerned. 





THE LaTE Mr. W. A. DutTron.—We regret to learn 
of the death on November 22 of Mr. William Allwood 
Dutton, A.M.I.E.E., for many years chief engineer of 
the turbine division of the Brush Electrical Engineering 
Co., Ltd., Loughborough. Mr. Dutton, who was born 
at Spurstow, Cheshire, in 1879, was educated at Arnold 
House School, Chester, and at Owens College, Manchester, 
and served an apprenticeship to engineering with P. R. 
Jackson and Company, Manchester. He joined the 
Brush Company in 1901 as assistant to the works elec- 
trical engineer and, after a period on electric-motor 
design, was transferred to the turbine division, in which 
he was closely concerned with the development of the 
Brush-Ljungstrom turbine. He retired in May, 1945, 
though he retained his connection with the firm in a 
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THE IRON AND STEEL 
INSTITUTE. 
(Continued from page 695.) 


METALLOGRAPHY AND PROPERTIES OF TRANS- 
FORMER SHEET. 


THE remainder of Wednesday morning, Novem- 
ber 21, was devoted to the joint discussion of two 
papers, namely, “ Metallography of Carbon in 
Silicon-Iron Alloys Containing 4 per cent. Silicon,” 
by Mr. E. D. Harry, of the Steel Company of Wales 
(Lysaght Works), Limited, Newport, and “ The 
Variation in Electrical Properties of Silicon-Iron 
Transformer Sheet,” by Mr. S. Rushton and Mr. 
D. R. G. Davies, the second paper describing work 
undertaken at the Imperial College of Science and 
Technology, London. 

When presenting his paper, Mr. Harry opened 
with an account of the mode of occurrence of carbon 
in 4 per cent. silicon-iron alloys used for the manu- 
facture of transformer sheets. He stated that 
sheet bar might contain 0-050 to 0-10 per cent. of 
carbon, whereas finished sheet, which might have 
been annealed at temperatures ranging from 
750 deg. to 1,150 deg. C., could have a carbon 
content’ varying from below 0-005 per cent. to 
0-030 per cent. The carbide phase in these silicon 
irons was duplex in structure and consisted of the 
ordinary iron carbide, Fe,C, and what was believed 
to be an iron-silicon-carbon compound, the two 
carbides appearing to form a eutectoid. 

In the second paper, which was presented by Mr. 
D. R. G. Davies, the authors stated that the pro- 
perties which silicon-iron transformer sheets should 
possess had been reviewed in detail by Mr. F. 
Brailsford in 1943. They comprised, firstly, high 
permeability ; secondly, low iron-loss at a frequency 
of 50 cycles per second and flux densities of 10,000- 
15,000 gauss; and thirdly, high space factor. 
The present paper gave an account of a study of 
the variations in iron-loss values of sheets produced 
from a single cast of silicon-iron transformer sheet, 
and was based on 264 values from the 11 ingots 
of the cast, and on the iron-loss values of all the 
160 sheets produced from one particular ingot. 
The statistical technique of analysis of variance 
had been employed to show the contributions to 
the total variation among these values due to 
difference between ingots, variation due to different 





positions in an ingot, and variation due to differences 
in the position of the sheet in the pack at the sheet- 
rolling stage. For the 264 sheets from the 11 ingots 
of the cast, the mean iron-loss, after the first anneal- 
ing, had been 1-17 watts per kilogramme, at 50 
cycles per second, and 10,000 gauss ; the range was 
0-89 to 1-48. In order of importance, the significant 
factors contributing to variation were: differences 
between ingots, differences between positions in the 
sheet-rolling pack, and differences between positions 
in ingots. Although the effect of a second annealing 
was to bring about an overall improvement 10 
quality, the improvement was in the worst materia!, 
the best material being made worse by this second 
anneal. As a result, the range had been reduced 
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to 1:01 to 1-44 watts per kilogramme. The study 
had revealed the complexity of the transformer- 
sheet problem and indicated that it could not be 
solved completely until systematically planned 
experiments, designed to isolate the causes of varia- 
tion at each stage of processing, had been under- 
taken. 

Dr. R. V. Riley, in opening the discussion, stated 
that Mr. Harry had commented on the apparently 
large amount of carbide phase in the microstructure 
of a 4 per cent. silicon, 0-01 per cent. carbon steel, 
and had said that the amount of carbide phase 
produced seemed to be rather more than would be 
expected if a plain-carbon steel containing a similar 
amount of carbon were taken as a basis of com- 
parison. This was entirely in agreement with his 
(Dr. Riley’s) own observations on iron-carbon- 
silicon alloys of much higher silicon content and 
higher carbon content. These observations might 
be taken as evidence that the carbide did not 
contain a percentage of carbon sufficient to give 
cementite, Fe,C. Some measurements which he 
had carried out indicated that the average carbon 
content of the silico-carbide phase was between 
2 per cent. and 3-5 per cent., and not the 6-6 per 
cent. which would be necessary if the phase had the 
composition of cementite. The author had expressed 
the opinion that the two carbide phases were com- 
pletely insoluble, or showed only limited mutual 
solubility at room temperature. While this might 
be true, it must not be interpreted as indicating 
that the silico-carbide phase had a fixed composition 
in respect of silicon content, at any rate not in the 
higher silicon range of iron-silicon-carbon alloys. 
Dr. J. Hurst and he (Dr. Riley) had shown that 
this phase existed in commercia] 10 per cent. to 
15 per cent. silicon irons, and in these alloys there 
was very little doubt that the silicon content of 
the carbide phase varied with, and bore some 
relation to, the silicon content of the alloy as a 
whole. 

Turning to the second paper, by Messrs. Rushton 
and Davies, the treatment which these authors had 
given to a works problem was worthy of note, and 
there were many other operations in works which 
would repay study in this fashion. The variations 
reported in the ingot were interesting. It always 
seemed that steelmakers had considerable difficulty 
in casting ingots, and, in this instance, he suggested 
that a possible way of removing the non-metallic 
impurities which appeared to be so troublesome in 
this industry would be to cast the steel centrifugally, 
into fairly large cylinders, which were then split 
longitudinally, opened out under a press, squeezed 
down, and both sides of the sheet machined. The 
part which had been on the inside of the cylinder 
would then contain the non-metallic particles 
which were not desired, and these were removed 
in the machining operation. The material could 
then be reheated and rolled into sheets. This was 
simply a development of the blowing of ordinary 
window glass. The glass blower blew a cylinder, 
opened it out and pressed it flat. 

Mr. A. D. Grace asked whether Messrs. Rushton 
and Davies, in taking the test of watts loss, had 
made any allowance on account of variation in the 
gauge of individual sheets. It had been found 
that, with the ordinary No.-14 gauge hot-rolled 
sheet, there could be variations which would cause 
& difference in the watts loss of something like 
+0-02 watt per pound (not kg.). That, of course, 
was purely due to the eddy-current component, 
which was more or less proportional to the square 
of the thickness. If that had not been taken into 
consideration, it might account for some of the 
extreme variance found between sheets in a pack, 
but it did not account for anything like the whole 
variation, so that it would not alter the authors’ 
conclusions. 

Mr. H. H. Stanley stated that this was probably 
the first occasion on which papers dealing with 
4 per cent. silicon transformer steel had been put 
before the Institute for discussion. The paper by 
Messrs. R i ; 

rs. Rushton and Davies showed that, with the 
Process which they described, very wide variations 
in the product resulted, and this suggested that the 
— was very difficult to control, so that manu- 
— who had found a way of getting what they 
ought was rather better control were very reluctant 
to publish information regarding the operation of 





their process. Consequently, Mr. Davies’s firm, 
Messrs. Richard Thomas and Baldwins, were to be 
commended on the fact that they had given per- 
mission to publish work of this type, because it 
involved the cutting up of a very large number of 
expensive sheets, and the planning and carrying out 
of the experiments and testing must have added 
considerably to the cost. It was all the more 
unfortunate, therefore, that the work should have 
been confined entirely, at least as published in the 
paper, to a statistical study. Having used such 
large amounts of precious material, it was a pity 
that some metallurgical tests had not been carried 
out, or, if they had been carried out, published, so 
that the relationship between the theories and 
hypotheses on decarburisation and other factors 
and the actual results found in the sheet could be 
judged. 

Dr. M. L. Becker, in commenting on Mr. Harry’s 
paper, stated that the structures of commercial 
silicon sheets might seem to be fairly close to those 
of pure iron-silicon alloys, but in actual fact they 
were very far from being pure iron-silicon alloys. 
A very small amount of carbon added to an iron- 
silicon alloy would considerably alter the shape of 
the equilibrium diagram. Not only was carbon 
present, but so also was nitrogen, which he did not 
think had been recorded in the paper, but which 
was certainly present; moreover, manganese was 
there, and both these elements would assist the 
carbon in encouraging the existence of the austenitic 
phase over a wide field. To come to the point, 
he felt that there were two phases present at the 
annealing temperatures used by Mr. Harry. If 
that were the case, it must be considered that those 
two phases would have different compositions. If 
there were one phase which was ferrite, no doubt 
containing a high percentage of silicon and, it 
might be expected, a low percentage of carbon, the 
other was austenite, containing a relatively large 
percentage of carbon and probably less silicon. 
On that point, he would like to ask the author 
whether he had any evidence that the silicon content 
of some areas in his specimens was less than in the 
others. If such an alloy were then cooled, even 
quite slowly, it was not to be expected that this 
two-phase condition would disappear during cooling. 
The structures were therefore to be interpreted 
from the point of view that there were two separate 
zones present in the same alloy, and, accordingly, 
the structure of the two separate zones would be 
different. 

Mr. H. Morrogh, in commenting on the paper 
by Mr. Harry, said that, with regard to the low- 
temperature annealed sheet, he was puzzled by the 
statement that when the carbon content was more 
than 0-012 per cent., graphite was invariably 
present, and also by the statement that when the 
carbon content was less than 0-006. per cent. no 
free carbide could be detected. He presumed that, 
at this temperature, ferrite, saturated with carbon, 
was present and, in some cases, free carbide existed, 
which was relatively unstable. In the presence 
of so much silicon it was to be expected that carbide 
would decompose fairly readily, so that in all 
samples containing more than a certain percentage 
of carbon, graphite would be found and, in samples 
containing less than that percentage of carbon, no 
visible graphite and no visible iron carbide would be 
seen. He knew nothing of the manufacture of this 
type of alloy, but he wondered whether the author 
had experienced any grain growth during his low- 
temperature annealing and whether, if he had 
obtained such grain growth, he had observed 
whether it was affected by the presence of graphite. 
In a completely different industry, in the production 
of malleable cast iron, it was found that grain growth 
of ferrite was almost completely inhibited if graphite 
were present, but if that graphite were removed, 
for instance by decarburisation, ferrite grain growth 
occurred automatically. With regard to the migra- 
tion of carbon to the surface of the sheet, the 
author had mentioned that the silicon near the 
surface of the sheet might have been oxidised, 
presumably giving a film low in silicon. He was 
surprised that the author had not attempted to 
confirm whether that was so or not; it should be 
fairly easy to do so by spectrographic means. 

Mr. R. Rawlings said that he was connected with 
the people who used these sheets, though he did 





not actually use them himself. As the author 
suggested, during vacuum annealing silicon was 
oxidised, and probably vaporised as well, at the 
surface, thus decreasing the silicon content and 
allowing austenite to be formed. They had found 
a definite decrease in silicon, and had detected 
silicon in other parts of the furnace. After some 
time, the removal of carbon would be blocked 
by the formation of a continuous silica film. After 
a time there would be some sort of equilibrium set up, 
but it would not be a true equilibrium, because of 
the silicon concentration gradient. The final ratio 
of carbon concentration in the austenite to that in 
the ferrite might be expected to be in proportion 
to the solubilities in the two phases. It was interest- 
ing to speculate on what would happen if anneal- 
ing were continued at 1,100 deg. C., but in dry 
hydrogen, so as to prevent further oxidation of 
silicon. The silicon concentration gradient would 
then level out. The high-carbon concentration 
near the surface, however, would now itself be the 
reason for the continued existence of austenite and 
thus for its own continued concentration near the 
surface. We should thus have an alloy being 
annealed at 1,100 deg. C., not in equilibrium and 
apparently not tending to equilibrium. 

On the question of the existence of the silico- 
carbide, in view of the controversy concerning this 
compound, it was a pity that an attempt had not 
been made to extract it and analyse the residue. 
The author had stated that the eutectoid change 
took place at 400 deg. C., but there was no evidence 
in the paper to indicate this. On what evidence 
did he base this statement ? Dr. Riley had men- 
tioned the use of centrifugal casting. This had 
already been seriously considered, but not for long. 
Very little was known concerning the effect of 
inclusions, but what was known theoretically was 
that there was a certain optimum size of inclusion 
which had the greatest effect, and this size was, in 
fact, very low. That had been proved with iron 
carbide, using iron carbide as an inclusion; it 
had been precipitated at low temperatures in differ- 
ent sizes of spheres, and there had been shown to 
be an optimum size. Centrifugal casting would 
probably not remove the inclusions of that size. 

Mr. H. Brooke Freeman, who confined his remarks 
to the rolling of the sheets, stated that the first 
operation was to take a 15-lb. bar and break it 
down with three passes in the mill, and then to 
match those breakdowns and give them another 
two or three passes, and then double. He would 
like to ask whether in this case the doubler separated 
them and put them top to bottom instead of simply 
rolling them out and doubling them over; did he 
change them so as to bring two outsides inside ? 
The next thing was the ing over, the operation 
following the reheating of the doubled pack. When 
doubled, the sheets were dealt with so that the two 
outside surfaces came together. The k was 
pushed into the annealing furnace with the doubled 
end first, and the furnaceman turned it up along the 
side so that it lay along the side wall. He would 
like to ask the authors how many packs they ran 
over at a time, because it would be found that the 
number of packs made a considerable difference in 
the heating or the soaking operation. Sixteen was 
quite a usual number to roll in sheet works, but it 
had been found that it was far better to roll eight ; 
in other words, the number of running-over furnaces 
was doubled and eight packs were put in a furnace 
and no more. The packs were turned up alongside 
a wall as they were put in, and they were gradually 
turned down, one after the other, in an endeavour 
on the part of the furnaceman to get them evenly 
heated. It would be found that there was a large 
difference in the watts-loss according to whether 
eight packs, or 12, or 16, were rolled, and the 
secret seemed to be to keep the temperature up 
all the time. 

The President, in closing the discussion, stated 
that the last and unexpected contribution to the 
discussion had been well worth the few minutes 
which Mr. Brooke Freeman had taken in giving 
the meeting an insight into some of the operating 
details. He would ask the authors to reply in 
writing. Three or four years ago, he had been 
concerned with the shortage in the supply of these 
high-silicon sheets, and he remembered the diffi- 
culties which had existed in getting not merely 
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quantity but quality. In that direction there had 
been, no doubt, substantial improvements since 
then, but at that time there had been considerable 
difficulties in getting anything like collaboration 
between the relatively few companies that were 
producing the sheets. He had been glad to hear 
Mr. Stanley draw attention to the improvement 
in that position represented by these papers. He 
hoped that they marked the beginning of some 
publicity on the technical problems involved in 
producing transformer sheets. 

The President then adjourned the meeting until 
the afternoon. 


Stresses In Incor Movu.ps. 


The whole of the afternoon of the first day of the 
autumn general meeting of the Iron and Steel 
Institute, namely, Wednesday, November 21, was 
devoted to a discussion of a ‘Symposium on 
Stresses in Ingot Moulds,” comprising five papers. 
In addition to these, two further papers, one 
concerned with ingot-heat conservation, by Dr. 
R. T. Fowler and Mr. J. Stringer, and the other 
dealing with ten-ton ingot moulds, by Mr. A. Jack- 
son, were included in the joint discussion. 

The various papers comprising the symposium 
were presented, in turn, by Mr. J. Woolman, 
Mr. J. W. Grant, Mr. W. C. Heselwood and Mr. 
W. H. Glaisher. Mr. WVoolman, of the Brown-Firth 
Research Laboratories, who is chairman of the 
Stresses in Moulds Group of the Ingot-Moulds 
Sub-committee, Steelmaking Division, British Iron 
and Steel Research Association, also gave a general 
introduction to the symposium. He stated that 
one of the chief reasons for the rejection of ingot 
moulds was cracking, and it was primarily to 
investigate the basic causes of cracking that the 
Stresses in Moulds Panel had been set up in 1939. 
The Panel was now called the Stresses in Moulds 
Group and the other members, besides himself, 
were Mr. N. H. Bacon, of Steel, Peech and Tozer ; 
Mr. G. T. Harris, of W. Jessop and Sons, Limited ; 
Mr. A. G. Hock, of the Workington Iron and Steel 
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Company; Mr. J. W. Grant, of the British Cast 
Tron Research Association ; and Mr. J. E. Russell, 
of the English Steel Corporation, Limited. 

“* Mechanical Properties of Ingot-Mould Irons ”’ 
was the title of the first paper in the symposium. 
It was by Mr. J. W. Grant, who stated that the 
practical difficulties of making strain measurements 
in the complete period of the heating of an ingot 
mould during teeming and cooling after stripping, 
had prevented a complete analysis of the behaviour 
of the mould to be made. The tensile stress on the 
outer surface reached a maximum after about 
4 minutes and was maintained at least until the 
temperature reached 400 deg. C. Creep could take 
place at all temperatures but the rate increased 
with temperature, particularly above 400 deg. C. 
During teeming, it was supposed that, at the same 
time as the outer surface developed a tensile stress, 
the inner surface was put into compression. As 
both these surfaces, and the wall between them, 
eventually reached temperatures of 600 to 700 deg. 
C., all parts of the mould would be subjected to 
direct tension or compression and a corresponding 
tensile or compressive creep. On cooling, the 
stresses might be in tension or compression, depend- 
ing upon the temperature gradient throughout the 
wall, and these would cause further creep. The 
factors that needed to be taken into account in 
considering the failure of a mould by cracking 
included the effect of creep on the properties of the 
iron; the possible existence of residual tension or 
compression in the mould ; stress-relieving at the 
higher temperatures ; the apparent recovery of the 
stress/strain properties and lowering of ductility 
caused by stress-relieving after straining; change 








in structure; and growth and oxidation of iron. 
The second paper of the symposium was entitled 
* Poisson’s Ratio for Cast Iron Used for Ingot 
Moulds,”’ and was by Mr. J. Woolman. He stated 
that little reliable data existed for Poisson’s ratio 
for cast iron at room temperature, and no reference 
had been found to any determination at elevated 
temperatures. Values between 0-23 and 0-31, 
however, had been quoted. A lateral extensometer 
suitable for attaching to a test piece in a cylindrical 
electrical furnace had been designed and constructed. 
With this, in conjunction with a conventional type 
Lamb roller extensometer, Poisson’s ratio deter- 
minations had been made on a number of ingot- 
mould irons, both at room and at elevated tempera- 
tures. The value of the Poisson’s ratio had been 
found to vary with the stress, the temperature and 
with repeated applications of the load, although, 
with the latter, the ratio tended to a constant value. 
Values obtained on various irons at room tempera- 
ture had ranged from 0-10 to 0-21; at 450 deg. C. 
from 0-05 to 0-14; and, at 650 deg. C., from 0-08 
to 0-25. On account of these variations it was 
difficult to suggest an appropriate value for use in 
calculations, unless some knowledge of the tensile 
properties of the irons were available. 
(To be continued.) 





PowER STATION EXTENSIONS.—The British Electricity 
Authority have received the consent of the Ministry of 
Fuel and Power to extend the Deptford East power 
station by one 52-5-MW _ turbo-alternator and two 
250,000-Ib. boilers; and the Littlebrook “‘C” power 
station by one 60-MW _ turbo-alternator and ‘wo 
360,000-lb. boilers. 
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ARC FORM AND MOVEMENT 
IN AN EXPERIMENTAL 
AXIAL AIR-BLAST 
CIRCUIT-BREAKER.* 


By F. 0. Mason, B.Sc. (Eng.), A.M.I.E.E. 


THE present article deals with the initial stages of 
a study which is being made of the physical nature 
of the arcing phenomena involved in air-blast 
circuit-breakers. So far, and primarily with the 
object of obtaining a general picture of the form and 
movement of the arc, the study has been confined 
to the top (or downstream) gap of an experimental 
gas-blast switch. This section of the arc column 
was chosen as being the most convenient to study 
for the preliminary survey, and also as offering 
the easiest section to photograph while the apparatus 
and technique were being developed. The method 
adopted for this initial study uses a rotating- 
drum camera photographing a cross-section of the 
arc, through a thin slit in a manner similar to that 
used by Kirchstein and Koppelmann.+ 

The study was made of ares drawn in the experi- 
mental switch shown schematically in Fig. 1, oppo- 
site, and operating in an inductive circuit with an 
approximately symmetrical current of 1,100 am- 
peres r.m.s. obtained from a generator excited to 
6,600 volts r.m.s. The electrode dimensions, in 
millimetres, and dispositions are given in Fig. 2, the 
top gap of 20 mm. containing that section of the arc 
under observation. The only variable in the test 
conditions was the initial reservoir gas pressure (air), 
although most of the tests were made with an 
initial pressure of 65 Ib. per square inch. The latter 
value was chosen as being fairly representative of 
the pressures normally associated with the present 
test conditions, while affording additional informa- 
tion for other purposes. However, for comparison 
purposes, some tests were made at pressures both 
above and below this value. 

Photographic Apparatus.—Essentially the appara- 
tus consists of a drum camera and optical system. 
The drum camera was driven by a 4-h.p. induc- 
tion motor at 2,900 r.p.m. and rotated within a 
casing fitted with a horizontal slit aperture and 
shutter mechanism capable of operating in syn- 
chronism with the test sequence. Photographs of 
the camera and associated equipment are repro- 
duced in Figs. 3 and 4, opposite. The drum has a 
diameter of 16 cm. and takes a 6-cm. wide film 
about 50 cm. in length. This gives a film speed of 
approximately 2,500 cm. per second past the 
0-25-mm. slit (which extends across the full width 
of the film) thus giving a 1-mm. length on the film 
equal to about 40 microseconds. 





* Based on Report, Ref. G/XT 131, of the British 
Electrical and Allied Industries Research Association. 

J Kirchstein and Koppelmann, “‘ The Electric Arc in 
Rapidly-Flowing Gas,” Wis. Ver a.d. Siemenswerke 
Vol. 16 (1939), 
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The shutter mechanism is housed in the body of 
the camera and covers a fixed slit 1 mm. wide in 
the camera body itself. The shutter housing slides 
accurately into a framework cast integrally with 
the base-plate, forming a focusing mount in which a 
screen for focusing purposes can also be fitted. 
Located over the 1-mm. wide slit is the actual slit 
aperture formed by two adjustable plates. Opera- 
ting immediately in front of the latter slit is a 
timing shutter which consists of a spring-operated 
rectangular flat steel plate with a central rect- 
angular hole arrange¢ so that the slit is covered by 
the top strip of the rectangle in the initial closed 
position and by the bottom strip in the final 
closed position. The intermediate or open position 
occurs during the time that the rectangular hole 
coincides with the slit aperture. 

The shutter is operated by two solenoids which 
act in sequence to trip a lever into two different 
positions. The first solenoid operates to trip the 
lever, allowing the shutter to reach the open position, 
while the second solenoid to operate gives further 
movement to the lever and the shutter moves to 
the final closed position. By synchronising solenoid 
operation with the test sequence, the timing shutter 
was opened just before a test and closed just over 
0-02 second after the start of the short-circuit 
(a time a little shorter than that of one revolution 
of the drum). This avoided double exposure in 
those tests where the arc persisted for more than 
two half cycles of current. By suitably mounting 
the camera base-plate on a pivoted baseboard the 
camera could be raised to a vertical position, thus 
enabling photographs to be obtained with the slit 
aperture vertical. 

Optical System.—The optical system for making 
two simultaneous observations at right angles to 
one another is shown schematically in Fig. 5 and 
practically in Fig. 6: The arrangement shown in 
Fig. 5 was used to project side by side on the camera 
film two slit photographs of the arc from positions 
at right angles to one another but in the same 
horizontal plane. Each optical system consisted 
of a lens, and two surface-silvered mirrors to turn 
the light beam into the symmetrically placed 
camera. The lenses, which were identical, had a 
focal length of 7 in., with aperture variable from 
f/2-5 to f/16, the comparatively long focal length 
enabling the lens to be used at a safe distance 
from the arc while allowing sufficient distance 
between lens and camera for system flexibility. 
As an additional precaution against lens damage, 
a sheet of optical glass was mounted between the 
arc and lens. The optical system was adjusted 
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Fic. 6. ARRANGEMENT Usep To Recorp Arc Movement In Two DriREctTIons. 


by focusing on to the plane of the film the image 
of a fine fuse wire threaded through the centre of the 
top and bottom electrodes. Focusing was facili- 
tated by an accurately placed ground-glass screen 
located in the focusing mount referred to above. 
The two systems, however, were only used to check 
that arc movement was not confined to a single 
vertical plane, and also to obtain a more complete 
picture of the movement in space of the arc; 
generally, therefore, one lens system only was 
used, in which case, of course, the arc was projected 
directly through one lens on to the camera without 
the use of mirrors. 

In the initial stages of the experimental work it 
was thought desirable to have some form of varying 
light filter, since the light intensity of the arc was 
varying greatly throughout a half-cycle. To this 
end, a graduated neutral-density filter was made 
in the form of a celluloid disc mounted on the shaft 
of a small motor running in synchronism with the 
generator supplying the test current and placed in 
front of the camera. The required gradations of 
density were obtained approximately from prelimi- 
nary records taken without a filter but with varying 
lens aperture, the graduated filter being made from 
a disc of photographic film exposed in segments to 
give densities appropriate to those obtained from 
the preliminary tests. Perhaps a better method of 
obtaining a graduated filter, should it be required 
in the future, would be to rotate a disc of photo- 
graphic film synchronously with the power frequency 
and expose it to the arc through a slit and lens 
system for a period of one half-cycle. The negative 
so produced could then serve as the graduated 
filter. 

Actually, as experiments proceeded, it was found 
that the use of the filter was a hardly justifiable 
complication, and its use was discontinued for the 
following reasons. (i) The varying effective expo- 
sure times produced by the filter during the half- 
cycle made it difficult to assess the true relative 
intensities of the arc during the half-cycle, and 
tended to give a misleading impression of the arcing 
phenomena. (ii) The degree of variation in inten- 
sity throughout the half-cycle varied for different 
positions along the arc column and required different 
filters for different positions. (iii) The arc form as 
photographed was in general repeatable from test 
to test and thus, with experience, the degree of 
exposure could be adjusted beforehand to suit the 
particular time during arcing in which phenomena 
were to be examined. (iv) A good degree of control 
over the exposure could be obtained during photo- 
graphic reproducing processes. 
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Fig. 7(a). 


Test Results : Observations in a Horizontal Plane. 
—After the first few records had been obtained 
with the slit aperture horizontal it became obvious 
that the arc had a vigorous lateral movement. 
To check that this movement was not confined to 
one vertical plane, two simultaneous exposures 
on the same film were made of the are from two 
positions at right angles as previously described. 
A record obtained from simultaneous exposures in 
two directions taken at 65 lb. per square inch 
gauge in the air reservoir (i.e., approximately 
50 lb. per square inch gauge in the arcing chamber) 
and 1 mm. above the throat is shown in Figs. 7 (a) 
and (b), and indicates without doubt that the arc 


Fie. 10. 


can move in all directions in a horizontal plane. 
Fig. 7 (6) is a section of Fig. 7 (a) during the current- 
zero period, which has been reproduced photo- 
graphically to show more clearly the arc movement 
close to zero. It will be noticed, however, that 
very close to zero the trace vanishes and in fact 
does not appear on the original negative. The 
centre lines of the electrodes are shown by the short 
lines on the left of Fig. 7 (a). It may be as well at 
this stage to point out that records obtained in this 
way are photographs of a thin cross section of the 
arc as seen by the slit over a period of time and 
thus arc movement is shown in a direction at right 
angles to the centre line of the record and time 
from left to right. 

By co-ordinating the position of the arc from the 
two traces the actual movement of the arc in the 
plane can be obtained ; this has been done over the 
period D indicated in Fig. 7 (6) and the result shown 
in Fig. 8. From this it will be seen that arc 
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movement is generally of a circulatory nature and 
in an anti-clockwise direction looking from above the 
throat. Similar records showed that this direction 
was independent of the sense of the current. Actu- 
ally, close inspection of the original records shows 
that are movement is more generally of the form 
shown in Fig. 9, wherein there are smaller con- 
volutions on the main ones. The mean peripheral 
velocity of the main circulatory motion of the arc 
is roughly 500 m. per second, which is approxi- 
mately twice the velocity of sound in air at N.T.P. 
Records of arc voltage taken at the same time 
showed that arc volts, as measured across the gap 
between the top and bottom electrodes, remained 
remarkably constant during the main current 
period and showed no corresponding variation with 
the rapid arc movement. This, however, was not 
unexpected since, as will be appreciated, the arc 
length is changing little despite its movement. 
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sentative exposures at different positions along the arc 
gapabove the throat, all made at 651b. persquareinch 
reservoir gauge pressure using a fixed lens aperture 
of f/8 and without a light filter. To one side of 
Fig. 10 (a) are the dimensions and position of the 
top contact and throat applying to the arc-move- 
ment photographs reproduced in Fig. 10, while at 
the right-hand side of each record a section of the 
arc photograph around current zero is reproduced 
in a manner similar to that of Fig. 7 (6). The faint 
horizontal lines just distinguishable on the record are 
merely due to small particles of dust and the like 
across the slit which, owing to its narrowness, Was 
very difficult to keep entirely clear of small obstruc- 
tions. When studying these records it should be 
borne in mind that the light intensities of the 
different photographs are not necessarily com- 
parable, as they were either exposed or reproduced 
differently to give the best overall results in each 


Fig. 10 (a), (6) and (c) opposite, show three repre-| case. A comparison of intensities over the length 
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Fig. 1. “Dragon” 





Fic. 2. ‘“ Wurrtwinp” Junior DusTER 


of the arc gap can best be obtained from photo- 
graphs as shown and described later. 

Incidentally, it should be noted that the arc as 
described and discussed herein is considered as 
constituting the light-emitting source and, in general, 
no attempt is made to distinguish, say, between the 
actual current-carrying path and the surrounding 
luminous gases. Since the light intensity of the 
luminous gases will vary with their distance from 
the arc “ core,’’ dimensions of the arc—if defined 
by the degree of luminosity—will obviously depend 
on the initial exposure time and subsequent photo- 
graphic reproduction processes. This fact is rather 
important and is discussed later in more detail. 

From the records in Fig. 10 (a) it will be seen 
that the arc form is not entirely the same at the 
different positions along the arc gap, and, although 
some marked differences between the positions will 
be observed during the main current flow, the dis- 
tinct filamentary form of the arc around current 
zero is virtually the same in the three cases. The 
record taken with the slit aperture level with the 
bottom of the top electrode tip (Fig. 10 (a)) is of 
particular interest as arc movement appears to have 
its maximum displacement at this point, and more- 
over indicates that the arc root itself is rotating 
round the top electrode tip. Actually one record 
obtained at this position showed an occasional 
shadow of the top electrode tip as the arc had moved 
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behind the contact away from the camera. A 
further point of interest is the bright luminous spot 
in the dark current-zero area more clearly seen in 
Fig. 10(c). This coincided with the voltage break- 
down of the gap and offers confirmation of a 
current pulse which has been observed during re- 
ignition. Photographs showing this high-intensity 
light pulse have also been obtained in Japan* using 
a Boys-type camera. 
(To be continued.) 





FRENCH AERONAUTICAL TERMS.—The Technical Sec- 
tion of the Society of British Aircraft Constructors, 
Limited, Summit House, 1-2, Langham-place, London, 
W.1, has issued a useful and compact vocabulary, 
entitled ‘‘ English-French Translations of Aeronautical 
Terms and Units,’ which provides conversions for 
commonly-understood words and phrases used by aero- 
nautical technicians. It includes also arithmetical con- 
version factors from English to metric units, and vice 
versa. The eight-page pamphlet deals with areas, atmo- 
spheric standards, linear dimensions, engines and engine 
powers, loadings, performance, pressures and stresses, 
speeds and velocities, volumes, weights and densities, 
and terms used in economic studies. Copies of the 
booklet may be obtained gratis from the Technical 
Secretary at the above address. 





* S. Fukuda, Study of Extinction and Re-Ignition of 
Air-Blast Arcs by a Simplified Boys Camera, E.T.J., 
page 260, November, 1939. 








AND AGRICULTURAL 
MACHINERY EXHIBITION. 


THE Smithfield Show and Agricultural Machinery 
Exhibition continues to gain in importance and it 
has been estimated that this year’s show, which 
closes to-day at Earl’s Court, having been open 
since Monday, December 3, is probably the largest 
of its kind to be held. This, possibly, is true so far as 
the machinery section is concerned, but, unfortun- 
ately, it does not apply to livestock, the recent out- 
break of foot-and-mouth disease having severely 
curtailed entries, which is not surprising in view of 
the edict that all livestock shown must be slaugh- 
tered. This is the third post-war show and, like its 
predecessors, has been organised by the Smithfield 
Show Joint Committee. The manufacturers’ section 
of the show consists of the tractor and machinery 
section on both the ground and first floors and the 
trades section, comprising supplies and services, also 
located on the first floor. The exhibits in these 
sections cover the whole gamut of agricultural and 
horticultural equipment and are fully representative 
of those products which have made this country’s 
agriculture the most highly mechanised in the 
world. 

In view of the large number of new machines 
introduced since the end of the war, the manu- 
facturers would have been well within their rights 
had they concentrated on production of existing 
designs. This, however, has not proved to be the 
case, as several of the leading manufacturers have 
evolved new machines, even since the last Royal 
Show. The Ford Motor Company, Limited, for 
example, recently introduced an entirely re- 
designed Fordson Major tractor, and Messrs. John 
Fowler and Company (Leeds), Limited, a new 
50-horse-power crawler tractor, both of which are 
being shown to the public for the first time at the 
Smithfield Show. These two machines, however, 
have already been described in ENGINEERING, the 
former in our issue for November 23 and the latter 
in our issue for November 30. There are also a 
number of machines which, although not on view 
for the first time, incorporate several improvements 
and for which special equipment has been designed, 
a good example being furnished by the Dragon 
crawler tractor manufactured by Messrs. Vivian 
Loyd and Company, Limited, Camberley, Surrey, 
and first introduced at the 1950 Smithfield Show. 
Apart from a few minor changes, the general design 
remains much as before, but in the interests of 
standardisation the makers are now fitting one 
type of engine only, namely, the Dorman 4D8 
Diesel engine developing 30 horse-power at 
1,600 r.p.m. 

A general description of the Dragon tractor was 
published in ENGINEERING, vol. 170, page 540 (1950), 
in connection with our report on the last Smithfield 
Show, so it will only be necessary to give brief 
details here. Outstanding features of the design 
are clutch-and-brake steering mechanisms, unusually 
robust tracks, the incorporation of a rocking-type 
balance beam in the front-suspension system and the 
provision of a four-speed gearbox. Several tractors 
are on view which, as previously indicated, are 
fitted with different ancillary equipments designed 
to increase its usefulness, the equipments including 
a bulldozing blade, a power-control unit and a 
rear-mounted winch. Actually, two types of winch 
are available, namely, the Boughton and the 
Hesford, and a tractor equipped with the latter 
type is illustrated in Fig. 1, on this page, where 
it is shown with the sprags in the raised position, 
The winch is made by C. M. Hesford and Company, 
Limited, Ormskirk, Lancashire, and is tested for a 
maximum pull of 14,000 lb. It is of straightforward 
but robust design, the rope drum, which turns on 
self-oiling bearings, being engaged by a large cone 
clutch. A hand-brake is provided, and when both 
clutch and brake are released the drum is free to 
rotate for drawing out the rope. The rope capacity 
depends on the size of rope. used, the drum being 
capable of winding 500 ft. of #,-in. diameter rope, 
375 ft. of §-in. diameter rope, and 300 ft. of j-in. 
diameter rope. The average rope speed is 65 ft. per 
minute, and the sprag, or anchor, is designed so that, 
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when the pull is taken, excessive loads are not 
imposed on the tractor. The sprag folds away when 
not in use and there is ample ground clearance in 
the folded, or travelling, position. 

Although Universal Crop Protection, Limited, 
Baltic House, Leadenhall-street, London, E.C.3, are 
newcomers to the Smithfield Show, their equipment 
has been in use in many parts of the world for a 
number of years. They are showing a selection 
from their range of spraying and dusting machines, 
the latter including the small portable machine 
illustrated in Fig. 2, on page 713. Known as the 
Whirlwind Junior Duster, it has been developed for 
use in areas not normally accessible to wheeled 
vehicles, the weight being as low as 85 lb.; it can 
easily be transported, therefore, by hand. The dust 
is distributed by a centrifugal fan driven by a J.A.P. 
four-stroke petrol engine developing 1-2 horse- 
power. The hopper capacity.is from 30 to 40 lb., 
depending on the density of the powder, and the 
rate of distribution can be varied from nothing to 
20 lb. a minute. This is achieved by closing the 
supply of air to the hopper and at the same time 
opening a by-pass duct to the fan so that, for 
minimum delivery, the by-pass is nearly fully 
opened ; conversely, for maximum delivery the 
by-pass is closed and all the air passes through the 
base of the hopper. The width over which the 
dust can be distributed depends, of course, on the 
type of powder in use and the strength of prevailing 
winds, but with a wind speed of 5 miles an hour it is 
claimed that a swathe of between 450 ft. and 600 ft. 
can be covered. Excluding the carrying handles, 
the length of the unit is 2 ft. 1 in., the breadth 
1 ft. 7 in., and the height 2 ft. 8 in. 

The exhibits on the stand of Messrs. E. Allman 
and Company, Limited, Birdham-road, Chichester, 
Sussex, include their Model 120 crop sprayer, 
designed for mounting on a tractor. This unit is 
illustrated in Fig. 3, on Plate XLVII, from which 
it will be seen that there are three tanks for holding 
the liquid in bulk, one at the rear and one at each 
side of the tractor. The rear tank is supported by 
the hydraulic lift and the complete assembly is 
attached by linch pins so that it can easily be 
fitted to, or removed from, the tractor. The pump 
is of the manufacturers’ gear type with bronze 
gears working in a phospbor-bronze casing, the free 
output of the pump being 687 gallons per hour and, 
when working against a pressure of 200 lb. per 

square inch, 423 gallons an hour. The booms give 
an effective spraying width of 18 ft. 2 in., and are 
designed so that they swing back if they hit an 
obstruction and automatically return to the working 
position when clear. They are moved indepen- 
dently by separate levers when folded to the trans- 
port position, both levers being within easy reach 
of the tractor driver. To give a long working life, 
the jets are fitted with ceramic tips, and a wide 
range of different sizes is available for varying the 
distribution. The manufacturers Genimec control 
system is fitted as standard equipment. This is 
provided with a built-in pressure gauge and pre- 
setting device, which ensures that the pressure 
regulator returns to the selected value each time 
the control is operated. 

Good progress continues to be made with the 
design of sugar-beet harvesters and more attention 
has lately been paid to the evolution of machines 
suitable for use on small farms. A good example 
of such a machine is the single-row tractor-mounted 
sugar-beet harvester illustrated in Fig. 4, on 
Plate XLVII, which is being shown by the manu- 
facturers, Messrs. Johnson’s (Engineering), Limited, 
Elliott-road, March, Cambridgeshire. It is fitted 
to the hydraulic linkage of the tractor and is 
designed so that it can %e lifted on the headlands 
in the normal way. There are two disc coulters 
for clearing the sides, and the beet are lifted on to 
the shaker-elevator by the maker’s standard 
form of share, the beet being assisted on to the 
shaker-elevator. by a bar-type chain assembly 
arranged immediately above, which also helps in 
cleaning. The beet are discharged from the rear 
of the shaker-elevator into a further elevator set 
at right-angles to the shaker-elevator and designed 
to deliver to one side of the machine. The unit is 
driven from the tractor rear power take-off; this 
drives a sprocket wheel connected by a chain to a 


a shaft arranged along the side of the shaker-elevator. 
The rear of this shaft drives the shaker-elevator 
through a bevel gearbox, and a further bevel gear- 
box, situated at the opposite side of the shaker- 
elevator, transmits the drive to the elevator. A 
beet topper is not fitted as the unit has been 
designed to operate in conjunction with the manu- 
facturer’s tractor-mounted topping mechanism. This 
consists essentially of two horizontal discs arranged 
below the frame of the tractor and driven by a 
chain from the rear wheels, the discs operating in 
conjunction with a vertically-disposed spiked feeler 
wheel for holding the beet. 

One of the outstanding advances made during 

recent years is the development of mechanical- 
handling plant suitable for use on farms. The 
introduction of straw and hay baling machines 
and the wider use of combine harvesters have, in 
all probability, led to this development, as the bales 
of hay and sacks of grain are definitely bulky for 
manhandling, particularly when they have to be 
stacked. There was a wide variety of such equip- 
ment at Earl’s Court ranging from tractor-operated 
hoists to portable elevators, a good example of the 
latter being furnished by the adjustable elevator 
illustrated in Fig. 5,on Plate XLVII. This machine, 
which is being shown by the manufacturers, the 
Wolseley Sheep Shearing Machine Company, Limi- 
ted, Electric Avenue, Witton, Birmingham, is parti- 
cularly useful for stacking bales as the height of 
delivery can be adjusted from a minimum of 6 ft. 
to a maximum of 18 ft. The bed is 24 ft. long and 
the elevating gear consists of two endless chains 
arranged side by side and joined together by slats 
made from angle iron. The two chains are driven 
by a Villiers 1}-h.p. air-cooled four-stroke petrol 
engine arranged on a sub-frame below the bed, the 
transmission assembly comprising a flat-belt drive 
to a primary countershaft, a chain drive to a 
secondary countershaft and then a further chain 
drive to the driving sprockets fitted at the base of 
the conveyor bed. The height of the delivery-end 
of the conveyor is adjusted by a hand-operated 
four-part tackle, one end of which is anchored to 
the bed and the other to the top of the forward 
support member. This is designed so that it pivots 
at its base and makes contact with the underside 
of the bed through two rollers, or wheels, one at 
each side. The operating mechanism is designed so 
that the bed is held automatically at any selected 
height and the equipment provided includes a tele- 
scopic support for use when the height of delivery 
is !ow and the forward supports therefore at an 
acute angle. The underframe is of welded-tubular 
construction and the complete unit is easily 
transported, being provided with pneumatic 
wheels. 
The exhibits on the stand of Messrs. Whitlock 
Brothers, Limited, Great Yeldham, Essex, include 
a farm trailer fitted with tracks instead of the more 
usual road wheels. This unit, which is illustrated 
in Fig. 6, on Plate XLVII, should prove particularly 
useful for the collection of root crops, such as sugar 
beet, and for employment overseas in such places 
as sugar plantations, where the terrain is often 
soft and uneven. The tracks are made by the 
Avon India Rubber Company, Limited, under 
licence from Messrs. James A. Cuthbertson, Limited, 
and are being marketed by Messrs. J. W. and T. 
Connolly, Limited. The design is based on the 
tracks fitted to the Buffalo, an amphibious tractor 
shown by Messrs. James A. Cuthbertson at the 
Royal Show in 1949 and described in ENGINEERING, 
vol. 168, page 79 (1949). The outstanding feature 
of the design is the complete elimination of all 
pins, links and bushes, maintenance, as a conse- 
quence, being reduced to a minimum. ‘The tracks 
are very flexible and are built up from vulcan- 
ised-rubber blocks reinforced by wire ropes looped 
round a series of externally-grooved ferrules. The 
blocks are joined together by plates secured to the 
blocks by bolts which pass through the ferrules, so 
that all the load is taken by the wire ropes moulded 
into the blocks. These tracks are, of course, not 
limited to use on trailers and Messrs. J. W. and T. 
Connolly, Limited, were showing half-track equip- 
ment designed to take the place of the rear wheels 
on such tractors as the Fordson Major and the 
David- Brown Cropmaster. 





further sprocket wheel fitted to the forward end of 
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THE MOTOR INDUSTRY 
RESEARCH ASSOCIATION, 


Tue sixth annual report of the Motor Industry 
Research Association, covering the perivd from 
July 1, 1950, to June 30, 1951, which was issued on 
Wednesday, November 21, calls attention to the 
difficulties being experienced in maintaining the level 
of research activity. Although the rearmament 
programme has centributed to this, the primary cause 
is shortage of staff brought about by the projected 
move of the laboratories to Lindley Airfield, the Asso- 
ciation’s proving ground near Nuneaton, many of the 
junior staff, whose homes are in London, having 
resisted the move and found other work nearer home. 
Staff problems are expected to become increasingly 
acute during the coming year as the time for removal 
approaches, and the report warns the members of the 
Association that they must be prepared for an appre- 
ciable contraction in the research work pending 
occupation of the new laboratories. 

Despite this difficulty, two major development 
projects of the Association, namely, their new labora- 
tories at Nuneaton and the high-speed test track, have 
received much attention during the past year and both 
projects are now going ahead. Plans for the new 
laboratories have been completed and building work is 
in progress. When finished, the laboratories and 
allied facilities such as libraries, offices, etc., will cover 
approximately twice the floor area of the existing 
premises at Brentford. The project includes canteens, 
dormitories and garage facilities which will also be 
available for use by staffs of member firms using the 
proving ground. Progress with the high-speed tracks 
has not been so satisfactory, mainly due to the slowness 
of the negotiations with the various Government 
departments concerned. Plans, however, have been 
completed, the track having been designed for sustained 
speeds of 100 miles ap hour. It will be triangular in 
form, using two sides of the existing perimeter track 
but owing to a bend in the existing third side of this 
track, one leg of the course will be entirely new. The 
corners will, of course, be banked and in each case the 
surface wil] be supported by embankments compacted 
from locally-excavated materials. 

Considerable progress has been made with the many 
other branches of the Association’s work. That on 
the effect on engines of petrols containing a high content 
of tetra-ethyl lead was virtually completed last year, 
apart from a number of tests on the effects of valve 
rotation. A few runs were made on a 500-c.c. overhead- 
valve single-cylinder water-cooled engine operating at 
4,000 r.p.m. and using a positive-type valve rotator, 
and these tests indicated that the use of such a device 
can be very effective in maintaining valve faces and 
seats in good condition and thus delaying failure due to 
“ guttering.” There were also indications that its use 
counteracted the formation of deposits on the valve 
stem. This work, however, was not extensive, since 
it was considered that the tests could not give results of 
general application in view of the wide variations in the 
design of automotive engines. 

Researches into the effect of piston assembly on oil 
consumption and blow-by have been seriously ham- 
pered by lack of reproducibility, oil consumptions 
varying by as much as 5 to 1 having commonly been 
experienced with identical piston and ring assemblies. 
Originally, it was thought that this phenomenon was 
due to differences in ring movement, but while investi- 
gating this possibility it was found that normal square- 
faced gas rings were, in fact, tapered by various amounts 
and that by reversing the rings, oil consumptions 
differed by a factor of approximately 5; tests with 
square rings in grooves canted slightly upwards or 





downwards gave similar results. Even so, repeat 
tests on the same piston assembly on different days still 
gave variations in oil consumption. Blow-by, on the 
other hand, was nearly always consistent and repro- 
ducible. When this work was started it was decided 
that, in view of the large number of variations that 
can be made in a piston and ring assembly, it should 
be carried out on a single-cylinder engine using a 
method of determining oil consumption that would 
give a result in a few hours. In view, however, of 
the lack of reproducibility, it has become clear that 
this method must be abandoned in favour of a statis- 
tical approach. Accordingly, tests are now being 
carried out using a multi-cylinder engine and measuring 
the oil consumption on a daily basis. If these tests 
do not prove to be sufficiently reproducible, it is 
feared that this work will have to be abandoned as 
results could only be obtained on a true statistical basis 
by running many engines for a long period. 

One aspect of the work being carried out on the 
fatigue strength of crankshafts, namely, the influence 
of special design features on the strength of cast shafts, 
has been completed and a report issued. This describes 
the effect of special features, such as web depressions, 
eccentric journal bores, chamfered webs, etc., and 
shows that none of these appreciably affects the 





fatigue strength, the largest change being in the neigh- 
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bourhood of 10 per cent. However, some designs had 
a noticeable effect on bending flexibility ; web depres- 
sions, for example, increased flexibility by as much 
as 50 per cent. The work on the bending-fatigue 
strength of cast-steel crankshafts also has been com- 
pleted and a separate report is in course of preparation. 
Put briefly, the bending-fatigue strengths of several 
varieties of cast-steel crankshafts were found to be about 
40 per cent. greater than those for crankshafts of 
various high-duty cast irons. They were, however, 
surprisingly low in relation to the tensile strengths of 
the materials, the ratio of crankshaft strength to 
tensile strength, for example, being only approximately 
half that obtained with cast irons and forged steels. 
Owing to the difficulties experienced in obtaining 
sound castings, the work on crankshafts of nodular 
iron has progressed but slowly. Fatigue strengths 
determined so far have given a ratio of crankshaft 
strength to tensile strength for cerium-treated iron 
about the same as that for the high-duty cast irons, 
namely, 0-15, but for magnesium-treated irons a value 
of only 0-10 was obtained. Although, therefore, the 
tensile strengths of the cerium and magnesium-treated 
irons were approximately 28 tons and 50 tons per 
square inch, respectively, crankshafts of magnesium- 
treated iron were less than 20 per cent. stronger than 
those of cerium-treated iron. 

Work on the effect of surface treatments on the 
fatigue strength of cast crankshafts is not yet com- 
pleted. Preliminary investigations on “ stepped ” bars 
have shown an increase of approximately 35 per cent. 





in strength in non-reversed bending for bars which had 
been shot-peened and also for bars which had been 
cold rolled, and 45 per cent. to 50 per cent. for bars 
which were lapped after shot-peening, the latter result 
having been verified on crankshaft specimens. 

The constant-stress torsional-fatigue machine de- 
veloped by the Association has now been in use for 
over 18 months, modifications found desirable in the 
light of experience having been made from time to 
time during this period. Tests on the Association’s 
standard design of crankshaft in low-alloy inoculated 
iron with } in. fillets gave a nominal limiting crankpin 
stress of 5-4 tons per square inch, and reducing the 
fillet to » in. lowered the limiting stress to 4-5 tons 
per square inch, a reduction in strength of 17 per cent. 

hafts in a chrome-molybdenum alloy iron gave 
a rominal limiting crankpin stress of 4-3 tons per 
square inch. Tests to determine the weakening effect 
of oil holes have been carried out on straight bars and 
the presence of such a hole has reduced the nominal 
limiting stress from 5-6 tons per square inch to 3-7 tons 
per square inch. Attempts to reduce this weakening 
by such devices as rounding and polishing the edge of 
the hole and by stressing the edge by pressing into it 
a steel ball have proved unsuccessful. 

Laboratory work on lubricating oils for high-speed 
compression-ignition engines was virtually completed 
before the issue of the Association’s fifth report. 
During the past year, therefore, attention has been 
concentrated more on the results of service tests carried 
out by two large fleet operators on behalf of the Asso- 





ciation. In the laboratory test, a six-cylinder engine 
was used for judging the performance of lubricating 
oils, the period of test being limited to 50 hours runnirg, 
the criterion being the extent of piston-ring sticking. 
This was determined not only by inspection at the 
end of the test, but also by observing the change in 
the rate of blow-by during the test. Two plain and 
the same two oils blended with three detergent addi- 
tives were tested using fuels having sulphur contents 
of 0-2 per cent. and 1-0 per cent., respectively. With 
the low-sulphur fuel, the two plain oils failed, but 
all six additive oils passed the test, and with the high- 
sulphur fuel both plain oils and one of the additive oils 
failed and the other five additive oils passed the test. 
This same distinction between plain and additive oils 
was shown by independent laboratory tests carried out 
under the auspices of the Institute of Petroleum. 

The service tests, which were carried out by two 
large short-stage "bus operators, showed no improve- 
ment with the additive in one case and, on a statistical 
analysis of the results, an 8 per cent. increase of engine 
life in the other case. There was an outstanding 
difference in condition of pistons and rings between 
the laboratory tests and the road trials. At the com- 
pletion of a laboratory test in which the oil had failed, 
most or all of the compression rings were stuck in 
their grooves, whereas the scraper rings invariably were 
clean and free. On the other hand, pistons from 
engines which had failed in service sometimes had 
compression rings stuck, but in nearly every case 
scraper rings were completely packed with hard 
deposits which restricted the flow of oil through the 
drain holes. No reason for this difference is given 
in the report, but it is understood that the matter is 
being investigated further. 

The work on the surface fatigue strength of gear 
teeth, that is, pitting, was concerned mainly with 
tests on gears in three through-hardening steels, 
namely, En. 24, En. 24 leaded, and En.30A; the 
three case-hardening steels, En. 39A, En. 39A leaded 
and En. 36; and one nitriding steel, namely, En. 40C. 
These seven steels were chosen as a report on their 
bending-fatigue strength had been issued previously. 
The results have confirmed that pitting is a form of 
surface-fatigue failure, the life varying in an inverse 
manner with the stress applied, but the range of life 
covered, namely, 10° to 10’ cycles, gave no indication 
of a limit below which failure would not occur. 
Resistance to pitting appeared to depend on the 
surface hardness of the materials and the use of lead 
in En. 24 to improve machinability, gave no reduction 
in the tendency to pitting; its use in En. 39A case- 
hardened steel, however, caused a reduction of approxi- 
mately 10 per cent. in the load-carrying capacity. 

Due to the serious shortage of alloying elements, 
the programme envisaged in the previous annual report 
had to be modified considerably. Attention was 
concentrated, therefore, on the low-alloy American 
steels S.A.E. 4620, 4028 and 8620 and on the British 
economy steel En. 320 at the expense of the work on 
the effect of manufacturing methods on fatigue strength. 
Preliminary results on these steels in terms of limiting 
strength and based on an assumption that the tooth 
fatigue strength of gears in En. 36 is 100 per cent. 
show that the strengths with four different heat treat- 
ments of En. 320 are 117 per cent., 85 per cent., 100 per 
cent. and 100 per cent., respectively, and for S.A.E. 
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4620, 4028 and 8620, 105 per cent., 90 per cent. and 
85 per cent., respectively. Tests were also made on 
gears in En. 35, as this steel has much the same composi- 
tion as 8.A.E. 4620, and a figure of 85 per cent. of the 
strength of En. 36 was obtained. The report adds 
that work on the surface-fatigue strength of gears 
made from S.A.E. steels will be commenced shortly. 

Tests to ascertain the effects of manufacturing 
methods on tooth fatigue strength have been confined 
to one gear each, made by finish hobbing, rough- 
protuberance hobbing finished by shaving, finish 
shaping and rough shaping followed by formed-wheel 
grinding. From the few results obtained, the biggest 
difference appears to occur between the rough-hobbed 
and shaved gears and the finish-hobbed gears, the 
latter being about 20 per cent. stronger in terms of 
applied bending moment. On a stress basis, however, 
the difference is only about 10 per cent. The reason 
given for this in the report is that the rough-hobbed 
and shaved gears have more material removed from 
the tooth roots than in the finished-hobbed process. 
In view of the considerable amount of work planned 
on gear-tooth fatigue strength, the Association has 
constructed a second hydraulic bending-fatigue machine. 
This machine is similar to that already installed but 
is improved in detail so that it can accommodate gears 
having a wide range of diameters and face widths and, 
if required, gears integral with their shafts. 

The investigations into brake fade and delayed 
brake fade have made good progress. Brake fade 
may be defined as the loss of braking efficiency when 
operating at high temperatures and delayed brake 
fade as the much greater loss of efficiency after resting 
brakes for a period following operation at high tem- 
peratures. This work is being carried out on the machine 
illustrated in Fig. 1, on page 715, which has been 
constructed by the Association and designed so that 
the friction between a small piece of lining and a 
rotating drum can be determined over a wide range of 
temperatures, speeds and loads with, as far as possible, 
independent control of these three variables. It has 
been found that very useful information on fade can 
be obtained by subjecting the specimen to a temperature 
cycle in which the m temperature is raised uni- 
formly to about 350 deg. C. at constant speed and load 
and then decreased steadily. In road tests, which are 
carried out to correlate laboratory results, the linings 
are subjected to a similar, but obviously more erratic, 
cycle by repeated braking. Correlation has proved 
reasonably good, the degree of delayed fade being 
very marked in both cases during the temperature- 
decreasing part of the cycle, retardations of one- 
tenth normal being observed on the road. The report 
states that it is believed that this is the first time 
that attention has been drawn to this catastrophic 
fall in coefficient of friction on cooling after heating. 
It adds that there is good circumstantial evidence for 
believing that ordinary fade and delayed fade are 
caused by constituents of the lining liquefying on 
heating to form a film of lubricant between the lining 
and the drum. To verify this, linings have been 
“ baked” before use, being held at a temperature of 
300 deg. C. for some 30 minutes when there is a logs in 
weight of from 4 per cent. to 8 per cent. ; such linings 
showed no fade up to 350 deg. C. either in the laboratory 
or on the road. 

Investigations into the stress analysis of vehicle 
structures is concerned at present with the measure- 
ment of the working stresses in the structure of a 
small saloon car of “ chassisless”’ construction, the 
work on a double-deck ’ bus having been completed 
and a report issued. As in earlier work of this nature, 
wire-resistance strain gauges are being used, a large 
number of the gauges being attached to such members 
as the longitudinal under-frame box members, body 
pillars, door jambs, sills, etc., to give comprehensive 
plots of stress variation. The complexity of this instal- 
lation will be apparent from Fig. 2, on page 715, 
which shows the car ready for testing. Measurement 
of the “ static ” stresses in this vehicle has been com- 
pleted and a report is now in course of preparation. 
The tests were directed towards finding the stresses 
imposed by such static loads as the body structure, 
the engine and gearbox unit, passengers, luggage, etc. 
A torsional load of 2,300 Ib. ft. was also applied and the 
results indicated that the stresses due to this torsional 
load were generally considerably greater than those 
due to the direct loads and that the most highly stressed 
part of the structure was the lower ends of the wind- 
screen pillars. Observed maximum stresses were 
3,400 Ib. per square inch tensile and 4,600 Ib. per 
square inch compressive due to direct load and 8,000 Ib. 
per square inch tensile and 12,000 Ib. per square inch 
compressive due to torsional loading. Road work to 
determine the dynamic stresses in this vehicle is well 
advanced, the Association’s own design of dynamic 
strain-reccrding equipment being used for this purpose. 

The Association have continued their work on the 
determination of stresses in public-service vehicle type 
wheels, the activities during the period under review 
having been mainly concerned with the stresses set up 
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due to dynamic loading in service. Wire-resistance 
strain gauges are being used in conjunction with a 
slip-ring assembly and the four-channel dynamic 
strain-recording equipment. A double-deck ’bus was 
used for the tests and, with the test procedures 
employed, cornering stresses appeared to be more 
serious than those due to either bumping or braking. 

Other work in progress and referred to in the report 
includes the measurement of noise in vehicles. The 
construction of a magnetic-tape recorder is now com- 
pleted and should facilitate work on this subject. 
Extra-mural work is in progress on piston-ring move- 
ment, fuel sprays for internal-combustion engines, 
ventilation 6f public-service vehicles, the deep-drawing 
of sheet metals and metal finishing. Laboratory work 
on piston-ring movement had been completed before 
the last 1eport was issued, but road tests using L-shaped 
pressure-backed rings were still in progress. These 
also have now been completed and have shown that 
pressure-backed rings give less engine friction than 
normal rings, allow less blow-by and are sufficiently 
robust to pam normal handling; there was also 
evidence of a reduction in cylinder wear. A further 
report on the subject of fuel sprays entitled “‘ Some 
Experiments on Spray Atomisation with Swirl Atom- 
isers,”’ has been circulated to members; this describes 
work which was largely an extension of that described 
in a previous report, ‘Some Observations on Flow 
in Spray Nozzles.” The work on the ventilation 
of public-service vehicles was concluded early this 





year and a report issued. In this, experiments 
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are described which were carried out to improve, by 
simple means, the heating and veptilaticn of double- 
deck vehicles. Briefly, the system uses the forward 
motion of the vehicle to promote circulation and waste 
engine heat to warm the air; experience gained shows 
an improvement in passenger comfort. 

The annual report also refers to various additions 
which have been made from time to time at the proving 
ground. Facilities already there included a stretch of 
Belgian pavé road, a noise-producing surface, 4 
corrugated track to excite the unsprung mass-systems 
of a vehicle and a dust tunnel. All these have proved 
most popular, particularly the Belgian pavé, which 
will shortly be extended. The dust tunnel, which is 
illustrated in Fig. 3, on page 715, has also proved 
most useful. The additions referred to in the report 
include a section of corrugated track, known as the 
long-wave pitching track, and a deep-water splash. 
The long-wave track, which is illustrated in Fig. 4, 
herewith, has been designed to excite the sprung 
mass of a vehicle and as will be seen from the illustra- 
tion, comprises a number of sinusoidal waves ; these 
are 40 ft. in pitch and measure 5 in. from trough to 
crest. So far, a trial stretch 100 yards in length has 
been laid down and although the report does not say 
so, it is assumed that, if successful, the track will 
be lengthened. The deep-water splash is illustrated 
in Fig. 5, herewith. It has a maximum depth of 
approximately 5 ft. over a length of 40 ft., a width of 
12 ft. and approach roads set at an inclination of 
1 in 8. 
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BULL’S METAL AND MELLOID COMPANY, LIMITED, YOKER. 
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THE YOKER WORKS OF MESSRS. 
BULL’S METAL AND MELLOID 
COMPANY, LIMITED. 


Ir was in the closing years of the Nineteenth Century 
that a young Norwegian, John Bull by name, employed 
by the Phosphor Bronze Company, Limited, set up 
in business on his own as a bronze-founder in London. 
At the time, the manufacture of bronze propellers, 
which had grown in favour compared with the earlier 
cast-iron and cast-steel propellers, was centered on 
the Thames and was, therefore, remote from the 
principal shipbuilding areas. Bull’s propellers soon 
established a reputation, particularly on Clydegide, and 
his success induced him to remove his business to the 
north. A site was secured at Yoker, on the Clyde, 
beside the Renfrew Ferry, and Bull’s Metal and Melloid 
Company, Limited, was established there in 1901. 
It occupies the same site to-day. The original works 
consisted of a shop 90 ft. long and 35 ft. wide, having 
two side bays; here, the entire founding and finishing 
of the propellers was done. This shop, which is 
illustrated in Fig. 1, on this page, is now the foundry, 
and the pattern-making, machining, chipping and 
finishing are done elsewhere. The larger propellers 
are cast in pits of which there are six in the foundry. 





Some details of the casting process may be of interest. 
The first operation is to set up a heavy iron spindle 
in the centre of the pit, and to make around it three, 
four or five beds, depending on the number of blades 
required. In the case of a propeller of uniform pitch, 
the top surface of the loam is formed by swinging a 
heavy striking board round the centre spindle while 
raising it uniformly by causing its outer end to slide 
up an inclined rail. One of these rails is visible in 
the foreground of the photograph reproduced as Fig. 2, 
on this page, which illustrates the pattern shop. 
In this way the striking-board sweeps out portions of a 
helicoid. If a non-uniform pitch is required, an 
articulated striking board is employed. Subsequently, 
thin wooden sections having the shape of the blades 
at various radial distances from the propeller axis are 
placed on the bed at their correct radial positions, 
and are bent circumferentially into their appropriate 
shapes. After they have been fixed in position, the 
intervening spaces are filled with soft sand until a 
replica of the blade is formed. Construction of the 
reinforced cope, or cover, follows. When the latter 
is lifted subsequently, the soft sand and wooden 
sections are removed, the cope is lowered again on 
to the bed and the two are fastened rigidly together. 

The metal ingots required for casting are melted in 








adjoining furnaces and raised to the correct tempera- 
ture. After the furnaces have been tapped, the 
molten metal, conveyed to the pit in ladles, is poured 
into the runner-box which controls the flow of metal 
into the bottom of the mould. When the metal has 
solidified and cooled, the casting is removed. In its 
rough state, it is 50 per cent. to 70 per cent. in excess of 
its finished weight. This condition is shown in Fig. 3, on 
page 720, which illustrates a manganesesbronze propeller 
which we recently saw being cast at Yoker for Messrs. 
Alexander Stephen and Sons, Limited, Linthouse, 
Govan, Glasgow. The propeller has a diameter of 
19 ft., and will have a finished weight of 17 tons. It 
will be fitted to the motor vessel Middlesex, owned by 
the New Zealand Shipping Company, Limited. 

After casting, a propeller is removed to the machine 
shop, illustrated in Fig. 4, on page 720. There the 
header is removed on a horizontal boring machine 
and the fore and aft faces of the boss are finished to 
their required dimensions. The tapered bore for the 
tail shaft is then completed and the keyway cut. 
Still with its blades in the rough condition, the pro- 
peller is passed on to the finishing shop, illustrated in 
Fig. 5, on the same page. The usual method of 
finishing involves chipping away most of the unwanted 
metal from the blades by means of pneumatic tools 
and, when the dimensions are nearly those required, 
grinding and polishing the blades to their final shape. 
Static balancing is then all that is normally necessary. 

It need hardly be mentioned that during all the stages 
of manufacture the metal is subject to careful metal- 
lurgical examination, and that the whole process of 
manufacture is strictly controlled. Although the 
metal used for propellers is termed bronze, it is, in 
fact, normally a form of brass containing 57 per cent. 
copper, 40 per cent. zinc, with the remaining 3 per 
cent. composed of tin, iron, aluminium, manganese 
and other metals. Each manufacturer, however, 
has his own specification and method of ingotting. 
“* Bull’s metal ”’ has long been known to the trade. 

The original capacity of the works at Yoker was 
between 200 and 300 tons of finished propellers annually 
but, in 1938, arrangements were made to increase this 
to approximately 400 tons per annum. During the 
recent war, the company manufactured nearly 2,000 
tons of propellers for the Royal Navy and Merchant 
Navy, and for the navies of other countries, including 
Russia. During the same period, the company’s 
rolling-mill had an output of nearly 4,000 tons of 
bronze rods of many sizes. Since the war, develop- 
ment of the company’s resources has continued and, 
between 1945 and 1950, over 5,000 tons of propellers 
up to a maximum weight of 18 tons have been supplied. 
In addition, over 3,000 tons of other bronze forgings 
and castings have been manufactured during the past 
six years. The total value of all the work passed 
through the shops at Yoker exceeds 7,000,000I. 

The company recently concluded an agreement with 
Messrs. J. Stone and Company, Limited, Deptford, 
London, 8.E.14, whereby they will manufacture under 
licence the latter company’s Heliston design of pro- 
peller. This design was developed in 1935 and within 
three years had been fitted to propelling machinery 
developing over 1,250,000 h.p. By 1940, the four 
largest vessels in the British registry were all fitted 
with Heliston propellers and, up to the present, pro- 
pellers for over 9,000,000 h.p. have been supplied. 

It has already been mentioned that, in addition to 
making propellers, Messrs. Bull’s Metal and Melloid 
Company, Limited, manufacture a variety of non- 
ferrous castings and forgings. A more recent departure, 
which is also the result of an arrangement with Messrs. 
J. Stone and Company, Limited, is the manufacture at 
Yoker of ships’ windows and sidelights to Messrs. 
Stone’s designs. Collaboration between the companies 
in this field began shortly after the war when the 
demand for rolled non-ferrous bar declined markedly 
in favour of extruded sections. Messrs. Bull’s rolling 
mill was affected by the slackening of demand and the 
directors of the company were therefore led to seek 
an alternative use for this part of the factory. Messrs. 
J. Stone and Company were then contemplating 
a reorganisation of their work involving the transfer 
of certain sections of it to other locations. One such 
section was the ship’s window and sidelight depart- 
ment, situated at Oldham. The transfer of this 
department to Yoker took place in February, 1950. 

he photograph reproduced as Fig. 6, on page 720, 
shows the interior cf the window machine-shop at 
Yoker. During the past 50 years glass has n 
used in ever increasing quantities in ships, and there 
has been a steady demand for larger windows and 
lighter frames. The requirements of strength to 
withstand wind and sea, and effective sealing against 
the weather, have been met by the use of toughened 
glass, improved frames and better sealing devices. A 
wide range of types of brass-framed window is being 
manufactured at Yoker and the company has recently 
established a showroom where the various designs can 
be seen to advantage and compared. Development 
work is always in progress on new types of window. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


PROPOSAL FOR A NATIONAL FUEL TrusT.—A National | 
Fuel Trust, an integrated organisation to be responsible | 


for co-ordinating all fuel resources in this country, 
should be set up without delay, suggested Sir Patrick 
Dollan, chairman of the Scottish Fuel Efficiency Com- 
mittee, at the annual dinner of the Glasgow area branch 
of the Institute of Incorporated Plant Engineers on 
November 24. He appealed to the Institute to follow 
up the suggestion for a national fuel policy, made by 
Mr. Northcroft, O.B.E., in an address on “ Coal and 
Europe,” delivered at the Dunblane conference of the 
Institute. 





ScoTTiIsH INDUSTRIAL SAFETY CONFERENCE.—Com- 
paring transatlantic and British methods of accident 
prevention, Mr. D. H. Gordon, director of the North 
British Rubber Co., Ltd., said in Glasgow on Novem- 
ber 29 that, in Britain, there were better regulations 
for the safety of employees and better-designed machi- 
nery guards, but the American operative had more 
enthusiasm for safety propaganda. The problem was 
fundamentally one of salesmanship. He was speaking 
at a Scottish industrial safety conference organised by 
the Royal Society for the Prevention of Accidents on 
behalf of the Scottish Industrial Group’s Advisory 
Council. 





LIGHT INDUSTRIES FOR LOCHABER.—Wool processing, 
peat utilisation, and the manufacture of aluminium 
household goods were among light industries recom- 
mended by Lochaber District Council on November 27 
to the Scottish Council (Development and Industry) for 
establishment in the district. It was claimed that no 
other area in the North-West of Scotland offered greater 
possibilities of development; it had ample hydro- 
electric power, adequate sea and road transport, and a 
sufficiency of suitable labour. 





OFFERS OF JAPANESE STEEL.—Offers of 14,000 tons 
of Japanese steel, at the present time, and of 100,000 
tons next year, were mentioned by Dr. Denis Rebbeck, 
a director of Harland and Wolff, Ltd., on November 29, 
when he presided at the ceremony after the launch of 
the Royal Mail cargo-passenger motorship Ebro from 
the Govan shipyard. He described as a Gilbertian 
situation the fact that this steel could be offered at 601. 
a ton, compared with, say, 251. for the home article. 
Referring to shortages of important items in the ship- 
building industry, he expressed the hope that, with the 
allocation scheme in February, they would get a greater 
proportion of their steel needs and so build their ships 
in a shorter time. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE POSITION IN THE IRON AND STEEL INDUSTRY.— 
Transactions in North-East Coast iron and steel products 
are becoming almost impossible. Makers and merchants 
have embarrassingly large arrears of delivery and little 
or no saleable tonnage. Raw materials are wanted in 
considerably larger quantities than are available. 
Foreign-ore users are fairly well placed as regards 
supplies, but imports are shrinking as ore ships are 
transferred to handling the transport of other com- 
modities. The intake of scrap from abroad is still 
decreasing, and deliveries from home sources fall very 
greatly short of meeting the heavy needs of consumers. 
Dearth of iron and steel scrap is the chief cause of the 
drop in the steel production. Distributable tonnages of 
pig iron, though better than for some time past, are 
still much below current needs. 





Atm SERVICES IN THE NORTH East.—A_ suggestion 
made to the North-East Airport Joint Committee, the 
secretary of which is the town clerk of Sunderland, that 
the Joint Committee might consider the use of helicopters 
for short-range flights in ploce of the establishment of 
air services for the North-East Coast area, has revived 
the whole question of providing or selecting an airport, 
or airports, in the district. The suggestion, which has 
been made by the British European Airways Corporation, 
has aroused little enthusiasm. The Tees-side Industrial 
Development Board, who attach great importance to 
the question, decided at a meeting in Middlesbrough on 
November 26, to request the Ministry of Civil Aviation to 
treat the decision regarding an airport as a matter of 
primary importance. Mr. J. C. H. Booth, vice-president 
of the Tees-side and S.W. Durham Chamber of Commerce 
and chairman of a special airport sub-committee of the 
Tees-side Industrial Development Board, said that 
Tees-side had been promised an airport and every effort 
shotld be made to see that it obtained one. Unfortu- 
nately, there was a vicious circle in existence: British 





European Airways had said that it would be useless to 
supply aircraft if there were no airport, while the 
Ministry of Civil Aviation saw no point in building an 
airport if British European Airways could not supply 





| the aircraft. 
} 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


ONE-PIECE ForRGINGS FOR ROoLis.—An engineering 
achievement which is saving thousands of dollars has 
emanated from the shops of Thos. Firth & John Brown, 
Ltd., Sheffield. It is in connection with the production 
of large back-up rolls for rolling mills. A new technique 
has been developed for making the rolls from one-piece 
forgings. Before and during the war it was the practice 
to import the castings from U.S.A. and usually the rolls 
were made in two parts. To make the rolls as one-piece 
forgings, ingots up to 100 tons of high-grade steel have 
to be produced, the forging has to be carried out under 
one of the largest forging presses in the country, and heat- 
treatment carefully planned in order to eliminate the 
possibility of defects. Three rolls from the Sheffield 
works are to be used in four-high mills. Two of the 
rolls dispatched on November 30 are 53 in. diameter, 
have a barrel length of 47 in., and weigh 20 tons. They 
will be used in the new mills at Margam, South Wales, 
of the Steel Company of Wales. The third roll, which 
is 44 in. in diameter by 54 in. in barrel length, weighs 
18 tons and is for the mills of John Summers & Sons, 
Ltd., Shotton. 





TRANSPORT CHANGEOVER.—A further step has been 
taken in the proposed substitution of omnibuses for 
tramway cars in Sheffield. This is the receipt of sanc- 
tion from the Ministry of Transport for the running 
of omnibuses on the Malin Bridge and Fulwood routes. 
There is a good deal of popular opposition to the general 
changeover in Sheffield, a contention being that the 
omnibuses will not handle efficiently the big movement 
of employees to and from the East End works. More- 
over, three leading firms in Sheffield have always been 
the chief suppliers of points and crossings for British and 
other tramways and the loss of this trade would be a 
serious matter. 





SAMUEL OsBORN & Co., LtTp.—In 1952, . Samuel 
Osborn & Co., Ltd., Clyde Steel Works, Sheffield, 3, 
attain their centenary. The business was started on a 
modest scale by Samuel Osborn, J.P. (1826-1891) in 
April, 1852. He rented a small factory now known as 
Brookhill Works, on the outskirts ‘of Sheffield, and there 
made files from steel which he purchased. The grinding 
was done by water-power in nearby valleys and the 
cutting in the homes of his workpeople, of whom he 
employed 30. In 1857, Samuel Osborn began to melt his 
own steel and in 1871, in association with Robert Forester 
Mushet (1811-1891) he developed “ R. Mushet’s Special 
Steel,” the first self-hardening steel and the first tungsten 
high-speed tool steel produced. In the closing years of 
the Nineteenth Century, it was estimated that they had 
50 per cent. of the world’s self-hardening tool-steel trade. 
In 1905, the firm was converted into a private limited 
company, and, in 1920, it became a public company. 
It is stated in their annual report for the year ended 
July, 1951, that the relationships between management, 
staff and workpeople are of the happiest and that the 
relations with trade unions are also most satisfactory, 
joint consultation being practised regularly in all the 
company’s works. 


THE MIDLANDS. 


ACCIDENT PREVENTION COURSE.—A special course for 
press-tool setters will be held at Birmingham University 
from December 17, 1951, to January 4, 1952. The 
course, which is planned to instruct toolsetters in acci- 
dent prevention, will be attended by about 120 employees 
of small or medium-sized Birmingham firms. It has 
been arranged by the Superintending Inspector of Fac- 
tories for the South Midland Division, Mr. R. Bramley- 
Harker, in conjunction with the Birmingham Safety 
Group and the Midland Advisory Council on Industrial 
Accidents and Ill-health. Power-press manufacturers 
have lent six different kinds of presses, with guards and 
tools, and these are being installed in one of the labora- 
tories at the University. 

CHELTENHAM INDUSTRIES.—Cheltenham Chamber of 
Commerce has issued a brochure entitled Cheltenham 
and Its Industries, which lists over 40 industries at 
present operating in the town, and gives details of faci- 
lities which are available for new factories. Attention 
is drawn to the fact that Cheltenham has developed its 
industries without adversely affecting the amenities of 
the town. 





Non-FERROUS METALS IN THE LOCK TRADE.—About 
90 per cent. of the British lock trade is concentrated in 
the adjoining Black Country towns of Willenhall, Wed- 
nesfield and Wolverhampton, and some alarm was felt 





recently over the possible effect on the trade of further 


restrictions on the use of non-ferrous metals. As a result 
of representations in Parliament, copper and zinc (mainly 
in the form of brass), used in integral parts of locks and 
latches, are to be exempted from the ban, and fears of 
heavy unemployment have been allayed. 





WELFARE FACILITIES AT ROUND OAK STEELWORKS.— 
A new welfare block, part of an extensive modernisation 
scheme at the Round Oak Steelworks, Brierley Hill, 
Staffordshire, was opened on November 27, by Lord 
Ednam, son of the Earl of Dudley, who is the chairman 
of Round Oak Steelworks, Ltd. The facilities provided 
include showers, lockers and other equipment of the pit- 
head bath type. Lord Ednam said during the opening 
ceremony that the reconstruction of the works would 
soon be completed. 





OcKER HILL POWER STATION.—The Midlands Elec- 
tricity Division propose to extend the existing gener- 
ating station at Ocker Hill, Tipton, Staffordshire, by 
providing a further 40,000 kW of generating capacity 
and building a new cooling tower. Some local opposition 
has been aroused, many of the inhabitants of the neigt.- 
bourhood, which is thickly populated, fearing that the 
new cooling tower will bring a repetition of the conden- 
sation troubles experienced with the first two towers. 
The Borough of Tipton, in whose area the station stands, 
intends to lodge a protest against the proposed extension, 
but will withdraw it if a satisfactory assurance is given 
that plant will be installed to prevent the emission of 
moisture and grit. 





EXCHANGE PLAN FOR METAIS.—The Midland Branch 
of the National Union of Manufacturers is to issue a 
fortnightly bulletin, to be known as The Capacity Gazette 
and Metal Exchange, which will be circulated to members 
who wish to take part in an arrangement for notifyiag 
surplus manufacturing capacity and materials. As all 
transactions will be at controlled prices, it is hoped that 
other manufacturers will be helped, and that the private 
sale of scarce metal at high prices will be made very 
difficult, if not impossible. 


SOUTH-WEST ENGLAND AND 
‘ SOUTH WALES. 


PowER AND Gas SUPPLY IN SOUTH WALES.—The 
British Electricity Authority have spent 48,000,0001. in 
South Wales during the past three years, the Welsh Board 
for Industry was told at a meeting last week. The 
Board heard from Mr. H. J. Bennett, the new Divisional 
Controller, and Mr. T. H. Wood, the Chief Constructional 
Engineer for the Authority, a report on the progress of 
new power stations in the Principality. Many- millions 
of pounds have yet to be spent before the programme is 
completed. Completion of the big power stations at 
Uskmouth and Carmarthen Bay has been delayed to 
some extent by the shortage of steel. The Board was 
also told that the supply of gas from the new coke ovens 
at Nantgarw was more than 5,000,000 cubic feet a day. 
This was more than had been anticipated at such an early 
date. At present, much of the gas had to be burnt, as it 
was made, because, owing to the lack of a gasholder, it 
was not possible to utilise all the gas produced. 





UNEMPLOYMENT AND VACANCIES.—Although there 
were 24,743 unemployed in Wales, Sir Percy Thomas, 
chairman of the Welsh Board for Industry, pointed out 
that there were vacancies in specialised trades for 7,000. 
There was a small but significant shortage in the ship- 
repairing industry in the area, which, contrary to expec- 
tations a few years ago, was tending to increase. So 
far, less than 100 Italian operatives had entered the 
South Wales mining industry. 





WATER-POWER SCHEMES IN NORTH WALES.—The Bill 
for the first of the North Wales hydro-electric schemes 
for which the British Electricity Authority is seeking 
Parliamentary sanction, has been deposited for examina- 
tion by objectors. It provides for the building of three 
power stations, the creation of a mile-long lake, and the 
extension of existing catchment areas by aqueducts and 
leats at Dolgarrog and at Maentwrog. 





STOPPAGE AT NANTGARW COLLIERY AVERTED.—Men 
employed at the new Nantgarw Colliery, who had ten- 
dered 14 days’ notice to terminate contracts over a 
dispute concerning Saturday working, have agreed to 
defer tendering the notices. The decision followed a 
request by the area president of the National Union of 
Mineworkers, who asked for an opportunity to open 
discussions with the Coal Board on a Divisional level. 





PRACTICE AIR-BOMBING RANGE IN GLAMORGANSHIRF. 
—tThe Ministry of Housing and Local Government states 
that the Government have approved the Air Ministry 
proposal to establish ranges for practice bombing. 
rocket-projectile firing and air-to-ground gunnery, some 


three or four miles north-west of Porthcawl in 
Glamorganshire. A proposal for an air-to-air gunnery 





range has been withdrawn after a public inquiry. 
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NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, December 10, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. ‘‘ Life and 
Work of Oliver Heaviside,” by Professor G. H. Rawcliffe. 
North-Eastern Centre : Monday, December 10, 6.15 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“ Variable-Voltage Generation Applied to Alternating- 
Current Power Systems,”’ by Mr. R. L. Chantrill. District 
Meeting: Monday, December 10, 7 p.m., George Hotel, 
King-street, Reading. ‘“‘The Heat Pump and Its 
Importance to the Electrical Industry,” by Mr. M. V. 
Griffith. London Students’ Section: Monday, Decem- 
ber 10, 7 p.m., Victoria-embankment, W.C.2. ‘“ The 
Van de Graaff Generator as a Million-Volt Direct-Current 
Source,” by Mr. D. H. Homis and Mr. R..J. Ryan. 
Measurements Section : Tuesday, December 11, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘A Graphical Analysis 
for Non-Linear Systems,” by Dr. Pei-Su Hsia (read by 
Professor M. G. Say); and “ A System Utilising Coarse 
and Fine Position-Measuring Elements Simultaneously 
in Servo-Mechanisms,” by Mr. J. C. West. North- 
Midland Centre: Tuesday, December 11, 6.30 p.m., 
Leeds University, Leeds. ‘Load Shedding,” by Mr. H.C. 
Ogden and Mr. H. Lloyd. Scottish Centre: Tuesday, 
December 11, 7 p.m., 39, Elmbank-crescent, Glasgow, C.2. 
** Nuclear Particle and Radiation Detectors,” by Dr. D. 
Taylor and Mr. J. Sharpe. Education Discussion Circle-: 
Wednesday, December 12, 6 p.m., Victoria-embankment, 
W.C.2. Discussion on “ Activity Methods in Technical 
Education,” opened by Mr. R. D. Watts. Utilization 
Section: Thursday, December 13, 5.30 p.m., Victoria- 
embankment, W.C.2. “ The Characteristics and Control 
of Rectifier-Motor Variable-Speed Drives,” by Mr. P. 
Bingley. 

INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, December 10, 6.30 p.m., Royal 
Victoria Station Hotel, Sheffield. ‘‘ Oil-Injection Method 
for Uniting and Separating Pressure Joints,’’ by Mr. C. S. 
Clarke. Yorkshire Section: Monday, December 10, 
7 p.m., Hotel Metropole, Leeds. ‘“ Payment by Results,” 
by Mr. A. J. Charnock. Dundee Section: Tuesday, 
December 11, 7.45 p.m., Mathers Hotel, Whitehall- 
crescent, Dundee. ‘‘ Generation of Fine Finishes by 
Machining Techniques,” by Mr. P. Spear. Birmingham 
Section: Wednesday, December 12, 7 p.m., Grand 
Hotel, Birmingham. ‘‘ Automatic Production Methods 
with Special Reference to the Automotive Industry,” 
by Professor T. U. Matthew. London Graduate Section : 
Wednesday, December 12, 7.15 p.m., 36, Portman- 
square, W.1. ‘* Zinc-Alloy Die Casting,” by Mr. A. K. 
Parker. Leicester Section: Thursday, December 13, 
7 p.m., College of Art and Technology, Leicester. Brains 
Trust Meeting. 

INSTITUTE OF PACKAGING.—Northern Area: Monday, 
December 10, 6.30 p.m., Grand Hotel, Manchester. Film 
on “‘ The Port of Manchester.” 


INSTITUTION OF THE RUBBER INDUSTRY.— Midland 
Section ; Monday, December 10, 6.45 p.m., James Watt 
Memorial Institute, Birmingham. Three short papers on 
“ Tyres and the M.I.R.A. Proving Ground.” 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGI- 
NEERS.—Central London Branch: Monday, Decem- 
ber 10, 7 p.m., St. Ermin’s Hotel, Caxton-street, S.W.1. 
“ Air Conditioning,” by Mr. H. G. Y. Green. Coventry 
Branch: Wednesday, December 12, 7.15 p.m., Technical 
College, Coventry. ‘‘ Earthing,”’ by Mr. P. W. Cave. 


ILLUMINATING ENGINEERING SOCIETY.—Leeds Centre : 
Monday, December 10, 7 p.m., 24, Aire-street, Leeds, 1. 
Discussion on “ Architecture and Lighting.”” London: 
Tuesday, December 11, 6 p.m., Lighting Service Bureau, 
2, Savoy-hill, W.C.2. “Dark Adaptation,” by 
Mr. W. J. W. Ferguson. Manchester Centre: Thursday, 
December 13, 6 p.m., Town Hall Extension, Manchester. 
“ Brightness Engineering,” by Mr. W. Robinson. Leicester 
Centre: Thursday, December 13, 6.30 p.m., Offices of 
East Midlands Electricity Board, Charles-street, Leicester. 
“Lessons from the Festival About Lighting,’’ by Mr. 
T. O. Freeth. 


INSTITUTION OF WORKS MANAGERS.—Northampton 
Branch: Monday, December 10, 7.30 p.m., Franklins 
Gardens Hotel, Northampton. ‘“ Motion Study,” by 
Miss A. G. Shaw. Merseyside Branch: Tuesday, 
December 11, 6.30 p.m., Adelphi Hotel, Liverpool. ‘The 
Profession of Management,” by Mr. A. M. Hudson Davies. 
Birmingham Branch: Tuesday, December 11, 7 p.m., 
Grand Hotel, Birmingham. “A Works Engineer’s 
Aititude to Works Responsibility,”” by Mr. L. R. Perkins. 

INCORPORATED PLANT ENGINEERS.—Dundee Branch : 
Monday, December 10, 7.30 p.m., Mathers Hotel, Dundee. 
Address by Mr. H. E. Partridge. Edinburgh Branch: 
Tuesday, December 11, 7 p.m., 25, Charlotte-square, 
Edinburgh. “ Fifty Years’ Apprenticeship,” by Mr. 





D. Frew. East Midlands Branch: Wednesday, Decem- 
ber 12, 7 p.m., Welbeck Hotel, Nottingham. ‘“‘ Rocket 
Development,” by Mr. J. Humphries. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Decem- 
ber 1i, 5.30 p.m., 85, The Minories, B.C.3. ‘‘ Ductile 
Cast Iron,” by Mr. M. M. Hallett. Thursday, Decem- 
ber 13, 7.15 p.m., Technical College, Poplar High-street, 
E.14. ‘* Welding in Ship-Repair Work,” by Mr. J. W. 
Coulthard. 

CHEMICAL ENGINEERING GROUP.—Tuesday, Decem- 
ber 11, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘* Planning of Maintenance in Chemical 
Works,” by Mr. H. Birchall. 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
December 11, 5.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. “ One-Pipe Plumbing: Some Experimental 
Hydraulics at the Building Research Station,” by Mr. 
A. F. E. Wise. (Adjourned from November 22.) 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, December 11, 6 p.m., Mack- 
worth Hotel, Swansea; and Wednesday, December 12, 
6 p.m., King’s Head Hotel, Newport, Mon. ‘‘ Continuous 
Gauge Control in Sheet- and Strip-Rolling,” by Mr. 
W. C. F. Hessenberg and Mr. R. B. Sims. Southern 
Branch: Wednesday, December 12, 7 p.m., University 
College, Southampton. ‘“ Thirty Years’ Development 
of Opposed-Piston Propelling Machinery,” by Mr. W. H. 
Purdie. Yorkshire Branch: Thursday, December 13, 
7 p.m., The University, Leeds. ‘‘ Theory and Practice 
in Bearing Design,” by Professor D. G. Christopherson. 
Institution (Hydraulics Group): Friday, December 14, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
** Problems of Fluids for Hydraulic-Power Transmission,” 
by Mr. A. E. Bingham; and ‘‘ Low-Pressure Recipro- 
cating Seals for Hydraulic Control Valves,” by Mr.B. 
Cooke. AUTOMOBILE Division.—Luton Centre: Mon- 
day, December 10, 7.15 p.m., Town Hall, Luton. ‘“‘ Life 
Assessment Methods for Trucks, Vans and ’Buses,”’ by 
Mr. J. H. Alden. Institution: Tuesday, December. 11, 
5.30 p.m., Storey’s-gate, S.W.1. ‘“‘ Trailers and Semi- 
Trailers,’’ by Mr. A. Marenbon. ‘ 

INSTITUTE OF FUEL.—North-Western Section: Wed- 
nesday, December 12, 2 p.m., Engineers’ Club, Man- 
chester. ‘‘ Domestic Heating Research,’”’ by Dr. A. C. 
Monkhouse (Luncheon, 1 p.m.) Scottish Section: Friday, 
December 14, 7 p.m., Royal Technical College, Glasgow, 
“Fuels Derived from Coal Tar,” by Dr. D. McNeil. 

INSTITUTE OF PETROLEUM.— Wednesday, December 12, 
5.30 p.m., 26, Portland-place, W.1. ‘‘ Pre-Flame 
Reactions in Diesel Engines,” by Professor F. H. Garner 
and others. 

LIVERPOOL ENGINEERING SOcrIETY.—Wednesday, 
December 12, 6 p.m., 9, The Temple, 24, Dale-street, 
Liverpool. ‘ Liverpool Overhead Railway,” by Mr. 
H. M. Rostron. 

* SocrETY OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group: Wednesday, December 12, 6 p.m., 
11, Upper Belgrave-street, S.W.1. ‘*‘ Thermo-Plastic 
Floor Tiles,’ by Mr. L. H. Griffiths and Mr. W. Saul. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Yorkshire 
Branch: Wednesday, December 12, 6.30 p.m., Great 
Northern Hotel, Leeds. ‘“‘ New House of Commons: 
Foundations and Structure,” by Mr. S. Vaughan. 
Institution : Thursday, December 13, 6 p.m., 11, Upper 
Belgrave-street, S.W.1. Joint Meeting with the Socitrt 
DES INGENIEURS CIVILS DE FRANCE (BRITISH SECTION). 
“Temple Barrage on the River Lot,” by Mr. L. P. Brice. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch: Wednesday, December 12, 7 p.m., Engineers’ 
Club, Manchester. “Castings for the Smithy and 
Forge Industry,” by Mr. W. 8. Spenceley. London 
Branch: Wednesday, December 12, 7 p.m., Waldorf 
Hotel, Aldwych, W.C.2. ‘‘ Aluminium-Alloy Castings,” 
by Mr. A. P. Fenn. Bristol Branch: Saturday, Decem- 
ber 15, 3 p.m., Grand Hotel, Bristol. ‘‘ Runner Practice 
in a Jobbing Foundry,” by Mr. H. B. Farmer. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.— Yorkshire Branch: Wednesday, December 12, 
7.30 p.m., Hotel Metropole, Leeds. Discussion on 
“ Steam Utilisation in the Textile Industry.” 

DIrsEL ENGINE USERS ASSOCIATION.—Thursday, 
December 13, 2.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. ‘“‘ Report on Heavy-Oil Engine Working Costs, 
1949-50.” 

INSTITUTION OF CIVIL ENGINEERS.—Midlands Associa- 
tion: Thursday, December 13, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘“ Electro-Chemical 
Hardening of Clays to Increase Bearing Capacity of 
Piles,” by Dr. J. Kolbuszewski. Yorkshire Association : 
Friday, December 14, 7 p.m., Royal Victoria Station 
Hotel, Sheffield. “The Rapid Calculation of the 
Plastic Collapse Load for a Framed Structure,” by 
Dr. B. G. Neal. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, Decem- 
ber 14, 7.30 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Presidential Address on “ Enterprise in 
Engineering,” by Air Commodore F. R. Banks. 





PERSONAL. 


On his appointment as Lord-in-Waiting, Lorp Lioyp 
has resigned from the board of Horseley Bridge and 
Thomas Piggott, Ltd., Tipton, Staffordshire. 


EaRL DE La Warr has resigned his directorship of the 
main board of the Brush Electrical Engineering Co., Ltd., 
on his appointment as Postmaster-General. Mr. I. T. 
MorRROw has been appointed to the board of the Brush 
Co. and will act as financial controller of the Brush-Aboe 
Group. 


Sm Davip Brunt, M.A., Sc.D., F.R.S., Professor of 
Meteorology in the University of London, has been 
appointed to the board of directors of the Fulmer 
Research Institute, Stoke Poges, Buckinghamshire. 


Mr. E. C. Cookson, A.C.G.1., B.Sc. (Eng.) (Lond.), 
M.I.C.E., M.I.T., has been appointed assistant civil 
engineer, British Railways, Western Region. Since 
1945 he has been assistant engineer, permanent way. 


Mr. M. H. L. Lewis, M.A. (Oxon.), has been co-opted 
to the board of executive directors of Crompton Parkinson 
Ltd., Crompton House, Aldwych, London, W.C.2, for a 
period of six months. Since April, 1950, Mr. Lewis has 
been assistant to the works director (south). 


Mr. JoHN LONG, formerly assistant manager of the 
London office of Head, Wrightson & Co., Ltd., has been 
appointed London manager in succession to Mr. SELBY 
Rosson. Mr. Robson remains a director of the firm and 
of Head Wrightson Processes, Ltd. 


Mr. JAMES GRANT has been appointed manager of the 
Shell Haven refinery, Essex, of the Shell Petroleum Co., 
Ltd., St. Helen’s-court, Great St. Helen’s, London, 
E.C.3. For the past year he has been assistant manager 
of the firm’s refinery at Stanlow, Cheshire. Mr. R. W. J. 
SmiTtH, whom Mr. Grant succeeds, has returned to a 
head office appointment in London. Mr. J. L. FLANAGAN, 
manager of the fuel-oil general department of the Shell 
Petroleum Co., Ltd., is retiring under the age limit on 
December 31. He will be succeeded by his deputy, 
Mr. D. B. VALE, O.B.E. 


Mr. PHILIP SHEPHARD has been elected vice-chairman 
of the Automobile Association, Fanum House, New 
Coventry-street, London, W.1, in succession to the late 
Sm PEIRSON FRANK, and Mr. HuGeH Fraser, J.P., 
honorary treasurer, to fill the vacancy caused by the 
death of Mr. GEORGE MONRO. 


Mr. C. F. MONTGOMERY has been appointed general 
works manager of the Weybridge factory of Remington 
Rand Ltd., Commonwealth House, 1-19, New Oxford- 
street, London, W.C.1. 


Mr. W. S. BaTEs, secretary of Philip & Son, Ltd., 
shipbuilders, Sandquay and Noss Engineering Works, 
Dartmouth, has been elected a director. Mr. Bates has 
been with the company for nearly 26 years. 


Mr. A. HATTERSLEY, who founded the steel firm of 
Hattersley and Ridge, Ltd., Sheffield, now merged with 
the Neepsend Steel and Tool Corporation, Ltd., has 
relinquished his seat on the board of the latter company 
to undertake consultative duties for a steel firm in 
Johannesburg, South Africa. 

Mr. J. C. CAMPBELL, chief London representative of 
Keith Blackman Ltd., Mill Mead-road, Tottenham, 
London, N.17, has retired after 50 years of service. His 
successor is Mr. D. J. AULD. 

Mr. F. BurGerRaF, formerly associate director of the 
Highway Research Board, Washington, District of 
Columbia, U.S.A., has been appointed director in succes- 
sion to the late Mr. R. W. Crum. 


STEEL Nut AND JosePH HAMPTON, LTD., Woden 
Works, All Saints-road, King’s Hill, Wednesbury, have 
acquired the plane and spokeshave business of the 
W. S. MANUFACTURING Co., LTD., Sheepcote-street, 
Birmingham, 15. 

GLOVER AND MAIN LTD., have announced the forma- 
tion of a new subsidiary company, MAIN REFRIGERATION 
LtTp. The first directors are Mr. P. D. M. AIRD, Mr. F. 
Dunn and Mr. C. MARLEY. 


THE FAIREY AVIATION Co., Ltp., Hayes, Middlesex, 
announce that the name of their Australian subsidiary 
concern has been changed to FaIREY AVIATION Co. OF 
AUSTRALASIA Pry., Ltp. The postal address, namely, 
Box 41, P.O. Bankstown, New South Wales, is unchanged. 
An office at : 4th Floor, Royal Insurance Building, 414-418, 
Collins-street, Melbourne, Victoria, has been established 
with Mr. E. C. Turner as company liaison representative. 

FINA PETROLEUM Propvucts LTpD., have now removed 
from their Mayfair address to 25, Victoria-street (South 
Block), London, 8,W.1. (Telephone: ABBey 7822.) 


ALFRED HERBERT LTD., Coventry, have acquired a 
controlling interest in the Sigma Instrument Co., Ltd., 
Letchworth, for which they are the sole selling agents 
in this country. The Sigma Instrument Co. are specialists 
in the manufacture of gauging instruments. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.ie Bar 3663 and 3664. 


All editorial ‘correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to ‘‘ ENGINEERING ” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 

places abroad, with the exception 

of Canada £510 0 
WRC, Seine ae £5 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 
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Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 


the Manager. The pages are 12 in. deep and 9 in. |. 


wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 
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WORK CONSCIOUSNESS. 


THERE is no obvious direct connection between 
the two books of which particulars are given at 
the foot of this column* ; the indirect connection, 
however, is of some importance. It is remarked at 
the beginning of Chapter I of the first of these 
publications that the majority of the people in 
Great Britain ‘enjoy good food, are weil clothed, 
and live in comfortable houses or flats. They have 
come to regard these benefits as theirs by right 
; and few of them see anything remarkable 
in the standard of living they enjoy.” This is 
unfortunately true, but how long the people of 
this country will be able to enjoy their present 
standard of living if they adhere to their present 
standard of application is another matter. A 
standard largely based on the charity of the people 
of North America, together with a process of 
running into debt, is not likely to endure indefi- 
nitely. 

These remarks may, perhaps, give an in- 
correct idea of the nature of the book. It is not 
concerned with an examination of the financial 
state of the country; its purpose is to give some 
account of the complex industrial activity on which 
that state is based. In view, however, of its opening 
remarks, it is apparently hoped that a fuller know- 
ledge of the material facts of the situation by the 
“ majority” may do something towards encour- 
aging a better realisation of the part which, indi- 
vidually and in the mass, that majority must play 
if its present standard is to be preserved ; because, 





* The Wonderful Story of British Industry: A Record 
of the Enterprise, Skill and Invention of the British People. 
Ward, Lock and Company, Limited, 6, Chancery-lane, 
London, W.C.2. [Price 15s. net.) The Young Wage- 
earner: A Study of Glasgow Boys. By Professor T. 
Ferguson and J. Cunnison. Published for the Nuffield 
Foundation by Geoffrey Cumberlege, Oxford Univer- 
sity Press, Amen Corner, London, E.C.4. [Price 8s. 6d. 





net.) 


as the same opening paragraph continues, the 
present standard “really is remarkable, for it 
means that they are getting at least three times as 
much wealth from the country as Nature could 
normally provide, and the increase is due entirely 
to human ingenuity.” 

Much has been written and said about the lessons 
contained in the various reports of the Anglo- 


1 | American productivity teams. It is probably not 


specifically stated in any of them, but a general 
impression given is that one reason why American 
workpeople take so keen an interest in the fortunes 
of the firm for which they work is that they have a 
general understanding of the part which its activities 
play not only in their own well-being, but in that 
of the country as a whole. It has been said that 
American workmen apply the whole of their interest 
and ability to forwarding the manufacturing effi- 
ciency of their firm because each man hopes that 
some day he will be the manager. This is, no 
doubt, an exaggeration, but the active and practical 
interest which a very large proportion take in 


34 | industrial efficiency, and in the problems of manu- 


facture, is shown by the considerable numbers who, 
frequently at considerable personal sacrifice, manage 
to get a college education. Many who set out with 
the object of obtaining a degree or diploma fall 
by the way, but large numbers succeed. The 
standard attained is in the majority of cases not 
high, possibly not equal to the standard of the 
Higher National Certificate, but the academic level 
reached is sufficiently high to impart an under- 
standing of manufacturing and industrial problems 
very different from that possessed by the average 
workman in this country. 

It will be understood that these remarks about 
college education have no reference to the great 
United States universities of international reputa- 
tion. In addition to these, however, there are in 
that vast country hundreds of colleges, technical 
and otherwise, of varied status and it is in these that 
the enlightened workpeople here referred to are 
educated. If in some way the workpeople of Great 
Britain could be given a more instructed appreciation 
of the real problems of industry, they might be more 
willing to co-operate in endeavours to solve them. 
The Wonderful Story of British Industry is a contri- 
bution towards the engendering of such an under- 
standing. It recounts the origin of the great 
manufacturing industries, explains their geographical 
distribution and gives some account of their opera- 
tion and techniques. The descriptions are clear 
and straightforward, with none of the rather 
wearisome facetiousness which so frequently appears 
to be considered necessary in the popular treatment 
of serious subjects. 

Although perusal of this book might give almost 
any working man a better understanding of the 
operations of the firm by whom he is employed, and 
possibly a better appreciation of their aims and 
difficulties, it would be wild optimism to suppose 
that it will be read by any considerable fraction of 
the workpeople of this country. It is possible, 
however, that if it were made available in school 
and technical-college libraries, it might usefully 
influence some members of the younger generation, 
in whose hands the future of industry and of the 
country lies. These remarks may appear to credit 
this book with a higher importance than, perhaps, 
its authors would claim. It is far from being the 
only example of its class, but it is a good example. 
The point that it is being used to illustrate is that 
any method which can be used to give workpeople 
a more intelligent interest in their own work should 
do something towards increasing their willingness 
to employ any methods by which the efficiency of 
performance of that work may be improved. 

It is in connection with the remark that the book 
would be a useful addition to the shelves of school 
and technical-college libraries that the second book 





which has been mentioned has a bearing on this 
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matter. The Young Wage-Harner is a report upon 
a study of the careers, over three years, of 1,349 
Glasgow working-class boys who left school at the 
age of 14 in January, 1947. The report enters into 
considerable detail, has much to say about the 
influence of housing conditions, size of families, loss 
of one or more parents and other matters, on the 
performance of the boys in industrial life. Particu- 
lars are given about leisure-time activities, church- 
going, sickness, delinquency and other determining 
factors. All these matters are of social importance 
and the report upon them deserves careful study, 
but they are not germane to the subject of this 
article nor, indeed, to the professional interests of 
this journal. 

There are, however, other aspects of the report 
which do bear on the present subject. Naturally, 
contact was lost with some of the 1,349 boys who 
originally formed the basis of the investigation, but 
of 1,127 cases of which full particulars were gathered, 
although only 283 were the sons of skilled tradesmen, 
no fewer than 541 were engaged in skilled trades or 
training for them. Of the boys whose fathers were 
in skilled trades, 51-6 per cent. were themselves 
employed in skilled trades ; of those with fathers in 
semi-skilled trades, 49-4 per cent.; and of those 
with fathers in unskilled trades, 44-7 per cent. The 
report makes some reservations about the meaning 
of the expression “ skilled.trade ” as it is used here. 
It does not necessarily mean that a boy was serving 
an apprenticeship, as some boys described them- 
selves as apprentices when actually they were not so. 
Further, the term “ skilled tradesman” as used in 
the report must not, in all cases, be understood to 
mean a craftsman. Precisely what definition of a 
skilled tradesman is adopted is not clear, but, 
whatever it is, it applies equally to fathers and sons. 

It is satisfactory to learn that in this fairly large 
sample, taken in an industrial city, a considerably 
larger number of boys than of their fathers were 
engaged in skilled trades, especially in view of the 
statement that the main consideration dictating 
the choice of a skilled trade “‘ was the interest of the 
work; even the level of wages was for most a 
subordinate consideration.’”” Boys who entered 
unskilled or dead-end jobs usually obtained higher 
wages in the early years. In view of the shortage 
of skilled workers in the country, it is gratifying to 
find that so large a proportion of the boys chose to 
enter skilled trades because of interest in the work, 
and it is clear that the boys should receive every 
encouragement and assistance that is possible. 

There is, however, another side to the picture, 
indicating a direction in which there is considerable 
room for improvement. Only 12-6 per cent. 
of all the boys attended evening classes during the 
whole of the period studied, 5 per cent. attended 
at first but gave up before the end, and 10 per cent. 
started late. No list of occupations is given in the 
report, but as the investigation took place in Glas- 
gow, it may be assumed that a fair proportion of the 
- boys were engaged in some branch of engineering. 
Many engineering firms arrange for their trade 
apprentices to attend technical classes during the 
day time and such attendance would, presumably, 
not be entered as evening-class work, so that the 
proportion receiving technical education may have 
been higher than 12-6 per cent. The encourage- 
ment boys receive to improve their knowledge of 
the industry in which they are employed must mainly 
come from those whoemploy them. Boys who have 
the type of ambition which seems to be common 
among American workmen will probably look after 
themselves, but for many some assistance in school 
days by direction to suitable reading and possibly 
some guidance from Juvenile Employment Com- 
mittees might do something towards building up 
@ shop staff possessing a truer appreciation of the 
effect of its own activities on- the fortunes of the 
nation. The report indicates that the raw material 
for such a staft is not lacking. 





ACCIDENTS ON RAILWAYS. 


THovGH the accident rate on British Railways is 
low—the chance of fatality is equivalent to 0-7 
person per million train miles—the drain on the 
national effort due to accidents, at a time when 
every possible man-hour of work must be utilised, 
has led Colonel G. R. 8. Wilson to suggest that the 
Railway Executive might have to consider setting 
up a special safety organisation such as the American 
railways have found advantageous. Not that the 
Executive, or, indeed, the National Union of 
Railwaymen, have been idle in the matter, but 
“the static character of the [accident] figures 
seems to suggest that a fresh line of approach may 
be required to achieve the considerable reduction 
which is so desirable from all points of view.” In 
workshops generally, as on the railways, men often 
break rules that have been framed solely for their 
safety. It is difficult to eradicate the attitude to 
safety regulations which seems to be the cause of 
this unthinking disregard—an attitude that is 
probably based on the idea that a man is more of a 
man who shows a certain readiness to take risks. 
If that idea is a by-product of the primitive—and 
therefore dominant—instinct to physical bravery, 
any special safety organisation must pierce this 
psychological barrier. 

In his annual report* for the year 1950, Colonel 
Wilson stresses the point that the numberof accidents 
to railwaymen is still too high, “when it is con- 
sidered that most of the accidents are avoidable if 
only the men themselves could be prevailed upon to 
exercise more care and to observe rules which are 
designed solely for their own safety.” Nevertheless, 
for the first time since 1947 there was a decline in 
the proportion of train accidents which were 
attributable primarily to the failure of the human 
element ; 44-8 per cent. of train accidents were in 
this category in 1950, compared with 50-5 per cent. 
in 1949. ; 

Improvements in rolling-stock design and con- 
struction have helped to reduce accidents. The 
number of tyre*failures was down from 56 in 1949 
to 23 in 1950; the number of failures of coupling 
apparatus from 3,462 to 3,026; and the total 
failures of rolling stock and permanent way from 
4,062 to 3,609—mainly due to the reduction in 
coupling failures as old and obsolete wagons are 
withdrawn, mostly from the private owners’ fleet. 
The number of axle failures, however, rose from 39 
to 51. Most of these were wagon axles; for 
carriages, a supersonic method of testing for wheel- 
seat flaws was brought into general use during 
1947 and 1948, and the success achieved is shown 
by the figures for broken carriage axlés: five in 
1946, eight in 1947, two in 1948, one in 1949, and 
two in 1950. The repair position in respect of 
locomotives and carriages was generally good, 
since there was a margin in the stock of locomotives 
and more carriages were available for traffic than 
in the previous year. New wagon construction, 
however, was unable to keep pace with the 
expanding volume of freight traffic, and though 
there was a marked improvement in the repair 
position the scrapping programme had to be dras- 
tically curtailed during the later part of the year. 
Two serious fires in passenger trains have led to a 
full inquiry and remedial action is being taken. 

The British Transport Commission have accepted 
the wider extension of automatic train control as 
an ideal to aim at, and a large-scale experiment with 
an improved non-contact apparatus is being con- 
tinued on the East Coast main line between Barnet 
and Huntingdon. The new equipment is intended 
to combine the advantages of the former Great 
Western Railway’s footplate indications with those 





* Report to the Minister of Transport upon the Accidents 
which occurred on the Railways of Great Britain during 
the year 1950. H.M. Stationery Office. [Price 2s. net.] 





of the more modern magnetic link between the 
track and the engine which was developed by the 
London Midland and Scottish Railway. 

The shortage of labour for track maintenance is 
causing concern, and though every effort is being 
made to overcome the difficulty by extending the 
use of mechanica] equipment and by maintenance 
contracts with outside firms, it is becoming increas- 
ingly difficult to keep the track everywhere in fit 
condition for ordinary fast running, let alone restore 
it to the very high pre-war standards of line, level 
and stability. Safety has therefore to be main- 
tained by local speed restrictions, the number of 
which, on main lines, rose from 24 at the beginning 
of 1950 to 60 at the end of the year. Even so, 
derailments attributable to track defects increased 
from 34 in 1949 to 44 in 1950. In an accident at 
Tollerton, where the engine and four coaches of an 
express passenger train were derailed, the ganger 
had failed to take all the necessary hot-weather 
precautions, and this factor, combined with a 
shortage of ballast, caused distortion of the track. 
Research is being undertaken into the holding 
power of various types of ballast, and special 
attention is being given to the several factors which 
affect the free expansion of rails in fishplates. 

Two matters on the civil-engineering side which 
raise wide issues are the unsatisfactory nature of 
“ occupation ” level-crossings and the inadequacy, 
for modern road traffic, of many railway over- 
bridges. According to Colonel Wilson, the whole 
conception of occupation crossings has been reviewed 
by the British Transport Commission at the request 
of the Minister of Transport and their report is 
now under consideration. “Consultation with 
many other authorities will be required,” he states, 
“but the problem is urgent and, in the interest of 
safety of road and rail users alike, its solution should 
not be delayed.” On the question of weak over- 
bridges, Colonel Wilson says there are still many 
such bridges which require costly reconstruction or 
strengthening to carry modern road traffic, and he 
draws attention to the accidents that can occur if 
road hauliers fail to observe the provisions of the 
Motor Vehicles (Authorisations of Special Types) 
Order, 1941. 

Apart from the technical features which have 
been mentioned, however, the principal obstacle 
to improved safety, which is reiterated several times 
in the report, is the shortage of labour. At the 
end of the year, there were nearly 7,000 vacancies 
in the relaying and length-maintenance gangs, or 
approximately 13 per cent. of their total establish- 
ment, and many length gangs were at less than 
half strength. It is also becoming more difficult to 
obtain recruits for service as signalmen. Colonel 
Wilson states that the pride of profession which 
plays a large part in the traditional outlook of 
signalmen is still much in evidence, but that, at 
the same time, as much as possible should be done 
to lighten their task and improve safety by modern- 
ising equipment. Unfortunately, the earlier plans 


of the Railway Executive to accelerate the provi- — 


sion of track circuiting and block controls have been 
retarded by financial stringency, but the question 
is again being examined, following a serious accl- 
dent at Penmaenmawr. 

Though Colonel Wilson would no doubt be the 
last to mention it, the vigilance of the inspecting 
officers of railways has long been one of the most 
potent factors in preventing and reducing accidents. 
The co-operation of expert but independent inspec 
tors is valued by the railways, and their recom- 
mendations are carefully examined. The total 
number of persons killed in the working of railways 
in 1950 was 316, and the total injured was 27,016. 
These figures were lower than the averages for 
1946-50, but they are still far too high; in the 
national interest it would be worth quite a con 
siderable expenditure on a “special safety organ! 
sation ” to reduce them. — 
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Firry Years or Rapio CoMMUNICATION. 

THE 50th anniversary of Marconi’s first trans- 
mission of radio signals across the Atlantic occurs 
on Wednesday, December 12. The story of this 
successful attempt to pass intelligence electro- 
magnetically over so great a distance, after it had 
been predicted mathematically that the limit was 
165 miles, has often been told. It may be recalled, 
however, that the transmitter was erected at 
Poldhu in Cornwall, where current from a 25-kW 
50-cycle alternator was supplied at 2,000 volts to 
two transformers with a ratio of 1 to 10, which were 
connected in parallel. The output of these trans- 
formers was passed through high-frequency chokes 
to a closed oscillatory circuit, in which a condenser 
discharged across a spark gap through the primary 
of a high-frequency transformer. The secondary of 
this transformer was in turn connected across 4 
second spark gap and condenser to the primary of a 
second high-frequency transformer. The secondary 
winding of the latter transformer was in series 
with the aerial, which consisted of a fan-shaped 
array suspended between two 150-ft. masts at 
l-m. intervals. It is estimated that the funda- 
mental wavelength of the signal emitted from this 
station, the design of which was due to J. A. 
Fleming, was between 1,000 and 2,000 m. An 
associated receiving station was established at 
Signal Hill, St. John’s, Newfoundland ; and it was 
here that the pre-arranged signal, which Poldhu 
had been instructed to transmit, was received by a 
self-restoring coherer which was connected in series 
with a telephone ear-piece, and.an aerial consisting 
of a 400-ft. wire suspended from a kite. As the rise 
and fall of the kite in the wind varied the capacity of 
the aerial the use of any of the types of syntonic 
receiving apparatus then available was precluded. 
Experiments were continued for the next twelve 
months, using a more powerful station at Glace 
Bay in Canada for transmitting and Poldhu for 
reception. Both these stations were afterwards 
used for transmitting telegraph news to ships, while 
in 1920 Poldhu was, for the first time, employed 
for telephonic transmission. The station was 
finally closed down for public purposes two years 
later, although it was later notable as the place 
where Franklin carried out his researches on direc- 
tional short-wave transmission. Poldhu was finally 
dismantled in 1938. Its site is now marked by 
a granite column commemorating the two important 
events with which it has been associated ; and the 
surrounding land with the cliffs and foreshore was 
presented to the National Trust in 1937 by Marconi’s 
Wireless Telegraph Company. 


Tue InstituTION OF MECHANICAL ENGINEERS. 


“Cup-Drawing from a Flat Blank” was the 
subject of a paper by Dr. S. Y. Chung, B.Sc. (Eng.), 
A.M.I.Mech.E., and Professor H. W. Swift, M.A., 
D.Sc. (Eng.), M.I.Mech.E., which was presented 
by Professor Swift at a meeting of the Institution 
of Mechanical Engineers on Friday, November 30. 
At the University of Sheffield, the authors took 
experimental measurements covering a wide range 
of conditions—between 500 and 900 measurements 
were made on each cup drawn—using a 50-ton 
single-action crank-press of the double-sided type, 
and a 4-in. cup-drawing apparatus based on an 
industrial single-action tool. Seven punch heads 
were used, with a profile radius varying from } in. 
to 2 in.; also seven die rings with profile radii 
from y in. to § in. Both pressure blank-holding 
and clearance blank-holding were used, in con- 
Junction with circular flat blanks, which were drawn 
into cylindrical cups. The blanks were nominaily 
0-039 in. thick and frequently, but not always, 
8 in. in diameter. The first part of the paper, on 
the experimental investigation, dealt with the 
influence of various factors on the forces and 
strains involved in drawing. With pressure blank- 
holding, it was found that wrinkling was severe for 
blank-holding forces below 5,000 Ib., but absent 
above 10,000 Ib. Below 8,000 lb. the maximum 
punch load increased rapidly, but above this value 
it remained almost unchanged and the quality of 
the cup was visually perfect. It was concluded that 
forces from 10,500 Ib. for 7-in. blanks to 15,500 Ib. 


suitable. On investigating the effect of drawing 
ratio, it was found that the radial strain during 
drawing might exceed 70 per cent., while the 
material might thicken at the rim by over 30 per 
cent. and thin near the base by nearly 25 per cent. 
At high drawing ratios the necking at a zone around 
the profile radius of the punch developed rapidly, 
and, since fracture commonly occurred at this neck, 
it delimited quite sharply the range of successful 
drawing. The die profile radius had a greater 
effect on the punch load with smaller drawing 
ratios, but its effect on the process work was greater 
with large ratios. Die profile affected the practical 
problem of success or failure in drawing; for a 
given blank diameter there was a specific radius 
below which failure was inevitable. The designer 
was justified in his common assumption that 
the surface area of the drawn cup was effectively 
the same as that of the initial blank. With a large 
punch profile radius the necking at the zone between 
the cylindrical wall and the radius to the base was 
less marked ; also, there was little thinning due to 
bending, but a more general thinning over the base. 
Failure at the base due to biaxial stress was of 
primary importance and was under investigation. 
With regard to the effect of radial clearance between 
the punch and die throat, the maximum punch load 
and the process work both fell somewhat as the 
clearance was increased; a net clearance of about 
30 per cent. was suitable for general purposes with 
free drawing and a reduction of, say, 50 per cent. 
The authors, at the end of the first part, gave a 
simple empirical punch-load formula. In the 
second part of the paper, they treated the problem 
analytically, considering first the instantaneous 
distribution of stress at a representative stage in 
drawing, and then the development of strain in a 
particular element of metal during its passage 
through the die. There was good agreement 
between the analytical and experimental treat- 
ments. The computation involved in applying the 
theory was complicated and not recommended for 
general use, but it might be possible to develop a 
fairly simple set of tables and formule for press and 
tool designers. 


Sympostum on Notou-Bar TEsTING. 


On page 670 ante, we gave a programme of a 
symposium on “Recent Developments in the 
Notch-Bar Testing of Materials and their Relation 
to Welded Construction,” arranged by the Joint 
Committee on Materials and their Testing of 
Technical Institutions and Societies in Great 
Britain, and the Institute of Welding. The meeting 
was held at the Institution of Civil Engineers, 
London, and Mr. Howard J. Thompson, President 
of the Institute of Welding, should have occupied 
the chair. In his unavoidable absence, however, 
it was taken by Dr. E. C. Rollason, who has been 
Professor of Metallurgy at the University of Liver- 
pool for some two months, having taken over the 
post as from October 1 tuis year. In the course 
of his opening remarks, Professor Rollason stated 
that the Joint Committee was made up of repre- 
sentatives from 26 institutions and learned societies 
in Great Britain and that meetings such as that 
taking place were organised at intervals. The last 
of these meetings had been held in 1950, when 
the subject for discussion had been prestressed 
concrete. Notch-bar testing had last been dis- 
cussed at a meeting of the Joint Committee held in 
Manchester in 1937. Since that time much research 
on the subject of impact testing had been carried 
out and it was to review this work that the present 
meeting was being held. It is of interest to note 
that the Manchester meeting of October 29, 1937, 
which was fully reported in our columns at the time, 
was the first meeting to be held under the auspices 
of the then newly-formed Joint Committee. At 
the recent London meeting, papers by Mr. W. Barr 
and Mr. I. M. Mackenzie, on ‘‘ Notch-Bar Testing 
and the Selection of Steel for Welded Construction ”’; 
by Mr. G. M. Boyd, on “The Assessment of Notch 
Ductility by a Variety of Notch Tests”; and by 
Professor W. Soete, of the University of Ghent, 
on “ The State of Stress and Brittle Fracture,” were 
discussed at the morning session, and two papers, 





namely, “‘ Notch-Bar Tests in Relation to Service 


Fracture of Mild-Steel Plates,”’ by Dr. J. H. van der 
Veen, of Ijmuiden, Holland, were discussed at the 
afternoon session. All the papers were presented 
by Dr. N. P. Allen as rapporteur. 


THE Power Station PROGRAMME. 


In reply to a question by Mr. G. D. N. Nabarro 
in the House of Commons on Monday, December 3, 
the Minister of Fuel and Power (Mr. Geoffrey Lloyd) 
said that the British Electricity Authority planned 
to commission 1,100 MW of generating plant this 
year and 1,250 MW in 1952. When allowance had 
been made for plant going out of service, this should 
give a net addition this year of over 1,000 MW and 
of about 1,100 MW in 1952. Shortages of raw 
materials and the needs of defence might prevent 
these totals being reached, but he hoped that at 
least 1,000 MW of new plant would be commissioned 
this year. During 1950, British Electricity power 
stations had consumed 314 million tons of coal and 
might consume 35 million tons in 1951 and 38 million 
tons in 1952, owing to the general increase in 
demand. This increase in consumption would, 
however, be less in proportion than the increase in 
electricity generated, owing to it being possible to 
use the more efficient plant for longer periods. 
For instance, a full year’s working of 1,000 MW of 
new plant would give a net saving of about 300,000 
tons of coal, while a full year’s working of the 
1,250 MW of plant planned for next year, together 
with 100 MW left over from last year, should give 
an additional net saving of about 500,000 tons. As, 
however, demand was increasing the only alterna- 
tive to more and more load shedding was to con- 
tinue to use the old power stations at peak periods. 
Thus, so long as the demand for electricity increased 
at its present rate, savings in coal produced by the 
introduction of new efficient stations, though great, 
were not sufficient to outweigh the increase in con- 
sumption to meet the extra demand. 


British Ratways AND WINTER WEATHER. 


British Railways have made extensive arrange- 
ments to deal with interruptions to traffic due to 
winter weather. Since 1949, about 1,000 colour-light 
signals and 250 miles of track-circuiting have been 
brought into use, so that there are now 6,000 
signals of this type, which penetrate fog more 
effectively, and 6,500 miles of the main-line routes 
fitted with track-circuiting, which reduces delays 
and increases safety, especially when visibility is 
bad. The automatic train ccntrol system is in 
operation throughout the Western Region and on 
the London, Tilbury and Southend Section. A 
modified form, which can also be used on electrified 
lines, is now undergoing tests on the main line 
between Barnet and Huntingdon. For dealing with 
snow and ice, 800 flame guns and 600 steam lances, 
connected to the engine steam-heater pipe, as well 
as stocks of de-freezing compounds, have now 
been stationed at strategic points throughout 
British Railways. Some 550 snow ploughs for 
patrol work or clearing drifts up to 12 ft. deep are 
also available. Arrangements have been made with 
military authorities to assist in the event of a serious 
snow blockage in any part of the country. Lines of 
communication have been strengthened by the 
opening of seven new telephone exchanges and by 
improvements in the trunk-telephone network, 
including the extension of carrier-wave telephony 
which enables several conversations to take place 
simultaneously over the same line. British Railways 
have studied practice on foreign railways for any 
known method of overcoming fog, and the research 
and technical departments examine any and every 
development which appears to offer any solution, 
in partor whole. By arrangement with the Meteoro- 
logical Office, 51 railway control centres are warned 
in advance when fog, snow or frost (and, in coastal 
areas, gales) are expected, so that arrangements can 
be made to meet these conditions ; the number of 
meteorological stations co-operating in this scheme 
has recently been raised from 11 to 14. Winter 
working arrangements continue to be improved, 
but the Railway Executive point out that progress 
depends on the amount of capital expenditure and 
the permitted availability of materials and man- 
power. 
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INTERNATIONAL 
CONFERENCE ON ABRASION 
AND WEAR. 


(Continued from page 694.) 


In last week’s issue, we summarised Dr. F. P. 
Bowden’s paper on “The Friction and Surface 
Damage of Non-Metallic Solids,” which was the 
first to be presented at the International Conference 
on Abrasion and Wear, held in Delft, Holland, on 
November 14 and 15. We continue our report 
below, with an abridgment of the discussion on 
Dr. Bowden’s address. 

Dr. H. C. J. de Decker, who opened the discussion, 
said that Dr. Bowden’s paper confirmed his own 
belief that the work done on metals was a good 
starting point for the study on non-metals, such 
as rubber. Dr. D. J. W. Kreulen, who followed, 
asked why it was that static friction was greater 
than kinetic friction. Mr. P. Braber, referring to 
Dr. Bowden’s experiment with copper sliding on 
indium, asked whether this bore any relation to the 
conditions in a bearing in which steel was sliding 
on a soft metal, either with or without lubrication ; 
and, if it were lubricated, what was the friction 
of the lubricant? Dr. A. Schallamach thought 
that the friction of rubber differed from that of all 
other materials because there was little abrasion ; 
no transfer of material took place. Also, it did 
not obey the classic laws and the coefficient of 
friction was not constant. The friction of rubber 
on glass was akin to the resistance to viscous flow, 
with a high temperature coefficient. 

Mr. J. M. Buist inquired whether all the com- 
pounding ingredients in rubber were to be regarded 
as impurities, especially if they “ bloomed” up to 
the surface, as occurred with waxes, softeners, 
sulphur and certain anti-oxidants; and he asked 
how they affected the friction. Did the break 
between the surfaces occur at, say, the wax rubber 
interface ? In his opinion, much more attention 
must be given to the surface films on rubber before 
an accurate scientific investigation of the problem 
could be made. Mr. P. Otto asked whether, to 
increase the friction of ropes over sheaves, the 
experiment had been tried of coating the sheave with 
a plastic. 

Dr. W. Spith said that hardness determinations 
were still being made, as they had been for the 
past 50 years, by applying a static load once only ; 
but, he maintained, they should be continued over 
a long period to give correct results. Progress in 
the dynamic testing of materials seemed to indicate 
that the simple static penetration test should be 
developed into a prolonged dynamic test ; if this 
were done, questions of abrasive wear required 
consideration. He then proceeded to describe two 
forms of testing apparatus, namely, the “ Rota- 
tester,” in which a flanged pressure roller ran on a 
ring-shaped test-piece, the energy consumed being 
indicated by a balance and the abrasion phenomena 
being observed with the aid of a flash stroboscope 
and a sterio-microscope ; and the “ Vibro-tester,” 
in which a slowly-rotating chisel was driven into the 
specimen by dynamic pulses of the frequency of 
sound. The latter apparatus, he explained, was 
designed for the investigation of abrasive discs, 
grinding wheels, graphite collectors, coal, minerals, 
etc. At numerous spots, the penetration of the 
chisel was measured in microns (0-001 mm.) and 
curves of constant penetration were drawn, like 
the isobars on a weather chart. By applying small 
but frequent periodic ck anges of load, it was possible 
with this apparatus to imitate the practical con- 
ditions during grinding to a high degree of approxi- 
mation. Dr. G. J. van der Bie said that, with 
rubber, both the plastic and the elastic phenomena 
must be taken into account. In rubber tyres, a 
high coefficient of friction was required, with the 
least possible abrasion ; but vulcanised rubber had 
no plastic flow—only elastic deformation. As 
Dr. Schallamach had remarked, rubber did not 
behave like a plastic metal. 

Dr. Bowden, replying to the discussion, said that, 
while static friction was not always higher than 
kinetic friction, it was usually so, as there was more 
time for the formation of junctions between the 
mating surfaces. The time factor was important, 





The variation in the coefficient of friction was small 
at low speeds, but there was a considerable rise of 
surface temperature at high speeds. Sliding on ice 
was not due to pressure-melting, as was often 
supposed, but to local heating; it was difficult to 
ski on very cold snow. In reply to Mr. Braber, he 
thought that the conditions between a steel shaft 
and a soft-metal bearing were similar to those in 
the copper-indium experiment ; the contaminating 
films on the surface prevented adhesion from 
occurring. A lubricant, of course, was a still more 
effective contaminant. Acknowledging Dr.Schalla- 
mach’s contribution, Dr. Bowden inquired how the 
coefficient of friction of rubber varied with load ; 
to which Dr. Schallamach replied that it decreased 
with increasing normal load, as would be expected 
if the area of contact depended only on elastic 
deformation, but he was unable tosay, from memory, 
whether the relation between friction and load 
obeyed Hertz’s law. 

Continuing his reply, Dr. Bowden agreed with 
Mr. Buist that the presence of compounding agents 
complicated enormously the friction of rubber ; 
if a surface layer of wax was present, he would 
expect shearing to occur in that layer. The corre- 
sponding behaviour of metals was artificially 
simplified by the presence of the oxide film. In 
reply to Mr. Otto, he thought that a plastic layer 
on a sheave would be quickly worn off. A plastic 
coating on the rope should help, but he did not think 
it practicable to insert plastic strands. Dr. van der 
Bie had raised an important point in drawing 
attention to the fact that, with metals, the deforma- 
tion of surface irregularities was plastic, but with 
rubber it was elastic; it was possible, however, to 
have friction without plastic deformation. All 
that was necessary was that the two surfaces should 
approach within the range of molecular attraction. 

A vote of thanks having been accorded to Dr. 
Bowden by acclamation, Dr. de Decker called upon 
Professor H. Blok, of Delft, to present the second 
paper in the programme, which was entitled “‘ War 
on Wear.” 


THE PREVENTION OF WEAR. 


The world’s wealth being essentially accumulated 
by producing capital goods, Professor Blok premised, 
the waste involved by their wear had repercussions 


on the standard of living. The value of the material | p 


worn off was not as disturbing as the labour wasted ; 
in the end, the conservation of energy (not so much 
friction, but labour) was more important than the 
conservation of material, though there were some 
sorts of wear that were desirable, e.g., in running-in 
new machinery. The types of wear might be 
classified according to the geometry of contact, the 
level of the contact temperature, or the morphology 
and topography of the damaged spots; and there 
were physical analogies between the phenomena of 
wear and those in related fields, such as machining, 
fatigue, fracture, size reduction, and welding. 
The general principles on which to combat wear 
between mating surfaces were, in the first place, to 
inhibit contact as completely as possible, i.e., by 
full fluid-film lubrication aided by design ; secondly, 
to convert destructive into permissible wear, for 
example, in avoiding scuffing of piston rings when 
running-in, by promoting abrasive wear; and, 
thirdly, by concentrating the wear on the more 
easily replaceable surface, as occurred with bearing 
metals. Much had been achieved by co-ordinating 
the knowledge so far gained about the wear of 
metals, minerals, organic materials, and combina- 
tions of them ; but it was not enough. Knowledge 
of wear was much less advanced than knowledge 
of corrosion or of structural strength and rigidity, 
but its importance was becoming steadily greater. 
A limit could be seen to world productivity, when 
the amount of capital equipment became so great 
that the rate of necessary replacement matched 
the total resources available for construction ; 
though this limit was not likely to be reached, as 
improved means for reducing wear would undoubted- 
ly result from increased knowledge. Users of wearing 
products could not always be adequately organised 
to finance research for the reduction of wear, and 
producers’ commercial interests sometimes con- 
flicted with a decrease of wear; but Government 
interest might be aroused if it could be shown that 
a diminishing need for depreciation allowances 





coincided with a positive increase in revenues, 
Certainly, the current amount of effort devoted to 
the study of wear was not commensurate with the 
magnitude of the problem. 

Dr. R. Houwink opened the discussion by 
drawing attention to the fact that some of the least 
tough materials were the most resistant to abrasion, 
He instanced rubber and asphalt, suggesting that the 
reason why asphalt was so good was that, while it 
abraded readily, the particles removed were re- 
absorbed in the mass. Mr. E. de Meeus, the next 
speaker, emphasised the value of “useful” wear 
such as that of a non-slipping tyre tread, the cost of 
which was repaid in valuable service; though he 
admitted that decreased tread wear might have to 
be paid for, to some extent, in increased road wear. 
Mr. Braber said that Professor Blok had referred to 
the abrasive behaviour of a fluidised solid as being 
intermediate between ‘‘ one-sided’ and “ double- 
sided” wear; and he asked what type of wear 
occurred in a catalytic cracking plant for petroleum, 
in which a fluidised catalyst was pneumatically 
transported in a closed circuit. Mr. P. Grodzinski 
mentioned, as an example of desirable abrasion, 
the production of gauges, which could only be 
produced by controlled abrasion. He suggested the 
desirability of standardising the nomenclature of 
wear and abrasion; for instance, it would be an 
advantage if a distinction could be made in the 
English language similar to the German Verschleiss 
and Abnutzung. Mr. Grodzinski also described some 
experiments which demonstrated that the resistance 
of diamond to abrasion depended on the direction 
of the rubbing action. He suggested also that, as it 
was impossible to simulate, in an abrasion or wear 
test, the actual conditions in practice—for instance, 
inside the cylinder of an internal-combustion engine 
—marks might be made on the surface of the com- 
ponents to be tested, and their rate of disappearance 
might be observed. Such marks might be made, 
even in the hardest materials, by an abrading process 
like that used in a micro-abrasion tester. 

Professor Blok, in reply to the discussion, com- 
mented first on Dr. Houwink’s reference to asphalt 
roads; these, he observed, contained a high pro- 
portion of broken stones, the bitumen serving as a 
binder. It was the stone surface, and not the 
bitumen surface, that carried the traffic. For the 
of his paper, the word ‘‘ wear” required 
rather strict definition; he did not agree with its 
use, for example, in connection with the phenomena 
of the fibrilisation and fracture of fibres—these 
‘ bulk-strength ” phenomena related to the fibre 
as a structural entity, and not specifically to its 
surface. It might have been wise to substitute 
another term for the word ‘“‘ wear” in his paper ; 
preferably, some term derived from Latin or Greek, 
and internationally acceptable. The word 
“abrasion ” would not serve, because it connoted 
only the types of wear in which the surface material 
was removed ; but “‘ mechanical migratory surface- 
deterioration” (which conformed entirely to his 
own definition of wear) was too long-winded, 
especially when it was used in conjunction with 
such additional adjectives as ‘‘single-sided” or 
‘“‘ double-sided,” ‘“‘ abrasive” or ‘‘ adhesive,” etc. 
It seemed wise not to introduce such a contradiction 
in terms as “‘ useful wear,”’ even when wear was the 
price more or less gladly paid for achieving some 
desirable effect. The running-in of two mating 
surfaces would seem to present a border-line case. 
It would add to the current confusion if the finishing 
of gauges by means of abrasives were to be described 
as wear—i.e., as “‘ abrasive wear” ; an appropriate 
term for that process would be “‘ abrasive finishing,” 
which would stress its intentional and, therefore, 
desirable finishing. Otherwise, the way would be 
open for including, under the notion of wear, all 
other finishing and machining operations, such as 
cutting in a lathe. He would welcome any sug- 
gestions on wear terminology that others might care 
to submit, and asked that they should be addressed 
to the secretary of the International Conference oD 
Abrasion ani Wear, Post-box 66, Delft, Holland. 

The foregoing paper concluded the proceedings on 
the morning of November 14. At the afternoon 
session, the first paper presented was that of 
Professor Ir. J. J. Broeze, the Director of Research 
of the Royal Dutch-Shell Laboratories at Delft, 
who dealt with “‘ The Chemical Causes of Wear.’ 
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CHEMICAL CAUSES OF WEAR. 

In comparison with earlier theories of mechanical 
wear, Professor Broeze observed, the understanding 
of chemical action as a factor in the wear of machine 
parts was a recent study; most practical cases 
which drew attention to it had arisen within the 
past 20 years or less, in connection with engine 
and automobile practice, where the general question 
of wear first ripened into a technical problem of 
considerable magnitude. The influence of the 
atmosphere was shown in dry-rubbing experiments 
by the dependence of the wear rate on the oxygen 
content and on the presence of other gas constitu- 
ents. Atmospheric oxygen played a most important 
part in certain cases of wear, where there was only 
a small relative motion of the parts; initially, 
attention was drawn to the deterioration of roller 
bearings under stationary but vibratory conditions. 
A second class of cases comprised those in which 
the presence of corrosive substances as components 
of the lubricant led to attack of the rubbing parts, 
with subse quent removal of the corrosion product by 
shearing forces ; for example, the corrosion of certain 
bearing metals by lubricating oils which had been 
made corrosive by excessive oxidation due to a 
combination of causes in the development of auto- 
mobile and aviation engines, eventually counter- 
acted by inhibiting oxidation of the lubricant. 
An entirely different case was that resulting from 
the adventitious presence of corrosive matter 
(acids or salt water) in the oil, which had led to 
serious corrosion in marine engines. A third case 
was the acceptance, under special conditions, of 
corrosion with attendant wear in gear lubrication, 
resulting from the use of additives intended to 
combat the scoring of gear teeth under high loads 
and high rubbing speeds. This practice developed 
in the early "thirties, in the endeavour to overcome 
serious trouble in automobile rear axles, caused 
by new designs of gears. Lastly, a certain combina- 
tion of causes—gas constituents, probably acting 
through condensation in the oil film—entered into 
another class of phenomena, namely, the wear of the 
cylinders and piston rings of internal-combustion 
engines. In this case, knowledge of the chemical 
side of the problem had helped greatly in bringing 
about improvements by design, better metallurgy, 
and understanding of oil technology. Instancing 
the work of Siebel, Professor Broeze drew attention 
to the beneficial action of oxide films, and the 
absence of wear in an atmosphere of COQ,. 

The discussion on Professor Broeze’s paper was 
opened by Dr. F. P. Bowden, who considered that 
the author had given a scientific account of the 
problem which was a model. With regard to the 
effect of oxygen and CO, in reducing the rate of 
wear, he remarked that, if there were no oxygen 
present, and the surfaces were bare, the rate of 
wear would be “‘ prodigious.” The efficacy of oxide 
films, however, was determined largely by the 
support given to them by the underlying material ; 
a point which Dr. Bowden illustrated on the black- 
board by a graph comparing the behaviour under 
load of aluminium, a soft metal producing a hard 
oxide, and copper, a soft metal with a soft oxide. 
Dr. G. Salomon, who followed, disagreed with 
Professor Broeze’s reference to sulphur dioxide as 
harmless ; in some cases, he said, it might be highly 
corrosive. Dr. F. T. Barwell, the next speaker, 
said that, in fretting corrosion, the primary damage 
was insignificant in an engineering sense, but it 
produced debris which became oxidised, and it was 
this that did the serious damage. By restricting 
the supply of cxygen, the damage could be greatly 
reduced. He added, with :eference to previous 
remarks on nomenclature, that he thought “‘fretting” 
was a good descriptive word to apply to that kind of 
corrosion. Dr. M. Brunner, commenting on the 
author’s reference to lubricants, observed that used 
gear lubricants were often found to be corrosive. 
Mr. J. A. W. van Laar, the only other speaker, 
described some recent research on the chemistry of 
corrosion. 

Professor Broeze, in reply to the discussion, said 
that Siebel had noted that the coefficient of friction 
of carbon dioxide was very low ; in problems such 
a8 those, most inquirers looked to Dr. Bowden to 
provide the clues. The effect of moisture in the 
cylinder of an internal-combustion engine was a 
very involved matter, but sulphur dioxide was not 





usually harmful in an engine; it only became 
harmful when condensation occurred. In reply to 
a query by Dr. Barwell: extreme-pressure lubri- 
cants did produce a stable film, ie., they were 
viscous lubricants. On the point raised by Dr. 
Brunner, Professor Broeze said that it was possible 
to devise lubricating compounds that were inactive 
at high temperatures and not too active at low 
temperatures. 

At this point the conference adjourned for a brief 
interval, and on the resumption of the proceedings. 
Dr. de Decker called on Dr. G. Salomon, whom he 
introduced as an expert on high polymers, to present 
his paper on “‘ Morphological Aspects of Abrasion 
and Wear.” 


THE MorPHOLOGY OF ABRASION AND WEAR. 


The main theme of Dr. Salomon’s paper was the 
significance of careful microscopic observations in 
the analysis of damage caused by abrasion and 
wear ; as topics for discussion, he selected the wear 
of textiles and the surface cracking of polymers. 
Wear of textiles, he explained, was primarily a matter 
of dynamic fatigue, abrasion being only a minor 
source of damage. The useful life of textiles was 
limited by two fatigue phenomena, namely, the 
growth of cracks across the fibre, leading to a 
succession of brittle fractures and thus to a gradual 
reduction of the useful fibre-length; and longitu- 
dinal fibrillation. Surface cracking of fibres was 
one of the vital factors that determined resistance 
to wear; and from that common point, therefore, 
Dr. Salomon turned to a consideration of analogous 
phenomena in polymer films, taking the ozone- 
cracking of polymers containing olefinic bonds as 
an example of crack initiation due to chemical causes. 
New data were available, he stated, concerning the 
ozone-sensitivity of plastics containing such bonds, 
and it had been established that the dependence of 
ozone cracking on strain varied with the mechanical 
properties of the polymer film. The evidence 
obtained with chemically-initiated stress-cracking 
supported the assumption that the rate of crack 
growth decreased with an increasing rate of stress 
relaxation. In physically,;initiated stress cracking 
of rubbers and plastics, the crack growth resembled 
that observed in ozone cracking. The cause of 
crack initiation was frequently obscure, but cracks 
could be initiated by a controlled chemical reaction 
of ozone with certain polymers. Ozone reacted 
with the double bonds of unsaturated polymers, 
surface cracking of stressed films of those polymers 
being induced by the first minute traces of ozone. 
A factor of note was the surprisingly large influence 
of prestressing on the rate of ozone-initiated crack 
growth. The conventional method of improving 
resistance to ozone was the addition of certain plasti- 
cisers. The result was a high rate of stress relaxa- 
tion, so that cracks developed at strains much above 
those of the preponderantly elastic rubbers. Neo- 
prene showed the smallest rate of crack growth. 
It was mechanically similar to the rubbers, but 
contained double bonds which were about 10,000 
times less reactive. The rate of chemical attack 
was so much reduced in Neoprene that again stress 
relaxation, which occurred eventually in all 
elastomers, retarded the growth of cracks. Summing 
up, Dr. Salomon said that the cause of brittle 
cracking was the same in plastics and in metals—it 
was due to the distribution of stresses; but the 
mechanism of relaxation was different, for which 
reason there was an evident analogy between the 
stress cracking of polyethylene, and the stress 
cracking and stress corrosion of metals. 

Professor A. van Rossem opened the discussion. 
Ozone cracking, he said, was purely chemical ; 
was the result of dynamic fatigue testing also chemi- 
cal? It was his own belief that all the phenomena 
of cracks—those that had been termed “‘ mechanical 
deterioration” and ‘physical deterioration ”— 
were fundamentally chemical; he asked Dr. Salo- 
mon’s opinion of the suggestion. Dr. G. J. van 
Amerongen asked to what extent ozone would 
influence the results of laboratory flex-cracking 
tests; and whether ozone could affect the flex- 
cracking not only of olefinic but also of saturated 
materials. Mr. J. M. Buist, who spoke next, 
inquired how it was that even a small degree of 
strain could affect ozone cracking if ozone cracking 
was purely a chemical process. Unstrained rubber 





did not crack, but as soon as it was strained—even 
to so small an extent as 15 per cent.—cracking 
proceeded rapidly. If the chemical reaction involved 
was one of radical interchange, an explanation 
might be possible, but he thought that considerably 
more evidence was required. He asked if Dr. 
Salomon would amplify his remarks on that point. 

Dr. R. Houwink observed that Dr. Salomon’s 
illustrations showed cross-wise cracks in all the 
cellulose types of fibres (e.g. cotton and rayon) and 
lengthwise cracks (fibrillation) in wool; and he 
asked whether the two types of destruction were 
characteristic of those respective chemical groups. 
Did natural silk also show fibrillation? With 
reference to the transverse cracks in the cellulose 
type of fibre, attention might be drawn to earlier 
theory on the cause of the breaking of such fibres, 
namely, the assumption of minute sub-microscopical 
transverse cracks in the micelle of the cellulose. 
Dr. K. W. Hillier said that both fibrillation and 
transverse cracking had been observed in the micro- 
scopic examination of fractured filaments of synthetic 
high-polymer fibres. The conditions of formation 
appeared to be similar and he inquired whether any 
explanation was available. Professor H. Blok, 
referring to a remark by Professor van Rossem 
about the increased chemical reactivity of a cracked 
surface compared with an undisturbed surface, 
observed that, with metals, it had been found that 
mechanical disturbance of a surface might well 
cause increased reactivity; that was indicated by 
the work of M. C. Shaw (Jl. App. Mech., vol. 15, 
pages 37-44, 1948) on what he called the ‘ mech- 
anical activation of Grignard reactions.” Shaw 
had been able to show how to accelerate and (more 
important in practice) how to contro] such reactions. 
Dr. S. M. Hagman described a simple form of appa- 
ratus for making fatigue tests of fabrics. The 
fabiic was squeezed between rods, and a comparison 
made of the strength of the squeezed fabric and the 
original material. Differences between fabrics due 
to the use of different fibres, as well as the influence 
of the method of weaving, could be detected in that 
way. 

Dr. Salomon, replying briefly to the discussion, 
said that the ozone reaction, about which Professor 
van Rossem inquired, was not strain-sensitive. 
Answering Dr. van Amerongen’s question: ozone 
could influence the chemical cracking of saturated 
materials. A direct-current motor placed close 
to a wall gave off concentrated ozone and this 
would accelerate ozone cracking. Replying to Mr. 
Buist, Dr. Salomon pointed out that rubber covered 
with glycerine or water did not crack. He was not 
prepared to explain how strain affected a chemical 
process, but he repeated that it did do so. Dr. 
Houwink had asked if natura silk had a fracture 
like that of wool; it had not—in fact, nothing else 
fractured like wool. Cotton certainly developed 
micro-cracks, and it changed its properties com- 
pletely with variation of moisture content. The 
peculiarity observed by Dr. Hillier in the fracture 
of synthetic high-polymer filaments was not, he 
thought, likely to affect future work. Crack 
initiation in organic glasses could be due to purely 
physical causes, or traces of solvent. In rubber, it 
might be due to a hard surface film, which fractured 
when kept under stress ; crack propagation, on the 
other hand, depended not only on the rate of 
chemical attack, but also on the rate of tearing of the 
strained rubber due to stress concentrations at the 
ends of cracks. 

This concluded the proceedings on November 14, 

(To be continued.) 





FILM OF THE “ ARGONARC”’ WELDING PROCESS,— 
The British Oxygen Company, Limited, have prepared 


-@ film on the Argonarc welding process, the premiere of 


which was given at the Hammer Theatre, Wardour- 
street, London, W.1, on Tuesday, December 4, The 
film is in two reels, the first of which illustrates the 
equipment and application of the process in the industrial 
field. The second reel, in the production of which the 
Aluminium Development Association has co-operated, 
deals with the welding of aluminium and its alloys. 
The films are on 16-mm. Kodachrome an the running 
time for the two reels is 53 minutes; both, however, 
are self-contained and can be shown independently. 
Further particulars of the film can be obtained from the 
company’s photographic department, North Circular- 
road, Cricklewood, N.W.2. 
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SOME FUEL AND POWER 
PROJECTS.* 
By H. Roxsrg Cox, Ph.D., B.Sc. (Eng.) 


In the prosecution of a major plan, not only is there 
a demand from many who know it exists to learn how 
it is going on; there is the need for those in charge to 
sum it up and decide for themselves where, in fact, 
they have got to. The work in progress which I intend 
to describe is the research and development work of 
the Ministry of Fuel and Power. It is the first descrip- 
tion of this work with any pretension to completeness. 

At the beginning of the Ministry of Fuel and Power 
Act of 1945, the Minister is ‘‘ charged with the general 
duty of securing the effective and co-ordinated develop- 
ment of coal, petroleum, and other minerals and 
sources of fuel and power in Great Britain, of main- 
taining and improving the safety, health, and welfare 








of persons employed in, or about, mines and quarries | P° 


therein, and of promoting economy and efficiency in 
the supply, distribution, use, and consumption of fuel 
and power, whether produced in Great Britain or not.” 
The national organisations for the control of the coal 


* The 38th Thomas Hawksley Lecture, delivered to 
the Institution of Mechanical Engineers on Friday, 
November 16, 1951. Abridged. 
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mining, electricity supply, and gas industries are 
primarily concerned with fuel and power supply. 
The nationalised fuel and power industries can be 
regarded as sharing with the Minister his duties con- 
cerned with the supply of fuel and power, but not, in 
general, his responsibility for promoting the best use of 
fuel and power. That responsibility lies with the Govern- 
ment. This broad differentiation between supply and 
utilisation responsibilities applies in the field of research 
and development, with which this lecture is particularly 
concerned. For the discharge of his research and 
development responsibilities in matters of supply, the 
Minister depends largely upon the National Coal 
Board, the British Electricity Authority, and the Gas 
Council. Petroleum not being a nationalised industry, 
the Minister’s position vis-d-vis the oil companies is, 
of course, less formal. The research and development 
required for petroleum production are well performed 
by the companies themselves. The Minister’s repre- 
sentatives are in touch with the research and develop- 
ment organisations of the oil industry, and this appears 
to be quite satisfactory. Whereas in the cases of 
research in the coal, gas, and electricity supply fields, 
most of the Minister’s responsibilities are discharged 
through the machinery of the nationalised industries, 
and in the case of research in petroleum supply by 
informal connections with the private enterprises 
concerned, he discharges his responsibilities for research 
in fuel and power use directly. We have, then, a 
rough division of research responsibilities into the 
supply field, wherein duties are shared between Govern- 
ment and industry; and the utilisation field, which 
falls primarily to the Minister. 

Of particular interest, in view of the sharing of 
duties between the Minister and the industries in the 
field of supply, is the case of research directed towards 
the increased safety, health, and welfare of coal miners. 
The National Coal Board has to secure the safety, 
health, and welfare of persons in their employ and to 
do this must engage in research and development 
investigations. The Minister has to secure the prosecu- 
tion of research for the advancement of safety and 
promotion of health of miners. His chief instruments 
are the Mines Inspectorate and the Safety in Mines 
Research Establishment. To enable the Minister to 
discharge the variety of scientific and technical duties 
consequent upon his responsibilities for research and 
development, a scientific organisation has been created 
in the Ministry of Fuel and Power. There is, on the one 
hand, the Scientific Division under the Chief Scientist, 
and, on the other, advisory bodies, reporting to the 
Minister, which work in association with the Scientific 
Division. 

The Scientific Division has at present four main 
parts. There is the Scientific Branch, the Fuel Effici- 
ency Branch, the Safety in Mines Research Establish- 
ment, and an Administrative Branch. The Scientific 
Branch is concerned with the achievement of fresh 
knowledge for the better use of fuel and power. The 
Fuel Efficiency Branch exists for the application of 
current knowledge to the improvement of fuel and 
wer utilisation. The Safety in Mines Research 
Establishment is directly concerned with the scientific 
problems oe from the Minister’s responsibility for 
maintaining and improving safety and health. 

To these three branches of the Scientific Division 
correspond three advisory bodies set up by the Minister. 
The Chief Scientist is a member and the executive 
officer of all three. The Scientific Advisory Council 
advises the Minister on the researches conducted on 








his behalf by the Chief Scientist, and is also the 
Minister’s instrament for examining the programmes 
of research of the nationalised industries. The Council 
reviews these programmes as part of its general duty 
of co-ordination of research in the fuel and power field, 
and, when it considers them, it examines as well the 
programmes of the Ministry, of the Fuel Research 
Board, and of the Research Associations concerned 
with fuel and power research. The Council seeks to 
discover whether there are any gaps in the programmes 
which should be filled, or any unnecessary duplications 
of effort, and it advises the Minister accordingly. 

The Fuel Efficiency Advisory Committee advises 
the Minister on the current problems of fuel and power 
utilisation and the work of the Fuel Efficiency Branch. 
The Safety in Mines Research Advisory Board performs 
corresponding functions in the field of safety in mines. 
The governmental organisation for Safety in Mines 
has a long history, and the present laboratories at 
Buxton and Sheffield date back to 1928. The Fuel 
Efficiency Branch was created in 1941, the Scientific 
Branch in 1948. The work of the older sections is 
well known, but, in the case of the Scientific Branch, 
while certain facets of its work have been described, 
its position, purpose, and programme have not 
previously been reviewed. 

If the work done to promote greater safety and 
health is left out of account, the research and develop- 
ment in the fuel and power industries is mainly devoted 
to the more efficient and more economical production 
and supply of fuel and power, and the research and 
development in the Ministry is, as has been made clear, 
mainly concerned with their more efficient use, or is 
concerned with investigations of such character that 
the first steps are most appropriately taken by the 
Government. There is a simple test which we apply 
to any proposal for scientific or technical work: we 
ask “Is this a potentially economic proposition and 


will it, if successful, provide economy in the use of 


fuel? ’’ If the answer is wholly affirmative, and the 
estimated benefits commensurate with the estimated 
cost of experiment, we seek to put the proposal to 
the test. 

This test we apply to the work of the Fuel Efficiency 
Branch and the Scientific Branch. In the former, it 
has resulted in the development of a nation-wide fuel 
efficiency service, staffed by 150 engineers of all grades 
having at their disposal a small fleet of lorries and 
cars (“mobile test units”) carrying instruments 
permitting the analysis of the heat creation and dis- 
position in an industrial plant. This branch has been 
able to indicate how large savings of fuel can be made 
in industry. All the time production is increasing 
and, as fuel and power production is not keeping step, 
industry must of necessity produce more per unit of 
energy consumed. 

Meanwhile, there is being conducted by the Scientific 
Branch a longer-term attack on the fuel efficiency 
problem—the development of means of using more 
economically the energy available to us. It is this 
longer-term work which is particularly the subject 
of this lecture. It includes not only the development 
of ways of using familiar fuels more effectively, but 
the investigation of hitherto neglected but possibly 
economic sources of power. In this work we have 
concentrated so far on Britain’s indigenous sources of 
energy. These sources include, of course, water and 
wind, but the phrase brings first to mind the indigenous 
mineral sources of fuel and power, which means just 
coal and peat. Our investigations on the use o° the 
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Fig. 5. CYCLE DIAGRAM. 
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energy in coal can be put into three groups—the use 
as an engine fuel of coal in the solid form, the use of the 
gases normally available from coal, and the develop- 
ment of fresh means of gasifying coal. 
_ The conventional external-combustion engines burn- 
ing coal, while capable, particularly in the case of the 
steam turbine, of further improvement, have reached 
a stage of development where major advances in 
overall economy are no longer probable. Big changes 
are more likely to come from other brands of heat 
engine, and the development of the gas turbine in 
Great Britain for aircraft, and in Switzerland for 
industrial purposes, pointed at the end of the 1939-45 
war to the need for examining the possibilities of the 
industrial gas turbine against the British background, 
and hence to the study of the industrial gas turbine 
with coal as the fuel. 
_ The majority of gas-turbine plants make small, and 
mM some cases no, demands for cooling water. There 
18, lM consequence, little restriction on their siting. 
Secondly, the absence of steam boilers and hence of 
buildings for them—components which account for 
almost two-thirds of the cost of conventional steam- 
turbine power stations—is a powerful attraction fram 
the capital cost point of view. This advantage must, 
of course, be offset to some extent by the air heaters 
and heat exchangers of gas-turbine plants and by the 
cost of certain gas-turbine components, but it is cer- 
tainly not thereby counteracted. Thirdly, gas-turbine 
efficiencies—which, of course, vary greatly with the 
ign—are similar to steam-turbine efficiencies, so, 
taking account of the very different states of develop- 





Fie. 4. Parsons Coat-Burnine Gas TURBINE. 
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ment of the two species, on the thermal efficiency basis 
alone the gas turbine has great promise. The com- 
bination of gas and steam turbine is in some circum- 
stances more promising still. 

This is the general case for the gas turbine. In my 
view, a more detailed case can be made only by careful 
economic comparisons with other kinds of machine 
for particular sets of conditions, and by the collection 
of data through design, construction, installation, and 
test. The promise of the industrial gas turbine has 
too long been just promise, and the necessity for solid 
and extended test to discover if the promise can be 
kept is overdue. It is the policy of the Ministry of 
Fuel and Power to provide the means for long running, 
under practical conditions, of gas turbines which, 
though experimental, are designed for industrial duty 
and are of sizes sufficient to provide reliable design and 
cost data. The decision to work on gas turbines to 
use indigenous fuels filled the serious gap which was 
still apparent in the national research and development 








4/ 


programme when the work on liquid-fuel gas turbines 
was well under way. There is, of course, provision 
under the Government for liquid-fuel gas-turbine 
research and development for marine purposes, and 
important work has long been in hand at the Parsons 
and Marine Engineering Turbine Research and 
Development Association (Pametrada) and at the 
National Gas Turbine Establishment. This work is 
applicable to liquid-fuel gas turbines for industrial as 
well as marine purposes, and is of the greatest interest 
in connection with the large gas-turbine plants which 
have been ordered by the North of Scotland Hydro- 
Electric Board, the British Electricity Authority, and 
the Ministry of Supply. 

The obvious step has been taken of organising 
collaboration between these parties, so that problems 
of common interest are discussed between them, and 
the application of the work of one in the field of another 
is always possible with the minimum of difficulty. 
At the formal level, this collaboration is exemplified 
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in the Industrial Gas Turbine Development Committee. 
In addition, the people at work on the various gas- 
turbine projects are in frequent contact. In particular, 
the Ministry of Fuel and Power’s contractors have 
quarterly meetings with the Ministry’s engineers and 
representatives of research organisations in the Gas 
Turbine Collaboration Group, which is proving to be a 
most valuable means of concentrating attack on the 
many problems of common interest. 

The coal-consuming gas-turbine projects of the 
Ministry conform to an obvious but desirable pattern. 
There is possible a great variety of gas-turbine cycles 
and it is not feasible to try them all; but it is possible 
to try examples which exhibit the major variables, 
and we have envisaged our coal-burning turbine plan 
as standing on four “ legs.” 

The major variables we have chosen are indicated 
diagrammatically in Fig. 1 on page 726. The four 
“legs ” are crossed by the dotted line, defining our coal- 
burning gas-turbine projects as: the open-cycle single- 
stage internal-combustion gas turbine ; the open-cycle 
two-stage internal-combustion gas turbine ; the open- 
cycle single-stage external-combustion gas turbine ; 
and the closed-cycle single-stage external-combustion 
gas turbine. 

Towards the achievement of the open-cycle internal- 
combustion coal-burning gas turbine, work has pro- 
ceeded along three lines which might be described as 
large-scale laboratory combustion experiment, the 
running of an adapted experimental engine, and the 
design and construction of an engine for development 
purposes, The laboratory work has been done under 
the auspices of the Department of Scientific and Indus- 
trial Research at the Fuel Research Station, Greenwich, 
and at the British Coal Utilisation Research Association, 
Leatherhead. At the former place, Mr. T. F. Hurley 
has tested two kinds of “‘ dry’ combustion chamber. 
One is a tubular “ straight-through ” chamber employ- 
ing his multi-grid burner and the other is a vortex 
chamber. These experimental chambers successfully 
burn pulverised coal at 500 lb. per hour. In both of 
them the air flow is arranged so that combustion of the 
particles takes place while they are in suspension. 
When chambers of these kinds are used with gas 
turbines, the ash is separated from the products of 
combustion in a dry state. 

At Leatherhead, Mr. W. V. Battcock has worked on a 
‘* wet’? combustion chamber—that is to say, one in 
which the flow is arranged so that combustion largely 
takes place on the walls of the chamber, where the 
ash remains behind in a molten state and is withdrawn 
in a“ wet’ condition. This is the so-called “* cyclone ” 
chamber, also referred to as a slagging chamber. 

The running of an adapted experimental engine 
to which I have referred has, in fact, been a far more 
complex operation than these words indicate. The 
engine in question is the 500-h.p. open-cycle gas turbine 
belonging to C. A. Parsons and Company, Limited. 
The coal-burning work in connection with it has been 
done by that company under direct contract to the 
Ministry. It was first necessary to develop a combus- 
tion chamber, and a version (Fig. 2) of the straight- 
through tubular type already described was chosen. 
‘It was also essential to have adequate means of cleaning 
the products of combustion before they passed through 
the turbine, and a satisfactory means of pumping 
the fuel into the combustion chamber. The difficulties 
to be overcome before these essential components could 
be integrated into a satisfactory whole with the engine 
were of the character common to all development work 
and call for no special comment. The satisfactory 
stage has been reached at which the engine, which 
first ran on coal, without the cleaners, on February 14, 
1951, is running successfully on fuel of which 80 per 
cent. passes through a 200 B.S. mesh sieve. The 
arrangement of the cycle is shown diagrammatically 
in Fig. 3, and the whole plant is shown in Fig. 4. 
The coal are 9 and feeding arrangements are promi- 
nent on the left of Fig. 4, and the vertical feature on 
the right is the combustion chamber, standing on the 
“* Sirocco *’ dust collector. 

The design and construction of a gas-turbine plant 

lanned from the outset as a coal-burning engine has 
mn in the handsof thé English Electric Company, 
Limited. This plant 1s of 2,000 kW capacity. The 
rotating parts are of normal design. The cycle diagram 
is in Fig. 5 and the corresponding parts will be identified 
in Figs. 6 and 7. 

A compact plate-type heat exchanger, made to the 
English Electric Company’s design by Joseph Sankey 
and Sons, Limited, of Bilston, has been embodied. The 
thermal ratio is 65 per cent. The way the plates are 
—— in this heat exchanger, which measures 
roughly 6 ft. by 5-5 ft. by 4-5 ft., is shown in Fig. 9. 
Both the combustion chamber and the heat exchanger 
are prominent features in Figs. 5,6and7. The leading 
particulars of the plant are shown in Fig. 5. After 
extended running on the test bed, due to begin in 


1952, it is intended to use this engine as a piece of 
industrial equipment. 


LABOUR NOTES 


EaRNEst pleas for improved efficiency in the railway 
service are contained in the December issue of the 
Transport Salaried Staff Jovrnel, the official magazine 
of the Transport Salaried Staffs’ Association. Alder- 
man Percy Morris, M.P., the President of the Associa- 
tion, states that the recent findings of the Railway 
Staff National Tribunal have added another fourteen 
to fifteen million pounds to the salaries and wages bill 
of the Railway Executive, “making approximately 
35,000,000. more this year.’ While the progress 
already made is to be welcomed, there are a number of 
objectives still to be realised and the work of the 
Association is not finished. At the same time, Mr. 
Morris contends there are duties to be performed as 
well as rights to be claimed. The improvements in 
salaries and wages were overdue and the Association 
makes no apology for pressing its claims. It is obvious 
that the money required for meeting the claims is not 
to be found in the industry at the present time and 
some of it will be obtained by increasing freight charges, 
provided that the Minister of Transport agrees, 





Mr. Morris considers that the chairman and members 
of the Railway Executive have disappointed the 
Association in several small but important matters. 
It cannot be denied, however, Mr. Morris continues, 
that, on major issues, Mr. John Elliot and Mr. W. P. 
Allen have conducted negotiations on behalf of the 
Railway Executive with exemplary patience and good- 
will. It is easy to believe that they do not resent the 
Tribunal’s findings in favour of the Association. The 
executive committee of the Association were informed 
recently that an increase in railway effort of only 
2 per cent. would make a tremendous difference, and, 
Mr. Morris informs his readers, the Railway Executive 
seeks their help in trying to secure this. He considers 
that the Executive is entitled to the assistance of all 
members of the Association and he asks them indi- 
vidually to make a ready response to the appeal. 





Members of the Railway Executive will not benefit 
personally from improvements in railway efficiency, 
but any steps in this direction should prove to be to 
the mutual advantage of both the Executive and the 
Transport Salaried Staffs’ Association. They would, 
in fact, give “‘a much-needed fillip to the transport 
industry.” Mr. Morris emphasises that this is not a 
political issue but one of supreme importance and 
common sense. He concludes: ‘‘ We demand the 
best, so let us give of our best. It will strengthen our 
claim. Keep an eye on future legislation and resolve 
to do everything possible not only to save our industry 
but to enhance its prospects. Service marked by 
personal integrity and efficient workmanship will lift 
us out of the Slough of Despond and make life more 
worth while.” 





Changes in the full-time rates of wages, which came 
into operation in the United Kingdom during October 
benefited more than 1,707,000 workpecple, and the 
total cost of these increases is estimated by the Ministry 
of Labour Gazette for November to amount tc approxi- 
mately 526,000]. a week net. Apart from agricultural 
employees in England and Wales, the increases 
principally affected persons engaged in the iron and 
steel industry and the furniture-manufacturing trades. 
Other persons receiving advances in their wages 
included workpeople employed by company-owned 
motor-omnibus undertakings in Great Britain and by 
the London Transport Executive, manual employees in 
the non-trading services of local authorities in Scotland, 
and operatives engaged in tobacco, leather, and glass- 
container manufacture. 





Of the total increase in wages of 526,000/. during 
October, about 262,000]. was the result of Orders made 
under the Agricultural Wages Act or the Wages 
Councils Acts; approximately 123,000/. resulted 
from arrangements made by Joint Industrial Councils 
or by other joint standing bodies established by 
voluntary agreement ; and some 52,000]. was brought 
about by arbitration awards. Direct negotiations 
between employers and workpeople cr their representa- 
tives were a for increases amounting to a 
further 49,000/., and the remaining 40,0001. resulted 
from the operation of sliding-scale arrangements 
based on the interim index of retail prices. 





During the first ten months of the current year, some 
10,126,000 workpeople received increases in their net 
wages, which were estimated by the Ministry of Labour 
to amount to some 4,537,4001. a week. In the transport 
and communications industries, 1,339,500 persons 
received increases amounting to 680,400/. ; in the build- 
ing and contracting industries, 1,107,000 persons 


tributive trades, 1,263,500 persons obtained advances 
aggregating a further 477,600/. Other industries to 
benefit substantially during the ten months from 
January to October last included the textile trades, 
in which 737,000 employees obtained rises amounting 
to over 419,0001.; mining and quarrying, in which 
423,000 workpeople benefited to the extent of over 
166,0001.; vehicle manufacturing, in which 306,000 
operatives secured advances totalling more than 
133,000/.; and paper and printing, in which 273,500 
persons received increases amounting to nearly 205,000). 
Some 895,000 people engaged in the agriculture, forestry 
and fishing industries obtained advances which 
amounted, in the aggregate, to 312,7001. Increases 
in the engineering, shipbuilding and electrical-goods 
industries totalled 84,8001. and were shared by some 
190,000 persons. During the first ten months of 
1950, there were net increases amounting to 681,000. 





Industrial disputes in progress in the United Kingdom 
during October last were definitely more numerous 
than those which occurred during the preceding month. 
There were, in all, 207 stoppages in progress during 
October and, in them, 29,100 workpeople were involved 
and 111,000 working days were lost ; compared with 
177 disputes in September, in which 35,100 persons 
took part and lost 110,000 days’ employment. The 
corresponding figures for October, 1950, were 124 
strikes, with 40,400 people engaged in them, at a cost 
of 246,000 working days lost. Of the 207 strikes in 
progress during October last, no fewer than 115 
occurred in the coal-mining industry and, in these, 
12,900 miners took part and lost 27,000 days’ work. 
In the shipbuilding and ship-repairing industry, 22 
disputes were in progress during the same month, 
4,800 operatives being involved and over 30,000 
working days being lost. Eleven stoppages arose in 
the engineering industry, in which 1,900 workpeople 
took part and 18,000 working days were lost. 





Figures for industrial disputes commenced during 
the first ten months of the present year show that 
the position has deteriorated somewhat, compared 
with that obtaining during 1950. A total of 1,511 
stoppages were begun during the period between 
January and October last, in which some 335,400 
workpeople were involved and more than 1,557,000 
working days were lost. During the corresponding 
period of 1950, there were 1,165 strikes and, in them, 
281,300 persons took part and lost 1,291,000 days. 
In the first ten months of this year, there was only 
one strike in the agricultural, forestry and fishing 
industries combined, in which 200 employees took part 
and which caused the loss of 1,000 working days. It 
may be mentioned, in contrast, that no fewer than 910 
strikes during this period occurred in the coal-mining 
industry, an average of three out of every five. Some 
115,000 miners were concerned: in these stoppages 
and 311,000 days’ production was lost. 





The Minister of Labour, Sir Walter Monckton, 
announced in the House of Commons on November 30 
that the dispute concerning lightermen employed 
at the Port of London had been reported to him by 
the employers’ side under the terms of the Industrial 
Disputes Order and that he had decided to refer the 
matter to the Industrial Disputes Tribunal for an award. 
Following the ban on all overtime at the port, which 
was imposed by the Watermen, Lightermen, Tugmen 
and Bargemen’s Union on November 26, Sir Walter 
stated, he had had discussions with the two sides of 
the industry and had come to the conclusion that it 
would be to the advantage of both the employers and 
the trade unions if an authoritative decision were 
given on the points at issue between them on the pay 
claim. The disadvantage of this was that it did not 
provide an opportunity for discussing ures for 
improving the efficiency and productivity of the 
industry, as contemplated by the Ministry of Labour 
committee of investigation. 








The existing acute stage in the dispute has arisen 
owing to differences of opinion regarding the working 
of overtime. The lightermen’s union claims that this 
is entirely a voluntary matter, whereas the employers 
contend that it has always been the practice for lighter- 
men to work overtime when required. Port tribunals 
recently dismissed the appeals of some lightermen 
against their suspension for three days for declining 
to work overtime at the union’s behest, in connection 
with an earlier stage of the dispute. Support for the 
lightermen’s union was given at a meeting of the 
National Amalgamated Stevedores and Dockers on 
December 2, when about one thousand delegates, 
representing some 7,000 members of that union, decided 
by a large majority to ban all overtime at the port 
until an authoritative decision is reached regarding the 
suspension of lightermen and tugmen refusing to work 








(To be continued.) 


received increases totalling 571,300/.; and, in the dis- 





overtime on the orders of their union. 
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Fie. 3. Dayniantr Exposure with PINHOLE 
CAMERA, 


PHOTOGRAPHY AT SEA OF 
PROPELLER CAVITATION.* 


By J. W. Fisuer, B.Sc., Ph.D. 


Is this paper, a brief account is given of what is 
believed to be the first successful attempt at direct- 
observation and short-duration flash photography 
of the cavitation on the blades of a ship’s propeller at 
sea. Hitherto, the state of cavitation of ships’ propel- 
lers could be inferred only from cavitation-tunnel 
tests of scale-model propellers. Tunnel conditions, 
however, do not exactly simulate the full-scale condi- 
tions at sea. The principal reasons are that the tunnel 
usually operates with well de-aerated fresh water, 
while seawater is approximately air-saturated; the 
flow into a model screw is free of the turbulence and 
wake velocity variations to which the ship screw 
Is subjected, together with further disturbance due to 
pitch and roll; the Reynolds number is, as a rule, 
much less (4, to jy) for the model than for the ship 
Screw; and the model, unlike the real propeller, has a 





‘ es Paper presented at a meeting of the North-East 
nae Institution of Engineers and Shipbuilders, held in 
Newcastle-on-Tyne on October 26, 1951. Abridged. 
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Fic. 4. Fuassuicut Exposurr witH PINHOLE 
CAMERA. 


high degree of surface finish and is free of the wear-and- 
tear imperfections of the average ship propeller. 

Some allowances and corrections can be made in 
interpreting the model data more realistically; in 
particular, any loss in thrust or efficiency of the model 
attributable to cavitation can be compared with corre- 
sponding losses determined during ship trials, thus 
establishing an indirect check on the correlation of 
model and full-scale propulsive effects. Indeed, for a 
long time the term “cavitation,” as understood by 
marine engineers, appeared to be almost synonymous 
with a degree of blade cavitation sufficient to cause 
loss of thrust and efficiency, or to result in harmful 
erosion effects. 

In this connection, therefore, it is clearly desirable 
to discover by direct observation the reliability or 
otherwise of model predictions, including those con- 
cerning the onset and development of cavitation in its 
incipient and early stages. The only way to do this 
is to provide the hull with transparent viewing ports 
which will permit stroboscopic observation and short- 
duration flash photography of the propellers while the 
ship is operating normally at sea. This was done in 
1948 in one of the ships used for experimental work, 
and the observations then made by the author are 
described in this paper. The ship was a twin-screw 





PROPELLER CAVITATION. 





Fie. 2. 


OF PROPELLER, SHOWING PosrTions OF Ports tn Surp’s Hutt. 


vessel with three-bladed propellers, 8 ft. 3 in. in 
diameter. 

A pair of 1-in. thick glass ports was fitted on both 
starboard and port sides, a short distance ahead of the 
plane of the propeller blades. Observations were 
made on the starboard propeller only and Figs. 1 and 2, 
herewith, taken in dry Sock; show the pair of starboard 
ports, above the propeller. These ports opened from 
a small space below the steering flat and necessitated 
a rather cramped posture when viewing or photograph- 
ing the propellers. The glass discs were 8 in. in 
diameter and separated by 16 in. between centres. 
FOne was covered by the flash lamp while photographs 
were taken through the other. Blade A, in Fig. 2, 
pointing vertically upwards, was photographed through 
the upper port while illuminated via the lower, 
and blade B, in a nearly horizontal position and 
moving upwards near the hull, was photographed 
through the lower port and illuminated via the upper 
one. These two blade positions were the only ones 
permitting satisfactory photographs. 

Even in these positions, the restricted angle of entry 
of light into the water (cone of semi-angle 49-5 deg.), 
together with the inclination of the hull surface at 
the ports, seriously limits the extent of propeller-blade 
illumination. When not in use, the ports were covered 
on the inside of the hull by iron plates securely bolted 
around the rims. Before use, a diver was employed 
to remove any oily deposit or marine growth which 
might impair transparency. 

All important is the clarity of the water. On looking 
through the cleaned ports in daylight in good water 
conditions, every detail of stationary blade surface 
was visible, and objects could be clearly discerned 
on the harbour bottom at a depth of some 30 ft. After 
a storm, on the other hand, or at times of heavy plank- 
ton population, conditions could be so bad that nothing 
but a dim shadowy outline of the blades could be made 
out. With artificial illumination by reflected light, 
lack of back-scatter from the general body of the 
water is all important, so that really clear water condi- 
tions are essential if worth-while photographs are to 
be secured. 

Although direct observation by daylight in clear 
water does enable the onset of cavitation near the tips 
to be detected by the appearance of intermittent white 
flashes, all detailed study must be made by short- 
duration flash photography or visually by shaft- 
synchronised stroboscopic illumination. Adequate 

h illumination was secured by means of an 8.F.2 
“ Sieflash ” tube, mounted in a reflector and fitting 
over one of the glass ports. This tube was operated 
by discharge of a 4-microfarad condenser (for visual 
observations) or of a 50-microfarad condenser (for 





photography) charged to 2,500 volts by means of a 
power pack and rectifier operating from the 220-volt 
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PHOTOGRAPHY OF PROPELLER CAVITATION. 


F ig. 5. CAVITATION ZONES ON BLADE BACKS, VIEWED ALONG PROPELLER AXIS — SHIP PROPELLER. 
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alternating-current ship meer. The induction-coil 
triggering circuit for the tube included a bell-push 
type of switch, held in the operator’s hand; and, in 
series with this, a make-and-break spring contact 
attached between a convenient bearing block and the 
propeller shaft, and so adjusted that the tube could 
trigger only when the blade under observation occupied 
a selected position in the field of view of the port. 

The miniature 35-mm. type of camera was found 
most suitable for the job, and all the pictures were 
made either with a Contax or a Leica camera. In order 
to photograph as much of the blade surface as possible 
from the rather close proximity necessitated by the 
positioning of the ports, special wide-angle lenses were 
used. For the Contax, an Orthometar f.4-5, 3-5-cm. 
lens was used in place of the standard Sonnar 5-cm. 
lens, and, in the case of the Leica, an Elmar [.3-5, 
3-5-cm. lens was employed. These wide-angle lenses 
increased the field of view angle from the usual 45 deg. 
to about 62 deg. 

Sue gneoteny-Shegeet to ine @ saetnge was, Fic. 6. 275 R.P.M. Fic. 7. 250 R.P.M. Fic. 8. 225 R.P.M. 
after setting the camera focus, as follows. With the Phe 
camera shutter closed and the hand trigger-circuit 
switch closed, several flash illuminations were observed« 
in the direct view-finder, to select the best camera 
orientation. Continuing to hold the camera carefully 
in the selected position, the shutter was opened and a 
single flash allowed to occur by momentarily pressing 
the hand trigger switch and then quickly releasing it 
to prevent a second discharge. As soon as the hand 
switch is closed, the flash follows at the next closure 
of the propeller-shaft contact, thus ensuring that the 
blade is always illuminated when occupying the pre- 
selected position. The camera shutter was then closed. 

Owing to the large aperture used, f.4, and high- 
speed panchromatic Super XX film, it was necessary 
to a at night in order to avoid fogging by diftused 
daylight during the period the shutter was open 
awaiting the exposure flash. The latter was, in fact, 
rather erratic at times, and a number of shaft revolu- 
tions might occur before a successful triggering took 








The flash resulting from a 50-mf. condenser discharge Fic. 9. 180 R.P.M. Fig. 10. 150 R.P.M. Fie. 11. 120 R.P.M. 
was really much too vivid for visual observation ; 
the eye was momentarily blinded, and details of the 
pregeie kane surface showed up against a greenish 


Fies. 6 To 11. CavirraTion oF BLADE IN “A” PosrTIon. 








ckground only during the eventual recovery stage TABLE I. 
of the eye. A small capacity of 4-mf. was therefore Pea SEE ae PSL ee ak oh a ne ei ited eee ¢ 
used for visual observation and, when the propeller- | propeller RPat| Vt. persee. | 8, per cent. J. | 8 | 8T | r, it. | 8 | b* 
shaft triggering contact behaved itself, good stroboscopic} == SECS, WE Menthe is 2 - 
vision was provided. —_ va z — 2-48 0-18 2.9 0-49 0-65 

To obtain a picture covering an exceptionally large 250 = ba 0.76 3.9. 0-22 2-3 0-55 0-64 
angle of view, an experiment was made with a simple 225 | O4-9 30 0-78 4:6 0-27 26 | 0-62 0-65 
pinhole camera. This consisted merely of a flat box 200 | 21-9 29 0-79 5-6 oes oe ae es) 
holding a quarterplate at a distance of 1 in. behind en =. oar 7 + He 34 | ‘oss | 0-63 
a hole of 0-028 in. diameter. This size of hole, though 150 16-9 27 0-82 9-5 0-60 3-8 0-92 | 0-70 
far too large for good definition at such a short plate 120 = ae 26 0-83 14-6  t- a epee age 
distance, was in fact necessary to provide a reasonable a: . a = ae = He =. = a 
light aperture. In spite of this, a tolerably clear 65 7-5 25 | 0-84 48 3-2 - — | 7 


picture of blade cavitation at 250 r.p.m. with the blade Sets UES ——$—<—$__—_— 
in position B (Fig. 4, on page 729) resulted after expos- . 

ure to 100 consecutive flashes, and the angle covered was | compared with Fig. 5 (b), above. Naturally, the dis-| photographs taken with the wide-angle lenses, particu- 
the maximum possible from water to air. Even then, | tortion associated with such an image is enormous, | larly the close-up views of the blade in the B position. 
the tip of the blade in the B position was outside the | as will be seen from the corresponding daylight exposure} Since the most important part of the interpretation 
field of view. The laminar cavitation shows as a white | of the stationary propeller shown in Fig. 3, in which the | of these photographs is that of finding out just where 
area just below the leading edge; and the double | (distorted) outline of the blade appears in the B| cavitation starts on the leading edge of the biade, 
pronged extension of burbling cavitation towards the | position, leading edge uppermost. To a lesser, but| and over what region of the blade surface it extends, 
axis is also clearly shown. This photograph may be' still very marked degree, this is true also of all the' steps must be taken to measure up the inevitably 
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Fie. 12. 275 R.P.M. 





Fig. 15. 275 R.P.M. 


Figs. 


Fie. 13. 275 R.P.M. 





Fie. 16. 250 R.P.M. 
12 to 17. CavrraTion oF BLADE IN “ B”’ Posrrion. - 


Fig. 18. SHIPS PROPELLER CAVITATION DEVELOPMENT. 
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distorted photographs. The ideal way of doing this 
would be to take pictures with a known co-ordinate 
grid already marked out on the blade surface. In any 
future work of this kind, there should be no difficulty 
in marking out the blades in such a way while the ship 
is in dock. In the present case, however, there was 
no opportunity to do this, so the next best procedure 
was adopted, namely, that of marking out the blade 
periphery into equal known measured intervals. 

_To this end, with the ship at anchor in daylight, a 
diver placed round the edge of the blade a chain 
made of metal tags painted white, and soldered at 
intervals of 6 in. to a long wire. By bending these 
tags round the blade edge, the chain could easily be 
fixed in position. It was then photographed when 
occupying the position selected for subsequent flash 
photography. As a further aid, and one which turned 
out to be most valuable, the diver was instructed to 
scrape the blade surface very lightly with a file at the 
positions covered by the metal tags. After removal of 
the chain, subsequent flash photographs under operating 
conditions always showed up these marks very plainly. 
They can be seen along the trailing edge in Figs. 6 to 11 

The natural markings on the blade surfaces also 
provided intermediate reference marks which, in spite 





of varying degrees of distortion, could be easily recog- 
nised in the various blade photographs on account of 


their characteristic patterns. By linking up with th® 
measured peripheral marks, these helped considerably 
in localising the cavitation boundary zones shown in 
the photographs. The pictures taken through the 
lower port, with the blade in the B position, were those 
which showed most clearly the positions of flow break- 
away on the leading edge for various speeds of rotation. 
Those taken in the A position provided data for localis- 
ing the sheet cavitation at the trailing edge. 

The diagrams of Fig. 5 were constructed in this way ; 
the blade areas covered by cavitation were estimated 
by sketching outline diagrams on a scale-model blade 
surface, held so as to correspond as closely as could be 
judged to the appearance in the actual photographs. 
This was rather difficult to do, but it is believed that 
the diagrams present a fairly good approximation to 
the true state of affairs. As mentioned above, the 
provision of reflecting marks at known points of the 
blade surface, to supplement those at the periphery, 
would have greatly simplified the work and, at the 
same time, increased the accuracy. 

A representative series of photographs of the blade 
in the A position is reproduced in Figs. 6 to 11 for speeds, 
respectively, of 275, 250, 225, 180, 150 and 120 r.p.m. ; 
and Figs. 12 to 17 show the appearance in the B position 
at speeds of 275, 250, and 175 r.p.m. 

The photographs show clearly the two types of 


Fie. 14. 275 R.P.M. 





Fie. 17. 175 R.P.M. 


cavitation. There is the “sheet” type, cross-shaded 
in the diagrams of Fig. 5, which at the tip merges into 
the tip vortex cavity; and there is the ‘ bubble” 
type, indicated by small circles in Fig. 5, which first 
became visible at about 175 r.p.m. (Fig. 5 (d), Fig. 9). 
The double-pronged inward-extension of the bubble 
zone, so Clearly depicted in Fig. 14, is emphasised by 
the greater distortion of the pin-hole camera photograph 
of Fig. 4, where it appears as two white blobs. The 
sheet cavitation shows a very turbulent break-up near 
the trailing edge at speeds of 225 r.p.m. and over. 
Tip vortex cavitation was first visible in the A position 
at about 80 r.p.m., but the first indication of its inter- 
mittent inception was provided by the rather charac- 
teristic accompanying noise, which first became audible 
at about 65 r.p.m. 

Table I, on page 730, summarises the computed numer- 
ical data for the trial, using the following terminology : 
D = propeller diameter = 8-25 ft.; P = pitch = 9-25 
ft.; V = speed of propeller advance; N = revolutions 
per second; S=slip = 1 — TP? J = advance coeffici- 


, 
ND’ 
on the leading edge; B = = To = propeller radius; 
p = static pressure at propeller axis; 5 = cavitation 


r = radial distance from axis to a point 





ent = 


index at axis - j <7 (vapour pressure of water 
negligible compared tp p) ; 5; = tip cavitation index = 
sateen Nain —_____ = ——_; and 8* = local cavita- 
45 (V? + N? 7? D?*) n 
7 
j? 
tion index at the inner boundary of sheet cavitation on 
the leading edge = — — 
1 + Ps 


A significant relation was found, defining the radial 
distance along the leading edge to the point where the 
flow breaks away as sheet cavitation. This can be 
expressed by saying that, with increasing speed, 5* 
tends to a constant value at this break-away position. 
From Table I it will be seen that this critical value is 
about 0-65, which, at 8 ft. immersion, corresponds to 
a resultant water speed of about 67 ft. per second past 
the blade at this point. These values were derived 
from photographs taken in the B position when the 
immersion depth was about the same as that of the 
propeller axis (8 ft.). In Fig. 18, the values of 5, 
and 8* are shown as functions of the propeller r.p.m. 
Naturally, at the lower speeds of rotation, when the 
sheet cavitation is confined to the peripheral part of 
the blade, the flow there is greatly complicated by 





the rounding off of the blade profile, coupled with the 
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concentration of shed vorticity towardsthe tip. Mea- 
surements of the photographs at 120 r.p.m. and 
less do not permit more than a rough approximation 
to the shape of the 5* curve in this region, which is 
therefore indicated by a dotted line as it merges into 
the 5, curve. 

At the highest speed observed, 275 r.p.m., the 
cavitation zone had extended inwards by about two- 
thirds of the radial distance along the leading edge 
(= 0-5r,). A section of the leading edge at this 
point is shown as an insert to Fig. 18. It is not sur- 
prising that the critical cavitation index for two- 
dimensional flow about such a bluff shape should be 
as high as 0-65. 

Visible tip vortex cavitation was present when 5, 
was as high as 2. In Fig. 9, the cavitating tip vortices 
from all three blades can be seen. A cavitating 
trailing root vortex was visible at speeds over 150 
r.p.m.; at higher speeds this trailed away many 

astern, eventually passing out of the field of 
vision. of the ports. The exact speed at which it first 
appeared was not ascertained; it was never seen at 
night by the light of the flash, but only as a diffuse 
white streak during daylight observation. 

An interesting feature of the night observations was 
the presence in the sea of large numbers of phos- 
phorescent organi These acted as luminous 
tracers of the streamlines and showed very clearly 
the eddies in the wake of the “A” brackets. The 
general effect of these streaks and gyrations of flowing 
sparks provided a most fascinating spectacle. 

A} scale model of the ship screw was tested in a 
cavitation tunnel and photographs demonstrated that 
there was indeed a close qualitative similarity between 
the full-scale cavitation phenomena and those of the 
model, when the latter was run in aerated water. The 
effect of aeration is to develop the bubble type of 
cavitation without materially affecting the sheet 
variety. 

To develop co nding degrees of cavitation, it 
appeared that the model screw had to be run at a 
speed higher than the calculated equivalent speed ; 
the discrepancy was most marked in the speeds for 
onset of visible tip-vortex cavitation. On the other 
hand, a reliable estimate of quantitative differences is 
unfortunately precluded in this case, because of un- 
certainties in the ship The hull was badly 
fouled after seven months out of dock and, owing to 
the limited time available for this work, no speed 
trials could be undertaken at the time. A true scale 
effect would, in fact, be difficult to find, because it 
would involve simulating as closely as possible the 
hull-flow conditions in a cavitation tunnel, and then 
comparing the results with full-scale observations of 
the t described here. The limited view of the 
propeller is a drawback, particularly as this is confined 
to the neighbourhood of the hull, where the blades 
are subject to maximum wake effects, thus making 


still more unfair a direct comparison with the behaviour | US¢ 


of the model in a uniform flow. 

By using the ship itself as a full-scale “‘ cavitation 
tunnel” with improved or extended underwater view- 
ing facilities, it would, in fact, seem that much informa- 
tion of practical value could be obtained, which could 
not be inferred with sufficient accuracy or detail from 
model trials. Such data need not be restricted to 
cavitation on screws or hull appendages but could 
include investigations of flow direction and turbulence 
by means of suitably attached indicator threads or 
vanes. The modern technique of electron flash photo- 
graphy has made this entirely pe. and it is 
hoped that this brief account of some first attempts 
in this direction may point the way to its future 
possibilities. 





STEEL RATIONING.—The control of the distribution 
of alloy and carbon steel—as announced by the Minister 
of Supply on November 12—is to begin on February 4, 
1952. The new arrangements will be similar to those in 
operation up to May, 1950, and, with certain exemptions 
under a “ small-quantities exemption clause,’’ as from 
February 4 no person may acquire or use specified types 
of steel unless an authorisation has first been obtained. 
The authorisation will permit the consumer to acquire 
steel direct or to allow his sub-contractors to purchase 
steel. Any consumer (except a sub-contractor) requiring 
steel in the controlled forms who has not already stated 
his requirements to the appropriate department or to a 
regional office of the Ministry of Supply, should apply 
at once to the department which is normally approached 
on matters of production. Small consumers, namely, 
those whose requirements are 25 tons or less a quarter, 
including not more than 10 tons of sheets, should apply 
to their Ministry of Supply regional controller. In 
cases of doubt, application should be made to the 
Ministry of Supply, Iron and Steel Division, Shell-Mex 
House, Strand, W.C.2. Copies of the new Order—the Iron 
and Steel Distribution Order, 1951 (S.I. 1951 No. 2006)— 
may now be obtained from H.M. Stationery Office, 
price 6d, 





WORLD SUPPLY OF NON-FERROUS 


METALS.* 
By R. Lewis Srusss. 


(Concluded from page 703.) 

In any survey of the pattern of future consumption, 
allowance must be made for the important role played 
by scrap, the amount of which will continue to rise in 
in ing proportion with the rise in the consumption 
of virgin metal. Only when consumption rises quickly, 
as is now the case, does the available scrap tend to lag 
behind and so to aggravate the immediate shortage. 
In an interesting paper presented in February, 1949, 
to the United Nations Scientific Conference on the 
Conservation and Utilisation of Resources, Mr. H. J. 
Miller estimates the total production of lead from 
1847 to 1947 at 85 million tons, of which 65 per cent. 
may be ultimately recovered as scrap. In the same 
period, 80 million tons of copper were produced, 
60 per cent. of which may be ultimately recovered. 
This recoverable scrap constitutes a vast pool of metal 
which will continually be re-used and recirculated, 
virgin metal being constantly added to it as necessary 
to meet demands. Lead is the classic example of the 
importance of scrap which, nowadays, amounts to 
some 40 per cent. of the metal consumed. The great 
part of this is recovered by salvage, the remainder 
being process scrap. The lead scrap pool dates back 
a very long time and its growing size may, in fact 
account for the slight decline in the consumption of 
virgin metal. Until recently, the main dissipating 
use of lead has been the small amount which has gone 
into pigments, but now increasing quantities are being 
used in the United States to make high-octane petrol. 

Copper is another almost indestructible metal, but 
its cycle of return to the pool is much longer. At 
present about 35 per cent. of the copper used comes 
from scrap, of which between one-half and two-thirds 
is the result of salvage, the remainder being process 
scrap. Copper has only been used on a large scale 
for a generation or two, and in 20 or 30 years from now 
the amount of scrap obtained from salvage may repre- 
sent an even higher proportion of the total consumption 
than in the case of lead to-day. Its main dissipating 
use is for copper sulphate. With zinc, scrap now 
represents some 25 per cent. of the metal consumed, 
but the prospects of the pool growing are not so good, 
since some of the main uses involve the ultimate loss 
of the metal, such as in pigments and protective 
coatings. Tin is used mainly in an indestructible 
metallic form but, unlike copper, its chief use is in 
very thin coatings on steel,and most of this metal 
is not recovered. Nevertheless, because of its high 
price, 20 to 30 per cent. of the tin used in the United 
States and the United Kingdom is secondary metal 
from various sources. In these and other metals we 
cannot help feeling that the best form of conservation 
lies in reclaiming them rather than in restricting their 


Before considering the resources of ores available to 
meet future requirements for the non-ferrous and light 
metals, some general observations on world resources 
are worth noting. Firstly, up till the present certainly 
not more than two-thirds of the land surface of the 
earth can be said to have been explored for minerals, 
and while it is probable that the remaining third will 
be found to contain less mineral wealth in proportion 
(since some areas are known by geologists to be neces- 
sarily sterile) there must, nevertheless, be huge unknown 
resources awaiting location. Most of the great dis- 
coveries in the last 20 years have been made in the 
so-called explored regions, and these will no doubt 
continue. Our knowledge of the earth’s surface is 
really very limited and all over the world existing 
sites are being found to be much richer than formerly 
supposed, as, for example, recently in Britain. Neither 
must it be forgotten that the period between the first 
and second world wars was one of over-production 
when there was no urge to seek new ores. To say that 
the total mineral resources of the earth are diminishing 
each year is a mere truism, of no importance so long 
as fresh deposits continue to be discovered, as they 
always have been. Another factor which has an import- 
ant bearing on the estimation of world resources is 
that in the last 20 years important new methods of 
locating ore bodies have been introduced. Although 
science has not yet succeeded in evolving any method 
of locating really deep deposits, the scientific aids 
available to prospectors now include the use of the 
air-borne magnetometer and field methods such as soil 
micro-analysis and the analysis of plants known to 
take up metals in easily detectable quantities if they 
are present to an abnormal degree in the soil as a 
result of the proximity of ore deposits. In these various 
ways ore bodies not revealed by outcrops are success- 
fully located. 


* Paper entitled “‘ The World Supply of Non-Ferrous 
Metals, including the Light Metals,”’ read at a meeting 
of the Institute of Metals, on Wednesday, October 17, 
at which a general discussion on ‘‘ Metal Economics ” 
was held. Abridged. 








The present high prices have led to much more active 
seen geotaae, the results of which can be seen in the 
large number of new mines and workings now being 
opened up; and here it is to be noted that these 
ventures have been based on work begun when prices 
were much lower than they now are. Another result 
of the price stimulus will be the exploitation of poorer 
ores than those previously worked ; and as extraction 
techniques improve, the amount of such ores increases. 
The mining of ores at lower levels will also prove 
economic. Many mining companies know quite well 
what additional reserves can be reckoned on as prices 
advance. It is often said that all the accessible deposits 
are now being worked, but it may be observed that 
few places were less accessible than Northern Rhodesia, 
Mount Isa and Broken Hill in Australia, and Flin Flon 
in Canada when the deposits were discovered. 

In the following detailed examination of the supply 
of ores for the various metals, I propose to take them 
in order of the probable demand in the long-term 
future, say, from 25 to 50 years; I do not think that 
anyone seriously believes that the supply of non-ferrous 
metals will be exhausted before then, and forecasts 
which have been based on the figures published by 
various companies giving their total resources can 
hardly be taken as a basis for serious conclusions. In 
any estimation of future mineral supplies, it is important 
to distinguish between the published reserves and the 
unknown resources. Most mining companies are 
cautious in declaring their reserves, for obvious com- 
mercial reasons and also, in some cases, because they 
are taxed on them. 

Everyone agrees that there is plenty of aluminium 
in the world; in fact, it is said that aluminium con- 
stitutes 8 per cent. of the earth’s crust. It is mainly 
present in the form of clays and other silicates which 
though they can be used as ores, are not so used at 
present, only bauxite being mined on a large scale. 
But bauxite is found in large quantities in many parts 
of the world and there is no immediate prospect of 
other sources having to be used. The only factor 
likely to limit aluminium production is the availability 
of electrical power, the cost of which constitutes about 
60 per cent. of the present cost of the metal. The 
future of aluminium is very closely linked with the 
development of hydro-electric power or other large- 
scale plants for producing electricity cheaply. I think 
we can, without being unduly optimistic, assume that 
we are in no danger of seeing the reserves of aluminium 
ores coming to an end in the foreseeable future. With 
regard to metal production, the total world output 
in 1951 is expected to be 15 per cent. higher than in 
1950; and by the end of 1953, to be as much as 50 per 
cent. higher than it is to-day. A dozen new smelters 
are in course of erection in different parts of the world, 
the largest being in North America. 

Magnesium is in a position similar to aluminium in 
that it is very plentiful and is believed to constitute 
2 per cent. of the earth’s crust. It is obtained from 
deposits of magnesite and dolomite and from brines 
and sea water, and so is virtually unlimited. Its pro- 
duction generally requires electric power, though 
thermal processes are also used. The United States 
consumed about 20,000 tons in 1950 and expects to be 
using about six times this quantity annually by 1960. 


Production is now being increased accordingly. 
Authoritative figures for the reserves of copper are 
difficult to obtain. The total “ officially reported” 
in the Year Book of the American Bureau of Metal 
Statistics for 1951 is approximately 60 million (metric, 
tons, but this does not include a number of the largest 
mines both in America and elsewhere. From recent 
company reports, it is evident that approximately 
7-9 million tons should be added to the above figure ; 
but even this fails to include many important mines 
for which no reserves have been published. The 
output from the mines in question, which are situated 
in America, Russia, Japan, Germany, Spain, Yugoslavia 
and Turkey, totals about 1,060,000 tons per annum, 
and conservatively assuming the average life to be 
15 years this means a further reserve of 15,900,000 tons. 
On this basis the total reserve is nearly 84 million tons. 
For commercial reasons, however, it is unlikely that 
the figures which have been “ officially reported ” are 
in fact as large as the reserves which are known to 
exist, and it is judged that a reserve of at least 100 mil- 
lion tons of copper is already within sight, or sufficient 
for about 44 years at the current rate of mine produc- 
tion. Prospecting for fresh deposits is continually 
going on, and valuable “finds” are not infrequently 
made; it should be remembered, for instance, that 
the enormous underground ore-bodies of the North 
Rhodesian copper belt were unknown until about a 
quarter of a century ago, and other deposits of com- 
parable magnitude may well be discovered in years to 
come. It is apparent, too, that as methods of extrac- 
tion improve, grades of ore previously regarded as 
uneconomical will become workable ; and the develop- 
ment and continual improvement of the froth-flotation 
method of concentration is a dominating factor in this 
direction. For these and other reasons there seems to 
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be no ground for supposing that supplies of copper 
will be insufficient to meet the essential requirements of 
an expanding economy for many years to come. 

The latest and most authoritative survey of the 
available resources of zinc is to be found in the paper 
by Dr. K. C. Dunham, presented to the 18th session 
of the International Geological Congress, Great Britain, 
1948, dealing with reserves of ores of lead and zinc. 
In quoting his figures, Dunham observes that a high 
proportion of the estimated reserves mentioned falls 
within the possible and speculative (inferred) cate- 





gories, and only a small proportion, less than one-third, 
can be regarded as proved or probable (measured or 







1938 
Copper 


indicated). Nevertheless the estimates are made by 
experienced mining engineers, and are not flights of 
fancy. Other reliable estimates of resources were 
made by Mr. W. R. Ingalls in 1931 and Mr. W. P. Shea 
in 1940 and 1947. These estimates are given in 
Table V. which also includes the annual rate of con- 
sumption. It will be noted that the estimated reserves 
have grown more rapidly than the rate of consumption. 
Thus from 1931 to 1940 reserves increased at an average 
rate of 3 million tons per annum, and from 1940 to 1947 
at an average rate of 4-3 million tons. Discoveries of 
new zinc deposits are being made in many parts of the 
world and are far too numerous for any detailed 


Fig. 5. WORLD DISTRIBUTION OF METAL PRODUCTION BEFORE AND AFTER THE WAR 
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mention. The most important are perhaps those in 
Canada and French North Africa. In Canada, the 
new Barvue mine alone expects to produce 4,000 tons 
of ore a day in 1950 and surface drilling has already 
outlined 17 million tons of ore. The exploitation of 
poorer ores, as well as of the vast heaps of slag from 
lead blast furnaces which lie all over the world, will 
be at present prices, assuming that they continue, a 
further source of metal. Thus at Bergamo in Italy a 
new smelter is being built especially to deal with the 
abundant local supplies of poor- ore. 

In the case of lead there has so far been no overall 
world shortage, although there have been some local 
shortages which in future may become more serious, 
particularly if the shortages of zinc and copper continue. 
Since zinc and lead are generally found together, the 
new mines referred to under zinc will provide an 
important addition to the reserves of lead. Mr. W. P. 
Shea, in 1947, and Dr. K. C. Dunham, in 1948, both 
made estimates of the world reserves of lead as shown 


V/ Rest of British Commonwealth 
ZL, 
(ssi) 
TABLE V.—dZinc. 
Year Annual Rate of Estimated 
or. Consumption. Reserves, 
Millions of Millions of 
Metric Tons. Metric Tons. 
1931 1-1 24-5 
1940 1-8 89 
1947 1-6 57 
1950 1:8 65 
TABLE VI.—Lead. 
Year Annual Rate of Estimated 
‘ Consumption. Reserves, 
Millions of Millions of 
Metric Tons. Metric Tons. 
1947 ae 1-8 32-5 
1950 bn ~ 1-6 ‘ 31 





TABLE VII.—Estimated World Reserves of Non-Ferrous 
Metals, 1949. 


World Reserves. 








Metal. Years’ Supply at 
Teemeee® of Current Rate of 
. Production. 





Bauxite (crude ore) 1,400,000 
100,000 


Copper (recoverable content) j 45 
Zinc (gross content) a 70,000 39 
Tin (recoverable content) .. 6,000 38 
Lead (gross content) “e 40,000 33 











in Table VI. New smelters are being built in Belgium, 
Bolivia, Chile and Spain and extensions to existing 
plant are being made in Canada, French Morocco and 
Germany. It has also been reported that the Trepca 
plant in Yugoslavia is being enlarged. 

Since the end of the war the production of tin has 
been in excess of consumption, the shortages experi- 
enced during, and immediately after, the war having 
allowed substitutes to become well established. It has 
been said that the resources in Malaya, from which 
about 35 per cent. of the world’s tin is obtained, are 
rapidly being depleted, but the real trouble is that 
prospecting has been prevented by the local disturb- 
ances. The present rate of production may be subject 
to some periodical fall, but when this does occur it will 
serve to stimulate the finding and working of new tin- 
bearing ground which is known to exist in Malaya. 





TABLE VIII.—CoNSUMPTION OF COPPER AND ZINC, 1938, 1949, 1950 AND 1951. 





























Copper. | kingdom. United | Belgium. | France. | anstratte, | ttaly. Canada, 

| 

{ 

1938 Quarterly average ca 66,400 96,112 | 7,500 | 28,025 4,350 23,000 9,247 
1949 Quarterly average 80,975 234,750 11,750 30,050 8,325 15,800 23,000 
1950 Quarterly average 84,775 326,250 14,250 29,250 8,900 22,525 24,275 
1951—First Quarter .. 83,100 313,000 17,800 37,200 | 8,505 29,000 29,200 
Second Quarter --| 87,700 316,000 19,200 31,300 | 8,900 29,000 33,800 
Fourth Quarter alloc. 87,450 317,460 | 16,480 35,030 8,500 23,080 27,580 

1 

Zine. 
1938 Quarterly average 54,850 102,822 | 25,875 22,250 | 8,060 8,775 9,017 
1949 Quarterly average 50,475 171,500 15,000 26,750 | 11,250 7,025 10,350 
1950 Quarterly average 60,150 249,200 16,250 25,250 13,000 8,750 12,750 
1951—First Quarter . ..| 46,400 195,200 19,000 27,100 12,100 11,000 14,100 
Second Quarter --| 46,600 200,000* 29,000 27,900 13,100 11,000 15,400 
Fourth Quarter alloc. 58,450 221,461 22,160 26,910 13,010 9,390 12,780 








Granted favourable conditions, production at a steady 
rate should be maintained for many years. Good 
reserves are known to exist in Indonesia, the Belgian 
Congo and Bolivia. 

It is worth noting that, in general, the reserves of the 
principal non-ferrous metals seem to vary according 
to likely future demand, with aluminium at the top of 
the list and lead at the bottom. It is hard to believe 
that this is just a matter of chance. Since it is 
fashionable nowadays to quote the known reserves of 
metals in terms of their life at the present rate of 
production, the figures given in Table VII, compiled 
in 1949 by Mr. E. W. Pehrson of the United States 
Bureau of Mines, are reproduced. They take into 
account figures for the U.S.S.R. published before the 
war. Though the estimates are probably the best 
possible, they should not be regarded as the last word, 
since new discoveries have recently been made. This 
survey seems to show that the reserves of ore are likely 
to suffice for a long time to come and this view is 
ébviously shared by the industrialists who have 
embarked on large-scale expenditure on smelting 
plant all over the world. 

Having shown that the long-term supplies can cause 
little anxiety, we now turn to the problems of the 
present shortages where the position is much less clear. 
It is at least evident that they were brought on by 
stockpiling and are now aggravated by defence needs. 
Furthermore, as always, every shortage, however 
small, intensifies the demand. This situation seems 
likely to continue for some time and to be followed by 
a high demand for civilian consumption for an 
indefinite period. All this uncertainty of course affects 
the flow of investment towards the development of 
mining and smelting, and the time-lag between a new 
mine or smelter and actual production must always be 
allowed for. Moreover, it must be realised that this is 
practically the first time outside of war when metal 
consumption has exceeded production and producers 
naturally fear a sudden return to the former normal 
state of affairs. Nevertheless, new mines are being 
opened up, and the Engineering and Mining Journal 
mentions no fewer than fifty quite new copper, zinc 
of lead ventures in the first half of 1951. believe 
that the real shortage is only a few per cent. and that 
these new projects are good evidence that it will not 
last much longer; but we are always faced with the 
very real difficulty that we cannot determine the extent 
of the demand as long as consumption is limited by the 
shortage of metal. Before considering United Kingdom 
prospects, it is interesting to see what has happened 
to consumption in the leading countries since the 
shortage began. Table VIII, relating to copper and 
zinc, shows that, with the exception of the United 
Kingdom and the United States, consumption in most 
countries has actually risen substantially, the countries 
best off being those with a large home production. In 
other words, the two countries with the greatest 
purchasing power and who are the largest regular 
importers now find themselves the most seriously hit 
by the shortages. 

The causes of this situation are fairly clear. Firstly, 
there is the rapid growth of the fabricating industries 
in exporting countries such as Canada and Australia. 
Thus, in Australia, the home consumption of zinc has 
been encouraged by the fixing of an exceptionally low 
internal price, and more recently, Canadian metals 
have cost more to us than to local consumers; the 
same price differences are observable in other exporting 
countries. If there were not these differences in price, 
no doubt measures would be taken to see that the 
needs of the home consumer were adequately met. 
This trend, which is of course by no means new, is 
being given further encouragement now that exporting 
countries find that money is losing its value and often 
does not command the equipment and machinery they 
need. Secondly, planning and control have become 
features of economic policy both here and in the 
United States. In both countries, efforts have been 
directed towards keeping down the price of metals, 
and recently even the United States, with its colossal 
dollar purchasing power, has seen itself outbid for 
foreign ores because it could not have sold the resulting 
metal at the home price. 

The whole-hearted determination of the United 
States and the United Kingdom to solve their difficulties 
and those of the free world by international planning 
and control is shown by their setting up the Inter- 
national Materials Conference as a means of ensuring 
the fair distribution of the raw material resources of 
the world. Here, it may be remembered that previous 
schemes for the international distribution of metals 
have seldom proved successful; it remains to be seen 
how far the fear of aggression may improve the chances 
of success now. If the International Materials Con- 
ference allocation scheme should fail, the United 
States may well resort to buying for its armament 
needs at higher prices in the open market; and this 
in turn might lead to a general resumption of free 
trading in metals and the weakening of the present 





arrangements by which the United States and the 
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United Kingdom are now able to get good supplies of 
metal more cheaply than some other countries. 
European countries have been less enthusiastic towards 

lanning and control, though they may envy the United 
Fates and us our more stable prices. The influence of 
the Organisation for European Economic Co-operation 
may well be strong enough to bring them more closely 
together in the metals field and a beginning may 
already be observed in the adoption of a uniform control 
of end-uses of copper in member-countries. 

The loss of the free market—a sensitive measure of 
the balance between production and consumption— 
means that the planners have now to decide for what 
purpose metals or their substitutes are to be used. 
As in food, for example, they have to decide what is 
good for us—a task really for the superman. In any 
case, the pattern of control and planning in an inflation- 
world seems likely to last and prospects of a return to 
free markets are perhaps more remote now than at 
any time since 1945. It is therefore pertinent to consider 
what others are doing and what we might do to ensure 
our supplies under these new conditions. For a start, it 
is interesting to examine the diagram reproduced in 
Fig. 5, on page 733, which shows the changes in distri- 
bution of non-ferrous metal production between 
Commonwealth and foreign countries since 1938. In 
the diagram distinction is also made between the 
dollar-area countries and the others. The largest 
increases in production have taken place outside the 
Commonwealth and, what is more significant for our 
future supplies, they are mainly in dollar areas, namely, 
in North and South America. Bearing in mind our 
need in this country to maintain dollar expenditure 
at a minimum, there seem to be three main ways in 
which we could act: firstly, by placing long-term 
contracts; secondly, by encouraging production in 
non-dollar areas where we may expect to enjoy a 
first call on new output, especially in the Common- 
wealth; and thirdly by maintaining and fostering 
ventures with headquarters in London. This country 
and the United States have already placed long-term 
contracts, often accompanied by loans, a condition 
of the loan being the repayment in metal arising from 
the new production. An outstanding example is our 
arrangement with the Canadian aluminium producers. 
The United States have also made similar loans abroad 
from Economic Co-operation Administration funds, 
aimed primarily at increasing production but also 
likely to result in an increase in supplies for America. 
The long-term contract method at an agreed price 
has always been used for aluminium and is now being 
extended to the older metals. 

Incentives to increase production and to bring new 
mines into operation have been adopted in other 
countries, and since the development of mining in the 
Commonwealth is still largely based on London, we 
might also take steps to ensure that incentives at 
least as effective are available to firms with mines 
in Britain itself and in the Commonwealth. Thus in 
the United States approved new mining and smelting 
projects can obtain accelerated tax amortisation. 
The United States Department of the Interior has 
announced that 18 of the new projects so favoured are 
expected to yield the following total new production 
by 1955: copper, 96,000 metric tons; lead, 106,000 
metric tons ; and zinc, 230,000 metric tons. Aluminium 
production is to be increased by a total of 1,750,000 tons 
over the same period by similar encouragements, and 
magnesium by 178,000 tons. For other approved 
new ventures the United States authorities have 
undertaken, in the event of a fall in prices, to purchase 
metal or concentrates at an agreed floor price during a 

riod sufficient to ensure the return of capital. 

urthermore, they have made advances for approved 
prospecting ventures repayable in terms of ores or 
metal. In Canada, a new mine is allowed exemption 
from tax for three years and the high rate of mining 
development there is evidence of the effectiveness of 
this method of encouragement. Before applying such 
incentives, however, our taxation laws would appear 
to need overhauling since, at present, they seem to be 
a serious deterrent to London-based mining companies 
which, in fact, had tended to remove their headquarters 
elsewhere in recent years until this was forbidden 
in 1950. We cannot afford to overlook the fact that 
they have been our best and most certain sources of 
supply in the past ana that we may be even more 
dependent on them in future. It seems unfair that 
these companies, whose operations are carried on over- 
sea, should be liable to United Kingdom tax on all 
their profits even if they are not remitted to this 
country. The granting of complete relief from double 
taxation would also seem to be desirable ; the Finance 
Act of 1950 only partly met this handicap. 

Moreover, British-controlled mining companies do 
not enjoy depletion allowances comparable with those 
in other countries, particularly in North America, 
where large depletion funds can be built up out of 
tax-exempt current revenue, these funds being available 
for further exploitation when existing ore bodies have 
been worked out. These are but a few of the changes 





which our taxation laws would seem to need, if British 
companies are to continue to have a chance of playing 
a part in opening up world resources. However 
equitable our mining taxation may be compared to 
that imposed on other United Kingdom industries, 
it falls far short of the practice in other countries, and 
that is the real criterion. Not a single mining company 
of any size has been floated in the United Kingdom 
since the war, and it seems certain that none will be 
under present conditions. 





SOME UNKNOWNS IN GEAR 
DESIGN.* 
By Dr. H. E. Merritt, M.B.E. 


Ir is not to be inferred from the title of this lecture 
that gear manufacturers do not know their business. 
On the contrary, the business is one which demands 
a great deal of knowledge and skill. On the purely 
technical side the knowledge required may be broadly 
classified under the headings of “geometry” and 
“ physics,” and of these it is proposed to exclude 
geometry, which, although having many ramifications, 
has the advantage of being demonstrable and exact. 
The field which remains uncultivated is that of the 
physics of gear-tooth engagement. 

Gear design is probably unique in engineering in 
that the overall dimensions, and hence the weight and 
cost of a complete gear unit, are determined by the 
permitted stresses at. one place, namely, the zone of 
engagement of the teeth. For a given combination of 
materials, the volume swept by the gears is inversely 
proportional to the permitted stress. Since it has been 
estimated that the total annual value of the gears 
and gear units produced in this country is 100,000,000/., 
simple arithmetic indicates that an average increase 
of 1 per cent. in permitted stresses would save 
1,000,0007. a year. After making any reservations 
which this over-simplified calculation may suggest, 
it still remains obvious that more intensive study and 
more exact knowledge might result in large benefits 
to the national economy. Although a number of 
investigations of considerable importance and promise 
are now in hand, the total volume of research on gears 
is clearly inadequate ; but such research must be of 
a co-operative character, with a proper co-ordination 
of the work carried out in different places. It is 
commonplace that in this country there is a serious 
gap between fundamental or basic research and the 
application of the results in industry, and it is equally 
true that the requirements of industry are not made 
sufficiently clear to those equipped to do fundamental 
research. The British Gear Manufacturers Association 
could obviously play a most important part in acting 
as an interpreter in this matter. 

Specialist gear manufacturers will probably agree 
that the first “‘ unknown ” is often the power required 
to drive a machine for which they are asked to supply 
the gears. Too often the designers of the machines 
do nct know it, and gear manufacturers have to rely 
upon their own judgment and experience of similar 
installations in order to determine gear sizes. An 
exchange of information, for which the B.G.M.A. 
appears to be the proper medium, of design data or 
agreed methods of estimating power requirements for 
defined classes of machinery could well prove of the 
greatest value from the national point of view. It is 
true that in many cases the measurement of mean or 
peak loads is a matter of great difficulty, and there 
appears to be scope for the development of new or 
improved techniques for the measurement of trans- 
mitted power. A number of techniques of this kind 
have, of course, already been developed, but there is 
still room for methods of instrumentation which can 
be quickly applied to existing installations without 
disturbing their operation. 

The maximum intensity of loading always exceeds 
the mean loading, from one, more or all of the following 
causes: cyclic variations in the externally-applied 
torque ; cyclic variations due to torsional vibrations ; 
accelerating forces caused by tooth errors (usually 
called “dynamic increments”); and errors of tooth 
alignment caused by elastic deformation of the shafts, 
beari and casings. Some of these items cover too 
wide a field for discussion here, and only two will be 
touched upon. The effects of mal-alignment, whether 
due to machining errors or distortion, can only be 
appreciated if they are considered in relation to the 
deflection of the teeth. Reference must be made to 
the work of Dr. H. Walker in this connection. In the case 
of gears made from normalised or heat-treated steel 
of medium tensile strength, the tooth deflection is so 
small that the concentration of loading resulting even 
from errors associated with the highest class of manu- 
facturer appears prohibitive. On strictly theoretical 





* Paper presented at an extraordinary general meet- 
ing of the British Gear Manufacturers Association, held 
in the Piccadilly Hotel, London, W.1, on November 6, 
1951. 
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grounds one would not, in fact, expect the gears to 
work at all, and the fact that they a so is the result 
of the bedding in of the surfaces during the earlier 
periods of running. 

In certain types of high-duty drive in which the 
elastic deformation of the mounting is considerable 
(notably spiral-bevel and worm drives) modification of 
the tooth spirals is now general practice. This modifica- 
tion, however, is of arbitrary character, made possible 
by the flexibility in the design of the cutters or of the 
machine settings associated with spiral-bevel and worm- 
gear generation. The same technique does not, how- 
ever, appear to have been developed for industrial 
spur and helical gears other than in very embryonic 
fashion. Scope would appear to exist for the develop- 
ment of what might be called “ controlled tooth spiral 
modification’ by supplementary machine motions. 
Considering the case of a somewhat wide and slender 
pinion, the effect of deflection due to bending and 
torsion on the distribution of load across the fate width 
can be calculated. Parallel examples of calculation 
have been made in connection with screw threads and 
long splined shafts. The result of such a calculation 
is merely frightening, and does not lead much beyond 
the conclusion that slender pinions should be avoided. 
If, however, the order of the calculation is reversed 
and the final shape of the tooth spiral is determined 
under an assumed condition of uniform tooth loading, 
the result is the modification of tooth spiral which 
should be the objective. 

The occurrence of dynamic increments of tooth load 
has been implicitly recognised ever since speed factors 
came into use in rating formulae. It has been recog- 
nised that all such speed factors are empirical, and 
although they may be associated with complex-looking 
formulae, these formulae are merely attempts to give 
algebraic expression to empirical result or personal 
guesses, and not rest upon any rational basis. 
A number of methods have been proposed in order to 
take into account the errors and elasticity of the teeth, 
and the speed and moments of inertia of the gears, but 
the possible modes of vibration of gears, in association 
with the attached masses, are so complex that any 
formula which purports to give the dynamic value of 
tooth load must be regarded with suspicion. In a 
speed-factor curve covering a wide range of speed, it 
must necessarily be assumed that the accuracy of the 
gears is appropriate to their speed, and the relationshp 
between speed and accuracy is a subject worthy of 
further investigation. With certain broad assumptions, 
the teeth will not momentarily separate until the semi- 
amplitude of the dynamic increment of tooth load 
exceeds the mean transmitted load; and, conversely, 
if separation does not occur, the maximum tooth 
loading will not be more than twice the mean. Attempts 
have been made (and it is not intended to discourage 
them) to measure the intensity of tooth loading by 
photo-elastic methods applied to running gears made of 
photo-elastic material, under intermittent illumination. 
A difficulty in designing apparatus of this kind is 
that the tooth profiles may not retain their accuracy, 
whilst the elastic properties of the gear system may be 
unknown. In any such apparatus these elastic 
properties should be adjustabie, since they cannot be 
separated from the results. An aiternative method of 
approach might be to use metal gear rings and to 
mount them on photo-elastic webs in order to measure 
variations of torque, rather than of tooth stress. 

The basic problem in design is to relate permissible 
stress to actual stress. It is seldom that either of these 
is actually known. By applying elementary beam 
theory, the maximum stresses at the root of a tooth 
can be calculated, provided that certain assumptions 
are made. The first problem is to make the right 
assumptions! This matter cannot be separated from 
the precise shape of the tooth profile and its departure 
from the nominal involute. Dr. Walker has dealt with 
the case which may be described as “ controlled profile- 
modification,” but when tip-easing is applied by 
generation from a modified basic rack (as defined in the 
appropriate British Standard specification) the con- 
ditions of engagement are very different. The author 
proposes to deal with this question at greater length 
on another occasion, but it is, perhaps, important to 
emphasise that in research work the strength of gear 
teeth cannot be divorced from the minutiae of tooth 
profile. 

Perhaps the most serious gap in our knowledge, as 
far as tooth strength is concerned, is the effect. of fillet 
form and stress concentration on the endurance of the 
material. Work on this subject has of course been 
done, using photo-elastic technique ; but although this 
gives a useful qualitative picture and may be valuable 
in comparing the strength of different tooth forms, it 
does not appear possible to apply the results quanti- 
tatively to actual design practice. The two principal 
factors requiring further investigation are the behaviour 
of different materials in regard to endurance under 
conditions of stress concentration (briefly described as 
“ notch-sensitivity ”), and the scale effect, whereby 
teeth of geometrically similar form, but to different 
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scales, do not behave similarly. A further aspect of 
the matter, which stands in urgent need of more 
extended investigation in this country, is the strength 
of case-hardened teeth. The work of Mr. J. O. Almen 
will be familiar to those coneerned with high-duty 

ars for motor-vehicle transmissions, as well as the 
work of the Motor Industry Research Association. 
Nevertheless, it appears that the results of this work 
are not yet sufficiently well known to all designers 
concerned with high-duty case-hardened gears; ove 
often sees gears specified in En.39, when material 
having a lower alloy content would probably be equally 
satisfactory. To make the best use of low-alloy case- 
hardening steels, which is now a national necessity, 
brings with it an urgent demand for more precise 
knowledge of the refinements of tooth design and of the 
specification of heat-treatment processes. 

Another question on which information is lacking is 
that of the effect of variable-load cycles on endurance. 
The rating formulae contained in the B.S. gear speci- 
fications are not even empirical (meaning based on 
limited data), but merely represent guess-work which 
may, or may not, have been inspired. The author, 
having done the guessing in question, feels privileged 
to say this. Fatigue tests take a long time, and the 
number of fatigue-testing machines required for a 
comprehensive investigation is very considerable. 
There is a strange contrast between the large batteries 
of machines that one sees engaged on the properties of 
materials at elevated temperatures, and the one or two 
machines at work on gear-tooth investigations. The 
difference does not represent the relative importance 
of the problems, but only the difference of emphasis 
by which the research needs of the two branches of 
industry are made known. 

The criterion ‘‘ pounds per inch of face width” is 
not yet dead, and a last effort is needed. The Hertzian 
criterion of maximum compressive stress has been 
extensively used as a basis for comparing surface 
loading, but it is to be observed that the maximum 
permissible compressive stress at the surface, for any 
material, appears to bear no relation to the endurance 
stress of that material measured in other ways, notably 
in tension and in reversed tension and compression. 
Moreover, there appears to be no experimental evidence 
to show that the effects of different moduli of elasticity 
in different combinations of materials have any meaning 
in design practice. It can be concluded that, if the 
maximum Hertzian compressive stress is to be used 
as a criterion, the permissible stress to be assigned to 
any materials must be determined empirically. The 
simpler criterion represented by the load per inch of 
line contact per inch of relative radius of curvature is, 
therefore, simpler and equally satisfactory ; it is used 
by many designers. When applied to industrial rating 
formule, of the kind now contained in the B.S. gear 
specifications, however, it was found that the larger 
sizes of gear appeared to be overloaded when the 
permissible stresses were determined by using a speed 
factor based on r.p.m. The criterion was therefore 
modified to the form S, = at where S, is the 

r 
surface-stress criterion, F, is the load per inch of line 
contact, and Ry is the relative radius of curvature. 
The index 0-8 was, again, empirical. The author has 
now been able to show that the results of the B.S. 
rating formule are very closely consistent with the use 


of an unmodified criterion, S, = 7 in conjunction 


5 Tr 
with a speed factor based on pitch-circle velocity. 
There is an additional allowance for gear ratio which 
need not be discussed here; the broad conclusion, 
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which is sufficiently interesting, is that the unmodified 
criterion is, in fact, the present basis of B.S. rating 


formule. Future investigations could usefully be 
directed to the inquiry of whether this criterion is 
adequate. 

(To be continued.) 





**ORENDA ’’ AXIAL-FLOW 
TURBO-JET ENGINE. 


In the last two years it has hecome clear that the 
axial-flow turbo-jet is the accepted power plant of the 
high-performance military aircraft of the immediate 
future. It may be of interest, therefore, to give an 
outline of the principal constructional features of the 
Canadian Orenda axial jet engine, which was on view 
at the Society of British Aircraft Constructors’ exhi- 
bition at Farnborough in September, 1950, but about 
which, little couid be said at the time. The Orenda, 
which is shown in the illustration behind the Chinook 
(an earlier and smaller engine of similar design), was 
designed and constructed by Messrs. A. V. Roe 
(Canada), Limited, Malton, Ontario, for the Royal 
Canadian Air Force, as a power plant for the twin- 
engine long-range fighter aircraft, the CF100, built by 
the same company. The design was started in Sep- 
tember, 1946, and the engine ran for the first time on 
February 10, 1949. A year later, it had completed 
2,000 hours of test-bed running, and in July, 1950, 
two Orenda engines made their first flight installed in 
the outer nacelles of a Lancaster “ flying test-bed.” 
By February 5 this year 5,000 hour:’ running had: been 
completed. 

In the Orenda, air enters a ten-stage axial compressor 
through an annular intake ; on leaving the compressor, 
it passes through diffusing ducts to six interconnected 
tubular combustion chambers. The hot gases leaving 
the combustion chambers are ducted to a nozzle box 
and thence to a single-stage axial air-cooled turbine 
coupled to the compressor, and are ejected through a 
tail cone. The engine develops a static thrust of over 
6,000 Ib. at sea level, and has a specific fuel consump- 
tion of 1 lb. per lb.-thrust per hour. The dry weight is 
about 2,500 lb., the diameter is 42 in. and the overall 
length is about 10 ft. The annular air intake is formed 
between the compressor-intake casting, of magnesium 
alloy, and a casting housing the front rotor bearing 
and the auxiliary-drive gearbox, and supporting the 
32-volt electric starter-motor, which is covered by a nose 
fairing. The front-bearing housing is supported from 
the intake casting by six tubular struts, enclosing the 
auxiliary-drive take-off shafts, electric cables, and 
lubricating-oil pipes. The compressor stator blades, of 
aluminium alloy, are dovetailed in rings which are 
held in place by spacer rings bolted to the stator 
casing, a two-piece magnesium-alloy casting. 

The first nine compressor-rotor discs are of aluminium 
alloy, the tenth of steel; separated by spacer rings, 
they are mounted on a drum, the ends of which are 
sezured to alloy-steel stub shafts. The blading of the 
first, second, third and tenth stages is of steel, the 
remaining blades being of aluminium alloy. The 
blades of the first three stages have “ fir-tree ’’ fixings ; 
the last seven stages of blading are dovetailed. There 
is provision for bleeding air from the second, fifth and 
eighth stages for cooling various engine components 
and for aircraft services, and a small amount of air is 
allowed to leak past the seal between the tenth rotor 
disc and a gland on the cast aluminium-alloy diffuser 
casing, for cooling the rear face of the turbine disc. 

The compressor rotor is carried in two bearings, the 
forward one already referred to, and the centre bearing 


—a self-aligning thrust bearing housed in the inner 
ring of the annular diffuser casing. The centre 
bearing, which is cooled by air drawn from the fifth 
stage of the compressor, consists of two ball-thrust 
bearings, separated by accurately-ground spacer rings. 
To allow for deflections of the compressor shaft during 
flight manouvres, the bearing housing, which is 
spherically-ground on its periphery, is held by a 
spring against a flexible rubber thrust-ring which 
deforms slightly under misalignment but restrains 
the rotor assembly against axial movement. 

Ducts in the diffuser casting convey the compressed 
air to the six combustion chambers, which are arranged 
around an aluminium-alloy “backbone” casting, 
joining the diffuser casting ana the turbine nozzle 
box, and carrying the turbine bearing. Within the 
combustion chambers are flame tubes in a _high- 
temperature alloy ; the outer casings of the combustion 
chambers are of mild steel, the expansion sections being 
aluminium-alloy castings. Fuel is injected into the 
flame tubes by double-orifice atomising burners 
mounted on the diffuser ducts, and projecting into the 
noses of the flame tubes. For lighting, interconnecting 
tubes are provided between the combustion chambers ; 
two of these tubes are equipped with torch igniters 
comprising a fuel spray and a sparking plug. An 
automatic timing relay is provided for starting the 
engine, to ensure that the starter motor, the torch- 
igniter fuel valves, and the torch-igniter sparking plugs 
are actuated in the correct sequence. 

The transition ducts from the combustion chambers 
to the turbine-nozzle annulus form part of the nozzle 
box, a welded assembly of steel castings and pressings 
in which the turbine guide vanes and the shroud 
ring of the turbine rotor are mounted. The nozzle box 
is cooled by air drawn from the second stage of the 
compressor, which is also fed to the interior of the 
backbone casting and to the turbine stub-shaft bearing. 
The turbine consists of an austenitic-stee! disc, in 
which heat-resisting nickel-chromium alloy blades are 
secured with fir-tree fixings. Cooling air from the 
fifth and tenth compressor stages is fed to the front 
and rear faces, respectively, of the turbine disc. The 
stub shaft, integral with the turbine disc, is attached 
to a main shaft, which in turn is splined to the com- 
pressor shaft. From the turbine, the hot gases pass 
out through the jet nozzle by way of a tail cone, of 
stainless-steel sheet with an insulating layer on the 
outer surface of Fibreglass and foil protected by an 
aluminium covering. 

The fuel system was developed by Messrs. Joseph 
Lucas, Limited. Fuel is fed to the six burners, through 
a flow distributor, by two variable-stroke pumps, 
with overspeed governors, the delivery of which is 
regulated automatically by a flow-control unit con- 
nected to the pilot’s throttle lever and responding to 
changes of altitude,so that a constant engine speed is 
maintained at all altitudes for any setting of the 
throttle lever. The high-pressure fuel shut-off cock is 
incorporated in the flow-control unit. For lighting 
up, fuel is introduced to the torch igniters through a 
solenoid-operated reducing valve. Lubricating oil is 
fed by an oil pump through a ring main at a pressure 
of 15 to 18 lb. per square inch to the rotor bearings, 
the gearboxes and the drive-shaft flexible coupling. 
Separate scavenge pumps are provided for the centre 
and rear bearings, the front oil drains and the shaft 
coupling, returning the oil to a 13-pint oil tank; 
in the ase of the centre and rear bearings, it is 
returned by way of a heat exchanger in which fuel 
is used as the coolant. 

Earlier this year, some of the development problems 
of the Orenda were described by the chief development 
engineer of the company.* In the earlier stages, the 
engine showed some instability, and a tendency to 
surge during rapid accelerations which was cured by 
redesigning the first and second stages to give a better 
air-velocity distribution. One of the most serious 
mechanical troubles encountered was the occurrence of 
fatigue failures in the seventh-stage compressor-rotor 
blades arising from resonance at certain engine speeds, 
which necessitated scme redesign to ensure that the 
critical blade frequency no longer coincided with 
engine exciting frequencies. As already mentioned, 
flight trials of the Orenda were originally carried out 
in a Lancaster aircraft with two Orendas installed in 
the outboard positions, but in order to extend the 
range of testing to higher speeds and to altitudes 
above 33,000 ft., the operational ceiling of the Lancaster 
test-bed, an Orenda has been installed in a North 
American Sabre aircraft. High-altitude testing has 
shown that the engine possesses excellent combustion 
stability. The latest development on which informa- 
tion has been released is the fitting of after-burning 
equipment in the tailpipes of the Orenda engines fitted 
in the CF 100 all-weather fighter, to provide a con- 
siderably increased thrust for take-off and combat. 





* “The Development of the Avro Orenda Jet Propul- 
sion Engine,”” by D. W. Knowles. Presented at the 
Semi-Annual Meeting, Toronto, Canada, June 11-14, 
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NOTES ON NEW BOOKS. 


Testing of Measuring Equipment, National Bureau of 
Standards Handbook 45. 

Superintendent of Documents, U.S. Government 

Printing Office, Washington 25, D.C., U.S.A. [Price 

1.25 dols.] 
A series of four hand-books, compactly presenting a 
comprehensive survey of information relating to 
weights and measures regulations current in the United 
States of America, is completed by the present volume, 
issued by the United States Department of Commerce. 
This hand-book, which deals with commercial measuring 
equipment and practice, is a companion volume to an 
earlier one, No. 37, which was devoted to weighing ; 
and the two together are intended to provide practical 
instructions relative to all types of devices that United 
States inspectors of weights and measures are normally 
required to examine. The subject-matter of Hand- 
book 45 covers linear and volumetric measures, 
odometers and taximeters, bottles for milk and lubri- 
cating oil, grease-dispensing devices, meters and vehicle 
tanks for liquid fuels, dry measures, baskets and boxes 
for fruit, and meters for water, gas and electricity. 
— forms of each class of appliance are described, 
often with explanatory diagrams, and recommended 
testing apparatus and procedures are laid down in some 
detail. Although—indeed, more likely because— 
American appliances and methods of examination 
differ materially from the British equivalents in 
points of detail, besides embracing some forms of 
equipment not commenly used in this country, 
Handbook 45 will be of technical interest to British 
weights and measures inspectors. For American 
commercial establishments either using or making 
measuring appliances, it obviously has a considerable 
value which is shared, within limits, by similar British 
firms, especially if their products are for export. 





Synchronous Machines : Theory and Performance. 
By CHARLES Concoorpia. John Wiley and Sons, In- 
corporated, 440, Fourth-avenue, New York 16, U.S.A. 
{Price 5-50 dols.); and Chapman and Hall, Limited, 
$7, Essex-street, London, W.C.2. [Price 44s. net.] 
Tuts book is of transatlantic origin, being one of a 
series written by members of the staff of the American 
General Electric Company; and its primary object is 
to present a unified development of the fundamental 
circuit theory of the transient performance of synchron- 
ous machines. Considerable knowledge, not always 
elementary, is assumed on the part of the reader, 
although the volume is stated to be intended primarily 
for the practical engineer who wants to learn some- 
thing about the subject without searching elsewhere. 
After a short account of the construction of a syn- 
chronous machine, its ‘‘ mathematics” are described 
in general terms and its steady state, balanced opera- 
tion, three-phase and single-phase short-circuit currents 
and short-circuit and starting torques are considered in 
detail. The treatment throughout is mathematical 
and owes a great deal to the work of Messrs. S. B. 
Crary and G. Kron, to whom fitting acknowledgment 
is made. That a large manufacturing firm should 
act as sponsor to a work of this kind is an indication 
of the advances that have been made since electrical 
theory and practice were regarded as antagonists. 





Typical Microstructures of Cast Iron. 


The British Cast Iron Research Association, Alve- 
church, Birmingham. [Prive 15s. to members of the 
Association ; 21s. to non-members.) 
THE microscope has always been a particularly valuable 
instrument in the study of cast irons, as the properties 
of these materials are largely governed by their micro- 
structure. The general excellence of the micrographs 
produced by the British Cast Iron Research Association 
has long been recognised and it is fitting, therefore, 
that the Association should have produced the present 
work, which is intended as a practical tool for the use of 
foundry metallurgists, foundry engineers and other 
producers or users of iron castings. The main object 
is to provide, for reference and comparison, a series of 
half-tone reproductions of microphotographs of the 
principal types of cast irons normally encountered by 
the metallurgist and engineer in their daily work, at 
ifications to which they are accustomed. The 
book is of “ atlas ” size, measuring 11} in. by 84 in., and 
in fact recalls the Atlas Metallographicus of Hanemann 
and Schreder, published in Berlin in 1929. There are 
41 micrographs and in all cases explanatory text is 
provided on the facing page. ical microstructures 
showing the various constituents of cast iron are first 
given, then follow, in turn, micrographs of unalloyed 
cast irons, special and alloy cast irons, malleable cast 
irons and finally some typical defects in iron castings. 
In a useful, well-written introduction, the dependence 
of the structure and properties of cast iron on cooling 
rate and composition are indicated and the mode of 
occurrence an “Se. anaes of the constituents of cast 
iron are consi le 





FLANGE-MOUNTED SPUR 
REDUCTION GEARBOX. 


A RANGE of spur gearboxes, similar to the one shown 
in the accompanying illustration, with coaxial shafts, 
has been introduced recently by Messrs. Electropower 
Gears, Limited, Kingsbury Works, Kingsbury-road, 
London, N.W.9, for transmitting powers ranging from 
+ h.p. to 25 h.p, in speed-reduction ratios from 116-8- 
to 1, with an efficiency of approximately, 92 per cent., 
te 2-56 to 1, with an efficiency of about 98 per cent. 
Triple-reduction gearing is employed for the higher 
speed reductions, down to 28-2 to 1; double-reduction 
gearing is used for speed ratios from 25-15 to 1 to 

















2-56 to 1. The gearwheels are of high-tensile steel, 
accurately generated to give smooth, quiet and efficient 
running, and all components are interchangeable. 
The shafts and pinions are of one-piece construction 
and run in large ball bearings. The output shafts are 
designed to withstand normal overhung loads. The 
casing in which the gears and bearings are housed is a 
single casting of close-grained grey iron, accurately 
bored and faced. The combined oil-filter and ventilat- 
ing plugs, drain plugs, and oil-level plugs are located, 
and oil seals are provided to prevent leakage, so that 
the gearbox can be flange-mounted in any position. 
Splash lubrication is provided. The gearbox may be 
belt or rope driven, or driven directly through a 
flexible coupling. 





BOOKS RECEIVED. 


Metropolitan Water Board. Forty-Eighth Annual Report 
for the Year Ended 31st March, 1951. Staples Press, 
Limited, 14, Great Smith-street, London, S.W.1. 
[Price 5s.] 

Locomotives. A Report on the Industry. P.E.P. Engineer- 
ing Reports.—III. P.E.P. (Political and Economic 
Planning), 16, Queen Anne’s Gate, London, S.W.1. 
[Price 13s., post free.} 

Ministry of Civil Aviation. Civil Aircraft Accident. 
Report on the Accident to D.H.89A Rapide G-ALXJ 
which Occurred on 10th July, 1951, at Skeirrip, near 
Laxey Head, Isle of Man. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 1s. net.) 

City and Guilds of London Institute. Department of 
Technology. General Regulations. 1952. [Gratis.] 
Regulations and Syllabuses for Examinations in Mech- 
anical Engineering and Allied Subjects, for the Session 
1951-52. [Price ls. net.) Annual Report, 1950. 
[Price 1s. net.] Hzamination Results for 1950 (Being 
Part III of the Annual Report). [Price 1s. net.] 
Office of the Department, 31, Brechin-place, London, 
S.W.7. 

The Young Wage-Earner. A Study of Glasgow Boys. 
By Proressor T. FERGUSON and J. CUNNISON. 
Published for the Nuffield Foundation by Oxford 
University Press, Amen House, Warwick-square, 
London, E.C.4. [Price 8s. 6d. net.] 

National Building Studies. Research Paper No. 10. 
An Economical Design of Rigid Steel Frames for Multi- 
Storey Buildings. By Dr. R. H. Woop. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
3s. 6d. net.) 

The Working of Aluminium in the Shipyard. Informa- 
tion Bulletin No. 18. The Aluminium Development 
Association, 33, Grosvenor-street, London, W.1. 
(Price 2s.] 

United States National Bureau of Standards. Circular 
No. 511. Hydrogen Embrittlement of Steel. Review of 
the Literature. By R. W. Buzzarp and H. E. CLEAVEs, 
The Superintendent of Documents, U.S. Government 
Printing Office, Washington, 25 D.C., U.S.A. [Price 
20 cents.) 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Fireclay Refractories for Petroleum Industry.—A new 
specification, B.S. No. 1758, deals with fireclay refrac. 
tories in the form of bricks and shapes for use in the 
petroleum industry. It covers dimensional require- 
ments and physical properties for three grades of fireclay 
refractories, classified according to the duty for which 
they are suitable. Although prepared specifically for 
the petroleum industry, it is expected that the pro- 
visions of the specification will be found equally useful 
to many other users of refractory products. [Price 2s., 
postage included.] 

Physical Tests of Raw Rubber.—Part 3 of B.S. No. 
1673, which replaces B.S. No. 902 and deals with 
methods of testing raw rubber and unvulcanised com- 
pounded rubber, has now been issued. It is concerned 
with methods of physical testing and while reclaimed 
and synthetic rubbers are not covered, this does not 
imply that the methods are necessarily unsuitable for 
these materials. Among the changes made in the new 
edition are the introduction of two new methods, 
namely, the determination of viscosity by the shearing- 
disc viscometer and the determination of the scorching 
rate of rubber compounds. On the other hand, the 
determination of the “ mastication number” has been 
deleted because it is not now generally used. Moreover, 
as is always the case in such circumstances, the methods 
retained have been revised. Three new methods have 
been considered, but are not considered to be sufficiently 
developed for inclusion in the present issue. These 
relate to the determination of processing characteristics, 
the measurement of colour and the determination of 
ageing characteristics. [Price 2s. 6d., postage included.) 


Method for Analysis of Tin in Ferro-Tungsten and 
Tungsten Metal.—A further publication in the series 
entitled “‘ Methods for the Analysis of Iron and Steel ” 
has now been issued. This, Part 22 of B.S. No. 1121, 
covers the method for the determination of tin in 
ferro-tungsten and tungsten metal. The method is 
based on the isolation of the tin as sulphide, using 
molybdenum sulphide as carrier. The tungsten is 
retained in solution as a complex with ammonium 
citrate. The tin sulphide is separated and re-dissolved, 
and is then reduced to the bivalent condition with 
metallic aluminium, in the presence of an antimony salt. 
The reduced tin is finally titrated with N/100 potassium 
iodate solution. [Price ls., postage included.] 


Screwing Taps.—A revision of B.S. No. 949, which 
has just been completed and issued, was originally 
proposed in order to include tables of general dimen- 
sions for taps for special fine pitch threads, threads of 
certain American and metric series, and other threads 
in common use. It was subsequently decided that some 
amendment to the tolerances on the threads was also 
desirable, and, with the publication of B.S. No. 1580, 
which is concerned with unified threads, it was felt 
that tolerances which would be applicable to unified 
threads as well as to those covered by the previous 
specification should be formulated. The present edition 
has been considerably enlarged and extra tables of 
general dimensions, and tables of limits of sizes and 
tolerances of taps have been included. Information is 
also given to enable the limits and tolerances of taps 
for special threads and for intermediate sizes, not 
included in the specification, to be readily calculated. 
[Price 15s., postage included.] 


Copper Coverings for Roofs.—The Council for Codes 
of Practice for Buildings, Construction and Engineering 
Services, Lambeth Bridge-road, London, 8.E.1, have 
now issued, in final form, Code of Practice, C.P. No. 
143,104, dealing with copper coverings for roofs. It 
deals not only with sheet coverings for roofs, but 
includes also such flashings and gutters as are an 
integral part of roof construction. Recommendations 
are made for the selection of sheeting and detailed 
information is given regarding the technique of laying 
and the preparatory work entailed. Many of the 
details associated with the laying of the roofing are 
illustrated by a series of drawings. Appendices deal 
with gauges, thicknesses and weights of copper sheet 
and the physical properties of copper. [Price 4:., 
postage included. ] 





CARE OF SMALL PLANT AND HAND TOOLS.—We have 
received a copy of the Ministry of Works Advisory 
Leaflet No. 22, Care of Small Plant and Hand Tools, 
compiled for the building industry. Copies may be 
obtained from H.M. Stationery Office, P.O. Box No. 569, 
London, S.E.1, at the rate of 25 copies for 3s. 6d., 50 
copies for 6s. 6d., 100 copies for 12s. 6d., or 1,000 copies 
for 100s., post free.. The price of a single copy is 3d. net., 
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DREDGING AND MARSH 
RECLAMATION AT 
SOUTHAMPTON. 


Tue largest dredging scheme in the history of 
the Southampton Harbour Board, which has recently 
been completed six months ahead of schedule, has 





improved considerably the approaches for the 





RECLAMATION AREA, PIPELINE AND PuMPING DREDGER. 





many large ships now using the port. A secondary 
part of the work, of civil engineering interest, has 
been the reclamation of marshes on thé west bank 
of Southampton Water, by pumping some of the 
dredged material through a pipeline to the site. 
Before the reclamation work was started, the main 
contractors, the Dredging and Construction Com- 
pany, Limited, King’s Lynn, commissioned Messrs. 
Soil Mechanics, Limited, 123, Victoria-street, 
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London, 8.W.1, to investigate and report on the 
proposed method of reclamation, considering, in 
particular, the heightening of an existing bank 
which formed the seaward boundary of the site, 
and the depth of dredged material that could safely 
be deposited. The reclamation area is shown near 
the top of Fig. 1, herewith ; Fig. 2 is a map of the 
port and also shows the site of the reclamation area. 
Radio-telephone control points were established at 
several points for communicating continuous tide- 
gauge readings to the dredgers, and for direct 
intelligence and overall control. The dredging 
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Boaid by Commander D. H. Macmillan, R.N.R., 
F.R.LC.S., their hydrographic surveyor, and the 
reclamation was supervised by Mr. J. P. M. Pannell, 
M.B.E., M.I.C.E., M.I.Mech.E., the engineer to the 
Board. , 
From 1882, when the Harbour Board first 
obtained Parliamentary powers for deepening the 
waterways of the port and the approaches, until 
1907, the main channels were dredged to a depth 
of 32 ft. M.L.W.S. (mean low water at Southampton) 
in order to accommodate larger ships which 
were being built for the Atlantic Service. The 
increasing draught of vessels meant that, between 
1922 and 1927, continuous operations for widening 
and deepening were necessary, not only in the 
reaches above Fawley up to the docks (Fig. 2), 
but also in the natural channel below Calshot, down 
to the south-western extremity of the Brambles 
shoal. In 1931, the Southampton Harbour Board 
commenced the largest single dredging contract 
undertaken up to that date, involving the excavation 
of 2,750,000 cubic yards of material in order to 
widen the channel where possible to 1,000 ft. and to 
deepen the reaches below Calshot to 38 ft. M.L.W.S., 
so that, when the liner Queen Mary went into service, 
Southampton was ready to receive her with her 
39-ft. load draught. The second World War 
deferred plans for further dredging, but after the 
war the Board decided on a programme for the 
rectification of the channels to Fawley reaches, the 
Calshot Spit and Western Approach, to facilitate 
the entry of the largest ships. Accordingly, in 
1950, the Dredging and Construction Company 
were awarded a contract by the Board, the largest 
ever undertaken in the port, for major dredging 
works, entailing the removal of 3,500,000 cubic 
yards in three principal areas. 

These three areas of virgin dredging are shown 
in Fig. 2, together with areas of maintenance dredg- 
ing. At the first area, the western margins of the 
Western Approach channel, off the West Bramble 
light buoy, and up to the Bourne Gap light buoy 
in a direction of 041 deg./221 deg. (true), have 
been dredged away to a least depth of 38 ft. 
below port low-water datum (P.L.W.D.). This 
bold widening of the entrance to the reach was 
designed to give greater freedom for ships in turning 
inwards, and particularly for the 1,000-ft. liners 
using the port, and was based on research involving 
the plotting of the tracks of ships making this 
critical turn. It is understood that the benefit 
of this work has already been felt and favourably 
commented on by pilots and shipmasters. The 
quantity of material removed was 850,000 cubic 
yards, composed of clay and gravel from areas 
where practically no silting occurs, owing to the 
dominant westerly streams of the Solent. Above 
Calshot the maximum ebb tidal stream does not 
exceed 2} knots, but the stream in the Western 
Approach may attain velocities at spring tides of 
3 knots. Thus, with strong W.S.W. gales, a heavy 
‘* fetch ” develops, and it was therefore necessary to 
suspend work at this site from September, 1950, 
to April, 1951. 

The second part of the work consisted in dredging 
away the eastern corner of the Calshot Spit to a 
curve of 4,000-ft. radius, in line with the straight 
edge to the first part of the dredging, to give an easy 
turn for large ships with moderate helm, and nor- 
mally without engine assistance. The quantity 
involved was just under 1,500,000 cubic yards of 
a mixture of clay and gravel. Excavation was 
carried out from a depth of 8 ft. down to 38 ft. 
below P.L.W.D., but to ensure under-water stability 
an intermediate 50-ft. terrace or berm has been cut, 
with 1-in-3 slopes above and below it. The Queen 
Mary and Queen Elizabeth draw up to 40 ft., and 
may, due to hydraulic factors, increase their draught 
by another 2 ft. in shallow water. In the United 
Kingdom, only Southampton is required to provide 
sea channels for such depths, combined with the 
lengths of these ships. In addition to dredging the 
new Calshot curve, some slightly shoal areas of the 
adjacent channel and Calshot Reach have been 
re-dredged, where necessary, to the: same depth 
of 38 ft. Very little accretion has oceurred in the 
main channel below Calshot since dredging in 1934. 
The greatest width of the channel off the Spit has 
now been increased from 1,650 ft. to 2,500 ft. 

The third virgin dredging area was in the natural 
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‘deep ” between Calshot Castle and Fawley, which 
has depths of well over 42 ft. below P.L.W.D. Above 
Fawley Beacon and the new Esso oil refinery lie 
those reaches of the main channel which have hither- 
to required constant dredging and which extend, 
so far as the Board are concerned, to Cracknore, 
near the new docks. A heavy rectification on the 
east side, between the north-west Netley light 
buoy and shoal and the Cadland light buoy, has 
been made by dredging to a line 129 deg./309 deg. 
in alignment with the dominant tidal ebb scour. 
This has moved the axis of the channel about 
250 ft. eastward and the eastern margin some 
400 ft. into a submerged terrain not so liable to 
silting as the western margins, which were composed 
of silt and mud from the soft swampy foreshores 
lying between Fawley and Hythe and interspersed 
with run-off creeks. The material dredged in the 
Netley “strip” (shown in Fig. 2) consisted of 
peat and timber from prehistoric forests over clay 
and gravel, but dredging was not difficult. Some 
Roman pottery was also recovered. Elsewhere 
in the reaches above Fawley, silt and accreted 
gravel and shingle predominated, with some green- 
sand and a few large boulders. The quantity of 
material removed in the reaches above Fawley was 
just over 500,000 cubic yards, half of which was from 
the Netley etrip. 

During the peak period of the work the vessels 
used were three large bucket dredgers ; a “‘ reclama- 
tion dredger”’ (i.e., the dredger shown in Fig. 1, 
which was, in effect, a pumping station for filling 
the reclamation area); ten self-propelled sea-going 
hoppers ; seven dumb barges for conveying material 
to the reclamation dredger, and various tugs and 
ancillary craft. Up to 250 men were employed. 
About 2,000,000 cubic yards of material were 
pumped into the reclamation area, the remaining 
material being dumped at sea in authorised deposit 
areas off the Nab Tower and the Needles. The 
radio-telephone control points were established at 
Calshot, Hythe, and the Town Quay, Southampton. 
It was thus possible to communicate with .any 
dredger by day or night via a land line to the 
control points and thence by radio-telephone. 
After dredging, soundings for the required levels 
were made by reference to visual tide gauges 
stationed at two-mile intervals, the means of the 
readings giving one-mile virtual intervals. Pre- 
computed sextant arc graphs covering the entire 
area, depending on closely triangulated control and 
defining all positions on the contract drawings, were 
used for siting and controlling the dredgers and for 
final surveys. The contract allowed 20 months for 
the work, but, as already stated, it was completed 
six months earlier. 

Following the completion of the dredging pro- 
gramme, the Board are planning a revision of the 
buoys, beacons and other navigational aids in the 
port area. A port control and information service, 
using radar and radio-telephony, is also being con- 
sidered, with the object of providing full information 
to shipping authorities for the safe and speedy 
handling of vessels in the port. 

The reclaimed area consisted of inadequately 
drained marshes situated at the base of the hills 
on the west side of Southampton Water, between 
Fawley and Calshot. This area of 200 acres was 
originally about 6 ft. below high water, but was 
protected from tidal inundation by a small embank- 
ment. Since the reclamation was finished, about 
@ quarter of the area has been sown with grass seed, 
and when it has completely drained and settled it 
will be suitable for agricultural purposes—probably 
for grazing in two years’ time. To contain the 
dredged material, a new enclosure embankment, 
10 ft. above the level of the marshes, as shown in 
Fig. 6, opposite, was constructed by dragline 
excavators. The new embankment was built on 
the landward face of the old embankment, an 
existing ditch being filled in at the same time, using 
material dragged from a borrow pit, as shown 
in Fig. 7. The borrow pit was kept as far away 
from the embankment as the booms of the excava- 
tors, sited on the landward side, would allow, to 
ensure the maximum possible stability. A jetty of 
steel bridge spans supported on timber piles, as 
shown in Fig. 4, herewith, was constructed to 
carry the pipeline a distance of about 800 yards 
from the reclamation dredger, which was perman- 
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ently moored near the low-water line, to the 
reclamation area. The report of Soil Mechanics, 
Limited, is given in abridged form below. It 
was signed by Mr. I. K. Nixon, and by Dr. Hugh 
Q. Golder, by whose permission, and that 
of the contractors, we are enabled to make use 
of it. 

The purpose of the investigation was to analyse 
the proposal to form a reclamation area on the 
marshes south of Ashlett. It is proposed to form 
an enclosure by raising the height of the existing 
sea-wall, which is an earth bank some 6 ft. high with 
brushwood protection on the seaward slope. In 
places this protection is badly in need of repair. 
The height of the existing bank is such that it is 
1 ft. above the level of the highest water level 
recorded in Southampton Water. The dredged 
material, suspended in water, would be pumped into 
the area between the new bank and the rising 
ground behind the marshes. Three temporary 
culverts in the proposed bank would allow the water 
to escape after the dredged material had settled. 
The Dredging and Construction Company requested 
that an analysis be made in respect of the design 
of the new bank and the allowable depth of dredged 
material which might be placed in the area. 





The marshes to be reclaimed stretch for some 
14 miles on the west bank of Southampton Water, 
the width varying from 200 to 400 yards. On the east 
side the marshland is enclosed by the old sea-wall, 
beyond which are the “‘saltings.”” These saltings, 
two-thirds of a mile wide, are just below high-water 
level, and are composed of very soft clay covered 
by sedge grass. They contain numerous meander- 
ing creeks which drain off the water after each high 
tide (as Fig. 1 shows). On the west side the ground 
rises sharply. The marshes are very flat, and at 4 
level of + 4 ft. N.D. (Newlyn Datum); this is 
2 ft. below the level of the saltings. 

The positions of the borings, shown in Fig. 3, on 
page 737, were determined by the Dredging and 
Construction Company. Three groups, each of 
two boreholes, were put down on the line of the 
existing sea-wall. Each borehole was close to the 
wall, one on the marsh and the other on the salting. 
One borehole in each group was carried down to the 
bottom of the soft clay and the other until the soil 
was seen to be similar to that in the first bore. This 
depth was generally 18 ft. Three other shallow bore- 
holes were put down in the centre of the marsh, at 
approximately equal spacing. All the boreholes 
revealed similar ground, consisting of about 45 ft. 
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Fig. 6. DESIGN PROFILE OF BANK. 
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drying takes place, and this can extend to a 
depth of 15 to 20 ft. However, below this depth 
there should be a gradual increase in the shear 
strength with increasing depth, whatever the surface 
conditions, Quantitative examples of the value 
of this increase of shear strength with increasing 
overburden pressure have been published by 
Professor A. W. Skempton.* For a soil with a 
liquid limit of 80 per cent., it is tentatively suggested 
that the ratio of shear strength (c) to effective 
overburden pressure (p) = 0-3. For higher values 
of the liquid limit the ratio increases. 

The results of the shear-strength measurements 
for the majority of samples taken from below 20 to 
25 ft. are not in accordance with the above remarks : 
the shear strength is very much lower than it is 


higher up, the ratio - being 0-14 for boreholes 


No. 1 and 3 and 0-09 for borehole No. 5. This 
means that the shear strength as measured is just 
below half of what would be expected. The 
reason for this discrepancy may be due to disturb- 
ance when sampling, as the sampling of very soft 
clay is difficult. By carrying out vane tests on the 
site it should be possible to confirm this increase 
of the shear strength, as this form of testing is 
carried out on the soil in situ. 

As a result of these various considerations and 
of the measurements made, the conditions shown in 
Table I have been assumed in the design of the 
bank and the thickness of dredged material. The 
similarity of the results for the various boreholes 
suggested that the conditions are similar along the 
whole of the bank. 


TABLE I.—Conditions Assumed in Design of Bank. 








Shear Strength 
Depth, Seer Gomes Below Ex'sting Bank 
t. Lb. pers i J and Marsh, 
- per aq. Be. Lb. per sq. ft. 
0-10 50 200 
10-25 200 200 
25-40 70 (as measured) 70 (as measured) 
140 (from experience) 140 (from experience) 
40-50 800 300 
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of soft grey-blue silty clay, organic in parts, within 
which, at a depth of 12 ft., there was a stratum of 
peat about 4 ft. thick. Below the soft clay there 
was sandy gravel. The deep boreholes were ter- 
minated in'this stratum. It would be reasonable 
to assume that this sandy gravel continues until the 
Barton clay is reached. It is of interest to note 
that in the centre of the site (borehole No. 3) the 
level of the sandy gravel was much higher than it 
was either to the south or to the north (boreholes 
Nos. 1 and 5). The boreholes on the marsh revealed 
a hard crust approximately 2 ft. thick. Ground- 
water level was 1 ft. below marsh level. Both 
disturbed and “undisturbed” samples of the 
soil were taken from the boreholes. The “ undis- 
turbed”” samples were taken at approximately 
5 ft. intervals in the deep boreholes. 

The classification tests revealed that the soft clay 
above the peat stratum and immediately below it 
had a liquid limit of about 100 to 110 per cent. 
Visual examination of the soil showed that it was 
very organic, with occasional small peaty inclusions, 
which may have been the reason for the high value 





of the liquid limit. Below a depth of about 20 to 


25 ft. the liquid limit of the soil dropped to about 
80 per cent. The moisture content of the soil was 
always very high (except for the surface crust) 
and much closer to the liquid limit than the plastic 
limit. Although the results of the moisture content 
were rather erratic, it was possible to detect a small 
reduction with increasing depth, except for the peat 
samples. Certainly, there was no increase of 
moisture content with increasing depth. 

All the “undisturbed” samples of soil were 
found to be purely cohesive and non-frictional for 
conditions of no change in moisture content. Three 
specimens of each sample were tested, and the shear 
strength was taken as one half of the mean com- 
pressive strength. Graphs were plotted showing 
the variation of the measured value of the shear 
strength with increasing depth. The shear strength 
of a thick stratum of a normally-consolidated clay 
soil generally increases with depth, according to the 
increase in the overburden pressure. In the case 
of a stratum deposited below water, the shear 
strength of the soil at or near the surface is almost 
zero, but, where the surface has become exposed 
to the atmosphere, surface hardening due to 


- 











As the soil excavated from the borrow pit is to 
be allowed to dry out, thereby increasing its 
strength, the profile of the new bank will depend 
upon the strength attained. The design shown in 
Fig. 6 has a top width of 3 ft., a seaward slope of 
1 in 2, and a landward slope of lin 1}. It wasrecom- ~ 
mended that attention be directed to grading the 
top and side slopes to prevent softening due to the 
action of rain and frost, and to maintenance of the 
existing sea-wall, it being assumed that this would 
completely protect the new bank from the effect of 
erosion by wave action. The height of the new bank 
is dependent upon the strength of the subsoil. 
Assuming that the design strengths given in Table I 
are applicable, the new bank might be built to a 
height of 10 ft. This would probably cause the peat 
stratum to consolidate, making it necessary to 
add to the bank from time to time. Nevertheless, 
by building the bank in stages, settlement due to 
overstressing would be reduced, as the interval of 
time between each construction stage would allow 
the soil to increase in strength. 

The possibility had to be considered of a slip 
involving the bank and the borrow pit prior to 
filling the area, a form of failure which is more 
critica] than a slip involving the bank and the salt- 
ings (where there are no creeks). As it is proposed 
to use a dragline to excavate the soil and place it on 
the line of the bank, practical considerations sug- 
gested a space of 20 ft. between the bank and the pit. 
If the bank is built in one operation, then the 
borrow pit must remain full of water and the shear 
strength of the soft clay below the peat would 
need to have a shear strength more than 
twice that measured in the laboratory. The 
stability analysis of the bank built in one 
operation is shown in Fig. 7, herewith. This 
might be possible but it cannot be relied upon. 
Therefore it would be necessary to build the bank in 
two or more stages. In this way, the disturbing 
forces promoting a slip are reduced and the factor 
of safety is consequently increased. The borrow 





* “Vane Tests in the Alluvial Plain of the River 
Forth near Grangemouth,” by A. W, Skempton. 





Geotechnique, vol. 1, No. 2 (1948). 
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pit must, of course, be refilled with dredged material 
prior to commencing a new pit for increasing the 
height of the bank. An analysis for the bank at 
one-half of its final height, with the borrow pit 
full of water, showed that the factor. of safety 
against a slip occurring is 1-02. However, this is 
based on the measured values of the shear strength, 
and in view of the actual strength of the very soft 
clay being probably higher than that ascertained, 
the safety factor would be correspondingly higher. 
If the shear strength of this very soft clay is 140 lb. 
per square foot, the safety factor will be 1-34. It is 
recommended that, at all times, the berm is main- 
tained at 20 ft. and that the depth of the borrow 
pit does not exceed 5 ft. at any stage. 

The criterion determining the allowable thickness 
of dredged material which can be placed in the 
reclamation area is the possibility of a slip involving 
a settlement of the bank and the fill behind, and a 
corresponding heave in the area of the saltings. An 
analysis of this form of possible failure is given in 
Fig. 8, on page 739. The results show that, for 8 ft. 
of fill, the safety factor is 1 if the strength of the 
soil below the site is as measured, with the exception 
of the very soft clay below the peat; this must 
have a strength of 100 Ib. per square foot. Although 
this is more than the measured strength for this 
soil, it is less than the strength that it possibly has, 
according to experience. Therefore, it was suggested 
that 8 ft. of fill might be placed over the area. It is 
of interest to note that, for a thickness of 7 ft., the 
factor of safety against sliding is 1-33, using the 
measured strengths, including those of the soft clay 
(70 lb. per square foot). 

The addition of the dredged material over the 
site would probably cause settlements of the existing 
level of the marshland due to the consolidation of 
the peat, but this was thought to be of no conse- 
quence. The weight of the filling would increase the 
strength of the soil below, due to the settlement and 
consequent reduction in the moisture content. If the 
soft clay below the peat has, in fact, the strength as 
measured, the possibility of squeezing out must be 
investigated. The possibility of lateral flow was 
calculated by the formula (from an unpublished 
report to Soil Mechanics, Limited, by A. W. Skemp- 
ton and A. W. Bishop) : 


2 Tw b 
a+7D =e +342) 
where 

q = pressure due to dredged material. 


y D = overburden pressure. 
c = shear strength of the soft material. 
2a = thickness of soft layer. 
6b = half width of the reclamation area. 


Assuming 2a = 15 ft., D = 20 ft., ¢g = 900 Ib. per 
square foot, and the factor of safety = 1-1, the 
required value of c would be 68 lb. per square foot 
for a value of b = 600ft. The possibility of squeeze 
is greatest at the position of least width of the reclam- 
ation area. This corresponds to approximately 
600 ft. According to the formula, it is seen that, 
for this width, with a safety factor of 1-1, the soft 
clay should have a strength of 68 lb. per square 
foot. This is equivalent to the measured value. 

The allowable thickness having been determined 
according to the considerations described above, it 
was necessary to check that there would be no 
possibility of the bank sliding under the horizontal 
pressure of the fill. Table II, below, gives the 
conditions at two different depths. 

TABLE II.—Conditions Affecting Possibility of Bank 








Sliding 
Horizontal 
Position of Surf: Pressure Due to BeSlidine, - 
ot ang, "| APSE, |. pers un 

At top of existing bank, 

4 ft. below top of new 

— ge 128 5,250 
At base of bank at marsh 

level oe oe ee 2,048 9,450 











Nortse.—The shear strength of the soil in the bank is assumed 
to be 300 Ib. per square foot ; it should be higher. 


From the figures given in Table II, it is seen that, 
in both cases, the resistance is greater than the 
pressure due to the water in the fill. 

To gain the maximum amount of increase in 
strength of the soil, the report concluded, the fill 


should be placed as slowly as possible. Therefore it 
would be advantageous to use all the reclamation 
areas at the same time rather than completely to 
fill each one separately.- The rate of consolidation 
of the dredged material itself would be increased 
materially if it were possible to place initially 
over the reclamation area a layer of coarse material. 
Though the report recommended building the 
bank in two stages, the contractors decided to 
build itin one. As a result, several slips occurred— 
as had been predicted—but they were rectified. 
The contractors were prepared for this, however ; 
they considered that the inconvenience due to slips 
was more than offset by the ease of construction in 
one stage. Fig. 5 shows a slip in the borrow pit. 
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Stereoptics : an Introduction. 

By LeEsLIcE P. DuDLEY. Macdonald and Company 

(Publishers), Limited, 16, Maddox-street, London, 

W.1. [Price 15s. net.] 

Txovuasu the Victorian vogue of the stereoscope has 
waned, interest in stereoscopic pictures is now reviv- 
ing as a result of important new developments that 
have taken place in recent years. As one of the 
chief contributors to progress in this field in this 
country, Mr. Dudley has felt the need of a con- 
venient single word to cover all that pertains to 
the theory and practice of stereoscopy and the one 
proposed by him serves as the title to this book. 

The appreciation of relief is a consequence of 
binocular vision, and the illusion of relief can be 
recaptured by viewing a pair of photographs repre- 
senting left and right eye views of the same scene 
under conditions which promote binocular fusion 
of the respective images. Methods of producing 
simple stereograms and the classical methods of 
viewing them devised by Wheatstone, Brewster 
and others are described in the opening chapter, 
wherein attention is also directed to the reversal 
of the relief that ensues when the two components 
of a stereogram are transposed; which is known 
as ‘‘ pseudoscopy.” Chapter II is devoted to the 
use of polarised light to enable pictures to be viewed 
in stereoscopic relief. Though orginally suggested 
as far back as 1890, this did not become really prac- 
ticable until the invention of “‘ Polaroid ” in 1934. 
Mention might have been made of the means adopted 
to orientate the microscopic doubly-refracting crys- 
tals which is the essential feature of the Land process. 
Alternative methods of arranging the stereoscopic 
image pairs on standard and sub-standard film and 
for projecting them are described, including a 
system, due to the author, which notably improves 
screen illumination. Reasons are given for prefer- 
ring methods based on the split field rather than the 
alternate frame principle. The following chapter 
deals with anaglyphic processes in which the two 
component views are superimposed and seen three- 
dimensionally when examined through a pair of 
complementary colour filters inserted in a spectacle 
frame. In the system developed by the author, 
ordinary colour stock film is used to produce 
anaglyphs directly in natural colour. 

Part II is concerned with auto-stereoscopic 
photography, whereby the impression of solidity 
is obtained without the necessity of using any 
individual viewing device. The first successful 
system—due to Ives (1902)—produced what he 
termed “‘ parallax stereograms,”’ consisting, in effect, 
of contiguous narrow strips equivalent to corres- 
ponding alternate elements of the picture pair in 
an ordinary stereogram. Methods of taking and 
viewing still and cinematograph pictures based on 
this principle are described, together with modifica- 
tions designed to overcome its main disadvantage, 
namely, the presentation of an equal number of 
orthoscopic and pseudoscopic viewing positions. 
One drawback to stereograms taken with a station- 
ary camera is the distortion that results unless they 
are viewed from substantially the same standpoint 
as that occupied by the camera. How this can be 
overcome by traversing the camera over an arc 
of a circle centred on the centre of interest of the 
scene is explained in Chapter V. A further advan- 
tage of these “‘ parallax panoramagrams,” as they 





are called, is that pseudoscopic viewing zones can 





be rendered much less obtrusive. Details are also 
given of the very remarkable technique of integral 
photography, proposed by Lippmann in 1908, 
which, since the introduction of lenticular film, js 
now being developed, notably by Zafiropulo and 
Saint Genies. 

Methods for locating foreign bodies or flaws are 
vital in medical and industrial radiography, and 
recent improvements in stereoscopic technique 
proposed by the author, using direct or indirect 
methods and moving either the source or the 
subject, are outlined in the concluding chapter, 
together with another promising innovation—the 
stereoscopic graticule. 

This stimulating little book breaks new ground 
and opens up fresh possibilities which visitors to 
the Festival cinema, and others, will appreciate. 
Those desiring a fuller discussion of the problems 
of stereoptics will be interested to note that Mr. 
Dudley intends to follow this excellent introduction 
with a treatise on this fascinating subject, in which 
space will doubtless be found for topics not dealt 
with in the present book, such, for example, as 
stereoscopic range finders. 





The Hardness of Metals. 

By D. Tasor. Oxford University Press (Geoffrey 

Cumberleg>), Amen House, Warwick-square, London, 

E.C.4. [Price 15s. net.] 

THE quality of hardness is at once one of the easiest 
attributes to appreciate and one of the most difficult 
to define precisely. Recognition of the quality 
of hardness is widespread, but the best that 
most people, on the spur of the moment, could 
provide as a definition of “ hard ’’ would be “not 
soft ’’; which is a description, perhaps, but scarcely 
a definition. Even Dr. Tabor, in this excellent 
review of the subject that he has contributed to the 
Oxford University Press series of ‘“‘ Monographs on 
the Physics and Chemistry of Materials,” rather 
begs this particular question ; ‘‘ in general,”’ he says, 
‘**hardness implies the resistance to deformation,” 
but he proceeds at once to point out the difficulty 
that if, by ‘“‘ deformation,” is meant ‘‘ permanent 
deformation,” then ‘‘a substance such as rubber 
would appear to be harder than most metals.” 
Since, however, the book is concerned only with the 
hardness of metals, he has sufficient justification for 
dropping the awkward example of rubber and 
turning to the methods of making hardness 
measurements. 

Thenceforward, the book becomes scientifically 
factual as, in successive chapters, the author 
discusses, with admirable clarity and a notable 
economy of words, hardness measurements by 
spherical indenters, the deformation and indentation 
of ideal plastic metals and of metals which work- 
harden, the practical considerations of ‘‘ shallowing ” 
and elastic recovery, the use of conical and pyramidal 
indenters, dynamic or rebound hardness, and the 
area of contact between solids. There are no 
fewer than six appendices, dealing with Brinell, 
Meyer and Vickers hardness measurements and 
the conversion factors which relate one to another, 
the connection between hardness and ultimate 
tensile strength, and a selection of typical hardness 
values. Within the field that the author has set 
out to cover, the treatment is thorough; and the 
other works cited, if systematically studied, make 
it as exhaustive as most engineers and a large 
proportion of physicists are likely to require. It 
should be noted, however, that there is no more than 
an introductory reference to the subject of scratch 
hardness (a method of testing which ‘does not 
easily lend itself to a theoretical analysis ’’) or to 
that ingenious device, the Herbert pendulum hard- 
ness-tester, which is similarly dismissed because 
“it does not lend itself readily to theoretical 
treatment.” As Dr. Tabor admits that ‘‘ this method 
is of considerable interest,”’ some readers may regret 
that more space has not been devoted to it; more 
especially to its action on work-hardening metals, 
and to the parallelism between the pendulum 
readings and the Brinell numbers for the same 
materials, which E. G. Herbert himself could only 
explain as a remarkable coincidence. The methods 
most commonly used are well covered, however, 
and the book should prove of value to those desiring 
a sound basic knowledge of the subject and of 
interest to many more. 
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THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 710.) 


CONTINUING our report of the recent London 
autumn general meeting of the Iron and Steel 
Institute, we deal now with the ‘Symposium on 
Stresses in Ingot Moulds,” held on the afternoon of 
Wednesday, November 21. In our last issue, we 
gave abstracts of the first two papers of the sym- 

jum and we deal now with the remaining three 
and with the two further papers submitted for 
discussion with the symposium. The first of these 
papers, by Dr. R. T. Fowler and Mr. J. Stringer, 
dealt with ingot-heat conservation, and the second, 
by Mr. A. Jackson, was on the subject of 10-ton 
ingot moulds. 


StressEs In Incot Mov ps. 


The third paper in the symposium dealt with the 
“Growth Characteristics of Some Cast Irons Used 
for Ingot Moulds,’ and was by Mr. W. C. Heselwood 
and Mr. F. B. Pickering, of the United Steel Com- 
panies, Limited. The authors stated that the 
growth of 16 irons used for the manufacture of 
ingot moulds had been examined at temperatures 
up to 850 deg. C. A detailed preliminary examina- 
tion of five of thé irons indicated that, in 5 hours, 
maximum growth took place at about 700 deg. C. 
Little growth occurred below 600 deg. C., and 
there was no growth above the Ac, temperature. 
It had been found, however, that heating to tem- 
peratures above that of Ac, could greatly affect the 
amount of growth which took place at lower tem- 
peratures. The measurement of the growth occur- 
ring in 5 hours at 700 deg. C. under conditions of 
limited access of air (to minimise scaling), had been 
finally adopted as an arbitrary test for growth. 
Good agreement was found between laboratory 
growth tests and the growth resulting from the 
works-annealing of certain ingot moulds. Within 
the range_of analysis studied, it was found that 


the growth under the conditions of the adopted | 


test could be estimated with fair accuracy from 

the relation :— 

Growth, per cent. = 0-32 — 0-21 Mn + 0°13 Si 
— 0-73 P. 

The title of the fourth paper was ‘‘ Note on 
Relaxation Tests on Cast Iron” and its author 
was Mr. J. Woolman, who stated that, in view 
of the possible effect that growth might have on 
the stresses, induced in cast-iron moulds during 
use, some relaxation tests had been carried out 
to determine the rate of relaxation of stress under 
constant deformation. The first test was carried 
out at 450 deg. C. on an iron sample initially 
loaded at 4 tons per square inch, and the load 
was then reduced manually by sliding the jockey 
weight of the testing machine along the beam by a 
handwheel; the beam thus remained horizontal 
and the test piece was maintained at constant 
length. The results showed that, at 450 deg. C., the 
stress relaxed quickly at first but did not reach 
constant values even after 19 hours. In a second 
test on a sample of the same iron at 700 deg. C., 
the specimen immediately broke on reaching a 
load of 4 tons per square inch. A repeat test was 
carried out with an initial stress of 2 tons per square 
inch, at 700 deg. C., but the stress fell so rapidly 
that it could not be followed, and, before a reading 
could be taken the specimen broke. The indica- 
tions, however, were that the rate of relaxation was 
extremely rapid, so that it was unlikely that high 
stresses could build up at temperatures when growth 
of iron occurred. Thus it was improbable that 
growth could have any influence on the stresses 
induced in an ingot mould during use. 

The fifth and last paper was entitled ‘‘ Determina- 
tion of Surface Stresses in Ingot Moulds” and 
was by Mr. M. W. Buttler and Mr. W. H. Glaisher. 
It described work carried out in the Steelmaking 
Division of the British Iron and Steel Research 
Association. The authors stated that when a 
cast-iron ingot mould was filled with molten 
steel, stresses were produced in the walls owing 
to the steep temperature gradients set up. By 
measuring the consequent strains, it was possible 
to evaluate these stresses, if certain properties 





of the mould iron were known. A _ tempera- 
ture survey of a mould during use showed that 
certain parts of the mould did not attain the 
minimum temperature for rapid growth (650 deg. C:), 
while other parts remained in the temperature range 
for most rapid growth for a considerable period. 
The effect of this growth on the cracking of moulds 
was probably small, since it occurred at tempera- 
tures above 650 deg. C., when the mould iron was 
in a plastic condition. It might, however, be a 
contributory factor to “‘crazing’’ of the inner 
surface of moulds. 

The paper on “ Ingot Heat Conservation : Ingot- 
Mould Temperature Measurements,” by Dr. R. T. 
Fowler and Mr. J. Stringer, gave an account of 
work conducted in the Plant Engineering Division 
of the British Iron and Steel Research Association. 
It was presented by Dr. Fowler. The authors 
stated that measurements of the surface tempera- 
tures of an ingot had been made, and the technique 
of temperature measurement by fixed thermo- 
couples had been extended to include temperatures 
within the walls. Two trials had been made with 
the mould initially at a temperature of 30 deg. C., 
and one trial with the mould at 125 deg. C., the 
latter being representative of normal practice. 
Temperature gradients and isotherms had been 
plotted to give a picture of the overall temperature 
distribution throughout the mould at various times 
from teeming. From the results obtained, the heat 
content of the mould had been calculated and the 
amount of heat removed from the steel during 
solidification estimated. In presenting the paper, 
Dr. Fowler added that, since it had been published, 
weights and measurements of test ingots of killed 
and rimming steel had shown that the assumed 
density of 7-856 grammes per cubic centimetre used 
in calculating the heat content in calories per 
gramme was too high and that figures of 7-3 and 
6-67 grammes per cubic centimetre, respectively, 
were more appropriate. Consequently, some of the 
data given towards the end of the paper needed 
correction. 

In his paper entitled ‘“‘Ten-Ton Ing>t Moulds : 
A Comparison of Design and Conditions of Use,” 
Mr. A. Jackson, of the Appleby-Frodingham Steel 
Company, Scunthorpe, described an _ investiga- 
tion carried out for the Steelmaking Division of 
the British Iron and Steel Research Association. 
He stated that the introduction of the taper-top 
mould, designed to overcome certain types of 
failure in the open-top mould, had resulted in a 
decrease in mould consumption from 17-5 lb. to 
14-6 lb. per ton. Similarly, a new and heavier 
design of bottom plate had produced a rather 
striking fall in bottom-plate consumption from 
15-1 lb. to 4 Ib. per ton. Using taper-top moulds 
at a temperature of about 50 deg. C., and with other 
conditions as uniform as practicable, decreasing 
tap-to-strip time from 127 to 44 minutes reduced 
the mould consumption, with the usual method 
of failure, from 18-2 Ib. to 9-6 Ib. per ton. If the 
moulds were allowed to cool for at least 36 hours 
between heats, being used each time at atmospheric 
temperature, their life was reduced by about 10 per 
cent. with both long and short tap-to-strip times. 
Basically, in all tests, failure was normally caused 
by a horizontal crack in the broad side of the 
mould, frequently accompanied by a_ vertical 
crack growing downwards from the centre. There 
was, however, a fundamental difference in the type 
of crazing that developed. With the long tap-to- 
strip times, the crazy pattern was of small mesh 
and the markings were depressions. Rapid strip- 
ping produced a very coarse mesh of projections, 
each subdivided by a fine crack. From some part 
of this pattern major failure commenced. A few 
moulds failed prematurely owing to vertical cracks 
on the narrow side and it was tentatively suggested 
that this type of failure had its origin outside the 
sphere of the user. Neither order of teeming nor 
chemical analysis, within the limits studied, appeared 
to have any important effect on mould life. 

Mr. N. H. Bacon, in opening the discussion on 
the five papers in the symposium and the two papers 
presented subsequently, said that the paper by 
Dr. Fowler and Mr. Stringer was of great interest 
from the viewpoint of the heat absorbed by the 
mould, and it showed how sttongly the heating 
of the mould was affected by the surroundings—by 





the pit walls, by full or empty moulds and by slag 
pots. It was surprising that moulds should still 
be treated in such barbarous fashion, Some 
means of cooling, for example, by the agency of 
fans, might pay good dividends in improved mould 
life. Further, the irregular heating of the mould 
was one of the most important factors in reducing 
their service usefulness. Mr. Jackson had largely 
reduced this difficulty by designing the bottom 
plates in such a manner that the moulds were 
regularly spaced. 

Mr. Jackson had achieved what must be a world’s 
record for long mould life, combined with low mould 
consumption. He had obtained a life of about 200 
casts for a 10-ton slab mould, with a mould con- 
sumption of 11 lb. per ton of steel; which was a 
remarkable achievement. This work, in addition to 
demonstrating the importance of removing the 
mould from the ingot at the earliest possible time, 
compatible with good steelmaking practice, had 
proved that moulds having an initial temperature 
of about 50 deg. C. suffered less damage during 
service than moulds which had cooled to room tem- 
perature. That was important, because at one time 
it was thought that the cooler the mould the better 
it would be. A temperature of 50 to 70 deg. C. was 
probably the optimum, and if it were allowed to go 
above that, reduced mould life would result. The 
use of moulds neither too warm nor too cold was, 
of course, difficult to ensure, but those melting 
shops which took steps, by careful control, to try 
to ensure it found that, in the long run, it paid 
handsomely in reduced mould consumption. 

The paper by Mr. Heselwood and Mr. Pickering 
was of particular interest because it gave some 
indication that irons having the higher growth rates 
resulted in moulds giving shorter lives. This 
research had really originated following some work 
by Mr. S. W. Palmer, of the British Cast Iron 
Research Association, who in his Report No. 195, 
‘* Thermal Expansion of Cast Iron,” had shown that 
the growth characteristics of iron depended chiefly 
on the silicon, manganese and phosphorus contents, 
and that higher silicon induced greater growth and 
higher manganese and phosphorus reduced the 
rate of growth. Since a number of companies had 
also found that mould life varied with variations of 
these three elements, it appeared that growth and 
life were correlated in some fashion and bore some 
relationship. The irons dealt with by Mr. Palmer, 
however, were not of the type used for making 
ingot moulds ; they were higher in phosphorus and 
silicon. The work done by Mr. Heselwood and 
Mr. Pickering had been carried out on iron samples 
cast alongside the ingot moulds, and was therefore 
of special value in connection with the study of 
mould performance. It seemed that the growth 
characteristic was important and merited further 
study. What now required to be done was to find 
some means of making growth tests rapidly in the 
foundry. He had seen a most interesting paper by 
two French friends, Messrs. Rocquet and Olette, 
which apparently did give a practical method of 
conducting growth tests on a works basis with 
sufficient accuracy. 

Mr. M. Olette, on being called upon by the 
President, said that in a recently published report* 
on a study carried out in France at the Institut de 
Recherches de la Sidérurgie, Mr. Rocquet and he 
had tried to define the part played by the different 
factors affecting cast-iron growth within the range 
of temperature usually found in ingot moulds. For 
this purpose, a series of cast-iron bars, taken from 
one melt, had been subjected to a number of cycles 
of heating up to a selected temperature and cooling 
down to 400 deg. C., first in vacuo and then in an 
oxidising atmosphere. The cast iron used had 
the following percentage composition, with slight 
changes from one test-piece to another; total 
carbon 3-24, graphite 2-70, combined carbon, 0-54, 
silicon 1-62, manganese 0-58, phosphorus 0-12, 
sulphur 0-08. The measurements of linear growth 
were made between two marks milled on the bars, 
before and after the treatment. The test-piece was 
put in a transparent silica tube externally heated by 
a Nichrome-wound furnace. The tests in vacuo 
showed that below the transformation point Ac, 





* Rocquet and Olette, “‘ Gonflement des Fontes,’ 
Fonderie, July 1951. 








742 


ENGINEERING. 


DEC. 14, I95r. 








(about 775 deg. C. for the cast iron studied), and after 
about 20 alternate heating and cooling cycles, the 
linear growth was small and approached a limiting 
value of about 0-5 per cent. A micrographic 
examination of the bars, before and after treatment, 
showed that pearlite and cementite were completely 
transformed into ferrite and graphite. These find- 
ings were in good agreement with Messrs. Heselwood 
and Pickering’s results obtained after a five-hour 
isothermal treatment at 700 deg. C. On the other 
hand, temperature cycles up to 850 deg. C., namely, 
above the transformation point, gave greater 
growth, but, whereas in the previous test the per- 
centage growth was nearly constant after the first 
20 cycles, in this test the growth increased slightly 
but steadily even after 60 cycles. 

Tests in an oxidising atmosphere at 700 deg. C. 
gave growth values smaller than those found at 
740 deg. C. in vacuo. At this stage, graphitisation 
was probably not complete and the influence of 
oxidation was negligible. At 750 deg. C., the 
growth was higher than at 740 deg. C. in vacuo: 
here, oxidation began to have an influence. Above 
the transformation points, at 800 deg. C. and 
850 deg. C., the growths were also very much 
greater than at 850 deg. C. in vacuo. This apparently 
showed the large influence of oxidation phenomena 
on cast-iron growth. Some determinations of the 
silica content in bars subjected to temperature cycles 
in oxidising atmospheres indicated the existence of a 
relation between the percentage growth and the per- 
centage of the total silicon oxidised. Determina- 
tions of the silica content in ingot moulds after use 
had shown that an important part of the silicon 
was oxidised near the inner wall. The application 
of the results obtained with the bars showed that 
a 20 per cent. volume growth should take place on 
the inner surface of the ingot mould in a cast-iron 
layer 10 to 15 mm. thick in the middle of the faces. 
In the corners, where the temperatures reached 
were lower, this layer was thinner after such a 
growth. 

Mr. F. A. Gray, speaking on the paper by Dr. 
Fowler and Mr. Stringer, said that at present the 
minimum time allowed between tapping and 
stripping was largely arbitrary, and there was 
little doubt that there was a considerable variation 
in the stripping times between various works 
using the same types of ingot. There was a point 
at which the heat content of the cooling ingot was 
identical with that required for rolling, and the 
object, therefore, was to attain this ideal as nearly 
as possible. One method was to determine the 
heat flow from ingot to mould, and, from this, to 
deduce the temperature and heat conditions in the 
ingot itself, and this line of attack had been followed 
in the paper. 

The assessment of the conditions within an ingot 
merely by temperature measurements, while giving 
valuable information, was an indirect method, and 
the ideal would be to measure the temperature in the 
ingot itself. This, however, involved considerable 
practical difficulties, and also needed a benevolent 
works manager who was prepared to scrap a few 
ingots for the advancement of knowledge. Interest 
in this problem was by no means confined to the 
heat economist ; it was obviously equally important 
to the metallurgist and steelmaker. Mr. Jackson’s 
paper showed how reduced stripping times had 
most strikingly increased mould lives. It would be 
interesting to hear from Mr. Jackson what effect 
these reduced stripping times, and therefore higher- 
temperature ingots, had on the output and fuel 
consumption of the soaking pits. One piece of 
information of particular interest was the statement 
that radiation and convec:ion loss was only 10 per 
cent. of the heat gained by the mould; in other 
words, the mould took up 90 per cent. of the heat 
flowing from the ingot. If this were true, would 
not ingot cooling be accelerated by using thicker 
moulds? It had been seen from Mr. Jackson's 
paper that the new designs of moulds and bottom 
plates, which gave considerably increased lives, both 
had thicker walls. 

Mr. H. Brooke Freeman stated that, while his 
colleagues viewed the paper by Dr. Fowler and 
Mr. Stringer as a contribution to the problem of 
ingot-heat conservation, he was interested primarily 
from the metallurgical aspect. He wanted to know 
the rate of heat extraction from the ingot in the first 





few seconds following teeming; during this time 
the skin of the ingot was formed, and the quality 
of that skin would be reflected in the surface condi- 
tion of the finished product. He was concerned 
particularly with low-carbon ingots of 6} to 8} tons, 
cast in slab moulds, name y, rimming steel of about 
0-07 per cent. carbon. The rim of a rimming steel 
ingot was composed of five layers. The first con- 
sisted of spattered nodules ejected by the steel as 
it was rising in the ingot. Immediately on top of this 
first layer came the second layer, quenched on 
to the first layer by the drastic cooling effect of the 
mould. The third layer was formed under the 
reaction of FeQ+C, giving CO-+ Fe, yielding 
a very dense and solid skin. The fourth layer was 
that usually indicated by the ‘rim holes,” and the 
fifth that indicated by “rim channels.” In making 
fully-finished motor-car body sheets, and indeed in 
almost any product, the skin formation was impor- 
tant, because these layers determined tre quality 
of the surface of the sheet. In the production of 
fully-finished sheets for motor-car body work the 
prime requisite was an ingot having a good skin. 
It was well known, in making low-carbon rimming 
steel, that extremes of mould temperature showed 
marked differences in the behaviour of the metal in 
the moulds. If rimming steel were teemed into a 
hot mould there was a very big difference in the 
surfacé condition of the ingot compared with that 
which was obtained when teemed into a cold mould. 
The method reported in the paper would appear 
to be capable of extension to provide the required 
information, namely, the temperature of the inner 
face of the mould. 

Mr. J. W. Grant said that following the work 
done by Mr. Heselwood and Mr. Pickering, the 
British Cast Iron Research Association had in hand 
some experiments very similar to those concerning 
which Mr. Olette had spoken. These were con- 
ducted in a vacuum having a pressure of 10-* mm. 
of mercury, which was the same as the pressure Mr, 
Olette had employed. The growths which they 
had obtained in certain conditions with a vacuum 
of that kind, however, had been as much as 30 per 
cent. These were on ingot-mould irons. It was 
of interest to mention that, in some cases, they had 
annealed the sample beforehand in air, and when 
that sample had then been subjected to the same 
cyclic treatment, namely, 100 cycles between 600 
deg. and 900 deg. C., the growth was only 2 per cent. 
This was evidently due to oxygen penetrating into 
the metal and, at least temporarily, preventing the 
growth which occurred with the as-cast material. 

Mr. M. J. Durand stated that the desirability 
of knowing the temperature of the inner wall of the 
ingot mould had been referred to. A method of 
estimating this had been tried at the Compagnie 
des Forges et Aciéries de la Marine et d’Homécourt. 
It involved inserting a piece of annealed steel 
through the wall of the mould and considering micro- 
graphically the change in the structure of the 
annealed metal. By this means they had found 
that the temperature was about 1,200 deg. C. 

Mr. J. Woolman, replying to the discussion on 
behalf of the authors of the papers in the symposium, 
said that he had been particularly interested in 
Mr. Bacon’s remarks. It was very unfortunate, of 
course, that insufficient progress had been made, 
to date, to apply any results obtained to ingot- 
mould design. The work was of a long-term 
order and could not be done quickly, but it had 
been shown that surface stresses could be deter- 
mined, and a tool was thereby provided which 
would make it possible to determine the various 
factors of mould design. Turning for a moment 
to the correlation of life of moulds with calculated 
growth, one would expect to find a good relation 
between the life of moulds which failed by crazing 
and the growth characteristics as determined by 
Mr. Heselwood and Mr. Pickering or by Mr. Olette, 
but could not expect any relation between growth 
characteristics and life of moulds in the case of 
failure by major cracking, and especially those 
which failed early by major cracking. Those which 
failed late by major cracking might show a certain 
amount of correlation owing to the deterioration 
of the iron which occurred on repeated reheating. 

Dr. R. T. Fowler, replying to the discussion on 
the paper of which he was joint author with Mr. 
Stringer, said that in B.L.S.R.A. they were attempt- 





ing to use surface pyrometers more and more. In 
spite of the advantages of this thermocouple tech- 
nique it was a clumsy method, and could not be used 
on more than one mould at a time unless, say, 
10 calorimeters could be tolerated in the casting pit, 
which was verging on the preposterous. Their 
intention was, therefore, to use this test mould 
and move it about in the pit into various positions 
and meagure the heat lost from the ingot at various 
times from teeming to stripping. If it were found 
that there was a satisfactory correlation between the 
surface temperature rise on the outside of the 
mould and the heat lost from the steel, the next 
stage would be to use only one thermocouple, placed 
at a convenient spot on the mould surface, and 
employ that as a reference point. The next step 
would be to dispense with the surface thermo- 
couple and go on to a contact pyrometer, so that, 
visualised as routine work, a man would place 
the surface pyrometer on a selected point on the 
mould surface, measure the temperature rise, and 
then, by referring back to certain graphs, would be 
able to estimate the heat loss from the ingot, and, 
knowing the heat loss from the ingot, could then 
estimate how much heat had to be put back into 
it in order to bring it up to rolling temperature. 
That was the objective which B.I.S.R.A. wished 
to attain. 

Their paper, he admitted, was a little out of 
date, inasmuch as in the past year they had done 
a great number of runs using this test mould and 
had obtained some very interesting information. 
They had gone right through the mould wall to 
within ,{ in. of the inner face and had carried out 
a complete series of runs. They had found that 
the temperature went up rapidly to about 700 deg. C. 
in 10 minutes, but after 100 minutes it levelled out 
at about 850-900 deg. C. on the inner face. 

Mr. A. Jackson, who also replied, said that, in 
his works, they brought their ingots from the 
melting shop and dumped them into Gjers pits, 
which were rectangular covered holes lined with 
firebrick. A calculation enabled them to estimate 
when the ingots were ready for rolling, and this 
indicated that the heat loss in the Gjers pits was 
just half the heat loss outside. An ingot which was 
stripped in 40 minutes and put straight into the 
soaking pit could not be rolled for six hours, because 
it was not set; but if it were left standing exposed 
to the atmosphere on its car for 2} to 3 hours it 
could then be put into the soaking pit for an hour 
and thus would be ready for rolling much more 
quickly. 

At this stage in the proceedings, the President 
of the Institute, Mr. Richard Mather, adjourned 
the meeting until 10 a.m. on the following day, 
Thursday, November 22. 

(To be continued.) 





THE LaTE Mr. W. H. H. PowEtL.—It is with regret 
that we record the death of Mr. William Howard Hinton 
Powell, chairman of the Vacuum Brake Co., and a former 
director of the Westinghouse Brake and Signal Co., Ltd., 
82, York Way, Kings Cross, London, N.1. Mr. Powell, 
who died on November 13 at the age of 77, had been 
connected with the railway-signalling industry for over 
60 years, 50 years of which were in the service of the 
Westinghouse Co. and its predecessors. After serving 
for ten years on the Taff Vale Railway, he joined 
McKenzie and Holland, Ltd., in 1900, first in the capacity 
of resident representative for Wales and Ireland, and 
later for northern England, Scotland and Ireland. In 
1916, he was appointed London manager, but within a 
year was made works manager of the firm’s establishment 
at Worcester. In 1919, he took over the works manage- 
ment of Saxby and Farmer, Ltd., at Chippenham, and 
prepared for the transfer there of the Worcester Works. 
This having been successfully completed, he came 
to London in 1922 as general business manager, later 
becoming general manager; and in 1935, was elected 
a director. Mr. Powell resigned his general managership 
in 1942, but remained on the board until 1950. Mean- 
while, in 1936, he had been elected to the board of the 
Vacuum Brake Co., Ltd., and was made chairman in 
1944. He was also chairman of the W. R. Sykes Inter- 
locking Signal Co. and of Rockweld, Ltd., and a director 
of the Consolidated Signal Co. and the Railway Signal Co. 
Mr. Powell was elected an associate member of the Insti- 
tution of Mechanical Engineers in 1906 and became a 
member in 1910. He had been a member of the Institu- 
tion of Railway Signal Engineers since its incorporation 
in 1912.. 
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ARC FORM AND MOVEMENT 
IN AN EXPERIMENTAL 
AXIAL AIR-BLAST 
CIRCUIT-BREAKER.* 

By F. O. Mason, B.Sc. (Eng.), A.M.I.E.E. 


(Concluded from page 713.) 


Fras. 11 (a), (6) and (c), obtained in a similar man- 
ner to those in Fig. 10, on page 712, ante, were all 
taken 1 mm. above the throat, but at 25 lb., 10 Ib. 
and 0 lb. per square inch reservoir gauge pressures, 
respectively. From these and Fig. 10 (a) it will be 
seen that, between 10 Ib. and 25 lb. per square inch 
gauge, the arc changes from a more or less diffused 
form to the more distinct and filamentary form, 
particularly pronounced around the current-zero 
position. Records taken at pressures between these 
two values show that the filamentary form appears 
approximately at the time when the pressure is 
raised to a level sufficient to obtain the velocity 
of sound in the throat, i.e., roughly 15 lb. per square 
inch gauge in the arcing chamber. In Figs. 11 (a) 
and (6) it will be noticed that the arc column seems 
to be split, and formed with ‘‘ streamers ’’ running in 
parallel over various lengths of the photographs. 
It is difficult to interpret this effect, but it is most 
probably caused by streams of copper vapour or gas 
at varying degrees of ionisation and temperature. 
The evidence at present available, however, is not 
sufficient to make this point certain; indeed, in 
the diffused type of record the term “ arc column ” 
would be difficult to define. Figs. 11 (c) and 10 (0) 
show the first half-cycle of an arc, where it will 
be noticed that at the beginning the light emitted 
is much stronger than at following current-zero 
periods. This effect is characteristic of the beginning 
of arcing and is due to the blowing of the fine fuse 
wire which initiates the arc and appears to continue 
until the copper vapour from the fuse is dispersed 
by the air blast. 

Observations in a Vertical Plane.—Figs. 12 (a), 
(b) and (c), page 744, are reproduced from photo- 





* Based on Report G/XT 131 of the British 
Electrical and Allied Industries Research Association. 
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graphs made with the camera raised, so that the slit 
aperture was parallel with and focused on the axis 
of the top and bottom electrodes in the manner 
previously described. These records were taken 
primarily with the object of determining whether the 
arc was moving in different directions at the same 
time for different positions along its length or 
whether it was moving in one direction as a whole at 
a given time. It should be noted that in Fig. 12 
time is going from right to left. As in the case with 
the slit horizontal, the photographs have been repro- 
duced to give the best overall picture so that the 
relative light intensities at different positions along 
the arc gap and during the arcing time can best be 
compared. Here again the small pictures to the 
right are of the current-zero period suitably repro- 
duced. The records illustrated in Fig. 12 were 
made at different reservoir gauge pressures, and, 
as would be expected from the previous records, 
that made at a pressure of 10 Ib. per square inch is 
diffused and indeterminate, whereas at the higher 
pressures the arc takes the more concentrated form 
already described. 

Fig. 12 (c) has been reproduced with the current 
zero in the middle of the record to show more clearly 
the difference between two consecutive half cycles, 
which is sometimes apparent at the lower pressures. 
This may be due to residual effects of arcing at these 
lower pressures influencing the following half cycle, 
a polarity effect, or merely because the blast is not 
always sufficient to maintain the arc more or less 
centrally and thus moving the position of the arc 
relative to the vertical centre line of the slit. From 
Figs. 12 (a) and (b)—at the higher pressures—it will 
be seen, by virtue of the alternating light and 
dark vertical bands, that the are over the length 
photographed is moving generally into and out of 
the field of vision through the slit as a whole, 
except perhaps in the region just before current 
zero where the broken vertical white lines indicate 
that the arc is taking a more or less zig-zag form 
about its axis. In Fig. 12 (a) the restriking pulse, 
referred to previously, can be seen in the centre of 
the “dark” current-zero position and indicates, 
since it is not a continuous line, that the discharge 
is not entirely vertical. It is not surprising, in view 
of the narrowness of the camera slit, that the 





CIRCUIT-BREAKER. 





Zero * 





Zero 


Arc Movement aT DIFFERENT Gas PRESSURES. 


restriking pulse was rarely observed in photographs 
taken with the slit vertical. 

One of the interesting features of Fig. 12 (e), 
made at 10 lb. per square inch, is the one or two 
dark lines running generally diagonally across the 
record towards the right-hand end. These are not 
blemishes, but are probably due to solid particles, 
most probably copper. moving along the are gap in 
the line of the slit. The diagonal demarcations 
showing a general change of light intensity also 
noticeable would seem to indicate the movement of 
gas or vapour pockets along the arc gap and, since 
time is going from right to left, movement is up- 
wards in the direction of the blast. If the long 
black diagonal line is caused by the movement of a 
solid particle, then it is moving with an approxi- 
mately linear vertical velocity of 400 cm. per second. 
Incidentally, by deliberately introducing suitable 
particles into the gas stream, it may be possible in 
this way to measure gas velocities during arcing. 

Another interesting feature of the records obtained 
at the higher pressures is—for want of a better 
term—the “serrated curtain” effect which & 
apparent throughout most of the half cycle. The 
varying light intensities in the vertical direction 
are largely due to the differing gas pressure zones 
and gradients, characteristic of gas flow through a 
nozzle at velocities above that of sound. These can 
be identified in the photograph, reproduced in 
Fig. 13, page 744, taken with a pinhole camera 
exposed through an appropriate neutral-density 
filter to the whole arcing space above the throat 
for the full arcing period (four half-cycles of current 
in this case). In general, the greater light intensity 
zones are at higher gas pressures than those of less 
intensity. Evidently, the height of the base of the 
zone of light at about 12 to 15 mm. above the throat 
varies rapidly throughout the half-cycle, giving the 
‘serrated ” effect shown in Figs. 12 (a) and (b) and 
the “striated” effect at the ends of the record, 
shown in Fig. 10(b), taken with the camera slit 
horizontal at about the same level. It will be noted 
that the base of the cone of light varies in mean 
height throughout the half-cycle, becoming lower 
as the current approaches zero, and following the 
mean gas pressure in the throat. This explains 
why the “striated” effects in Fig. 10 (6) appear 
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only towards the ends of the record, as it is only | 
during these periods that the marked changes in | 
light intensity, occasioned -by the varying height of | 
the light cone, become opposite that level on which 
the slit is focused. The tailing-off of the “ curtain ” 
effect as the current approaches zero is due merely 
to the considerable loss in general luminosity of the 
are during this period, and not to the disappearance 
of the flow characteristics. 

Relationship with Air-flow Characteristics.—As has 
already been seen from the photographs obtained 
with the camera slit vertical and the pinhole- 
camera photograph, the light intensity from the arc 
varies enormously over its length when the initial 
reservoir pressure is raised well above that necessary 
to obtain the velocity of sound in the throat. The 
intensities as shown are, of course, relative only, 
but there is no doubt that the arc form is modified 
to a large extent by the characteristics of air flow. 
While, however, the detailed study of air flow in a 
gas-blast breaker is beyond the scope of the present 
article, it is interesting to examine briefly the present 
records from this point of view. Figs. 14 (a) and 
(6) are “Schlieren” pictures (i.e., photographs 
giving patterns which are related to gas density) 
taken above the throat at 15 lb. and 65 lb. per square 
inch reservoir pressures without arcing. From 
Figs. 13 and 14 it will be seen that when the pressure 
differences—or gas density differences—are insuffi- 
cient to produce a marked ‘“ Schlieren” pattern, 
the arc is diffused and rather shapeless. 

A significant correlation has been obtained by 
plotting for different positions above the throat at 
65 Ib. per sq. in. the rean diameter over which 
the arc appears to have circulatory movement at 
current peak (for example, at A in Fig. 10 (5)), page 
712, ante. The envelope for these diameters, Fig. 15, 
opposite, conforms reasonably well with the general 
shape of the arc as pictured by the pinhole camera 
photograph of Fig. 13 (b) and tends to follow the 
main shape of the pattern produced by the Schlieren 
picture of Fig. 14 (6). Actually, although not so 
obvious, this maximum movement of the arc is not 
confined to the current peak, and even close to zc ro 
some records show equally large transverse move- 
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across the arc column is not uniform, being greatest 
at the centre and falling off as the distance from the 
centre increases. In general the light emitted will 
vary approximately in this way. Further, the 
wavelength of light will be characteristic of the 
products of arcing. Now the density of the original 
negative of the records depends mainly on two 
factors—(1) the amount of light falling on the 
photographic emulsion which, in turn, is controlled 
by the “aperture ” of the optical system, including 
the slit width and film speed ; and (2) the colour 
sensitivity of the emulsion in relation to the wave- 
length of the light being emitted from the arc. 
In the present recordings, the film used has its 
maximum sensitivity in the green-blue range and 
tends to accentuate light from this part of the 
spectrum. (This effect, as previously pointed out, 
is most apparent when the fuse blows at the initia- 
tion of the arc, the copper vapour produced giving 
strong radiation in the green.) 

Limitations in photographic reproduction pro- 
cesses will also influence the final picture obtained 
and it will thus be appreciated that a change in any 
of the aforementioned photographic factors will 
give an apparent change in arc diameter. There- 
fore the arc as photographed herein cannot be con- 
sidered as defining the arc in any detailed way. 
These limitations apply in general to all methods 
of arc photography and make any estimate of “ arc 
diameter’ from such records open to question. 
In addition, in the present study the rapid movement 
of the arc in relation to the film speed makes an 
estimate even more difficult. However, several 
attempts were made, using both types of record 
(i.e., with slit both vertical and horizontal) and 
from both geometrical considerations and photo- 
graphic-density measurements to obtain an estimate 
of the diameter of the arc as portrayed by the 
luminous trace, but no reliable estimate could be 
made where the arc is of the filamentary form. It 
will be obvious, however, that the diameter during 
the main current flow is very much greater than 
that of the arc around zero. Moreover if, as has 
been suggested earlier, the arc is limited in its 
movement, then a record such as Fig. 10 (6) at A, 
in which the arc during the current peak period 
appears to have a small lateral movement, would 
seem to indicate an arc diameter almost equal to 
the full diameter of the trace, in this case approxi- 
mately 0-5 cm. 

It is estimated that, with the arc moving at the 
speed indicated, a peripheral speed of the film (or 
equivalent) from five to ten times that at present 
used would be needed before a reasonable estimate 
of what might be termed “arc diameter” could be 
obtained. Even under these conditions it is doubt- 
ful whether the normal photographic techniques 
would yield results very close to current zero. 
One of the most interesting features of the records 
is the anticlockwise fast circulatory motion of the 
arc. The length of the arc, over that part observed, 
would appear roughly to trace out the surface of a 
hollow cylinder the axis of which is concentric with 
that of the top electrode and throat. However, the 
cause of this particular motion is not yet clear; 
neither is it yet known whether it has any appreci- 
able effect on arc rupture. The effect of magnetic 
fields was briefly investigated as being a possible 
cause, because tests made on low-current arcs at 
the E.R.A. had shown that the arc takes on a spiral 
form under the influence of vertical magnetic fields ; 
but one or two experiments made using compara- 
tively strong magnetic fields, both vertical and 
horizontal, showed no marked effect on either the 
amplitude or frequency of motion. 

The effect of air flow was also given some consi- 
deration, and the possibility of the two horizontally- 
opposed air inlets not being diametrically opposite, 
and thus causing swirling, was considered, but 
baffles producing uniform flow and located in the 
arcing chamber between the air inlets and the 
electrode system failed to have any appreciable 
efiect. Even when four thin vertical copper 
baffles leaving a } in. diameter central vertical hole 
were introduced into the throat, arc movement was 
curtailed only to a limited extent. A possible 
cause of the movement of the arc may be in the arc 
roots. It has been seen that the arc root on the 
top electrode has a motion similar to that of the arc 
as a whole and such movement, if it is present on 





the lower electrode (and the nature of the burn tends 
to substantiate this), may be the. prime mover, 
carrying the arc column with it. 

It will be seen from the above that the cause of 
the circulatory movement is still uncertain, and a 
more detailed study of this aspect will be required 
before its influence on the processes of arc extinction 
can be assessed. However, the knowledge gained 
of the general form and physical behaviour of the 
arc throughout the whole half cycle as portrayed 
by the present technique is obviously of much 
value in helping to build up the complete picture 
of the arc—an essential to the full understanding 
of the action of gas-blast circuit-breakers. 

Conclusions.—Under the given conditions of test 
the more salient features of the results concerning 
that portion of the arc above the throat can be 
summed up as follows. (1) The arc has a diffused 
and indeterminate form until the gas pressure in the 
arcing chamber is sufficient for the velocity of 
sound to be attained in the throat. (2) Above this 
pressure the are takes a more determinate form, 
and, at least during the lower values of current in 
the half cycle, is of a filamentary nature, having a 
vigorous circulatory motion, tracing out approxi- 
mately the surface of a cylinder coaxial with the 
axis of the electrodes with a mean peripheral 
velocity of approximately 50,000 cm. per second. 
(3) The actual form and light intensity from the 
are vary with the position above the throat for the 
conditions in (2) above. (4) This difference can be 
correlated with the differing pressure zones and 
gradients above the throat characteristic of gas 
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flow from a nozzle at velocities above that of sound. 
(5) The effect of this characteristic flow also appears 
to limit the extent to which the arc can move or 
expand laterally. (6) During the current-zero period 
(at the higher pressures), where the general light 
intensity from the ar: is very low, a short-time 
high-intensity discharge can usually be observed, 
corresponding to the arc restriking. (7) Limitations 


imposed by the present and other methods using. 


the normal photographic processes and technique 
make an estimate of “arc diameter” open to 
question. 

The author wishes to express his thanks to 
Mr. E. Whiting for his help in the experimental 
work which formed the basis for the present article. 





THE LATE Mr. J. A. Ross.—We record with regret the 
death of Mr. John Alexander Ross, which occurred on 
November 26, after a short illness, at Woodhall Spa, 
Lincolnshire. Mr. Ross, who was joint managing director 
of Ransome and Marles Bearing Co., Ltd., Newark-on- 
Trent, had been associated with that firm for the past 
27 years, having joined the company as secretary in 
1924 after practising as a chartered accountant with 
Wilson Stirling and Company, Glasgow. In February, 
1936, Mr. Ross relinquished the secretaryship on being 
appointed joint general manager. In August of the follow- 
ing year he was elected a director and, in October, 
1941, became joint managing director. 





BUILDING FOUNDATIONS AT SHREWSBURY.—In a report 
to the town council of Shrewsbury, Mr. F. R. Dinnis, 
the borough surveyor, states that a large part of the 
town is built over a deep bed of sand, the lower levels of 
which are saturated with water. In the town centre, 
many old buildings, and even some modern ones, show 
signs of settlement cracks, and, while it is not possible 
to prove that the settlements are due to movements in 
the deep sand substratum, it is probable that such is the 
case. The cracking of walls was a problem in 1788, when 
Thomas Telford was called in to advise on roof repairs at 
the old church of St. Chad. He found the walls badly 
fractured and insisted that they should be given atten- 
tion. His advice was not taken and soon afterwards the 
building collapsed. 








DEVELOPMENTS IN NOTCH-BAR 
TESTING. 


A symposium on “ Recent Developments in the 
Notch-Bar Testing of Materials and their Relation to 
Welded Construction,” organised by the Joint Com- 
mittee on Materials and their Testing in association with 
the Institute of Welding, was held at the Institution of 
Civil Engineers, London, on Wednesday, December 5. 
We dealt, on page 723, ante, with the opening pro- 
ceedings and the speech made by the chairman, 
Professor E. C. Rollason, and we give below a report 
of the remarks by Dr. N. P. Allen, Superintendent, 
Metallurgy Division, National Physical Laboratory, 
Teddington, Middlesex, Dr. Allen, as rapporteur, 
presented the five papers in the symposium, and, in 
doing so, gave, in brief outline, the main points put 
forward by the authors. This report is reprinted 
below. The papers comprised ‘‘ Notch-Bar Testing 
and the Selection of Steel for Welded Construc- 
tion,” by Mr. W. Barr, A.R.T.C., M.Inst.W., F.I.M., 
and Mr. I. M. Mackenzie, B.Sc., of Colvilles Limited ; 
“The Assessment of Notch Ductility by a Variety 
of Notch Tests,” by Mr. G. M. Boyd, M.I.N.A., 
A.M.LStruct.E., M.Inst.W., of Lloyd’s Register of 
Shipping; ‘The State of Stress and Brittle Frac- 
ture,” by Professor W. Soete, of the University of 
Ghent; ‘‘ Notch-Bar Tests in Relation to Service 
Performance,” by Mrs. C. F. Tipper, M.A., Sc.D., 
of the University of Cambridge; and ‘‘ Development 
of a Testing Method on Brittle Fracture of Mild- 
Steel Plates,” by Dr. J. H. van der Veen, of the Royal 
Netherlands Blast Furnaces and Steelworks, Ijmuiden, 
Holland. 

Report By Dr. N. P. ALLEN. 

Two of the papers, Dr. Allen observed, represent 
the viewpoint of the maker of the steel, while the 
others represent the viewpoint of the user The papers 
are printed in the alphabetical order of the names of 
the authors, but it happens that this is a convenient 
order for presentation. The papers by Messrs. Barr 
and Mackenzie, Mr. Boyd and Professor Soete will be 
taken this morning, and those by Mrs. Tipper and 
Dr. van der Veen this afternoon, and this has the 
advantage that both viewpoints, will be presented at 
both sessions of the discussion. 

Mr. Barr and Mr. Mackenzie present a general review 
of their attitude towards the problem which makes a 
suitable starting point for the discussion. They point 
out that the sensitivity of a steel to the presence of a 
notch is not a single physical property like, for example, 
the electrical resistivity, that can be completely 
expressed in a single figure, but is a complex result of 
many factors, the relative importance of which is 
different in different situations. The individual effects 
of these factors are as yet incompletely known, and the 
authors complain that emphasis on these uncertainties 
has obscured the fact that steelmakers do know how 
to make steels with different general levels of sensitivity. 
Engineers should appreciate the fact that steel inevi- 
tably has some tendency to fail in a brittle manner at 
notches, and should adjust their designs in relation to 
the general conditions of service so that this tendency 
is never exhibited or, alternatively, should choose a 
material having a capacity to resist brittle failure at 
notches that is adequate to meet the conditions which 
will be imposed. The use of material that has more 
resistance to brittle fracture than is required involves 
waste—either of alloying elements or of productive 
capacity—neither of which can be tolerated, while the 
use of a material having less resistance than is required 
involves risk of failure. Ideally, the required balance 
should be obtained by the detailed study of the 
behaviour of materials in service, but this takes too 
long, and is accompanied by the risk of failures. 
The function of a laboratory test is to reduce the delay 
and minimise the risk of disaster. For this purpose, 
the authors think, any test that effectively imitates 
the conditions of service can be a guide, pro- 
vided its results correlate sufficiently well with 
experience. 

The authors contend that the results of notched-bar 
impact tests do, in fact, correlate with service experi- 
ence sufficiently well, and they quote examples in 
support of their view. They consider that the test is 
the more severe the lower the temperature, the higher 
the speed of the deformation and the sharper the notch. 
A typical steel shows a type of fracture which changes 
from effectively ductile to effectively brittle (that is to 
say, from a fracture taking place by shear to one taking 
place by cleavage) as the conditions of test are made 
progressively more severe and, in practice, either the 
lowering of temperature or the degree of sharpness of 
the notch necessary to produce a cleavage fracture may 
be used as a measure of the quality of the steel. The 
authors themselves prefer to use the lowering of 
temperature, and eee that by the use of a test of 
this kind they have able to show how the resis- 
tance of a steel to brittle fracture may be ically 
altered by modifying the conditions of rolling, or by 
suitable deoxidation, or by the addition of manganese- 
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They also state that the resistance of a steel to brittle 
fracture is modified by the heat-treatment it receives 
in the neighbourhood of a weld, and that this resistance 
may be dangerously reduced. The phenomenon is 
difficult to study on account of the narrowness of the 
heat-affected zone of a weld, and little information is 
available. I have been surprised at the little reference 
made to this subject in the symposium papers as a 
whole ; possibly there is a tacit agreement to solve the 
problems of the plate before tackling the more complex 
problems of the weld. 

When the use of a steel is decided upon by means of 

the tests described, a second type of test is required for 
specification purposes. This second test must 
simple, and it must be capable of placing the sample 
without ambiguity on one side or the other of an agreed 
dividing line. After discussing various aspects of this 
subject the authors suggest the following procedure. 
First a decision must be reached on the standard of 
quality needed in terms of the transition temperature 
range shown in a notch impact test, it being agreed 
that experience shows that a lower transition tempera- 
ture is associated with a greater resistance to brittle 
fracture. If this transition range includes room tem- 
perature, a single notch impact test at room tempera- 
ture will serve—for if a high impact value is obtained, 
near to that characteristic of the material when it 
breaks by shear—it will indicate that the transition 
range of the steel is on the whole below room tem- 
perature, whereas a low value will indicate that the 
transition range is on the whole above room 
temperature. If, on the other hand, the application 
of the steel is one which demands an impact transition 
range either wholly below or wholly above room 
temperature, the temperature chosen for the impact 
test must be within the expected transition range, 
and the same criteria as before will decide whether the 
transition range of the sample is above or below the 
chosen temperature. This method will serve, in my 
opinion, provided no special significance is accorded to 
intermediate values for, as Mrs. Tipper has shown in 
work quoted by Mr. Boyd, moderately high and 
moderately low values may be obtained on the same 
steel if the test temperature falls in the middle of the 
transition range. The degree of scatter in repeat 
results will often indicate, in case of doubt, whether the 
test temperature is in the middle of the transition range. 
Much prior preparation will be required if this procedure 
is to be adopted, for the transition ranges appropriate 
to each application will have to be agreed upon, and 
this has not yet been done. 

The authors end their paper by considering a number 
of practical difficulties that would be encountered. The 
standard notch-bar test in British Standard specifica- 
tion No. 131, devised primarily for testing heat-treated 
alloy steels in the form of bars or forgings, needs to be 
reconsidered if it is to be applied to the testing of 
mild-steel plates, and the importance of the temperature 
of test must be emphasised. If the testing temperature 
is to be varied, a beam test may have advantages over 
a cantilever test. The difficulty of controlling the 
shape of the notch is emphasised. These changes will 
not be introduced without considerable effort and 
expense, and the authors appear to be of the opinion 
that the effort required to introduce a special acceptance 
test would be better spent by the steelmakers in further 
improving the quality of their steel by pursuing their 
traditional methods. 

The paper by Mr. Boyd represents the viewpoint of 
the user who bears the responsibility of deciding 
whether the material is reasonably safe for its purpose. 
In doing so, he must rely heavily upon the skill and 
experience of the steelmaker, but his thoughts naturally 
turn upon a test that can be applied to the steel itself. 
He has therefore examined the available data on eight 
different tests for notch sensitivity to see whether valid 
correlations can be established, and has given special 
attention to cases in which the same material has been 
tested in two or more different ways. The previous 
attempts to do this have in his opinion been marred 
by a lack of appreciation of the difference between 
cleavage and shear fractures. The tests examined were : 
the Izod test, the Charpy V-notch test, the standard 
Charpy keyhole test, the Mesnager test, the DMVr 
(Austrian) test, the Schnadt test, the Tipper test, and 
the U.S. Navy tear test. The DMVr test resembles 
the Mesnager test except that the notch is 3 mm. deep 
instead of 2 mm. The Tipper test is a slow tensile 
test of a section of plate notched upon the edge. In 
this is recorded, as the transition temperature range, 
the temperature range over which the change from a 
fibrous shear fracture to a crystalline cleavage fracture 
takes place. 

Before dealing with the tests in detail, Mr. Boyd 
points out that although the appearance of a crystalline 
fracture may justly be re; ed as a danger sign, the 
percentage of crystalline areas in the fracture is not a 
true measure of the danger, since, in some cases, the 
specimen absorbs much energy by plastic deformation 
before a cleavage crack ins, and in other cases 
practically none. In a series of Izod tests carried out 





over a range of temperature on certain steels he finds 
that the energy absorbed is given by the equation 


E=Qf+P, 


where P is the energy required to start the fracture, 
f the percentage of the area which has a fibrous fracture 
and Q is a factor representing the energy required to 
extend unit area of fibrous fracture. The energy 
required to extend a crystalline fracture is practically 
nil. The object of notch-bar testing is principally 
to find out whether the specimen is one in which 
fracture will extend with a low or a high absorption of 
energy, and from this point of view Mr. Boyd considers 


be | that most notch-bar impact tests are made on specimens 


that are too small, in that the energy required to start 
the fracture plays too great a part in the total energy 
consumed. Mr. Boyd is also concerned about the 
difficulty of assessing the relative merits of two steels 
when their impact value-temperature curves cross, 
and, for the standard Izod test, proposes a system of 
“ weighting ’’ the observations at each temperature 
so as to obtain a “ mean weighted energy ” by which 
to compare the steels. I myself am not too happy 
about this procedure, and would like to know what our 
statistical friends think about it. 

Turning now to the individual tests, the Izod test 
and the Charpy test, carried out on a specimen with 
an Izod V notch, are found not to be equivalent though 
they are often assumed to be so. The fractures obtained 
on the Charpy machine contain a larger proportion of 
crystalline areas, which is attributed to the higher 
striking velocity of the hammer in the Charpy test. 
No simple relationship is found to exist between the 
Izod test and the standard Charpy keyhole test. The 
relationship given for heat-treated alloy steels in B.S. 
No. 131 fails when applied to mild-steel plate. This 
suggests another direction in which this specification 
must be revised if the notched-bar testing of mild 
steel is to become common. The transition range is 
more strongly marked when the notch is sharp, and this 
suggests that if the object of the test is to find out 
whether the steel is above or below its transition 
temperature a very sharp notch should be used. Few 
results relating the Mesnager test to other types of 
test are available, but tests made with one steel on 
one machine, suggest that, with the shallow Mesnager 
notch, signs of brittleness appear at a higher tempera- 
ture than with the deeper keyhole notch. The deeper 
DMvVr notch does not reduce the energy absorbed in 
proportion to the reduction of the area below the notch. 
Although very large numbers of Schnadt tests have 
been made there are few published comparisons of 
this test with other tests made on the same steel. 
The Tipper notched tensile test generally gives a 
transition temperature rather higher than is obtained 
either with an Izod or Charpy keyhole test. In the 
U.S. Navy tear test the energy absorbed by the speci- 
men is measured both before a crack appears at the 
root of the notch (pre-crack energy) and after the crack 
has appeared (post-crack energy). The pre-crack energy 
does not vary with temperature, but the post-crack 
energy decreases suddenly over a narrow temperature 
range, and it is stated in America that the temperature 
at which this change occurs has been found to agree 
with the temperature at which brittleness occurs in 
large-scale tests on notched ship plates 72 in. wide. 

Summarising the whole of his data, Mr. Boyd con- 
cludes that no simple relationship can be established 
between the different notched tests; and that this 
conclusion was reached in 1931, and again in 1937. 
We shall probably have to reconcile ourselves to the 
fact that it is true. All the tests place steels roughly 
in the same order of merit, but not in detail, the exact 
order depending on the criteria by which the steels are 
judged. Mr. Boyd is of the opinion that the quest for 
a criterion that bears a fixed relation to service per- 
formance must be pursued. If, however, a criticism 
may be offered, it can be said that there are a thousand 
different types of service, and we may find ourselves 
faced with the necessity of producing a criterion for 
every different service. A more important point is that 
with which he concludes his paper—namely, that the 
difference between a notch-tough and a notch-brittle 
steel is in the way in which fracture propagates. We do 
not know enough about the mechanism of the propaga- 
tion of a fracture, and when we know more we should 
be able to measure the physical properties upon which 
the propagation of a crack aeneni. 

The third paper, by Professor Soete, is a description 
of experiments, and, fortunately, it bears directly upon 
the problem that Mr. Boyd wishes to see investigated. 
It is common ground to-day that the presence of a 
notch influences the type of fracture principally because 
it induces a state of triaxial stress in the region below 
the notch. A siate of triaxial stress, according to its 
severity, suppresses deformation by shear and makes 
cleavage more probable. Professor Soete has therefore 
set out to measure the degree of triaxiality of stress 
induced by notches of varying degrees of sharpness 
when the steel is undergoing plastic deformation at 
various temperatures, and to compare it with the 





triaxiality induced by similar notches when the stressc» 
are entirely within the elastic range. Two steels have 
been used for the tests—one a coarse-grained steel of 
low carbon content (0-06 per cent.) and rather high 
nitrogen content (0-011 per cent.), the other a fine- 
grained aluminium-treated steel with a rather highe: 
carbon content (0-14 per cent.) and a lower, but not 
negligible, nitrogen content (0-007 per cent.). The 
triaxiality of stress in the elastic range was obtained 
by calculation, the methods of Neuber being preferred. 
The triaxiality of stress in the plastic range was obtained 
by recording the transverse strains throughout tensile 
tests on notched and unnotched specimens, and obtain- 
ing from them curves in which the mean stress at the 
measured section was plotted against natural strain. 
It is shown in the paper that the mean triaxiality rativ 
for the section below the notch can be calculated from 
these curves. 

Two series of tests were conducted. In the first, one 
of the steels was tested at room temperature with 
notches of varying sharpness. It was found from the 
stress-strain curves that whereas, in the elastic range, 
the triaxiality ratios for the notches studied varied 
from 0-80 for the sharpest notch to 0-36 for the 
bluntest notch, the triaxiality ratios in the plastic 
range were much lower, varying from 0-30 to 0-25. 
and did not alter much as the deformation increased. 
This change was associated with the effective increase 
of Poisson’s ratio when plastic deformation set in. 
The elongation of the steel decreased very markedly 
with increasing triaxiality ratio. 

In the second series of tests both steels were tested 
over a range of temperature from — 60 deg. C. to 
+ 400 deg. C. using an unnotched bar, and a bar 
with a very sharp notch of 0-1 mm. radius. It was 
concluded from the results on the plain bars that tem- 
perature did not appreciably affect the ductility, and 
consequently it was expected that temperature would 
not affect the ductility of the notched bars; but this 
was found not to be quite true, particularly of one 
steel. It was noticed, however, that temperature did 
affect the triaxiality of stress, in the sense that raising 
the temperature raised the triaxiality ratio, in one case 
from 0-25 at — 60 deg. C. to 0-42 at 200 deg. C. The 
greatest strain at fracture in both steels was associated 
with an intermediate triaxiality ratio of 0-31. Speci- 
mens tested below 0 deg. C. showed cleavage fractures 
but not those tested above that temperature. 

The relation between triaxiality ratio and tempera- 
ture is rather unexpected, and the metallurgist will 
note that one of the steels had a high nitrogen content 
and showed exceptional notch sensitivity at 200 to 
300 deg. C. where strain age-hardening phenomena 
might have been expected. A repetition of the work 
using a material of simpler constitution would be wel- 
comed, for the method of approach is promising. 


(To be continued.) 





MonD NICKEL FELLOWSHIP AWARDS FOR 1951.- 
It is announced that the Mond Nickel Fellowship 
Committee have made three awards for 1951. One 
is to Mr. J. Preston, of the British Non-Ferrous Metals 
Research Association, for the purpose of studying, in 
Great Britain, the United States and Canada, specialised 
methods for the production and fabrication of metals, 
with particular reference to powder-metallurgical 
techniques. The second award is to Mr. P. E. White, 
of Messrs. J. B. and S. Lees, Limited, and is for the study 
of the metallurgy and detailed production technique 
of high-quality strip steels in the United Kingdom, 
Scandinavia, the United States and Canada, with particu- 
lar reference to hardened and tempered steel strip, stain- 
less steels, and silicon steels. The third award is to 
Mr. P. J. Hill, of the Public Works Department, Western 
Australia, and is for the study, in the United Kingdom, 
of the application of research to the development of 
corrosion-resistant metals for use in the mechanical 
engineering industry. 





SLIDE RULE FOR BELT CALCULATIONS.—To enable 
the most efficient and economical width of belt for any 
particular drive to be determined without calculation or 
recourse to belting tables, Messrs. Lewis and Taylor, 
Ltd., Gripoly Mills, Cardiff, have produced an ingenious 
slide rule which is particularly simple to use. To find 
the belt required for any particular drive, it is only 
necessary to set the slide so that the appropriate indicat- 
tions of driving-pulley diameter and revolutions per 
minute coincide. The belt speed and the width of belt 
required to transmit any given horse-power may then 
be read off on other scales. In design work, the diameter 
and speed of the driven pulley can also be determined 
without further setting of the rule. A table engraved 
on the instrument gives recommended minimum pulley 
diameters for various thicknesses and types of belting. 
Widths and thicknesses are given for solid woven-hair 
belting, rubber and canvas ply belting and belting woven 
from filastic yarn, all as manufactured by Messrs. Lewi= 
and Taylor. The instrument is of transparent plasti: 
and may be obtained gratis by approved applicants. 
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THE CAUSEWAY WORKS 
OF PETTERS, LIMITED AT 
STAINES, 


PETTERS, LIMITED, the small-engines division of the 
Brush-Associated British Oil Engines Group, originated 
in Yeovil, where their first paraffin-oil engine was 
produced in 1895. From this date until the outbreak 
of war in 1914, they continued to produce paraffin 
engines, mainly for use on farms and in icultural 
machinery, but during the first World War the 
were concerned with the manufacture of sircraft 
and were the original Westland aircraft works. At the 
end of the war, they returned to full production of 
engines, the aircraft side of the business being taken 
over by a separate company in which, for a time, they 
retained an interest. When the business was absorbed 
into the Brush-Associated British Oil Engines (‘‘ Brush- 
Aboe”’) Group in 1938, it was decided to dispose of the 
Yeovil works and transfer the production of Petter 
engines to the Loughborough works of the Brush 
Electrical Engineering Company, Limited. In view, 
however, of the constantly rising demand, particularly 
for the smaller engines, it soon became apparent 
that separate premises would be required for their 
manufacture. Accordingly, in 1944, the Group 
acquired the Staines factory of Lagonda, Limited, 
manufacturers of the Lagonda car, which has since 
been reconstructed and laid out for the production of 
the lower horse-power Petter oil and petrol engines. 
Actual production of the engines was not fully started 
until 1948. 

Production of engines at the Staines factory has 
increased steadily since its inception, and so far this 
year the rate has averaged 1,500 engines a week. 
All of the existing range of engines have been developed 
since the war ; they include air-cooled and water-cooled 
petrol and paraffin engines of 1} h.p. to 10-h.p., together 
with the more recent “ AV ” series of 3-h.p. to 10-h.p. 
Diesel engines. Recently, their range of petrol engines 
was added to with the introduction of the four-cylinder 
V-type unit illustrated in Fig. 1, on this page. Known 
as the PAV4, it is designed to develop 19 brake horse- 
power on the B.S. 12-hour rating with 1 momentary 
overload of 10 per cent. Its bore and stroke are 85 mm. 
and 82-5 mm., respectively, and it is conservatively 
rated at 66 lb. per square inch brake mean effective 
pressure with a piston speed of 1,083 ft. per minute. 
It has been designed to take its place in the flow of 
production normally associated with the Staines factory, 
and for this reason as many parts as possible have 
been made so that they are interchangeable with 
existing petrol-engine models. Cylinders, cylinder 
heads, pistons, gudgeon pins, valves and valve springs, 
for example, are completely interchangeable. The 
question of interchangeability, which applies equally 
to Diesel engines, has received careful and constant 
attention, and is one of the factors that has enabled 
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Fia. 3. Toon Set-up on FLYWHEEL 
MACHINE. 


the works to maintain such a high rate of produc- 
tion and yet manufacture engines of different outputs. 

Extensive modifications have been made to the 
Causeway works since it was taken over four years 
ago and the factory may be considered as almost 
having been reconstructed. It comprises a series of 
modern buildings covering an area of approximately 
220,000 sq. ft. and laid out to produce six types of 
engine simultaneously. The machine shop, which 
covers 30,000 sq. ft., is equipped with a wide range 
of modern machine tools and is arranged so that the 
larger components travel down eight main machine 
lines, smaller parts being dealt with in batches by 
groups of machines. Much use is made of special 
equipment either adapted from standard machine 
tools or built for a particular purpose. By using a 
standard drilling machine, for example, it has proved 
possible to drill all the holes in a cylinder head by 
modifying it to carry 17 spindles. A good example 
of a machine designed for a special purpose is that 
illustrated in Fig. 2, on this page, which has been 
installed for machining flywheels. It has eight 
stations, each of which, with the exception of the 
loading station, is provided with a tool set-up designed 
for a particular operation ; some of the tool positions 
are illustrated in Fig. 3, on this page. The tools are 
fed down vertically towards the flywheels, which are 





moved progressively to each station by mounting them 
in rotating chucks installed on a horizontal circular 
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table, the table being indexed an eighth of a turn each 
time the tools are withdrawn. Another special-purpose 
machine tocl is illustrated in Fig. 4, on page 752; 
this is used for drilling the crankcases and was designed 
and constructed by the Brush Electrical Engineering 
Company, Limited. Other special-purpose machines 
include a crank-case borer. 

The machine shop is laid out so that all parts con- 
verge through the deburring and washing sections to 
final inspection and the finished-part stores from which 
they are issued to the assembly shop. At present, 
the assembly shop is being re-organised so that even- 
tually all the parts for a complete engine can be carried 
by trays down a power-driven conveyor and the 
engine assembled as it moves along. The power-driven 
conveyors are alresdy in use but, for the present, 
the parts are being supplied from bays disposed at 
each side. Crankcases are fed to the conveyor at 
given intervals by means of the trip-feed mechanism 
illustrated in Fig. 5, on page 752, which is controlled 
by buttons from the conveyor chain. There are two 
control valves arranged so that when the first is 
depressed by the conveyor button, a brake is released 
from the front rollers and an end-stop disengaged. 
The first crankcase then gravitates on to the conveyor 
forks and is picked up by the moving slats. The second 
valve is then operated, causing the end stop to return, 
into position and release the brake from the rear 
rollers, thus permitting the succeeding crankcases to 
move forward ready for the next discharge to the 
conveyor. It will be clear that, with this method, 
the supply of crankcases and, therefore, the building- 
time cycle, is regulated by the speed of the main con- 
veyor. Assembly of the various parts is accelerated 
by using mechanical aids, such as pneumatic impact 
wrenches and special tools. The timing gear, for 
example, is assembled on the crankshaft by means 
of the floating press illustrated in Fig. 6, on page 752, 
which is lowered into position by a small hoist and 
anchored to each end of the crankshaft. A hydraulic 
cylinder actuated by a pneumatic booster is mounted 
at the opposite end to the timing gear and exerts a 
pressure of 6 tons against the shaft ; thus the gear is 
drawn into position on the shaft by the movement of 
the yoke. 

On leaving the assembly line, all engines, regardless 
of the type, pass into the test house, where they are 
run under their own power for one to one and a half 
hours, the last 15 minutes at 20 per cent. overload. 
The tést house has 50 test beds, some of which are 
equipped with dynamometers of a new type designed so 
that their impellers can rotate in either direction. 
To leave clear working areas, all services such as 
water, fuel and lubricating-oil lines, have been placed 
below floor level in covered ducts. This arrangement 
gives a clean and neat layout, as will be evident from 
a study of the photograph of the test house reproduced 





in Fig. 7, on page 752. 
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DOUBLE-HEADED MILLING MACHINE FOR LOCOMOTIVE FRAMES. 


CRAVEN BROTHERS (MANCHESTER), LIMITED, REDDISH, STOCKPORT. 




















DOUBLE-HEADED MILLING 
MACHINE FOR LOCOMOTIVE 
FRAMES. 


Tue large milling machine shown in Fig. 1, herewith, 
has been built by Messrs. Craven Brothers (Manchester), 
Limited, Reddish, Stockport, for machining the faces 
of locomotive frames of the bar type. It has been 
dispatched recently to the Chittaranjan locomotive 
works of the Indian Government Railways, where it will 
be used in conjunction with a Craven triple-headed 
slotting machine for locomotive frames. The frame 
slabs are up to 50 ft. long, 6 ft. wide and about 5 to 6 in. 
thick. As will be seen from Fig. 1, the machine is 
equipped with two large milling cutters running on 
vertical spindles ; there are also two smaller, auxiliary 
milling heads for machining holes and small radii, or 
for cross-milling work. 

The machine comprises a heavy baseplate, 70 ft. long 
by approximately 11 ft. 3 in. wide, and two bridge-type 
machine units. The central portion of the baseplate, 
6 ft. 9 in. wide, is arra as a workplate and is pro- 
vided with T-slots and dog holes for locating and clamp- 
ing the frame plates in position, as shown in Fig. 2. 
Outer slideways along each side of the workplate carry 
the two travelling machine units. The baseplate is 
fitted with foundation bolts and levelling screws, and is 
constructed in three sections securely bolted and keyed 
together. The framing of each machine unit consists 
of two massive uprights which are mounted on separate 
base saddles and are tied together at the top by a deep- 
section cross-stay to form a rigid bridge-type con- 
struction. The main milling head is centrally housed 
in an adjustable cross-beam supported between broad 
slideways, forming the inner faces of the uprights. A 
cross-slide, integral with the rear of the cross-beam, 
carries the auxiliary milling head, and the whole beam 
assembly has both fine hand-operated vertical adjust- 
ment and rapid power elevation for setting purposes 
and for the application of the cutters to the work. 
Powerful clamping devices lock the beam to the 
uprights during cutting. 

Both machine units are of identical construction. 
In each case the main cutter head is 6 ft. 9 in. in dia- 
meter, and comprises a circular cast-iron body to the 

riphery of which are secured 12 steel tool-blocks. 

qually spaced around the body, the tool-blocks are 
fitted with adjustable square-section cutting tools, so 
that the whole assembly constitutes a giant inserted- 
tooth face-milling cutter. The cutter head is carried 
on @ vertical spindle rotating in plain phosphor-bronze 
bearings, and is also supported by an inverted V-t: 
circular bearing track, white-metal lined, which absorbs 
all the resultant cutting thrust. Screwed collars and a 
po ball-thrust washer withstand the load of the spindle 
and cutter head in a vertical direction. 

Cutter speeds range from 1} to 6 r.p.m., the drive 











Fig. 1. Macutne rn Makers’ Works. 
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being by means of a 25-h.p. variable-speed reversing 
motor mounted on the top of the cross-stay. The 
transmission is through a primary wormgear reduction 
unit and a vertical splined shaft to intermediate gear- 
ing in the cross-beam, the final drive being by dual 
pinions in mesh with a large-diameter internal spur 
ring secured to the body of the cutter head. The 
maximum and minimum heights available beneath the 
main cutting head are 15 in. and 5 in., respectively, 
vertical movement being effected through two elevating 
screws adjacent to the inside faces of the uprights. 
Fine adjustment is provided by two handwheels con- 
veniently situated at each side of the unit, one revolu- 
tion of the handwheels corresponding to 0-02 in. move- 
ment of the cutter head. Quick power operation is 
provided by a 10-h.p. constant-speed reversing motor 
mounted on the cross-stay, the rate of power elevation 
being approximately 12 in. per minute. 

There are six longitudinal milling feeds, ranging 
from 0-28 to 2-8 in. per minute. These are obtained 
by the power traverse of the whole machine unit along 
the baseplate slideways, and are thus applicable both 
to the main and auxiliary milling heads. The feed 
drive is obtained from a separate 3-h.p. constant-speed 
reversing motor and feed-change gearbox mounted on 
the cross-stay. It is conveyed by spiral-bevel gearing 
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Finally, two pairs of pinions engage racks attached to 
the front and rear of the baseplate, as shown in Fig. 3. 
Each pair of pinions has special provision for the 
elimination of backlash, and the two pairs of pinions 
are coupled together to drive in unison. Rapid power 
traverse is transmitted through the same mechanism, 
but is derived from the 10-h.p. elevating motor. 
Selection for longitudinal feed or quick traverse, and 
for hand or power elevation of the cross-beam, is made 
by duplicate sets of hand levers mounted at a con- 
venient height one on the side of each upright. 
Mounted on its own saddle, the self-contained 
auxiliary milling head, shown in Fig. 4, is fitted to 
a cross-slide at the rear of the cross-beam. The vertical 
spindle rotates on roller and angular-contact bearings 
and is bored and recessed to suit standard milling cutters 
and adaptors. Spindle speeds range from 12 to 98 
r.p.m., and the drive is by an independent 10-h.p. 
constant-speed reversing motor and an eight-speed 
gearbox. The spindle slide is carried in V slideways 
and has a 2]-in. vertical adjustment relative to the 
cross beam for cutter setting or hand feed. The lower 
face of the slide has circular T-slots suitable either for 
attaching outer milling-arbor supports or for fitting a 
special horizontal milling-spindle attachment, should 
the need arise. Transverse feed and quick power 





and vertical shafts at the side of the uprights down to 
further reduction gear units on the base saddles. 


traverse of the auxiliary milling head along the cross- 
slide is provided by a separate 3-h.p. constant-speed 
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DOUBLE-HEADED MILLING MACHINE FOR LOCOMOTIVE FRAMES. 
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Fic. 3. Sms or OnE Macutne Unrt, SHow1ne Drive 
FOR LONGITUDINAL FEED. 


reversing motor and a feed-change gearbox at the end 
of the slide. There are six rates of transverse feed, 
ranging from 0-5 to 4 in. per minute, and the extent 
of the transverse travel is approximately 7 ft. 5 in., 
so that the full width of the work-plate is amply 
covered by the auxiliary cutters. 

The machine is arranged to operate from 400-volt 
3-phase 50-cycle mains supply, a motor-generator set, 
controlled by an auto-transformer starter, being used 
to supply direct current for the two 25-h.p. variable- 
speed main milling-head motors. All the remaining 
motors on the machine operate from the alternating- 
current supply. Both the alternating and direct 
current is fed to the machine by means of supply bars 
mounted on an elevated gantry and collector shoes 
attached to each machine unit. A main control panel, 
on the cross-stay of each unit, houses the switchgear 
for the main milling-head motor and the 10-h.p. 
elevating and quick-traverse motor. Smaller panels 
attached to the uprights control the two 3-h.p. feed 
motors and the 10-h.p. auxiliary milling-head driving 
motor. Separate speed regulators are provided for 
each main variable-speed motor. 

Identical push-button stations on the front of each 
upright control the main milling-spindle motor and 
the longitudinal-feed motor, and include “ forward” 
and “reverse” inching buttons for the elevating and 
quick power-traverse motor. Additional stations at 
the rear of the uprights include further push-buttons for 
the elevating and quick-traverse motor, together with 
controls for the suds-pump unit. A large pendent- 
type station at the rear of each machine unit contains 
push-buttons for the control of the auxiliary milling 
head and its transverse-feed and quick-traverse motor, 
also duplicate controls for the longitudinal-feed motor 
and for the elevating and longitudinal quick-traverse 
motor. 

A feed-selector switch, mounted on one of the smaller 
control panels, has four positions to allow for the follow- 
iig: milling with the main cutter head, using the 
longitudinal feed; milling with both spindles and 
longitudinal feed; milling with the auxiliary spindle 
and longitudinal feed ; and milling with the auxiliary 
spindle in conjunction with the transverse feed. In 
each instance it is impossible to start the particular feed 
motor until the appropriate milling spindle is running, 
and, if the spindle motor stops, then the feed motor will 
also stop. The longitudinal quick power traverse and 
elevating motor can be used with the selector switch 
in any of its four positions, and a “‘ test” push-button 
in the pendent control station enables the transverse- 
feed and quick-traverse motor to run for setting 
purposes with the auxiliary milling-spindle motor at 


rest. 





PLANT FOR PRODUCING 
CATALYTIC CRACKING AGENT. 


REMARKABLE progress has been made during recent 
years in the development of oil-refining processes, one 
of the outstanding features being the introduction of 
fluid catalytic cracking. In this process, cracking is 
carried out in the presence of catalysts consisting of 
clays and related solid synthetic materials, the result 
being that the process can be operated at lower pres- 
sures and temperatures with better overall yields and 
improved products. Until recently, this process was 
confined largely to overseas refineries and there was, 
therefore, little demand for the catalyst in this 
country. The opening of the new Esso refinery at 
Fawley, with its catalytic-cracking plant, and the 
installation of a similar plant at the Shell refinery, 
Stanlow, to mention only two, has led to lively home 
demands and, to meet these, Messrs. Joseph Crosfield 
and Sons, Limited, Warrington, an associated company 
of Messrs. Lever Brothers and Unilever, Limited, 
Unilever House, London, E.C.4, have erected a plant 
for the manufacture of a suitable catalyst. The plant 
was built as a result of agreements between Messrs. 
Crosfield and the Davison Chemical Corporation of 
Baltimore, U.S.A., and between Messrs. Crosfield and 
the Esso Petroleum Company, Limited, the Anglo- 
Iranian Oil Company, Limited, the Shell Refinery and 
Marketing Company, Limited, Trinidad Leaseholds, 
Limited, and the Bahrein Petroleum Company, Limited. 
Messrs. Crosfield were in a strong position to take up 
this work as the main raw materia! used in the manu- 
facture of the catalysts is sodium silicate, of which the 
firm are the major producers in the United Kingdom. 

Technical advice on the design, construction and 
operation of the plant has been provided by the 
Davison Chemical Corporation, the leading catalyst 
manufacturers in America, whose process is to be 
used. Design work on the Warrington plant was 
begun in March, 1950, and clearance of the site in 
June of the same year. Constructional work was 
started under the direction cf Messrs. E. B. Badger 
and Sons (Great Britain), Limited, in October, 1950, 
the main contractors being Messrs. Taylor Woodrow 
Construction, Limited. With a few exceptions, the 
plant has been constructed and equipped with materials 
of British manufacture, but some items had to be 
obtained “from the United States. The equipment 
includes two stainless-steel driers fabricated in this 
country under licence from the Swenson Evaporator 
Company, which are the largest of their type to have 
been built. The plant was opened by Sir Geoffrey 
Heyworth, chairman of Lever Brothers and Unilever, 
Limited, on December 4. 
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BOILER EXPLOSION AT 
GUILDFORD POWER STATION. 


As a result of an explosion from a water-tube boiler 
at the Guildford power station of the British Electricity 
Authority on May 7, 1951, a preliminary inquiry under 
the Boiler Explosions Acts, 1882 and 1890, has been 
held and a report* has been issued recently. The 
boiler, one of a bank of three, was of the Stirling 
three-drum type and was about 24 years old. The 
drams were 3 ft. 6 in. in diameter internally and 
19 ft. 94 in. long, the steam drums being connected to 
the water drum by 495 solid-drawn steel tubes of 
3} in. outside diameter, arranged in two banks. 

The explosion occurred from the extreme left-hand 
tube in the second row of the front bank, the tube 
rupturing at about the middle of its length and forming 
an opening 7} in. long and of 5} in. maximum width, 
through which the contents of the boiler escaped into 
the furnace, with fatal results, the shift charge engineer 
being killed and two other station employees seriously 
injured. The cause of the explosion was overheating 
due to deposits of hard scale. 

The boilers were connected to a common range and 
supplied steam at 295 lb. per sq. in. to four turbo- 
alternators. Before the station was taken over by the 
British Electricity Authority in 1948, the make-up 
feed consisted of river water without treatment, though 
a linseed filtrator was fitted in 1944. Since 1949, 
however, evaporated town-main water had been used 
for feed make-up, with the addition of some town-main 
water chemically treated in accordance with instruc- 
tions issued by the B.E.A. Examination of the tube 
after the explosion showed traces of hard scale from 
y in. to } in. in thickness on the inner surface near the 
rupture, and the tube, as the result of overheating, 
had swelled about 1 in, circumferentially at the burst. 
In course of the examination it appeared that a 
fairly heavy hard scale formed in the tubes until the 
linseed filtrator was introduced in 1944, when there 
was a considerable reduction in the quantity and 
hardness of the scale formed. Since the introduction 
of the chemically-treated feed, only a soft sludge had 
been found, apart from the old hard scale which was 
gradually disappearing. In his concluding remarks, 
Mr. F. J. Colvill, Assistant Secretary, Marine Safety 
Division, Ministry of Transport, points out that 
trouble had been experienced with tubes over a period 
of years and it had been found necessary to renew a 
number of them owing to blistering and swelling, 
but the cause of the trouble, apparently, had not been 
fully investigated. 





* H.M. Stationery Office. [Price 1s. net.] 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


Tue LATE Mr. J. H. Dinwoopir.—It is with regret 
that we record the death, on November 28, of Mr. John 
Henderson Dinwoodie, manager of the Edinburgh 
branch of British Insulated Callender’s Cables, Ltd. 
He was 50 years of age and had joined the former firm 
of Callender’s Cable and Constfuction Co., Ltd., in 1916. 
Subsequently, he served for many years in the company’s 
Glasgow office where he specialised in mining electri- 
fication work. 








PROPOSED BRIDGE OVER THE CLYDE.—A proposal to 
construct a bridge over the River Clyde in the inner 
area of Glasgow was discussed on December 4 by a sub- 
committee of Glasgow Corporation and representatives 
of the Clyde Trust. As an alternative to a bridge, the 
possibility of a tunnel under the river was also examined. 
It was stated that, if a bridge proved to be the 
acceptable solution of the problem, it would be of the 
opening type, to give free passage to shipping. 





GLEN FINGLAS WATER-SUPPLY SCHEME.—The develop- 
ment of Glen Finglas as a new source of water supply 
for Glasgow was approved by the Water Committee 
of Glasgow Corporation on December 4. The project, 
estimated to cost 600,0001. and to provide 7,333,000 
gallons a day, entails the construction of an intake 
weir and the driving of a 24-mile tunnel through the 
shoulder of Ben An to Loch Katrine. Only a small dam 
will be formed at the weir, so that there will be no 
extensive flooding of Glen Finglas and no sacrifice of 
agricultural land. 





TOWN PLANNING IN GLASGOW.—Glasgow’s develop- 
ment plan was finally approved on December 6 by the 
City Corporation. The plan has two main aspects—the 
mapping of arterial roads, including an outer ring road, 
and the zoning of the whole city area for industrial, 
commercial, and residential purposes, thus setting the 
pattern for future development. The Corporation’s 
concern is to ensure, by the preparation of the plan, 
that the best possible use shall be made of available land 
and that the haphazard mingling of places where people 
live and where they work shall be prevented. 





THE P.S. “Lucy Asnton.”—The former paddle- 
steamer Lucy Ashton, which plied on the Clyde for 
about 60 years, is to be broken up at Faslane. The 
vessel was built in 1888 by the firm of T. B. Seath, 
Rutherglen, now out of existence, Nearly three years 
ago the hull was purchased by the British Shipbuilding 
Research Association and fitted with four aircraft jet 
engines, for the purpose of carrying out experiments 
on bull resistance. Particulars of the vessel, as thus 
converted, were given in our issue of August 18, 1950 
(vol. 170, page 161). 





FacTorRY TO BE Burt In Kip VALLEY.—An area of 
110 acres in the Kip Valley, between Greenock and 
Inverkip, has been acquired from Ardgowan Estates, 
Ltd., as a site for a new factory for the American firm 
of International Business Machines (United Kingdom), 
Ltd. The factory itself will occupy about 30 acres and 
will be built by Scottish Industrial Estates, Ltd. 





VEHICULAR TRAFFIC ON FortTH BrIpGE.—If the 
Forth Bridge were converted to carry vehicular traffic 
above the existing railway track its appearance would 
be improved rather than otherwise, according to Sir 
Bruce White, M.I.C.E. Sir Bruce, who was addressing 
the Scottish branch of the Institution of Highway 
Engineers on November 30, in Edinburgh, said that 
the roadway could be built of light alloys of the alu- 
minium-magnesium-silicon type. 





Loss oF BaTTLEsHIP “Sao Pav1Lo.”—After having 
abandoned her search for the former Argentine battleship 
Sao Paulo, lost in the Atlantic, the Metal Industries tug 
Bustler returned to her base in the Gareloch on 
December 1. The Bustler, with another tug, the 
Dexterous, was towing the Sao Paulo from Rio de 
Janeiro to the Clyde for breaking up when the tow ropes 
parted during heavy gales. One of the crew of the 
Bustler was lost overboard on the return voyage. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


Export OF MoTorR Cars TO WEST AFRICA.—At 
Middlesbrough Docks, last week, 300 motor cars and a river 
launch were loaded on board the Elder Dempster liner 
Freetown for shipment to West Africa. Normally there 
is not a big trade between the Tees and West Africa; 
this, however, is the second cargo of motor cars to go 





to that destination in the past month. The Freetown 
also took on board 3,000 tons of general cargo, and 
the hope is expressed that a considerable trade may be 
established between Tees-side and West Africa. 





OBJECTIONS TO EXTENSION OF OUSEBURN SEWER.— 
Speaking at a public inquiry held at the Town Hall, 
Newcastle-upon-Tyne, on December 4, to hear an objection 
to the Corporation of Newcastle’s scheme to extend the 
Ouseburn Sewer westward, at an estimated cost of 
68,0007., Mr. C. R. Ward, for the Corporation, said that 
they did not accept the contention that, if the proposal 
were carried into effect, it would increase the pollution 
of the River Tyne; the increase, in fact, would be 
infinitesimal. The main purpose of the plan, he stated, 
was to serve the projected Corporation housing schemes 
of Kenton and Fawdon. The objection had been raised 
by the Northumberland and Tyneside River Board, 
and Mr. N. H. Thomas, Clerk to the Board, contended 
that the proposed sewer would increase considerably 
the already serious pollution of the Tyne. The Board 
felt that the proposed extension and other new sewers 
should be designed and sited in such a manner as to 
form part of a comprehensive scheme of sewerage and 
sewage disposal. Mr. Ward, in reply, said that the 
Corporation felt that any such comprehensive scheme 
for dealing with pollution could not well be carried out 
by local authorities unaided. 





APPEAL BY STREET-LIGHTING AUTHORITIES.—At a 
meeting in Newcastle-upon-Tyne, on December 4, the 
Northern Gas Consultative Council received a deputation 
from 14 local authorities headed by the Town Clerk of 
Stockton-on-Tees, requesting that street-lighting charges 
be made on an industrial basis. It appears that, at 
present, each street lamp is regarded as a separate 
** consumer ” and the deputation’s claim was that street- 
lighting authorities should be placed in the same category 
as other large consumers of gas and be granted a rebate 
under the Northern Gas Board’s tariff. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


THE LATE MAJor V. TURNER, O.B.E.—We learn with 
regret that Major Vincent Turner, O.B.E., who was 
borough engineer of Rotherham from 1921 to 1946, 
died in hospital at Liverpool on November 30, at the age 
of 73. He had been living in retirement at Gobowen, 
near Oswestry, Shropshire. He was born at Bristol, 
took up his Rotherham appointment in 1921, and, 
between the war years, was responsible for all the town 
engineering developments. He was chairman of the 
Yorkshire Association of the Institution of Civil Engineers 
from 1935 to 1946. 





SHEFFIELD FIRM’s APPRENTICE-TRAINING SCHEME.— 
As a result of the introduction of education and training 
schemes the number of apprentices and young operatives 
at the Sheffield works of the English Steel Corporation, 
Ltd., have been raised from 300 in 1947 to over 400 in 
1951. Money prizes have just been distributed to 230 
apprentices and junior members of the staff to the value 
of 1,0601., in sums varying between 21. 10s. and 111. 10s. 
Mr. W. D. Pugh, a director of the English Steel Corpora- 
tion, and chairman of the works education and training 
committee, stated, in his report, that their main efforts 
have been concentrated on the training of engineering 
apprentices. The firm are now paying attention to the 
training of junior operators, melters, rollers and foremen, 
and to preparing schemes for open-hearth and electric 
steel melting and rolling and forging. These schemes 
are being developed on lines similar to those for craft 
apprentices, but are complicated by the team method 
of working in the hot shops and problems of promotion 
by seniority. 

EFFECT OF STEEL SHORTAGE.—In an official report to 
the Regional Board of Industry it is stated that steel 
manufacturers in the Sheffield area find themselves 
completely unable to consider new business in any 
circumstances. It is added that there appears to be 
no sign of easement in the scrap shortage and there are 
marked signs of a decline in steel production. The 
Board observe that another trend created by the shortage 
of materials is that firms are becoming more reluctant to 
explore overseas markets. 





HiGHER CoaL PRopucTION.—Yorkshire collieries, for 
the third week in succession, have raised more than a 
million tons. At Brodsworth Main, South Yorkshire, 
the distinction has been achieved of being the first 
colliery in the country to raise a million tons this year, 
three weeks earlier than last year. Opencast-coal pro- 
duction has been impeded by bad weather and by the 
flooding of some sites, and this will make it impossible to 
reach the opencast production target this year. 





TRENT VALLEY COALFIELD.—The ‘Minister of Housing 
and Local Government has sanctioned the proposal of 
the National Coal Board to mine coal in an area of 





7,000 acres in the Trent Valley, between West Bridgford 
and Gunthorpe. Local authorities and private business 
interests opposed the proposal at a six-day inquiry on the 
ground of the risk of subsidence and the accompanying 
flooding dangers. A condition has been imposed that a 
pillar of support shall be left under the Nottingham 
Corporation’s main outfall sewer, which crosses the 
surface of the area to be worked. It is estimated that 
the new area will yield 21,000,000 tons of coal. 


THE MIDLANDS. 


JUNIOR SaFETY GRouP.—The first junior safety group 
in Great Britain was formed at a meeting in Birmingham 
on December 4. It is intended for young industrial 
employees between the ages of 16 and 21, and is entitled 
the Junior Birmingham and District Safety Group. 
Mr. W. W. Foster, general works manager at Fort 
Dunlop, and chairman of the Birmingham and District 
Safety Group, opened the meeting and read a message 
from the Lord Mayor of Birmingham (Alderman R. C. 
Yates), who has accepted the presidency of the group. 





THe Stupy or INCENTIVEs.—Dr. W. Baldamus, 
Research Fellow at Birmingham University, recently 
concluded a study of industrial incentives, and his work 
has now been published, in a limited edition (price 15s.), 
under the title of Incentives and Work Analysis, by the 
Research Board of the Faculty of Commerce and Social 
Science at the University, Edgbaston, Birmingham, 15. 





CiviL DEFENCE SCIENTIFIC ADViISsORS.—Three honor- 
ary scientific advisors have been appointed for the 
Midland civil defence region. All are professors at the 
University of Birmingham. They are Professor H. W. 
Melville, Mason Professor and head of the Department of 
Chemistry (senior advisor); Professor P. B. Moon, 
Poynting Professor and head of the Department of 
Physics; and Professor J. R. Squire, Leith Professor 
and director of the Department of Pathology. 

PROPOSED BOREHOLE NEAR WOLVERHAMPTON.-—The 
West Midlands Coal Board are to apply to the High 
Court for powers to sink a borehole at Penn, Wolverhamp- 
ton, to prove reserves of coal to the north of the existing 
Baggeridge colliery. Penn is a residential and agricul- 
tural district, and Wolverhampton town council refused 
last month to grant permission for the borehole to be 
made. The Coal Board’s intention is, if the coal is 
proved, to deepen the existing shafts at Baggeridge, and 
drive the workings northwards. Objections were 
raised on the grounds of possible subsidence, but the 
Board state that subsidence would be minimised by 
solid stowing of the worked-out parts of the seam. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


Roaps IN GLAMORGAN.—Provisional schemes for new 
and improved county and trunk roads in the central area 
of Glamorgan involve a total estimated expenditure 
of 6,000,0001. over the next 20 years, of which about 
4,000,0007. relates to the period up to 1956. Listed 
for high priority, in the event of authorisation in the 
period up to 1956, is a 2,000,0001. scheme for a Port 
Talbot by-pass, while another, costing 1,000,000/., 
provides for the completion of the Neath by-pass. 
The completion of the Neath River bridge, already 
under construction, is estimated to cost 500,000I. 


CARDIFF-PENARTH TOLL Roap.—Following years of 
negotiations, Cardiff Corporation and Glamorgan County 
Council hope to take over the joint control of the Penarth 
toll-road connecting Cardiff and Penarth, on January 1. 
The Cardiff City treasurer has been authorised to pay 
the purchase price of 12,5001., with 1,5001. for other 
purposes, to the present proprietors. The City Council 
will continue to charge tolls until the outlay has been 
recovered. The Corporation has been given the power 
to charge tolls for a period of three years. Gross annual 
takings have been estimated at between 11,000I. and 
17,000/., with a net income of between 2,000/. and 
7,0001. a year. 

WEsT WALES STEELWORKS DiFFICULTIES.—The tem- 
porary shortage of pig iron caused a stoppage at ten 
of the 27 open-hearth furnaces of Richard Thomas and 
Baldwins, Limited, in West Wales last week. The 
arrival of three cargoes at Swansea, however, eased the 
situation and, by the end of the week, it had proved 
possible to resume smelting at five of the furnaces, while 
others were expected to be working again within a few 
days. The opportunity has been taken of carrying out 
repairs at some of the furnaces. 

INFLUENCE OF SHORTAGE OF Scrap.—Speaking at a 
luncheon at the works of the Steel Company of Wales, 
on December 7, Mr. E. Julian Pode, the managing 
director, disclosed that production at the Abbey Steel- 
works, at Margam, has been slowed down to two-thirds 
of the normal on account of the shortage of scrap. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF PACKAGING.—Midland Area: Monday, 
December 17, 12.30 p.m., White House Restaurant, 
Birmingham. Luncheon Meeting. ‘‘ Packaging for the 
Services,” by Mr. P. A. Andrew. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section : Monday, December 17, 5.30 p.m., Savoy-place, 
Victoria-embankment, W.C.2. ‘‘ What Practical Bene- 
fits Can Communi@ation Engineers Expect from the 
Modern Information Theory ?” by Mr. E. C. Cherry. 
South Midland Centre: Tuesday, December,18, 6 p.m., 
Town Hall, Birmingham. Faraday Lecture on ‘‘ Sound 
Recording : Home, Professional, Industrial and Scientific 
Applications,” by Dr. G. F. Dutton. Supply Section: 
Wednesday, December 19, 5.30 p.m., Savoy-place, Vic- 
toria-embankment, W.C.2. (i) ‘‘ Inhibited Transformer 
oil,” by Mr. W. R. Stoker and Mr. C. N. Thompson. 
(ii) “‘ The Stability of Oil in Transformers,’’ by Mr. 
P. W. L. Gossling and Mr. L. H. Welch. Southern Centre : 
Wednesday, December 19, 6.30 p.m., The Technical 
College, Brighton. ‘‘ Electricity in a Chemical Works,” 
by Mr. W. A. Gallon. East Midland Centre: Wednes- 
day, December 19, 7.15 p.m., De Montford Hall, Leicester. 
Faraday Lecture on ‘‘ Sound Recording : Home, Profes- 
sional, Industrial and Scientific Applications,” by Dr. 
G.F. Dutton. Mersey and North Wales Centre : Monday, 
January 7, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. ‘‘ Modern Developments in Electric Weld- 
ing,” by Dr. H. G. Taylor. 


NORTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Monday, December 17, 6.15 p.m., 
Mining Institute, Newcastle-upon-Tyne. ‘‘ Marine Pro- 
pulsion Miscellany,’”’ by Dr. E. V. Telfer. 


INSTITUTION OF MECHANICAL ENGINEERS.—East Mid- 
lands Branch : Monday, December 17, 6.30 p.m., Offices 
of East Midlands Gas Board, Parliament-street, Notting- 
ham. ‘‘ The Problem of Hydrogen in Steel,”’ by Dr. A. 
Lloyd.. Midland Branch: ‘Thursday, December 20, 
6 p.m., James Watt Memorial Institute, Birmingham. 
Film Evening. London Graduates’ Section : Wednesday, 
January 2; 6.30 p.m., Storey’s-gate, St. James’s Park, 
8.W.1. ‘‘ The Development of the Mechanical Principles 
of Punched-Card Accounting Machines,’’ by Mr. P. W. 
Murphy. Jnstitution: Friday, January 4, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘‘ Considerations 
on Bogie Design, with Particular Reference to Electric 
Railways,’”’ by Mr. W. S. Graff-Baker. AUTOMOBILE 
DIVISION.—Scottish Centre: Monday, December 17, 
7.30 p.m., Institution of Engineers and Shipbuilders in 
Scotland, 39, Elmbank-crescent, Glasgow, C.2. ‘‘ Inde- 
pendent Rear Suspension,’”” by Mr. Donald Bastow. 
Western Centre: Thursday, January 3, 6.45 p.m., The 
Royal Hotel, Bristol. Informal Discussion. 


INSTITUTE OF FUEL.—North-Eastern Section : Monday, 
December 17, 6.30 p.m., King’s College, Newcastle-upon- 
Tyne. ‘International Coal Classification” by Mr. D. 
Hicks. Institute: Tuesday, December 18, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. ‘‘ Gasification by the Moving- 
Burden Technique,” by Mr. J. W. R. Rayner. Midland 
Section: Tuesday, December 18, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘‘ Developments in the 
Firing of Shell Boilers by Means of Chain-Grate Stokers,”’ 
by Mr. C. H. G. Hayward. 

INSTITUTION OF PRODUCTION ENGINEERS.—Derby 
Section: Monday, D ber 17, 7 p.m., Midland Hotel, 
Derby. ‘‘ Recent Developments in the Economic Use 
of Materials,” by Mr. G. F. P. Fox. Manchester Section : 
Monday, December 17, 7.15 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ Management Ethics,” 
by Mr. H. E. Roff. Glasgow Section: Thursday, 
December 20, 7.30 p.m., Institution of Engineers and 
Shipbuilders in Scotland, 39, Elmbank-crescent, Glasgow, 
C.2. ** Legal Aspects in Industry,’’ by Mr. A. E. Armour. 
Reading Section: Tuesday, January 1, 7.15 p.m., Great 
Western Hotel, Reading. ‘‘ Industrial Design and the 
Engineer,” by Mr. K. lL. Brookfield. Nottingham 
Section: Wednesday, January 2, 7 p.m., Victoria Station 
Hotel, Nottingham. ‘‘The Importance of Costing to 
the Production Engineer,” by Mr. L. W. Robson. 


INSTITUTION OF WORKS MANAGERS.—Glasgow Branch : 
Monday, December 17, 7.15 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow, C.2. Discussion on “ Electronics.” Bristol 
Branch : Wednesday, January 2, 7.15 p.m., The Grand 
Hotel, Bristol. ‘‘ Management in a Research Organisa- 
ti m,” by Mr. C. Bailey. Tees-Side Branch: Thursday, 
vonuary 3, 7.30 p.m., The Vane Arms Hotel, Stockton. 
. The Profession of Management,” by Mr. A. M. Hudson 

Javies. 

JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section : 
Monday, December 17, 7.30 p.m., Co-operative Educa- 
tional Centre, 201, Napier-street, Sheffield, 11. ‘‘ Alu- 
minium Alloys in General Engineering,” by Mr. M. H. 








Levie. Institution: Friday, December 28, 6.30 p.m., 
39, Victoria-street, S.W.1. ‘‘ Hydro-Electric Power 
Developments,” by Mr. J. Foster Petree. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, December 17, 7.30 p.m., 
The University, Leeds. ‘‘ Museums: Their Work and 
Assistance to Industry,” by Mr. C. M. Mitchell. Glasgow 
Branch: Tuesday, December 18, 7 p.m., Engineering 
Centre, 351, Sauchiehall-street, Glasgow. ‘‘ Safety in the 
Use of Portable Electric Tools,” by Mr. J. L. Wood. 

SHEFFIELD SOcIETY OF ENGINEERS AND METALLUR- 
Gists.—Monday, December 17, 7.30 p.m., University 
Building, St. George’s-square, Sheffield. Annual Meet- 
ing. ‘‘ A Rational Theory of the Hardening of Steel,” 
by Mr. A. H. Marks. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bournemouth Branch: Monday, December 17, 8.15 
p.m., The Grand Hotel, Bournemouth. ‘“ Electric- 
Resistance Heating,’’ by Mr. T. F. Stanley. London: 
Tuesday, December 18, 6.30 p.m., Lighting Service 
Bureau, 2, Savoy-hill, W.C.2. ‘‘The Engineer in the 
Welfare State,” by Mr. R. F. Mathieson. Luton Branch: 
Thursday, December 20, 8 p.m., The George Hotel, 
Luton. ‘“ Maintenance of Factory Equipment,” by Mr. 
A. Carpenter. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, December 18, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow, C.2. ‘“‘Skidding and the 
Slippery Road,”’ by Mr. C. G. Giles. 

INSTITUTE OF INDUSTRIAL ADMINISTRATION.—London 
Centre: Tuesday, December 18, 7 p.m., 8, Hill-street, 
Berkeley-square, W.1. ‘‘ Management in Practice.’ 
No. IV. “A Study in Improvements in Industrial 
Relations,”” by Mr. J. E. V. Tyzack. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—W est 
Midlands Section: Tuesday, December 18, 7 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. ‘ Design and Application of Indus- 
trial High-Frequency Heaters,’”’ by Mr. F. W. Budge. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Mid- 
lands Centre: Tuesday, December 18, 7.30 p.m., The 
Crown Inn, Broad-street, Birmingham. ‘“ Piston, Rings 
and Cylinder Liners,” by Mr. G. W. Yarwood. North- 
West Centre: Wednesday, December 19, 7 p.m., The 
Victoria Hotel, Wigan. ‘‘Garage Equipment and 
Service Tools,” by Mr. R.M. Walker. North-East Centre : 
Thursday, December 20, 7.30 p.m., Hotel Metropole, 
King-street, Leeds. ‘‘ Rear Axles,’ by Mr. R. H. Wilson. 

RoyaL METEOROLOGICAL SOcIETY.—Wednesday, 
December 19, 5 p.m., 49, Cromwell-road, South Kensing- 
ton, S.W.7. (i) ‘‘ Warming of Arctic Air Masses Over 
the Eastern North Atlantic,” by Mr. J. M. Craddock. 
(ii) ‘‘ Modification of Continental Polar Air Over Hudson 
Bay,” by Mr. F. E. Burbidge. (iii) “‘ Observations 
with a Directional Rain Gauge,” by Mr. R. E. Lacy. 

ROYAL STATISTICAL SOCIETY.—-Wednesday, December 
19, 5.15 p.m., London School of Hygiene and Tropical 
Medicine, Keppel-street, W.C.1. ‘* The Interdependence 
of the British Economy,” by Dr. T. Barna. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wed- 
nesday, December 19, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
« Railway Wind-Tunnel Work,” by Mr. D. W. Peacock. 

NEWCOMEN SOcIETY.—Wednesday, December 19, 
5.30 p.m., Science Museum, South Kensington, S.W.7. 
“Canal Lifts and Inclines, with Particular Reference 
to Those in the British Isles,’”” by Mr. David H. Tew. 

ROYAL MICROSCOPICAL SOCIETY.—Wednesday, Decem- 
ber 19, 5.30 p.m., Tavistock House South, Tavistock- 
square, W.C.1. ‘‘A Vector Theory of Phase-Contrast 
and Interference-Contrast,”” by Dr. R. Barer. 

ILLUMINATING ENGINEERING SOcIETY.—T'ees-Side 
Group : Wednesday, December 19, 6.30 p.m., Cleveland 
Scientific and Technical Institution, Corporation-road, 
Middlesbrough. ‘‘ Street Lighting,’’ by Mr. A. J. Ogle. 

INSTITUTE OF WELDING.—North London Branch: 
Wednesday, December 19, 7.30 p.m., Manson House, 
26, Portland-place, W.1. ‘‘ The Application of Welding 
to the Electrical-Engineering Industry,” by Mr. H. H. 
Reeve. 

INSTITUTION OF ENGINEERING INSPECTION.—West of 
Scotland Branch: Wednesday, December 19, 7.30 p.m., 
351, Sauchiehall-street, Glasgow. Films on ‘‘ Produc- 
tivity.” j 

INSTITUTE OF BRITISH FOUNDRYMEN.—North-East 
Scotland Section: Wednesday, December 19, 7.30 p.m., 
Imperial Hotel, Arbroath. ‘‘ Production of Castings 
for a Small Diesel Engine,”” by Mr. H. J. M. Conacher and 
Mr. R. Leeks. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
December 20, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Mining Policy in French 
Overseas Territories,” by Mr. F. Blondel. 

ROYAL AERONAUTICAL Socrety.—Thursday, Decem- 
ber 20, 6 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘Control Surface Flutter,” by 
Mr. E. G. Broadbent and Mr. W. T. Kirkby. 


PERSONAL. 

On medical advice, COLONEL THE Hon. CyriI SIDDE- 
LEY, C.B.E., T.D., is relinquishing the managership of 
the car side of Armstrong Siddeley Motors Ltd., Coventry, 
at the end of 1951, but remains a director. 

Sm Percy Muis, K.B.E., vice-president of the 
Institution of Engineering Draughtsmen and Designers, 
Grand Buildings, Trafalgar-square, London, W.C.2, 
has been appointed adviser to the Ministry of Housing. 
Sir Percy has offered to undertake this task without 
remuneration. 

Mr. W. W. FRANKLIN, M.I.Mech.E., chief engineer of 
Davy and United Engineering Co., Ltd., Park Iron 
Works, Sheffield, 4, has been appointed a director of the 
company. 

Mr. J. ANDERSON, C.B.E., M.I.E.E., chief scientist 
at the Admiralty Signal and Radar Establishment, 
Haslemere; COLONEL A. V. KERRISON, director of 
Aeronautical and Engineering Research, Admiralty ; 
and Dr. E. C. S. Mecaw, director of Physical Research, 
Admiralty, have been promoted to the rank of Chief 
Scientific Officer in the R.N. Scientific Service. 

Mr. E. L. M. vAN GELDER has’ been elected President 
of the London Association of Engineers for 1952. 

MERZ AND MCLELLAN, 32, Victoria-street, London, 
S.W.1, are taking into partnership, as from January 1, 
1952, Mr, A. E. PowELL (who will be at their Newcastle 
office), Mr. E. L. E. WHEATCROFT, and Mr. H. J. BEARD 
(who will be at their Esher, Surrey, office), and Mr. W. H. 
Drxon (who will be at their London office). 

The Railway Executive announces that Mr. C. A. 
GaAMMON is to be assistant (wagon design), Carriage and 
Wagon Engineering Department, London headquarters ; 
and that Dr. H. I. ANDREWS, M.Sc., M.I.Mech.E..,. 
M.I.E.E., is to be general assistant, Mr. W. J. WEBB, 
B.Sc. (Eng.), A.M.I.E.E., assistant for substations, and 
Mr. E. Ciaxton, B.Sc. (Eng.), A.M.I.C.E., A.M.I.E.E., 
electrification engineer, in the electrical engineering new 
works and development organisation, London head- 
quarters. 

Mr. C. B. V. NEmIsSON, M.A., A.F.R.Ae.S., M.LE.E., 
A.M.I.Mech.E., chief designer (aircraft) to Electro- 
Hydraulics Ltd., Liverpool-road, Warrington, has joined 
the board as technical director. 

The Minister of Fuel and Power has appointed Sir 
Ewart Smiru, M.A., M.I.Mech.E., and Caprain (E) W. 
GREGSON, R.N.R., to be members of his Scientific 
Advisory Council, set up in 1948. Sm Harry R. 
Ricarpo, F.R.S., and SiR HAROLD BROWN are no longer. 
members of the Council. 

Mr. G. E. WHITTAKER has been elected President of 
the British Association of Machine Tool Merchants, 
West India House, 96-98, Leadenhall-street, London, 
E.C.3, for the coming year, in succession to Mr. W. R. 
CLARKSON. Mr. G. A. PARKER has been elected vice- 
president, and Mr. BE. J. F. BRADLEY re-elected honorary 
treasurer. 

Mr. HENRY D. CHALLEN, A.M.I.Mech.E., has been 
re-elected chairman of the British Power Press Manufac- 
turers’ Association, Standbrook House, Old Bond-street, 
London, W.1, for the 1951-52 session. Mr. A. E. WHr- 
MAN has been re-elected vice-chairman. 

Mr. JoHn BULMAN, general manager of the Marine 
Engine Works of R. and W. Hawthorn, Leslie and Oo., 
Ltd., Newcastle-upon-Tyne, has been elected a director 
of the company. 

Mr. IRVIN HAYLOooK, F.C.A., has been appointed a 
director of Armstrong Shock Absorbers, Ltd., and of 
Armstrong’s Patents Co., Ltd. 

Mr. C. A. ATOHLEY retires from the managing director- 
ship of the Harland Engineering Co., Ltd., Alloa, as 
from January 1, 1952, but retains his seat on the board. 
Mr. R. W. WEEKES, sales director, will fill the vacancy 
thus created, while Mr. K. W. ATOHLEY will continue to 
be works director and chief of engineering. A wholly- 
owned subsidiary company, HARLAND DRIVES LTD., is 
being formed, of which Mr. K. W. ATCHLEY will be 
chairman; Mr. F. H. Mappox, managing director ; 
Mr. R. C. MortTIMER, technical director, and Mr. C. A. 
ATCHLEY, director. i 

Mr. J. Grirrira HatL, a director and secretary of 
the Westinghouse Brake and Signal Co., Ltd., 82, York 
Way, King’s Cross, London, N.1, has been appointed to 
the board of Westinghouse Garrard Ticket Machines 
Ltd. 

Mr. L. S. FAULKNER, who has been deputy district. 
manager of the Norwich depot of the Dunlop Rubber Co., 
Ltd., for the last three years, has been appointed district. 
manager in succession to the late Mr. H. 8. DowNEs. 

Mr. G. F. TEMPLE, formerly sales manager of British 
Polar Engines, Ltd., has now joined Modern Whee} 
Drive Ltd., Lindo Lodge, Stanley-avenue, Chesham, 
Buckinghamshire, and their associated company, Oil- 
Operated Gears and Transmissions Ltd., as sales 
manager. 

THE BrRUsH ELECTRICAL ENGINEERING CO., LTD., 
parent company of the BrusH-ABOE GROUP, have 
acquired a 31 per cent. interest in the DizsEL EQUIPMENT 
Co., Lrp., Vancouver, a selling organisation operating 





on the Pacific Coast of Canada. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING ” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or i+ can be supplied by the Publisher, post free, 
at the folly» wing rates, for twelve months, payable in 
advance :—+ 

For the United Kingdom and all 
places abroad, with the exception 
of Canada £510 0 


For Canada £5 5 0 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


'erms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1g. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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The Index to Vol. 171 of ENGINEERING 
(January-June, 1951) is now ready and will 

Sent to any reader, without charge and 
= paid, on application being made to the 
qnntishes, In order to reduce the consump- 
being ‘dickies eee ot the Index are 
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THE BRITISH GAS 
INDUSTRY. 


Durine the year ended March 31, 1951, condi- 
tions in the British gas industry were such that 
emphasis had necessarily to be laid more upon the 
improvement of the service to consumers than on 
the promotion of new business. In fact, as is 
pointed out in the second report* of the Gas 
Council, the capacity of the producing plant in 
most parts of the country was insufficient to meet 
the additional demands upon it. Moreover, even 
if the plant had been adequate, there was still the 
fuel problem to be solved. On the distribution 
side, there was a similar tale. Delays in the 
delivery of materials, especially cast-iron pipes, 
restricted development, with the result that supplies 
to new housing estates, in particular, lagged behind 
requirements. Towards the end of the period under 
review the production of appliances was affected 
by the re-armament programme. Such publicity 
as was continued, therefore, was rightly directed 
towards encouraging economy in the use of gas 
and coke, and to advocating the employment of 
modern apparatus. This task was rendered more 
difficult by shortages of the necessary equipment. 

Although this campaign towards greater economy 
must be conducted both in the domestic and indus- 
trial fields it is in the latter that it is more important, 
since in that sphere the applications of gas are 
constantly increasing in number and the demand 





* Second Report and Statement of Accounts of the Gas 
Council for the Year Ended March 31, 1951. London: 
H.M. Stationery Office. [Price 5s. net.] 





is greater than it is possible at present to satisfy. 
To deal with this situation, an Industrial Gas 
Development Committee, composed of industrial 
gas officers nominated by the Area Boards, was 
therefore set up, so that each Area could be kept 
informed of developments throughout the country. 
Much of the work of this committee was concen- 
trated on improvements in design and control of 
equipment so as to secure:a saving in fuel; and it 
is satisfactory to be able to report that the results 
were frequently impressive. For instance, one 
large firm was able to increase its output by 44 per 
cent. with an increased fuel consumption of only 
9 per cent., while in other cases reductions in con- 
sumption of as much as 20 per cent. were achieved. 

These general statements regarding the position 
of one of the country’s most important basic indus- 
tries may be emphasised by referring in more detail 
to certain points of interest. During the year 
under review an aggregate of nearly 2,660 million 
therms of gas were produced, of which 2,334 million 
therms were made in the Board’s own works. Of 
this output, 1,888 million therms was in the form 
of coal gas ; water gas and other gases accounted for 
the remainder. In addition, some 318 million 
therms were obtained from coke ovens owned by 
the National Coal Board and other undertakings, 
while 7-2 million therms were bought from oil 
refineries. The resulting total of 2,660 million 
therms represents a satisfactory increase of over 
the figure for the corresponding period of last year, 


7| although direct comparison is not possible owing to 


the form in which the statistics are set out. Some 
idea of the progress that is being made can be 
gained, however, from the statement that 26,368,700 
tons of coal were carbonised in the process of gas 
manufacture in 1950-51, compared with 25,263,700 
tons in the previous twelve months, an increase of 
4-4 per cent. The quantity of gas purchased from 
coke ovens also increased in about the same propor- 
tion. In addition, 556,700 tons of oil were gasified, 
principally to enrich the water gas that was made 
from coke. 

Similar progress can be recorded in the coke and 
by-product branches of the industry. During the 
year nearly 12 million tons of coke were manufac- 
tured, of which 9-6 million tons were sold in this 
country. In addition, just over two million tons 
were consumed in the manufacture of water gas, 
in raising steam and for other purposes. Only the 
unsatisfactorily small amount of 630,500 tons was 
exported, owing to the imposition of restrictions on 
this trade. Rather over 2-7 million tons of breeze 
were also produced, of which 1-4 million tons were 
used in the works, and about the same aggregate 
amount was sold in the home and foreign markets 
combined. In considering inland sales it may be 
noted that the winter began early and ended late, 
though it was not of outstanding severity. The 
demand for solid fuel for space heating in the 
domestic, commercial and industrial fields was 
therefore continuous and rising, while the situation 
was also affected by the new armament programme. 
Stocks of coke at gas works therefore fell from 
over 1,100,000 tons at the middle of September, 
1950, to 400,000 tons by the end of December ; 
and delays in deliveries to domestic consumers 
increased in many districts to six or seven months. 
In addition to the embargo on exports, a system of 
priorities had consequently to be established, so 
that full deliveries could be maintained to essential 
users, 

As regards by-products, nearly 14 million tons 
of crude tar were sold during the year. The 
demand for road tar was, however, restricted by the 
limitation of expenditure on roads. On the other 
hand, the amount of pitch used in the manufacture 
of briquettes and of pitch/creosote mixture for 
employment as fuel oil increased, as did also the 
demand for more specialised products, such as 
naphthalene and phenol. An interesting point is 
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that spent oxide, a material from which sulphuric 
acid can be manufactured, ceased to be a drug on 
the market and became a much sought after com- 
modity, owing to a reduction in the quantity of 
pure sulphur which could be imported. On the 
other hand, there was some difficulty in disposing 
of such crude ammoniacal liquor as could not be 
converted into concentrated liquor or sulphate of 
ammonia, either by the Board or by the chemical 
industry. Finally, nearly 26 million gallons of 
crude benzole were recovered, about one half of 
which was refined by the Boards themselves. 
Turning from manufacture to consumption, the 
sales of gas during the year under review amounted 
to 2,460 million therms, compared with 2,131 million 
therms during the eleven months ended March 31, 
1950. If the latter figure is computed for a full 
year, the increase was of the order of 5 per cent. Of 
the total therms sold, 56-57 per cent. were bought 
by domestic consumers, 23-97 per cent. by indus- 
trial consumers, and 12-61 per cent. by commercial 
consumers. In addition, 2-17 per cent. of the 
output was consumed for public lighting and the 
remainder either by central or local government 
departments (categories which it is unusual to find 
shown separately), or for the Board’s own purposes. 
Taking the industry as a whole, the year’s working 
showed a net surplus of 1,492,784J. This gives an 
accumulative net surplus since vesting date of 
1,941,232/., of which 1,035,000/. was placed to 
reserve. It may be noted that the surplus was 
obtained after 350,00Ul. had been contributed to the 
Central Guarantee Fund, which the Gas Council is 
required to establish, and after 6,874,661/. had also 
been provided for interest on British Gas Stock. 
A close analysis of the report indicates both that 
the Gas Council and the Area Boards are actively 
striving to meet the increasing demands for gas 
in the face of difficulties, both with regard to coal 
supplies and plant shortages. As this state of affairs 
is likely to continue, it is not irrelevant to recall 
that the British Electricity Authority is encountering 
obstacles of much the same kind. The two indus- 
tries are also similar in that both depend upon coal 
for their existence and both are large consumers of 
this national commodity. In fact, while the gas 
industry consumed some 26 million tons during 
1950-51, the electricity supply industry used 
34 million tons during the same period. The 
resulting aggregate of 60 million tons represents 
something like 27 per cent. of the national coal 
production, but while this production shows a 
distressing reluctance to rise, the consumptions of 
these two important industries exhibit an opposite 
tendency, in spite of all the economies that research 
and engineering skill have rendered possible. 
It is therefore essential that the search for further 
economies should continue with renewed vigour. 
It is desirable, however, that means whereby the 
two industries can co-operate should equally be 
sought. This is, of course, a thorny subject, since 
suggestions of such collaboration in the past have 
generally been based on restricting either gas or 
electricity to particular fields, thereby limiting the 
consumers’ choice. Such limitation, even if it 
were possible to any extent that would be useful, 
is not, however, desirable. Co-operation must, 
therefore, be sought, and perhaps imposed, at 
the manufacturing rather than the utilisation end 
of the chain. The problem is undoubtedly difficult, 
and on the domestic side it is complicated by the 
fact that for many years it will still be necessary to 
burn large quantities of coal in open grates, although 
these may be of a more efficient type than most of 
those at present in use. Nevertheless, it is one 
which must be faced and solved, if the position of 
the country is not to deteriorate. It will certainly not 
be solved if the protagonists confine themselves to 
pointing out each others’ weaknesses. They must 
come together and discover some solution in which 
the national interest is the primary consideration. 





THE LOCOMOTIVE 


INDUSTRY. 

THERE is always pleasure in finding that events 
have confounded prophets of woe. A report* on 
the locomotive industry, published eight days ago 
but evidently prepared well over a year ago, fore- 
cast a dwindling export market for the private 
builders, but events to date have refuted this idea. 
Within the past few weeks, the North British 
Locomotive Company have received a substantial 
share in orders worth 22,000,000/., which the 
South African Railways are placing this year— 
the largest in the railway’s history—and builders 
generally, as recorded in our “ Contracts ” column 
from time to time, are experiencing no diminution 
of their post-war prosperity. If a slump is to 
Come it seems to be a long way off, and in any 
case it could hardly be confined to the locomotive 
industry, or, indeed, to this country alone. 

The gloomy forebodings of the report might have 
been less readily disproved if they had been pub- 
Jished a year or two ago, when the available evidence 
pointed to such an appreciation of the prospects. 
Indeed, we ourselves were inclined to that view at 
the time, and said as much in our annual “ Engi- 
neering Outlook” series of articles. We were 
confirmed in that view by the statement of at 
least one chairman of a large firm of locomotive 
builders, but, happily, the facts proved otherwise. 
The Railway Gazette last week quoted chapter and 
verse to show that “export orders have surpassed 
expectations.” It may be that the prospects 
over a long term do not justify complacency, but 
surely no virile industry ever planned for the future 
except on the assumption that competitive and 
other difficulties will demand the utmost in resource- 
fulness and enterprise. 

Though P.E.P. has published numerous reports 
since it was founded in 1931—Locomotives is the 
third of the engineering reports—its status may not 
be known widely outside this country. It is not 
an official organisation, in the sense of owing 
allegiance to the Government ; it is an independent 
non-party research body, financed from private 
sources, whose objects are “to study questions on 
which public thought and discussion are needed, 
but on which the basis of factual knowledge is 
inadequate ” and “to present the findings, both the 
facts themselves and the conclusions to which they 
seem to point, in an objective and readable way.” 

The locomotive report opens with a historical 
review and then turns to the statistics and facts of 
recent years, relating particularly to the output 
of the private builders and the railway workshops, 
orders for home and export, and the exports of the 
locomotive industries of other countries, in so far 
as they affect British builders. The principal con- 
clusion of the report is that the private builders 
are not supported by an adequate home market to 
tide them over periods of depression, since it was the 
policy of the former railway companies—and is now 
the policy of British Railways—to build all or 
most of their locomotives in their own workshops. 
The conditions that obtained in the early 1930's 
are supposed to prove this thesis ; no doubt, they 
do, but, unfortunately, the total outputs of loco- 
motives from the workshops of the railways and the 
locomotive builders are not given for the critical 
years 1931, 1932 and 1933. Granted that, in 1933, 
the contracters only built one locomotive for the 
railway companies, who themselves built 219 in 
the same year, the relevant table in the report 
fails to give the number built for export. Further- 
more, the total value of locomotives built by the 
contractors for the main-line railways in each of 
the years 1934, 1935 and 1936 actually exceeded 

* Locomotives: A Report on the Organisation and 
Structure of the Industry, its Products and its Market 
Prospects at Home and Abroad. P.E.P. (Political and 
Economic Planning), 16, Queen Anne’s Gate, London, 
8.W.1. [Price 12s, 6d. net.] 





each of the total values of exports. Loccmotive 
builders certainly went through hard times in the 
early 1930's, but most of the world’s industries 
suftered likewise ; and we feel that it is hardly 
reasonable, in the same report, to blame British 
Railways and yet to state that, since the war, 
“the private builders have not been anxious for 
home orders, since their order books have been full 
with foreign business.” 

In addition to the effect of the manufacturing 
activities of the railways, the report dwells on two 
other factors, namely, the spread of industrialisa- 
tion, particularly in India, and the rise of the 
Diesel locomotive. The two new locomotive works 
in India are not coming into production as fast as 
had been expected. Meanwhile, however, the Loco- 
motive Manufacturers’ Association of Great Britain 
are benefiting from the arrangement they made 
with the Indian Government whereby the British 
industry undertook to supervise the installation of 
plant and the initial stages of production, as well 
as to train key personnel in return for an assurance 
that India would buy from Britain such complete 
locomotives or components as could not be made in 
India. In the future, the development of economic- 
ally backward areas may create new demands for 
steam locomotives, as the report states. 

British builders, in co-operation with makers of 
oil engines and electrical equipment, have not been 
slow to enter the export market for Dierel loco- 
motives, and though the home market is small 
it has not been reduced appreciably by the manu- 
facturing activities of British Railways. In addi- 
tion, the private builders have created a considerable 
business in Diesel industrial and mining locomotives. 
It is, in fact, in the development of locomotives 
other than steam types that the British builders 
are likely to find an expanding market to offset 
any diminution in steam-locomotive business. 
Undeveloped countries will continue, in many 
cases, to choose steam locomotives, because main- 
tenance is simple, and if other countries, more 
industrialised, undertake their own steam-loco- 
motive construction, British firms will be one step 
ahead in the development of newer forms of motive 
power. According to the best authorities, it is not 
too early to predict, with reasonable assurance, the 
advent of coal-burning gas-turbine locomotives, 
and in that field Britain is likely to be in the lead, 
with the United States. Such locomotives will be 
to coal-producing Britain what Diesel locomotives 
are to the oil-producing United States. 

The P.E.P. report, in stating that “ attempts are 
being made, particularly by American coal interests, 
to develop a form of turbine which will burn coal 
dust instead of oil,” ignores the work that is being 
done, without much publicity, but nevertheless 
thoroughly, by firms and Government departments 
in this country. In his Thomas Hawksley Lecture 
to the Institution of Mechanical, Engineers, Dr. 
Roxbee Cox has given a review of the work in this 
field which is being sponsored by the Ministry of 
Fuel and Power. Laboratory work has been done 
at the Fuel Research Station and the British Coal 
Utilisation Research Association; a Parsons gas 
turbine has been adapted experimentally to burn 
coal; a 2,000-kW gas turbine, designed from the 
outset as a coal-burning engine, has been in the 
hands of the English Electric Company, Limited ; 
the Metropolitan-Vickers Electrical Company are 
building a 2,000-kW gas turbine with two-stage 
combustion; and the Ministry have ordered an 
open-cycle external-combustion coal-burning £a5- 
turbine locomotive from C. A. Parsons and Com- 
pany, and the North British Locomotive Company. 
Government-sponsored research and development 
of this kind has helped to put this country in the 
forefront of designers and builders of gas-turbine 
aircraft, and there is no doubt that the present work 
on locomotives will similarly be of great benefit to 





the locomotive industry in years to come. 
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NOTES. 


Tue InstrTruTION oF MecHANICAL ENGINEERS. 


A PAPER on ‘The Measurement and Interpreta- 
tion of Machinery Noise, with Special Reference to 
Oil Engines,” was presented by Mr. C. H. Bradbury, 
M.I.Mech.E, at a meeting of the Institution of 
Mechanical Engineers, on Friday, December 7, 
with Mr. C. B. Dicksee in the chair. At the end of 
his paper, the author was able to make several 
recommendations to designers of oil engines on 
methods of reducing engine noise, and no doubt his 
approach to the problem could be applied with 
benefit to other machines. He first described 
methods of measuring noise, remarking that “‘ the 
statement that the average sound level is x deci- 
bels is now regarded as having little meaning.” 
With the equal sound-level contour method, points 
of equal sound level on a chosen plane through, say, 
an oil engine, were joined by “‘ contour ”’ lines, thus 
revealing the noisiest zones. To analyse further 
the causes of noise, a frequency spectrum, or narrow- 
band analysis, was prepared; predominant fre- 
quencies were clearly shown and, with a full know- 
ledge of the machine characteristics, sources of 
noise could often be traced. In the octave-analysis 
method, a frequency spectrum was obtained with 
an octave filter, thus giving the general distribution 
of noise according to frequencies. If; as a result 
of examination by a frequency spectrum, an “‘ un- 
pitched ” noise was discovered, i.e., a noise which 
bears no_special relationship to the speed of the 
machine, an analyser instrument was set for the 
frequency of the unpitched noise and it was traversed 
around the machine to give an indication of the 
source. A full appreciation of the recorded results, 
Mr. Bradbury said, was not easy if the object was 
to reduce noise and to understand what constituted 
“objectionable noise.” Octave spectra showed 
that objectionable noise was associated with fre- 
quencies Over 500 cycles per second; a level of, 
say, 90 to 100 decibels at the low-frequency end 
might mean relatively little noise. If the sound 
level within the range of frequency of normal 
speech was greater than that of a loud voice, conver- 
sation was difficult. This criterion of ‘‘ objection- 
able noise,” together with ‘“‘the avoidance of 
nervous strain when working manually or mentally 
in the immediate neighbourhood of the machine,” 
was suggested by the author. To make noise less 
annoying, he said, consideration must be given 
mainly to the reduction of sound levels in the range 
200 to 10,000 cycles per second; in an oil engine 
such sounds were not due to the basic disturbing 
frequencies of pistons, firing strokes, etc., but to 
unpitched or response frequencies, the excitation 
of which was due fundamentally to design. Since 
such high-frequency sounds were caused by un- 
damped vibration which was shock-excited, the 
primary object must be to reduce shock loading. 
Mr. Bradbury then turned to the several principal 
sources of noise in an oil engine and recommended 
certain points to designers. In particular, he 
mentioned piston “‘ slap ”’ (reduced by low-expansion 
piston material and by close control of the shape 
of the piston clearance from skirt to top ring) ; 
the firing impulse (the ratio of maximum to com- 
pression pressure was the controlling factor); valve 
gear (the fuel pump must not be operated from the 
valve camshaft); and fuel-injection equipment. 
There was, he thought, good reason to believe that 
the latter was the major source of oil-engine noise ; 
high-frequency noise due to the fuel pump depended 
on its mounting, and it was most important to 
provide an adequate support, ribbed so as to 
eliminate any possibility of a diaphragm effect. 


THE British ConTRIBUTION TO TELEVISION. 


As already announced, a convention on “The 
British Contribution to Television ” will be held at 
the Institution of Electrical Engineers from Monday, 
April 28, to Saturday, May 3, 1952. The convention 
will be divided into a number of sessions, preceded 
by the opening ceremony, which will be followed by 
an introductory survey paper by Sir Noel Ashbridge. 
After that, a historical session will be devoted to 
a paper showing the evolution of television from 
the end of the Nineteenth Century to the opening 
of the regular British Broadcasting Corporation’s 


high-definition service in November, 1936. Pro- 
gramme organisation, covering cameras, camera 
channels, studio lighting and film scanners, will 
be dealt with in a third session, and a fourth will 
comprise point-to-point transmission, permanent 
and temporary cable and radio links and television- 
transmission measuring equipment. At other ses- 
sions, broadcasting stations, propagation, receiv- 
ing equipment, non-broadcasting applications (such 
as medical applications and film aids), and finally, 
the fundamental aspects of colour television, test 
equipment and subjective aspects of viewing and 
contrast will be dealt with. It is expected that 
between 60 and 80 papers, many of which have 
already been received, will be presented. During 
the technical sessions there will be demonstrations, 
including one of large-screen projection television 
and, it is hoped, of an early Baird 30-line equipment. 
Visits will be paid to the British Broadcasting 
Corporation’s television studios and transmitters, 
to the Post Office research station, the terminal 
equipment of the London-Birmingham coaxial 
cable link and to certain commercial organisations. 
Those desiring to attend the convention are asked 
to apply for details to the Secretary as soon as 
possible. Advance copies of the papers will be 
available during April, 1952, and will generally be 
supplied in sets, each of which will comprise those 
allocated to a particular session. After the conven- 
tion the papers and the discussions on them and 
the addresses will be published in four issues of 
Part IDIA of the Proceedings. Applications for 
these issues should be made at the same time as for 
the proofs. 


Street, Economy IN REINFORCED CONCRETE. 


Since there is at present an urgent need for 
economy in the use of steel, the Council of the 
Reinforced Concrete Association have been con- 
sidering a suggestion that the working stress of 
mild-steel reinforcement complying with B.S. 785, 
** Rolled Steel Bars for Concrete Reinforcement,” 
might be safely increased from its present value of 
18,000 Ib. per square inch, which would make it 
possible to reduce the quantity of steel used in 
reinforced-concrete structures. Recent tests have 
shown that the yield stress in mild-steel bars of 
small diameters is generally at least 36,000 Ib. per 
square inch, and the Council have therefore come to 
the conclusion that, for bars of § in. diameter or less, 
a working stress of 20,000 Ib. per square inch could 
be safely adopted except in the design of liquid- 
retaining structures, etc. This stress is higher than 
that recommended in the British Standard Code of 
Practice (CP 114-1948) for the structural use of 
normal reinforced concrete in buildings, but the 
Association do not consider that the code, which is 
not mandatory and can be modified at the discretion 
of the engineer, should be altered to meet temporary 
emergencies. The building by-laws of the London 
County Council, however, which limit the working 
stress of steel reinforcement to 18,000 Ib. per square 
inch, are mandatory, but their requirements may be 
modified by “waiver” under Section 9 of the 
London Building Act (Amendment) Act 1935. 
The Council of the Reinforced Concrete Association 
have, therefore, sent to the London County Council 
a copy of a memorandum recommending that appli- 
cations for such a waiver should be sympathetically 
considered. The Council are considering whether it 
might be possible to put forward a similar recom- 
mendation relating to mild-steel bars of diameter 
greater than § in. 


CASUALTIES TO SHIPPING IN 1950. 


Statistics of merchant ships of 100 tons gross 
and above which have become total losses or have 
been condemned or broken up during the calendar 
year 1950 have been published by Lloyd’s Regis- 
ter of Shipping, 71, Fenchurch-street, London, 
E.C.3. These show that 225 ships, making together 
263,991 tons, were lost at sea or were condemned, 
consequent upon casualty or stress of weather, 
and that, of these ships, 28, totalling 63,103 tons, 
were owned in Great Britain and Northern Ireland. 
Vessels otherwise broken up or condemned during 
1950 numbered 410, aggregating 937,206 tons, and, 
of these, 116 ships, comprising 293,940 tons, flew 
tke British flag. Of the vessels which became total 





wrecks during the year under review, 18, making 


together 42,057 tons, were owned in the United 
Kingdom, and among them were the 7,404-ton 
motorship Clam, wrecked on rocks off Iceland on 
February 28; the 7,236-top steamer Marietta Dal, 
wrecked on Smith Rock, off Cape Moreton, Queens- 
land, Australia, on May 15; the 7,090-ton steamer 
Empire Gladstone, which struck Haystack Rock, 
8 miles north of Twofold Bay, New South Wales, on 
September 5; the 8,37l-ton twin-screw steamer 
Bisco 9, which became stranded on a reef 3} miles 
north of Davaar Island, Mull of Cantyre, on Septem- 
ber 17; and the 4,251-ton steamer Skeldergate, lost 
in the Bay of Bengal during heavy weather on 
November 17. Two British ships were lost by fire ; 
they were the 6,318-ton 8.S. Benledi in the Mediter- 
ranean on February 24 and the 7,319-ton 8.8. Indian 
Enterprise which sank in the Red Sea after an explo- 
sion on June 19. Two steamers owned in the United 
Kingdom were lost as the result of striking mines ; 
they were the 3,494-ton Anhui, which became a 
casualty on June 16, while on a voyage from 
Hongkong to Swatow, China, and the 410-ton 
Fenstone, sunk by a mine in the North Sea on 
July 14. The British vessels broken up for various 
reasons, during 1950, included the 8.8. Aquitania, 
of 44,786 tons, built in 1914; the S.S. Pakeha, of 
8,115 tons, built in 1910; the 8.8. Nestor, of 14,629 
tons, built in 1913; the M.S. Malayan Prince, of 
8,593 tons, built in 1926; the 8.8. Orbita, of 
16,538 tons, built in 1915; and the 8.S. Raranga, 
of 10,043 tons, built in 1916. Of foreign-owned 
ships, among the largest to be broken up during 1950 
were the French 8.8. Désirade, of 9,645 tons, built 
in 1921, and the Panamanian oil-tank steamer 
Phoebus, of 8,863 tons, built in 1923. 


THe Royat AGRICULTURAL SocreTy. 


In presenting the report of the Council to the 
annual general meeting of the Royal Agricultural 
Society, Lt.-Col. H. J. Cator, M.C., the retiring 
President, mentioned that present expectations 
are that there will be a profit from this year’s 
Royal Show, which was held at Cambridge in 
July. He also referred to the recent increase 
in the Society’s membership subscription rate, 
mentioning that it was with the greatest reluc- 
tance that this decision had been made; the cost 
to the Society of each member’s privileges, however, 
was exceeding the old rate and, as a consequence, 
the Society’s accounts for 1950 had shown a deficit. 
The report is, of course, of most use to farmers, 
but there are a number of items of interest to agri- 
cultural engineers. In referring to the potato- 
harvester competition, first announced in 1949, 
it is stated that the number of entrants is surpris- 
ingly high, a total of 29 complete harvesters having 
been put forward before the list closed at the 
end of August, 1951. A particularly pleasing 
aspect is the number of entries of machines for 
separating stones from potatoes. The trials will 
take place in 1952 in three types of land, namely, 
stony, heavy and light fen scils, and a national 
demonstration of all entries is projected for the 
second week in October on a site near Newport, 
Shropshire. 





OBITUARY. 


MR. A, VINES. 


WE regret to record the death of Mr. A. Vines, 
which occurred at Richmond, Surrey, on Saturday, 
December 1. He was in his 85th year and 
had long been known for the part he had played 
in the development of electrical measuring instru- 
ments as a founder member of the firm of Evershed 
and Vignoles, Limited. 

Adolph Vines was born in London and received 
his education privately and at Emmanuel College, 
Cambridge, where he graduated as Master of Arts. 
He joined the firm of Evershed and Vignoles as 
works mahager when it was formed in 1895, and 
was joint managing director from 1909 to 1940. 
In the latter year he retired from active management, 
but was elected chairman, a position he was holding 
at the time of his death. During that period the 
firm made a great contribution to the art and 





science of electrical measurement, a statement 
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which may be illustrated by saying that the number 
of employees grew from eight at the time of its 
formation to over 1,300 at the time of Mr. Vines’ 
death. 

Mr. Vines was elected an associate of the Institu- 
tion of Electrical Engineers in 189] and transferred 
to the class of member in 1904. He was a past- 
president and trustee of the Engineering and Allied 
Employers London and District Association and 
had also been vice-president of the British Engineers’ 
Association and vice-chairman of the British Scien- 
tific Instrument Research Association. Until a 
short time before his death he was a member of the 
Management Board and Conference Committee of 
the Engineering and Allied Employers’ National 
Federation. 





MR. B, M. JENKIN. 


ELECTRICAL engineers of the older generation 
will learn with regret of the death of Mr. B. M. 
Jenkin, which occurred at Bristol on Monday, 
December 3, at the advanced age of 84. In his 
early days he had played a large part in various 
branches of electrical development, but had for 
many years devoted his attention to farming on 
scientific lines. 

Bernard Maxwell Jenkin was born in Edinburgh 
on August 5, 1867. He was the youngest son of 
Professor Fleeming Jenkin, who was the first holder 
of the chair of engineering in Edinburgh University 
and who played a leading part in devising means 
for measuring electrical quantities and in deter- 
mining the British Association system of units. 
The son was educated at the Edinburgh Academy 
and University; and also attended classes at the 
School of Engineering, Hanover-square, London, 
where he took the first place in his year. In 1886, 
he entered the works of Messrs. Mather and Platt, 
Limited, of Salford, as an apprentice, but in 1888 
went to the Crewe works of the London and North 
Western Railway, where he spent two years as a 
pupil of F. W. Webb. Subsequently, he travelled 
in the United States for some months and then 
returned for a time to Edinburgh University. 

In 1891 he was engaged as an assistant by Dr. 
A. B. W. (afterwards Sir Alexander) Kennedy, who 
was then practising as a consulting engineer, and, 
after becoming chief assistant in 1876, was taken 
into partnership in 1879. During his association 
with Sir Alexander, the firm carried out a number 
of electricity supply and electric traction schemes 
in this country, including those at Manchester, 
Edinburgh, Glasgow, Croydon, Carlisle and York, 
and on the Waterloo and City and Hammersmith and 
City Railways, as well as the tramways at Rother- 
ham, Darlington and Kilmarnock. His part in these 
developments was undoubtedly influenced by his 
early association in his father’s home with such 
pioneers as Kelvin, Clark Maxwell and Ewing; and 
his contacts with Robert Louis Stevenson and other 
great men of the Victorian age enabled him to 
bring to engineering a scholarly mind and pro- 
gressive outlook. 

In 1913, Jenkin retired from consulting engi- 
neering for reasons of ill-health, but in its place 
successfully took up farming on scientific lines until 
advancing years prevented him from devoting to it 
the. personal attention to detail that characterised 
all his work. He gave some account of his work in 
this field in the course of a discussion on a paper 
by R. Borlase Matthews, which was read before the 
Institution of Electrical Engineers in 1922. He 
himself had read papers before the Institution of 
Civil Engineers—one in 1899 on the electrical 
equipment of the Waterloo and City Railway for 
which he was awarded the Telford Premium; and 
another in 1902 (in collaboration with W. M. 
Mordey) on electric traction on railways, which 
gained him the George Stephenson Medal. It may 
be recorded that the discussion on the latter paper 
extended over five meetings. 

Jenkin was elected an associate member of the 
Institution of Civil Engineers in 1892 and was 
transferred to the class of member ten years later. 
He became a student of the Institution of Electrical 
Engineers in 1886 and a member in 1898. He was 
also for many years a member of the Institution of 
Mechanical Engineers. 





LETTERS TO THE EDITOR. 


THE SAMPLING OF SMALL COAL, 
To THE Eprror oF ENGINEERING. 


Sm,—In his letter on page 692 of your issue of 
November 30, Mr. R. C. Tomlinson states, in effect, 
that the best method of finding the variance of a 
particular coal is to measure it. I can only say I 
agree, so long as it is practicable to do so. He 
advocates the use of a well-known technique for 
estimating the variance from a number of pairs of 
observations. Again, I agree. He further advo- 
cates the use of quality-control charts for keeping a 
running check on the properties of the substance ; 
the advantages of this procedure are too well-known 
to need my endorsement. It is inherent in the 
method, however, that the consumer does not 
obtain the desired information until a number of 
consignments, representing, perhaps, several thous- 
ands of tons, have been received and burnt. Mr. 
Tomlinson mentions that the method has been 
adapted to the sampling of an isolated consignment 
(by which I presume he means a coal of which we 
have no prior knowledge of the sampling charac- 
teristics), but it is small consolation to a consumer 
who has conducted an expensive boiler trial to 
obtain information afterwards showing that the 
sampling carried out during the trial was inadequate. 

Mr. Tomlinson’s method obviously has valuable 
uses, for example at a mine where the number of 
coals to be dealt with is small and the same coals 
are sampled day after day; but consumers who 
receive a relatively large number of different coals, 
and who are subject to frequent changes of supplies, 
need a method of estimating the sampling properties 
of a coal from other known or reputed properties 
such as source, size, treatment, average ash content, 
etc. My article deals with the principles which 
must be observed in establishing such a method of 
estimating. It draws attention to, and takes 
account of, the facts mentioned by Mr. Tomlinson 
that ‘‘ Not only are coals inherently different in 
their ‘ patchiness,’ but the method of handling and 
preparation, as well as the mixing of different seams, 
are all factors which affect the sampling accuracy.” 
I do not, however, share the view expressed by the 
phrase “‘ to an unpredictable extent.” 

It is stated that ‘In general it would appear 
that no solution can be obtained by theoretical 
means without a large »umber of assumptions.” 
I should like to point out that the article deals 
only with fundamentals and that, except for the 
purpose of illustration, no particular laws are 
assumed for the variations of the quantities involved. 
It is not suggested that the same laws will be found 
suitable for all classes of coal. It is not even 
assumed that r,,, (equation 6) is positive, although, 
apart from the fact that experimental evidence 
exists, commonsense suggests that it could hardly 
be otherwise when gq is small. The term 
2= m(n — q) Cy, obviously has the same sign as 
Tam: 
“T have no objection to raise if Mr. Tomlinson 
wishes to use some alternative name for the quantity 
denoted by r,,, or even to leave it without a name. 
I cannot understand his statement that the variance, 
S*, of single increments (as expressed by equation 9) 
is zero. If this were the case we should not have 
any sampling problems. 

Yours faithfully, 
EK. T. G. Emery. 
21, Brockenhurst-way, 
Norbury, 
London, S.W.16. 
December 5, 1951. 





SOLVING BEAM PROBLEMS BY 
RELAXATION METHODS. 


To THE Eprror oF ENGINEERING. 


Smr,—The article by Mr. R. C. Coates on page 456 
of your issue of October 12, 1951, is most interesting, 
particularly as there is such a dearth of understand- 
able literature on the subject of relaxation. Some 
of the arguments, however, seem to be a little 
difficult to follow and I trust, therefore, that I may 
be pardoned for taking the liberty of giving a few 





supplementary remarks, with special reference to 
the simply-supported beam problem of Fig. 2. 
Considering the relaxation at station2: the beam 
is assumed to be initially constrained so that it 
cannot deflect at all. Then, at station 2, for instance, 
it follows from equation (3) that the initial constraint 
M, d@? 
R, . 
EI 
Now let station 2 alone be relaxed by a deflection 
of dy,. Then, if R{ is the constraint after this 
operation, 
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= — 2dy, + Rg. 
For Rj to be zero, Ry = 2 dy, or dy, = 3. 


Thus, an increase of 


station (2) tends to reduce the constraint there to 
zero or, conversely—and this is the important point 
—if the constraint at station 2, initially of value R,, 
R, 


in the deflection at 


be made zero, the corresponding deflection is 

As regards the effect-on constraints at (1) and 
(3), there will be an increase of 3 in the residuals 
at stations 1 and 3. In other words, there is - 


carry-over of “ to stations 1 and 3, thus :— 
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Block Relaxation.—By exactly similar reasoning 
to that used above, it can be shown that if, say, 
stations 2 and 3 are relaxed simultaneously, by an 
amount R, the corresponding deflection at stations 
2 and 3 is R and the carry-over to stations 1 and 4 
is R. 

In the relaxation table below, figures in ordinary 
type are residuals ; bold figures to the left of. the 
vertical lines are deflections. Carry-over is indicated 



































by arrows. 
(1) (2) (3) (4) (5) 
Initial resi- | 
duals | 67 133 100 67 33 
Relax(2) 66<- | 133—> 66 
133 66) 0 | 166 67 33 
Relax(3) | 83<-|—186—>| 83 
~ | 133 | 83 83 0 150 33 
Relax(1) .. | ~133—> 67 BA 
‘67| 0 | 150 0 150 | 38 
Relax (2), - 
(3), “ ud 150<— . “150 | —150—> | 150 
150 150} 0150) 0150} 0 | 183 
Relax (1), | 
(2), (3), } | 
(4), (5) .. | = et bee. Vl 
| Etc, | 
Yours faithfully, 


Wi.1am Morse, 
Chief Technician (Aircraft Section). 
Alan Muntz and Company, Limited, 
Heston, Middlesex. 
November 23, 1951. 





LIGHTING OF LOCOMOTIVE INSPECTION PrtTs.—The 
General Electric Company, Limited, Kingsway, London, 
W.C.2, have designed a special fluorescent lighting fitting 
for building in to the walls of locomotive inspection pits. 
Each fitting, containing a 5-ft. 80-W lamp, has 40 
inclined armour-plate protecting glass and @ polished 
aluminium reflector for directing the light upwards 
between the frames of the locomotive. Several of the 
fittings have recently been installed in pits at the Beckton 
gasworks of the North Thames Gas Board. 
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THE SMITHFIELD SHOW, EARL’S COURT. 








Fig. 7. 


THE SMITHFIELD SHOW 
AND AGRICULTURAL 
MACHINERY EXHIBITION. 


(Concluded from page 714.) 


In recent years, much greater attention has been 
paid to milk production, and the dairy farmer has 
been called on for ever-increasing yields from his 
herds. As a consequence, he has had to take 
advantage of every possible method of overcoming 
shortage of labour, and there is little doubt that, 
were it not for the milking machine, present-day 
demands for milk and its allied products could not 
have been met. Although the Dairy Show is the 
main venue for showing such machines, several 
examples were being exhibited at Earl’s Court; 
the Simplex Dairy Equipment Company, Limited, 
Cintra House, Hills-road, Cambridge, for instance, 
were showing a wide range of milking equipments, 
including the portable machine illustrated in Fig. 7, 
on this page. This machine should prove most 
useful to owners of small herds as it is completely 
portable and can be taken, therefore, to herds in the 
fields. and from one cow house to another. The 
unit is mounted on a tubular frame and comprises 
a vacuum tank and exhauster, together with the 
necessary piping, cocks, etc., for connecting it to two 
Simplex milking units. The exhauster is driven 
either by a small Villiers petrol engine, as shown 
in the illustration, or by an electric motor, the general 
design of the exhauster following that used in Sim- 
plex fixed milking installations. Similarly, the 
milking units are of the firm’s standard type, each 
incorporating a pulsator in the cover. 

The Simplex Dairy Equipment Company, Limited, 
were also showing the animal-spraying tunnel illus- 
trated in Fig. 8, on this page. Known as the 
Downham-Simplex spraying tunnel, it has been 
designed to replace permanent dipping baths, the 
main advantage being that it can be used anywhere, 
the only ancillary equipment required being a pump 
and a tank for the disinfectant. Other advantages 
claimed for it are economy in use of disinfectant 
and reduced danger of injury to the animals being 
treated. It consists of a tubular-steel framework 
over which is stretched a canvas cover ; nine adjust- 
able nozzles from which the fluid is sprayed are 
arranged in the framework in positions calculated 
to give the best coverage of the fleece. The tunnel 
is made in three sections, each 5 ft. long, 3 ft. wide 
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Fig. 8. 


and 4 ft. 10 in. high, the joints being designed so 
that the complete unit can be dismantled easily for 
transport to another site. It is claimed that 
50 sheep a minute can be sprayed by one man and 
a trained sheepdog, and that only 10 per cent. of 
insecticide is used as compared with dipping. Only 
the disinfectant drained from the tunnel walls 
is used again, any dripping from the animals 
being allowed to run to waste so as to avoid any 
possibility of contamination. The unit. described 
is suitable for sheep only, a larger structure being 
required for cattle and horses. This has a height of 
7 ft. 2 in. and a width of 5 ft., while the number 
of spraying nozzles is increased from nine to 
sixteen. 

As in past years, the Smithfield Show was inter- 
national in character, several continental firms 
being represented either directly or by their British 
agents. Mr.T. R. Walker, of Bilbrough, Yorkshire, 
for example, was showing a wide range of Kaybee 
grain and seed cleaning and handling machinery 
manufactured at Malmoe, Sweden. The equipment 
on view included the Kaybee type ‘“‘K”’ hammer 
mill which was being shown for the firsttime. This 
unit, which is illustrated in Figs. 9 and 10, on 
page 758, is essentially a static machine, requiring 
about 30 h.p. to drive it. The general design will be 
apparent from a study of Fig. 10; this shows the 
unit with the side cover swung back, and it will be 
noted that the rotor is in the form of a fan with 
‘**hammers ”’ fitted to alternate blades. A shaker- 
feeder is installed on the top of the machine and 
this is arranged to discharge into the main feed 
chute in the front cover, the chute incorporating a 
magnet and a stone trap for the removal of extran- 
eous material. Screens having different meshes are 
available, each screen being in the form of a complete 
ring and the design such that it can easily be 
removed and replaced. In conformity with most 
machines of this class, the ‘‘ hammers ”’ are reversible 
and, when worn, can be replaced with the minimum 
of trouble. The draught set up by the rotor and 
associated hammers is considerable and is sufficient 
for a discharge height of from 20 ft. to 25 ft. 

The use of rotary hoes for the general cultivation 
of land is gaining steadily in popularity; Rotary 
Hoes, Limited, East Horndon, Essex, one of the 
leading makers of this type of implement, have, 
from time to time, introduced machines suitable 
for use behind most of the leading makes of tractor. 
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cultivator designed for use with large crawler-type 
tractors and capable of being used for land-clearance 
purposes. The unit, which is known as the Howard 
Rotavator heavy-duty attachment, is illustrated in 
Fig. 11, on Plate XLVIII, behind an International 
tractor; it can also be used with other tractors. 
In general, the design of the implement follows the 
maker’s standard practice, consisting of a heavy 
rotor arranged horizontally behind the tractor. 
The rotor comprises a series of true hoe blades 
designed to have a positive cutting and dividing 
effect and arranged to form a number of helices 
about the rotor hub. It is driven through a two- 
speed gearbox from the tractor power take-off, rota- 
tion being in the direction of travel and the gearing 
designed to give several turns of the rotor for each 
foot of forward travel of the tractor. The rotor is 
controlled by meang of a clutch in the tractor 
power take-off but further spring-loaded clutches are 
incorporated in the drive to act as a safety release 
should the blades strike an obstruction. The 
complete unit is raised and lowered by means of a 
hydraulic-lift, but there is also a hand-operated 
winch which secures the rotor when travelling to or 
from work and can also be used to control the depth 
of working, a function normally carried out by skids. 

Rotary Hoes, Limited, were also showing the 
latest edition of their Gem machine, a self-contained 
rotary-cultivator suitable for market-garden work, 
and an air compressor for use in conjunction with 
their Bantam machine. The former machine, which 
has been designated the Gem series IV Howard 
Rotavator, is illustrated in Fig. 14, on Plate XLVITI, 
from which it will be seen that it is controlled by 
hand. The general design follows earlier machines 
of this class, but it is fitted with a two-cylinder engine 
of the maker’s own design and manufacture and 
capable of developing over 9 brake horse-power ; 
as a consequence, it can be fitted with a 30-in. rotor 
in place of the standard 24-in. rotor. The engine 
is a four-stroke air-cooled two-cylinder unit having 
a bore and stroke of 3 in. and 3} in., respectively, 
and governed at 2,000 r.p.m., at which speed it 
develops 9-1 h.p. 

The compressor attachment for the Bantam 
machine, a smaller version of the Howard Rotavator, 
is illustrated in Fig. 15, on Plate XLVIII, where 
it is shown installed in the working position. The 
compressor, which, together with its ancillary 
equipment, is manufactured by the Hymatic Engi- 
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shire, is a single-cylinder single-stage air-cooled unit 
operating at 2,000 r.p.m. and having a displacement 
of 74 cub. ft. of air per minute. The working 
pressure is 100 lb. per square inch and the unit is 
supplied complete with an air receiver having a 
capacity of 355 cub. in. and tested to twice the 
working pressure. The complete unit is easily 
fitted to the cultivator, being mounted on a special 
sub-frame which, in turn, is supported by a small 
castor wheel. It is driven from the rotor power 
take-off and the design is such that it can be installed 
in position in a few minutes. Auxiliary equipment 
suitable for use with the Hymatic compressor 
includes a hedge-cutter, a spray gun, a pressure- 
feed container and an air hammer. 

As already mentioned, several new tractors were 
being shown to the public for the first time at 
Earl’s Court. These included the Ota Monarch, a 
light four-wheel tractor manufactured by Oak 
Tree Appliances, Limited, Coventry, and marketed 
by Slough Estates (London), Limited, 16, Berkeley- 
street, London, W.1. This machine, which is 
illustrated in Fig. 12, on Plate XLVIII, has been 
developed to meet the demand of the small farmer 
who needs a light tractor capable of performing 
on a reduced scale all the functions of the larger 
machines. The design of the Monarch is based, 
largely, on that of the three-wheel tractor introduced 
by Oak Tree Appliances some two years ago. It is 
powered by a Ford-Industrial four-cylinder engine 
capable of operating on either petrol or kerosene 
and developing a maximum output of 17 h.p. The 
transmission assembly comprises a Ford clutch 
and three-speed gearbox, which form a single unit 
with the engine, and an auxiliary two-speed gearbox ; 
the total number of speeds available, therefore, 
is six, the ratios of which give road speeds ranging 
from } mile per hour to 15 miles per hour. Final 
drive to the rear wheels is through a worm and worm- 
wheel assembly, which incorporates a standard 
bevel-type differential ; a special high-tensile alloy 
bronze is used for the worm wheel, and the worm 
shaft and worm profile is machined from a nickel- 
| chrome case-hardening steel to specification EN36. 
Girling internal-expanding brakes are fitted to the 
rear wheels and these are arranged so that they can 
be operated either together or separately with suit- 
able provision for parking. The wheel track is 
adjustable between the limits of 3 ft. 6 in. and 5 ft. 
and the minimum turning radius is approximately 
8 ft., car-type steering being employed. The 
wheelbase is 5 ft. 2 in., the ground clearance at the 
lowest point 16 in., and the weight approximately 
13 cwt. Auxiliary equipment available with the 
tractor includes a hydraulic pump and implement- 
lift assembly, a power take-off, a four-speed belt- 
pulley drive and a B.E.C. radiant-heat unit for con- 
verting the engine to run on kerosene. 

In our issue for last week, reference was made 
to the developments made recently in the design 
of mechanical-handling equipment for use on farms, 
and it was suggested that this was due to the 
growing popularity of hay and straw baling machines 
and the ensuing difficulty in handling the bales, 
particularly when stacking. These difficulties can 
be overcome largely, however, by employing port- 
able elevators, and a good example of such a 
machine was shown by Messrs. A. B. Blanch and 
Company, Limited, Crudwell, Wiltshire. This 
unit, which is known as the Blanch 18-ft. elevator, 
is illustrated in Fig. 13, on Plate XLVIII, where 
it is shown loading bales into a Dutch barn, a purpose 
for which it is eminently suitable. The bed is 
21 ft. 9 in. long and the height of delivery can be 
adjusted from a minimum of 9 ft. to a maximum of 
18 ft. The conveyor, which is of the endless- 
slatted type, is driven by a Petter 2-h.p. petrol 
engine situated in the chassis, the transmission 
comprising a belt drive to a countershaft and then 
chains to the conveyor-driving sprockets. The 
height of delivery is varied by altering the position 
of the supporting strut, which is designed to pivot 
about its lower end and slide in guides formed in the 
conveyor bed at its top end, the position being 
altered by means of a small hand winch and associ- 
ated wire rope. As will be seen from the illustration, 
the unit is portable, being fitted with pneumatic- 
tyred wheels and provided with a towing frame. 
The capacity is 5 cwt. and optional equipment 
available with the machine renders it equally 





suitable for handling root crops, manure, loose hay, 
straw, etc. 

Mention has been made from time to time in 
ENGINEERING of the remarkable versatility of 
small hand-controlled _—_ cultivators. Several 
machines of this class were being shown at Smith- 
field, a good example being furnished by the Clifford 
rotary cultivator, which is manufactured by Clifford 
Aero and Auto, Limited, Cranmore Boulevard, 
Shirley, Birmingham, and is capable of performing 
tasks ranging from cultivation to ploughing and 
lifting potatoes. It is illustrated in Fig. 16, on 
Plate XLVIII, where it is shown fitted with a 
2 ft. 6 in. cutter bar, a handy attachment for use 
in orchards and other confined spaces not normally 
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accessible to tractor-operated cutter bars. The 
drive mechanism incorporates a safety clutch to 
prevent the blade from being damaged should it 
strike a hidden obstacle and the complete mechanism 
can be swung up to clear gateways, etc., without 
disturbing the drive. Details of the actual Clifford 
cultivator have been given previously in ENGINEER- 
ING, and as the design is substantially the same as 
hitherto, it need not be repeated here. They are 
most versatile machines and although used mainly 
by orchardists and market gardeners, they are 
now becoming popular on farms generally as they 
can be usefully employed in cultivating plots of 
land in isolated positions difficult to work with a 
tractor. 


INTERNATIONAL 
CONFERENCE ON ABRASION 
AND WEAR. 


(Continued from page 725.) 


WE continue below our report of the Inter. 
national Conference on Abrasion and Wear that 
was held in Delft, Holland, on November 14 and 15, 
The previous instalments dealt with the proceedings 
on November 14, and we now proceed with the 
report of the papers and discussions which occupied 
the morning of November 15, the first paper (the 
fifth in the complete. programme) being that of 
Dr. N. A. Brunt, of the Paint Research Institute at 
Delft, on ‘‘ The Abrasion Resistance of Paints.” 


ABRASION RESISTANCE OF PAINTs. 


The abrasion resistance of paints and lacquers, 
said Dr. Brunt, could be assessed by the reduction 
in gloss or the decrease in weight when they were 
exposed to the impact of a column of falling abra- 
sive, such as sand, or to rubbing by hard, coarse 
and solid particles. A system in which the nature 
of the abrasive and the mechanical properties of the 
surface were idealised provided a working hypo- 
thesis for a new theoretical and experimental 
approach. The abrasive was assumed to consist of 
small spheres, uniform in mass and diameter, which 
dropped with identical velocity on to the painted 
surface. Normal and tangential components of the 
resulting impulse would produce stresses in the 
surface ; at least, for a short time. The occurrence 
of fracture would depend essentially on the balance 
between the impact forces and the mechanical 
properties of the paint layer. Two classes of 
materials, with either ideally elastic or retarded 
elastic properties, could be distinguished. In the 
first, those with ideally elastic properties, a high 
probability of fracture resulted from the combina- 
tion of a high modulus of elasticity with a low 
value for the ultimate tensile strength. The com- 
bined effect of the impact of all the spheres was to 
produce a network of cracks, leading ultimately to 
a loss of material, i.e., abrasion. In the second 
category, a low modulus, either of a visco-elastic 
or an ideally elastic body, prevented the develop- 
ment of high temporary local stresses, because the 
material deformed readily under the influence of 
the impacts. The likelihood of the occurrence of 
fractures in such paints was therefore small. 

Reduction in gloss without a loss of material, 
Dr. Brunt continued, could result from plastic flow 
of the paint, repeated impacts of the abrasive 
causing irreversible plastic deformations of the 
surface, which thus lost its smoothness. Such 
considerations made it possible to predict the 
abrasion resistance of lacquers of definéd com- 
position when the fundamental mechanical pro- 
perties of the basic material were known ; this had 
been confirmed by a number of experiments. The 
mechanical behaviour and the abrasion resistance 
of a series of nine nitrocellulose lacquers had been 
ascertained, the properties being varied by using 
polymers of different molecular weights and by 
varying the proportions of the pigments and 
plasticisers. This idealisation of the abrasive 
process lost its validity, however, when the dimen- 
sions of the abrasive spheres were so small as to 
be approximately molecular. The notion of stress 
was necessarily associated with volume elements 
which were infinitely small as compared with 
macroscopic dimensions, but which contained, 
nevertheless, an infinite number of molecules. It 
seemed probable that very small particles would 
have a polishing effect on the paint. Soft materials, 
such as textiles, might be compared with polishing 
paste, containing particles of very small size. 

Dr. R. Houwink, who opened the discussion, said 
that he could not agree entirely with Dr. Brunt’s 
implications that the ideal anti-abrasive material 
should combine the high tensile strength of glass 
with the low modulus of rubber. The tensile 
strength of glass was about 600 kg. per square centi- 
metre, and that of rubber was only 200 kg. per 
square centimetre ; but rubber would extend to ten 
times its unstressed length, so that its ultimate 
tensile strength was about 2,000 kg. per square 
centimetre, or four times that of glass. He cculd 
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not agree, either, that a decrease of the modulus 
always produced a high abrasion resistance; for 
certain cases, such as those mentioned by Dr. Brunt, 
it might be true, but in others it was the reverse. 
For example, carbon black in rubber increased the 
modulus of elasticity and the abrasion resistance. 

Dr. J. Hoekstra, who followed, thought that the 
author’s approach to the problem was of great 
value, because it was essential to go into the physics 
of such complicated matters; even in the case of 
impact abrasion, where the temperature effects at 
the point of impact probably had much less influence 
tban in the case of abrasion by friction, great care 
should be taken. The breaking strength of a 
material was governed more by the occurrence of 
flaws in the test strip, or at the corners of the strip, 
than by lack of cohesion in the material itself. 
Generally speaking, it was not known what loads 
materials would withstand under the stresses acting 
in the complicated conditions of compression, 
deformation, heating and relaxation which occurred 
during abrasion. Lacquers baked on to copper 
wire at 300 deg. C. had been found to have an 
extension of 50 or 60 per cent. when the same 
lacquer, in sheet form, gave only 1 to 14 per cent. 

Dr. W. Spith observed that it was necessary to 
distinguish between a component of the velocity of 
the falling carborundum grain which was perpen- 
dicular to the surface of the test specimen and one 
that was parallel with it. .The total abrasion, there- 
fore, was very complicated, and, he suggested, it 
should be useful to repeat the experiments with 
different angles of the impinging flow. 

Professor A. van Rossem said that Dr. Brunt 
had shown the abrasion resistance to depend on the 
modulus of elasticity, but, in his own opinion, the 
important factor was not so much the modulus of 
the material as the resilience; rubber showed a 
very high abrasion resistance against a sand blast 
for this reason, and not because of its softness. The 
case of an asphalt road was different ; in that case, 
the small mount of abrasion did not result from 
the qualities of the bitumen, which was merely the 
adhesion material, but from the hardness of the 
stones embedded in it. 

Mr. J. Heyboer thought it possible that Dr. 
Brunt’s conclusion regarding the connection between 
abrasion resistance and the modulus of elasticity 
might only hold in the case of extreme softening. 
At the Plastics Research Institute at Delft a study 
had been made of polymethylmethacrylate, plas- 
ticised with dibutylphthalate. In that case, abra- 
sion by impact increased while the modulus of 
elasticity decreased ; but abrasion by friction also 
increased with the percentage of plasticiser, though 
the elasticity then remained sensibly uniform. Dr. 
F. Schwarzl, also of the Plastics Research Institute, 
followed Mr. Heyboer’s remarks with an inquiry 
whether the abrasion of Dr. Brunt’s test specimens 
was not started by local heating on impact, since 
carborundum had a high kinetic energy in relation 
to its particle size. 

Mrs. M. Leitner suggested that abrasion alone 
was not a sufficient test of paint; weathering also 
should be considered. This applied especially to 
the hard outer layer. The age of chemically drying 
paints determined the thickness of the outer layer 
and therefore influenced the results of abrasion tests. 
Bituminous lacquers were not suitable for outdoor 
use because of their poor resistance to weathering. 
She asked whether the relation between weathering 
and abrasion resistance had been investigated. 

Dr. F. T. Barwell said that the author had 
emphasised the connection between abrasion resist- 
ance and a low modulus of elasticity, but he had 
referred only incidentally to tensile strength. Did 


he consider the ratio Z, or the extension at yield 
to be the important factor, or was the conventional 
proof resilience, +6 the appropriate criterion ? 


The latter view was attractive, as it represented 
the amount of energy that a material could store 
Without permanent change. The conception could 
only be approximate for the materials under dis- 
cussion because, as had been said earlier, stress- 
strain relationships were not linear, but were com- 
plicated functions of time and temperature. It 
Was possible, however, to consider reversible and 
ureversible effects. Did the author think that 





plastic flow—an irreversible absorption of energy— 
played any part in abrasion resistance ? A feature 
of rubber which might contribute to its abrasion 
resistance was the great hysteresis revealed by the 
stress-strain loop. 

Dr. Brunt, replying to the discussion, said that 
clearly he had underestimated the ideal properties 
of rubber; from the standpoint of Dr. Houwink’s 
theory, rubber was perfectly ideal. He emphasised, 
however, that the views he had expressed represented 
only a very rough approximation and accounted 
only for great differences in abrasion resistance. 
Dr. Hoekstra was right in his warning to be careful 
in drawing conclusions ; measurements of ultimate 
strength were always difficult and would exhibit a 
wide spread in the values of the stresses at which 
breakage occurred. It seemed likely, however, 
that the spread would be smaller when the rate of 
extension increased. He agreed with Dr. Spith’s 
objection; in the experiments described, the 
abrasion was not the result of pure impact. Never- 
theless, there was a great difference in abrasion by 
friction, because the motions parallel to the surface 
were restricted within very narrow limits, which 
was never the case in a pure friction apparatus. 
In reply to Professor van Rossem: the notion of 
elasticity must have an exact sense, and the only 
way to arrive at a definition was to make use of 
the conception of the modulus. A low modulus, 
therefore, was identical with a high “elasticity,” 
using the term in the sense that Professor van 
Rossem had done. The high abrasion resistance of 
an asphalt road, he maintained, was due to the 
bitumen and not to the stone filling of the asphalt. 

Mr. Heyboer had suggested, Dr. Brunt continued, 
that the conclusion expressed in the paper only held 
good in the case of extreme softening. This was 
possible, and he again pointed out that the whole 
theory was only a very rough approximation. The 
measurements he had made, however, did give an 
indication in that direction. The lacquers con- 
taining no plasticiser and those with 30 per cent. 
showed little or no difference in abrasion resistance ; 
in fact, in one case a decrease was observed. The 
temperature rise on impact, referred to by Dr. 
Schwarzl, was only about 2 deg. C., and in any case 
the temperature rise could only be very brief. 
In reply to Mrs. Leitner: the relations between 
mechanical properties and, respectively, the ageing 
and weathering of the varnishes had not been 
investigated. It was important to understand the 
mechanical properties and to make clear the rela- 
tions between them and the fundamental physical 
quantities; but weathering was really another 
subject, and was partly a chemical effect. With 
regard to Dr. Barwell’s point: as he viewed the 
matter, abrasion was connected with rupture, and 
rupture would occur only when the actual force 
exceeded the ultimate value of the stress that the 
material could withstand; therefore, the value of 
f must not be compared with the modulus E, but 
with the actual stress, which was not only a function 
of E, but also of the strain. All that he had 
emphasised was that, for a given strain, the stress 
would remain small if the value of E was low. 
Of course, a strong viscous flow—i.e., an irreversible 
deformation—was always associated with a low 
modulus, and therefore with a high abrasion 
resistance. 

A vote of thanks having been accorded to Dr. 
Brunt, the chairman (Dr. H. C. J. de Decker) called 
upon Dr. A. Schallamach, of the British Rubber 
Producers’ Research Association, to deliver his 
paper on “‘ Elementary Aspects of Rubber Abrasion.” 


Tue ABRASION OF RUBBER. 


Dr. Schallamach, introducing his paper, remarked 
that Mr. J. M. Buist had recently listed 21 abrasion 
machines for testing tyres, none of which told the 
real story ; there was, in fact, no substitute for the 
road test. In the first part of his paper, he proposed 
to discuss a very simple case of abrasion, namely, 
the effect of scratching rubber with a needle. The 
second part would deal with the so-called “ abrasion 
pattern” that was found on abraded rubber sur- 
faces, and which consisted of an array of approxi- 
mately parallel ridges, oriented at right angles to 
the direction of motion. The scratching experi- 
ments were carried out under various conditions 
of normal load on the needle and at various veloci- 





ties, provision having been made to record instan- 
taneously the tractive force on the needle. The 
traces produced, and the corresponding records of 
tractive force and time depended markedly on the 
nature of the compound under investigation. The 
traces on pure gum vulcanisates, in particular, 
were always discontinuous, the time dependence of 
the tractive force lying on saw-tooth curves. The 
traces on carbon-loaded samples of the tyre tread 
type, however, were continuous, and the tractive 
force was subject to much smaller fluctuations than 
in the case of the pure gum compounds. The 
harder the rubber, the greater was the damage 
caused by the needle. The surface damage on 
all types of rubbers was characterised by the fact 
that small pieces of partly-detached rubber were 
found in the wake of the needle and these were 
easily removed when the surface was attacked 
again. It had been found possible to express the 
results of the experiments qualitatively in terms of 
the hardness, friction and tear-resistance of the 
samples. 

The abrasion pattern, Dr. Schallamach continued, 
appeared both on samples abraded in the laboratory, 
and on tyres; in the latter case, the ridges were 
usually oriented at an angle to the direction of 
motion of the vehicle. A cross-section through the 
abraded rubber surface showed that the profile of 
the ridges constituting the pattern was asymmetrical, 
and it was possible to identify the direction in 
which the abrasive has moved in relation to the 
abraded surface. Certain other properties of the 
abrasion pattern had been ascertained in the 
laboratory, and it had been discovered that, during 
abrasion, the pattern moved as a whole in the same 
direction as the abrasive. The pattern had pro- 
vided important clues to the conditions under which 
abrasion occurred on the road; most probably, it 
originated as a direct consequence of the high 
elasticity and the high coefficient of friction of 
rubber. 

The first speaker in the discussion was Dr. G. J. 
van der Bie, who said that the abrasion of rubber 
was governed by four factors, namely, the tear 
strength (the result of cross-linking and the presence 
of an active filler); elasticity (again a result of 
cross-linking and an active filler, and influenced by 
the molecular structure of the rubber); the dis- 
sipation of heat, which depended on the design of 
the tyre and the heat conduction of the compound 
used ; and the avoidance of degradation, especially 
by oxidation. The work of Dr. Schallamach con- 
cerned only the first two of these, but the others 
were important and should not be disregarded. 

Dr. G. J. van Amerongen agreed with Dr. van der 
Bie that the degradation of rubber was liable to 
be overlooked. Eventual oxidation was inevitable, 
but, he asked, did rubber ever reach a temperature 
likely to cause degradation? Dr. Bowden had 
shown that, during friction, a considerable rise of 
temperature could be expected in rubber; this 
rise might be especially high at critical spots in 
the rubber, and temperatures up to 600 deg. C. 
had been mentioned. It seemed probable, how- 
ever, that rubber as such would never reach such a 
temperature; even at temperatures of 200 to 
300 deg. C., oxidation and pyrolisis of the rubber 
at such hot spots would have broken down the 
rubber molecule completely. A less complete break- 
down might lead to the formation of a thin plastic 
top layer on the abraded surface, a condition 
which would tend to produce a favourable coefficient 
of friction ; could the moving of ridges, to which 
the author had referred, be explained by the presence 
of such a plastic layer? Even if a major break- 
down were avoided, the development of heat in 
the abrading surface must weaken the rubber in 
the long run, because of oxidation ; recognition of 
that effect would readily explain the superior 
abrasion properties of tyres made of rubber loaded 
with furnace blacks, compared with those contain- 
ing channel blacks, the rate of oxidation of rubber 
containing furnace black being much lower than 
that of rubber made with channel black. At the 
higher temperatures (as would appear in due cc urse 
from the paper to be given by Dr. R. D. Stiehler), 
tyres made with synthetic rubbers of the GR-S type 
showed a better abrasion performance than tyres of 
natural rubber. Perhaps one reason for this 
better performance might be that the synthetic 
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rubbers had a better oxidation resistance than the 
natural rubbers. 

Dr. E. de Meeus thought that the needle test 
described by Dr. Schallamach was likely to develop 
into a very sensitive test: its application to the 
outside and inside of a tyre should reveal any 
differences in the curing of the rubber. There was 
another form of needle test, in which the hundreds 
of ‘“‘needles” represented by a corded cloth, 
mounted as a buff on a wheel, were used to abrade 
a rubber sample. The material removed varied in 
size from dust to small lumps, the condition of the 
abraded particles indicating the state of curing 
between one part of a tyre and another. As a 
tyre must grip the road, a certain amount of useful 
wear must be allowed. In his experience, however, 
this did not result in the production of any regular 
pattern in straightforward running, although a 
pattern was quickly produced as a result of wheel- 
spin, high-speed cornering, heavy braking, or poor 
wheel alignment. He asked whether the presence 
or absence of pattern had any real significance. 

Mr. G. L. Hammond regretted that no more had 
been done during the conference to interpret 
abrasion and wear in terms of changes in molecular 
structure. Both diamond and raw rubber had 
outstanding resistance to abrasion. Both were 
polymers, but whereas diamond was a perfect three- 
dimensional cross-linked polymer, raw rubber was 
made up of long randomly coiled or kinked chains ; 
therefore diamond was rigid, while raw rubber was 
non-rigid and thermoplastic. It seemed reasonable 
to assume that the abrasion resistance of diamond 
could be attributed to its very strong internal 
structure, every individual carbon atom being 
linked by primary bonds with four other carbon 
atoms; to remove a single atom, it was necessary 
to apply enough energy to break all of these bonds. 
On the other hand, the abrasion resistance of raw 
rubber might be attributed to its ability to flow 
and deform, to stretch and, subsequently, to return 
to its original shape ; i.e., the individual chain was 
capable of accepting and storing a considerable 
amount of energy, the energy of impact being 
spread over many carbon-carbon bonds along the 
chain. If, however, the velocity of impact, or 
frequency, was very great, there was insufficient 
time for the energy to be shared along the chain 
and the maximum strain might fall entirely on the 
single bond between two carbon atoms. In such 
circumstances, the plastic properties of rubber 
disappeared and it became a harder and more rigid 
material, which would be expected to be relatively 
brittle and to have much lower abrasion resistance. 
The effect of oxygen on this mechanism of primary 
bond stability was also in need of examination. 
Did oxygen, in some way, initiate the break in the 
carbon-carbon bond, or did it merely react with the 
end carbons after the chain was ruptured? If 
some mechanism such as he had postulated should 
be true, it would be reasonable to expect an energy 
of activation to exist for abrasion, since it was 
clear that either a single bond or a chain could 
accept a certain amount of energy without breaking. 
Only when that critical figure was exceeded did 
chain rupture occur. 

Dr. 8. M. Hagman asked whether, in practice, 
crushing was not an important cause of wear. 
Admittedly, crushing was not wear in the true sense, 
but it was difficult to say how much of the practical 
wearing was due to crushing and how much was real 
wear. Ifthe energy applied to a material were more 
than the resilience of the material could absorb, 
the material would break down; for example, a 
thin rubber heel would abrade more than a thick 
one. The amount of eaergy applied to a rubber heel 
or a tyre could be ascectained, and the capacity for 
absorbing energy could be measured by the resilience 
of the rubber ; but it was hard to say how much of 
that rubber was absorbing the energy when the 
time of the elastic deformation was so short, and 
the energy absorption could not (to use a somewhat 
unphysical expression) spread through a greater 
amount of the rubber. He thought that crushing 
phenomena played a large part in wear, and 
especially in the initial stages of wear; and that it 
was after the material had been thus weakened 
that the rate of wear increased. Professor Blok’s 
reference to the overstressing of materials seemed to 

* indicate that he also held that view; and it might 





be that the phenomena associated with the breaking 
down of wool and cotton, described by Dr. Salomon, 
were of a similar nature. 

Dr. Schallamach, replying to the discussion, said 
that he had deliberately confined his investigations 
to the mechanical aspect of rubber abrasion, but he 
appreciated that the wear of tyres was influenced 
by a number of other factors—heat build-up, 
oxidation, etc.—such as had been mentioned by 
Dr. van der Bie and Dr. van Amerongen. He 
thought, however, that, while these factors might 
affect the rate of abrasion, they would not necessarily 
modify its mechanism. In reply to Dr. van der 
Bie’s query: the harder compound had the lesser 
tear resistance. Dr. de Meeus’s interesting obser- 
vations on the debris produced by buffing with a 
coarse cloth were supported by ordinary abrasion 
experiments in which not only the size but the shape 
of the abraded particles depended on the nature of 
the rubber. The abrasion pattern on tyres was not 
the result of peculiar driving conditions ; it might 
not always be conspicuous, but it could always be 
seen under suitable conditions of lighting. It might 
become blurred after a prolonged period of wet 
weather. In reply to Mr. Hammond: the rate of 
temperature rise in abrading the rubber was not 
high enough to suggest an activation process. 
He did not think that crushing was a major source 
of abrasion, as suggested by Dr. Hagman; more- 
over, crushing was a random effect and therefore 
could not be responsible for the abrasion pattern, 
which must be due to some co-operative effect. 
He agreed with Dr. Hagman, however, that 
dynamical properties had to be taken into con- 
sideration when going into the details of the abrasion 
process in rubber. 

The Conference then adjourned until the afternoon. 

(To be continued.) 








LABOUR NOTES. 


ComMENTs on the increasing cost of maintaining 
trade unions are contained in the December issue of 
Labour, the official monthly journal of the Trades 
Union Congress. In an article on union membership 
and finance, it is stated that the amount of money 
spent on the administration of these organisations far 
outweighs all the benefits paid to members from the 
unions’ funds. Some union executive committees, 
the article continues, have found it necessary to 
emphasise how the cost of running their unions is 
mounting year by year, while the subscription remains 
unchanged. 





Labour also suggests that the trade unions should 
show more enterprise in using the very substantial 
funds, which théy have accumulated through the 
years, than they have done. Larger sums should be 
expended on education, research and training. Although 
some of the larger unions are already proceeding along 
these lines, much remains to be achieved. The journal 
considers that the smaller unions, with only limited 
funds at their disposal, could embark on similar 
activities and obtain the required money by acting in 
combination through their federations. It recognises 
that a large proportion of the total funds in the hands 
of the unions is held against the possibility of their 
having to make cash payments to their members, 
but states, in conclusion, that the main weight of the 
evidence supports the view that the advance of the 
trade-union movement, as a whole, is no longer handi- 
capped by poverty. 





Funds in the possession of trade unions in Great 
Britain at the end of 1940 totalled 24,708,0001. and 
steadily increased during the war years and subse- 
quently, until, at the end of last year, they amounted, 
in all, to 62,150,0001.; an increase of 150 per cent. 
during the ten years. According to the annual return 
of the Chief Registrar of Friendly Societies, published 
last month, there were 416 trade unions on his register 
at the close of 1940 and the same number at the end of 
last year. Ina covering note to his statistical summary, 
the Registrar states that it is estimated that the 
membership of the registered unions of employees now 
represents about 90 per cent. of that of the whole of 
the trade-union movement in Great Britain. The 
416 unions registered in 1940 had a total membership 
of 5,362,000 men, women and juveniles, and a com- 
bined income of 9,918,0001., of which 9,041,0001. was 
contributed by the members and 877,000/. was derived 
from investments and other sources. In 1950, the 
total membership of the 416 unions then registered 
was over 7,947,000 persons. The anions received a 
combined income, during that year, of 17,624,0001., of 
which 15,721,0061. was obtained from members’ 





contributions and 1,903,000/. from other sources, 
including investments. 





Expenditure by the registered trade unions ip 
Great Britain amounted to 14,026,000. during 1950, 
or nearly double the outgoings incurred during 1940, 
which totalled 7,706,000/. The largest single item in 
each of these years was that recorded by the Registrar 
under the heading of working expenses. The cost of 
administering the unions—salaries, insurance, travellin g, 
telephone charges, printing and stationery, mainten- 
ance of premises and so on—amounted in all to 
8,226,000. during 1950, compared with an aggregate 
of 3,486,0001. during 1940. Expenditure by the unions 
from their political funds increased from 102,000. 
during 1940 to 451,0001. during 1950 and was even 
higher, at 517,0001., during 1949. Unemployment 
benefits, which absorbed 797,0001. during 1940, cost 
the unions only 163,000/. during 1950, but benefits 
paid out in the course of industrial disputes increased 
from 55,0001. in 1940 to 244,000/. in 1950. 





Trade unions in the engineering, shipbuilding, metal- 
manufacturing and vehicle-building group of industries 
declined in number from 69 in 1949 to 68 in 1950, but 
the total number of members increased from 1,631,361, 
in the former year, to 1,638,856 in the latter. The 
total income of this group of unions amounted to 
4,860,000/. during 1950, of which some 4,301,000/. was 
derived from the subscriptions and fees of members 
and 559,000. from investments and other sources. 
Expenditure aggregated 3,818,0001., leaving a balance 
in hand of more than one million pounds on the year’s 
working, and, in fact, the total funds of these unions 
jumped from 18,471,000/. at the end of 1949 to 
19,513,0001. at the end of 1950. During the inter- 
vening twelve months, the unions spent 75,0001. on 
unemployment benefits, 58.0001. on dispute benefits, 
and 973,000/. in superannuation payments to its 
members. Working expenses cost another 1,733,000I. 





Federations of trade unions in Great Britain and 
Northern Ireland numbered 52 at the end of December, 
1950, there being no change in the total at the end of 
1949. The Ministry of Labour Gazette for November 
reports that, although a large proportion of trade 
unions are affiliated to federations, some are not 
linked together in this manner, while others are affiliated 
in respect of only a part of their total membership. 
On the other hand, many trade unions, or particular 
branches of trade unions, are affiliated to more than 
one federation. It may be mentioned that there were 
96 associations of employers registered with the Chief 
Registrar of Friendly Societies at the close of 1950; 
against 97 at the end of 1940. The memberships of 
these employers’ associations increased from 53,727 
in 1940 to 116,703 ten years later. In 1950, their 
total income amounted to 421,000/., and their out- 
goings to 393,000/., of which 313,000/. was accounted 
for by working expenses. 





Negotiations between officials of the Engineering 
and Allied Employers’ National Federation and the 
five unions representing women employees in the engin- 
eering industry took place in London on Tuesday last 
and were in progress for several hours, but without 
any settlement being reached. The unions had 
previously presented demands for a weekly increase of 
20s. in the wages of women engineering operatives and 
it is understood that the employers had offered to make 
an advance of 10s. This was rejected by the unions, 
apparently on the ground that it was less in amount 
than the Ils. a week recently awarded to men engaged 
in the industry. The unions are insisting that any 
increase granted to women should at least equal that 
conceded to the men. 





Some 170,000 women operatives are employed by 
engineering firms which are members of the Engineering 
and Allied Employers’ National Federation, including 
many engaged in the production of electrical appliances 
and wireless sets. As, however, many companies 
outside the Federation pay their employees in 
accordance with the wage rates determined by the 
Federation, the total number of women involved in 
these wage negotiations is considered to be in excess of 
400,000. It was stated after the discussions last 
Tuesday that no arrangements had been made for any 
further meeting between the two parties. 





Employees at three factories in the Merthyr Tydfil 
area, South Wales, were concerned in a one-day strike 
on Tuesday last, stated to be caused by the refusal of 
an operative at one of the factories to join a trade union. 
The works are mainly concerned in the production of 
washing machines, most of which are sent overseas. 
After a mass meeting on Tuesday night, it was decided 
to resume work at full strength on the following morning, 
in order that negotiations on the difficulty might be 
commenced between the unions and managements 
involved. 
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MEASURING STRESSES IN 
AIRCRAFT TURBINES.* 


By Denis A. Drew, B.Sc., A.M.I.Mech.E., A.M.1.E.E. 


_Iy studying the cause of turbine bucket failures on 
aircraft gas turbines on the test-bed and in flight, 
Messrs, Rolls-Royce, Limited, decided that the most 
practicable way of investigating the stresses was by 
wire-wound strain gauges on the buckets themselves. 
A suitable means of attaching the gauges so as to 
withstand temperatures of the order of 1,200 deg. F., 
and centrifugal forces equal to 20,000 times the weight 
of the gauge, was found to be the Quigley Company’s 
high-heat paint. This cement has excellent strength 
in shear, even at high temperatures. The adhesion 
to Nimonic surfaces is also excellent in shear, but is 
not so good in tension. The attachment of gauges 
or other connecting leads to circumferential surfaces 
has therefore been avoided. 





. * Paper entitled “The Measurement of Turbine 
ee Aircraft Engines in the Laboratory, on the 
est Bed, and in Flight,” presented to the Society for 


prem ag Stress Analysis on November 30. 





The gauges are mounted in undercut recesses, as 
shown in Figs. 1 and 2, partly to prevent the gauge from 
interfering with the gas flow round the bucket and 
partly to assist in withstanding centrifugal forces. The 
“ platform ” of the bucket is drilled, and the nickel 
leads are threaded through the holes inside ceramic 
tubing, as used for thermocouples. For the gauges, 
Nichrome wire of comparatively heavy gauge, 0-002 in. 
diameter, is used, which has enabled a long life of 
the gauges to be obtained, of the order of 10 hours, 
including 20 or 30 starts. A large number of tests 
could therefore be carried out on the same gauge and 
relatively good repeatability could be obtained in the 
test data. 

It will be observed that in Fig. 1 the bucket is shown 
slotted in the mid-chord position and, in Fig. 2, in the 
trailing edge. The mid-chord position is more sensitive 
to flap modes and the trailing edge to torsional and 
higher-order modes of vibration. The work has been 
carried out largely with the buckets gauged in these two 
standard positions, partly because the temperatures 
and centrifugal forces near the root of the bucket are 
less than at other positions, and partly because it is 
easier to identify the mode of vibration of a bucket in 
the engine with the vibration of a similar bucket in the 
laboratory if the stresses in two different gauge positions 
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are available. The frequencies cold and the frequencies 
in a running engine may differ by 20 per cent., due to 
temperature effects which vary with the elastic modulus 
and the density of the bucket material. If the tem- 
perature is not accurately known, and the bucket 
has a number of modes whose frequencies vary but 
little, then it is a great advantage to know the ratio 
of the stresses in the two positions for the mode to be 
identified. 

In the laboratory, it is relatively easy to measure 
the ratio of the stresses at the gauge position to those 
at other positions in the blade, such as the usual point 
of failure, using ordinary Bakelite strain gauges or 
stress lacquer. In order to do this, however, it is 
necessary to impart considerable vibratory energy 
to the bucket. Although this presents no difficulty 
when considering the lower-order modes, such as first 
and second flap and torsional modes, it is difficult 
to provide sufficient vibratory energy at frequencies 
greater than 10 kilocycles per second by conventional 
electromagnetic means. In order to investigate the 
stress distribution in buckets over the relevant fre- 
quency range, aluminium-alloy model blades of five 
times the normal size were constructed. The density 
and elastic modulus of aluminium are less than those 
of Nimonic in very nearly the same proportions, so 
that the natural frequencies of these large model 
blades were almost exactly one-fifth of the frequencies 
of the standard blades. They could, therefore, be 
vibrated by ordinary electromagnetic vibrators up 
to considerable stresses and, owing to the low elastic 
modulus, the strains would be large. Small gauges 
could be used and the exact position of maximum 
stress in the higher-order modes could be investigated 
with accuracy. The large-scale blades are, however, 
costly to manufacture. 

Although the frequency of the blades resonating in 
the 48th-order mode in an engine vibrate at 11 kilo- 
cycles per second, they must be vibrated at about 
13,200 cycles per second cold in the laboratory to have 
the same nodal and stress diagrams. It would be very 
difficult to obtain sufficient energy to fail a bucket of 
normal size by ordinary electromagnetic methods of 
excitation at 13,200 cycles per second. It would also 
be difficult to vibrate a normal bucket at sufficient 
amplitude to permit an investigation of stress dis- 
tribution by means of strain gauges. In order to 
facilitate the problem, therefore, a number of buckets 
were made in cast aluminium, the fatigue strength 
of which was about 25,000 lb. per square inch, so that 
buckets could be failed in the laboratory at a much 
lower stress than would have been possible if Nimonic 
buckets had been employed. The elastic modulus of 
the alloy was also low enough to increase the signal 
obtained from a strain gauge. As in the case of the 
large-scale bucket, the resonant frequency is almost 
unchanged. 

From information supplied by the British Admiralty 
Underwater Detection Establishment at Portland, 
magneto-strictive transducers were developed which 
have been used to fail a number of Derwent 5 turbine 
buckets, from which it has been established beyond 
any doubt that it is the 48th order (i.e., the nozzle 
guide-vane order) vibration which was responsible for 
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flight failures. The type of magneto-strictive trans- 
ducer used is shown in Figs. 3 and 4. The magneto- 
strictive element consists of a stack of commercially- 
pure nickel strips cemented together with Bakelite 
cement. The length of this stack changes with the 
magnetic flux passing through it. This changing flux 
is provided by a winding energised by a beat-frequency 
oscillator and a 1,300-watt amplifier. A conventional 
laminated-iron circuit is employed. Polarising current 
supplied from a battery via a choke may be supplied 
through a separate winding, or through the alternating- 
current Winding provided that the transformer sec- 
ondary circuit is blocked against direct current by a 
suitable capacitor. In order to obtain the greatest 
possible transfer of energy into the transducer for a 
given size of amplifier it is necessary to tune the 
circuit. This may conveniently be done by adjusting 
the blocking capacitor. The nickel stack must be 
tuned so that its resonance in axial vibration approxi- 
mates to the frequency required, in this case 13,200 
cycles per second. Its length was therefore 7-04 in., 
the speed of sound in nickel being 4,900 m. per second. 
The inertia of the stack itself is used to take the reaction 
from whatever load is applied. 

The maximum stack movement is about 0-005 in. 
at each end. If the stack is coupled directly to a 
turbine bucket, insufficient movement will be imparted 
to the bucket to induce stresses of sufficient magnitude 
to cause failure, or to permit stress-distribution analysis 
by gauges or stress-coat processes. One square-inch 
section is capable, however, of exerting very large 
forces provided that it is coupled efficiently to 
the turbine bucket. To amplify the movement, 
therefore, an exponential probe, attached to the 
end of the nickel stack as shown in Fig. 3, was 
employed. The centre of gravity of the probe (its 
movement node) is constrained towards the centre of 
the stack by thin steel ties. The movements of the 
two ends of the probe are in inverse ratio to their areas. 
For minimum losses, the joint face between the stack 
and the probe must be at a force node, i.e., a movement 
antinode, and therefore the stack must be tuned (by 
its length) to the required frequency. For maximum 
energy transfer to the bucket, the motional impedance 
of the load must match that of the stack and probe 
assembly. 

The signal from the gauges is brought out through 
mercury slip-rings mounted at the front end of the 
engine. It is not necessary to mount the balancing 
gauge on the rotating system, and six gauges can be 
run with 12 rings without having to resort to a common 
ring, which has the objection that a fault in one circuit 
is liable to give a false reading in another. The rings 
consist of copper discs, amalgamated with mercury at 
their outer pa running in annular spaces between 
stainless-steel spacers which are insulated by mica, 
as shown in Fig. 5, on page 761. The clearances are 
kept low since, with the rings stationary, the mercury is 
held in position only by gravity and capillary attrac- 
tion. At speed, the centrifugal force acting on mercury 
is sufficient to make leakage impossible, even in the 
presence of considerable vibration. The wires from the 
turbine disc are brought right through the centre of 
the rings, which are driven by a splined shaft, and are 
soldered to lugs in a rotating terminal board. Further 
leads are soldered to these lugs connecting them to 
the actual rotating rings. In this way a large number 
of gauges may be fitted to an engine, although only six 
may be connected up at one time. When sufficient test 
data have been obtained from one gauge, it is possible 
to change over to another in a very short time after 
the engine is stopped. The rings are made up in sets 
of six, but two assemblies may be driven in line. 
Normally, work is carried out with not more than one 
ring unit supplying three gauges via six rings. Working 
with a larger number of channels would considerably 
increase the analysing and other problems. Without 
very special magnetic screening the amplification is 
limited by the generation of electro-magnetic forces 
in any loops of wire rotating on the engine rotor in 
stray magnetic fields. To reduce this effect to a 
minimum, the slip-rings are made of non-magnetic 
materials and pairs of wires are twisted together as far 
as is practicable so as to reduce the area of loops to 
the minimum. Any “noise” due to this cause occurs 
at the first engine order. 

For investigating the lower-order vibrations of 
buckets, such as the first and second flexural and 
torsional modes, Rells-Royce use a conventional 
continuous-film camera running up to 450 in. per 
second. Where higher film speeds are required, a 
drum camera developed by Messrs. Rotol Airscrews, 
Limited, is used, which gives excellent results up to 
speeds of 900 in. per second on 70 mm. film. It may be 
automatically reloaded at speeds up to about 700 in. 
per second. It is capable of resolving frequencies up 
to 35 kilo-cycles per second. For resolving the higher- 
order modes of turbine-bucket vibration, however, 
there is a serious objection to the direct use of any 
form of camera. a gradual acceleration of the 
engine a burst of high stress may be of only 50 milli- 
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seconds duration. It is difficult to maintain engine 
speeds at the peak on the test bed ; it is quite impossible 
in flight. Many attempts have been made to photo- 
graph the peak of a burst of stress on continuous-film 
i drum cameras, but since it is not practicable to 
accelerate more than, say, 100 ft. of film sufficiently 
rapidly to enable frequencies in the ultrasonic 
range to be resolved, it is always difficult to make 
quite certain that the operator really has exposed 
the film at the instant of maximum stress. This 
difficulty has been overcome by recording the strain- 
gauge signals on a magnetic-tape recorder with the tape 
running past the recording head at 30 in. per 
second; by this means, fairly good response up to 
something a little higher than 15 kilocycles per 
second can be obtained. The recording and play- 
back amplifiers are loaded to replay with the tape 
running. at’ 15 in. per second. The trace in a@ 
cathode-ray oscillograph connected to the replay ampli- 
fier of the recorder is photographed in a continuous- 
film camera at medium speed, say, 300 in. per second. 
So long as the operator can observe the nature of the 
signal on his replay monitor-tube it is quite satisfactory 
to postpone taking measurements until later, when the 
tape is run past the replay head at reduced speed. _ 
In order to obtain the greatest possible reliability in 
service from electronic measuring equipment, Rolls- 
Royce have installed non-portable equipment in a 
large caravan. Fig. 6 shows the interior; the equip- 
ment comprises three-channel strain-gauge equipment, 
including attenuation switches for the strain gauges 
and three balanced amplifiers having a voltage gain of 
5 x 105. The amplifiers may be coupled to a three- 
tube oscillograph and to small monitor oscillographs so 
that photography of the main oscillographs is not 
distur when it is necessary to observe the traces. 








All the above equipment is made in the Rolls-Royce 
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works. A three-channel direct-coupled amplifier is 
provided, capable of frequency modulation by reactance- 
conscious pick-ups. The carrier frequency is 2 
mega-cycles. Any combination of these channels may 
be coupled to the oscillographs. (This equipment is 
not used in connection with the measurement of bucket 
stresses.) There is a crystal-controlled timing marker, 
and an engine tachometer and facilities for displaying 
revolution marks in the cathode-ray oscillographs, 98 
well as timing marks on small argon lamps which 
come within the field of either a high- or medium-speed 
camera. v : 
Most of the flight testing has been carried out in 
Gloster Meteor aircraft with no accommodation for an 
observer or for a tape recorder; the amplitude of the 
carrier wave of the normal aircraft transmitter has 
therefore a signal proportional to stress. The danger 
of high-frequency fading, and the tendency for @ 
reduction in signal strength with the distance between 
the aircraft and the receiving equipment, make it 
imperative that a calibrating signal is provided. An 
arrangement which has proved to be very successful is 
to carry in the aircraft a stabilised Hartley oscillator 
working at a frequency near to that of the stresses In 
which we are particularly interested. The stress 
signal is punctuated five times a second by the short 
bursts of the calibrating signal from the oscillator 
through a mechanical relay operated by a multi- 
vibrator. A simplified wiring diagram for flight testing 
is shown in Fig. 7. A typical flight test signal consists 
of a signal proportional to stress, the calibrating 
signal, and, superimposed upon these, ——— 
ional pulses which are triggered from the aircra! 
generator once in every four revolutions. The pilot is 
provided with a manual switch for changeover cate 
any of three gauges and ordinary speech with the groun 
The order of vibration may be determined with precision 
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by counting the number of vibrations between two 
engine-timing pulses, i.e., four engine revolutions. 

Air cooling is required for the mercury slip-rings ; 
on the test bed it is supplied from the works’ mains 
but during the ground run on the aerodrome it is 
supplied from a mobile compressor. In flight it is 
provided by ram air; the heat generated during the 
take-off run is not sufficient to cause trouble. 

It is not practicable for the pilot to adjust the 
engine speed with sufficient precision to ensure that 
stress measurements may be taken at a speed corre- 
sponding to a resonance of bucket vibration, particu- 
larly in the case of the extremely sharply-tuned nozzle 
guide-vane orders. The technique is, therefore, to 
accelerate the engine gradually through the speed 
range and to make the records upon magnetic tape on 
the ground. The engine speed is determined accur- 
ately by ensuring that the tape is running through 
the recorder at a known speed during recording and 
playback. The capstan motor in the recorder is driven 
from an electrically-operated tuning fork with an 
electronic amplifier. The tuning fork is, in turn, 
checked against a quartz-crystal-controlled oscillator 
which is standardised against a transmission of the 
British Broadcasting Corporation. 

Messrs. Muirhead and Company, Limited, have 
developed, in conjunction with Pametrada, an electronic 
wave analyser, of the feed-back type, that greatly 
reduces the labour involved in analysing the record. It 
can be switched to pass-band widths of 10 or 3 per cent., 
or to the “in-tune ” position. A tape may be played 
back into the recorder set to the wide band, and the 
approximate frequency determined. During subse- 
quent “replays” the frequency of the analyser may 
be re-set to the exact frequency, with the switch first 
in the narrow-band position and later in the “ in-tune ” 
position. Once the analyser has been set for frequency, 
the amplitude of a steady signal may be read with 
great accuracy straight from the meter provided. 
Unfortunately, such a simple system is not applicable 
to bursts of stress, the duration of which are small 
compared with the periodic time of the instrument 
needle. In this case the output of the analyser, 
which is in effect a filter, is fed to a cathode-ray oscillo- 
graph which, in conjunction with a slow continuous- 
paper camera, provides a record of any bursts of stress 
at any selected frequency during a complete engine 
acceleration from idling to governed speed. The paper 
record shows the calibrating signal as well as the signal 
proportional to stress. 

Stress measurements early in 1949, on Rolls-Royce 
Derwent engines, showed that the turbine buckets 
vibrated in many modes, as shown in Fig. 8, opposite ; 
though it seemed probable that the excitation was 
aerodyramic, the exact mechanism was not clear and 
it was difficult to see how to reduce these aerodynamic 
forces. It was realised that any bucket in a disc 
would act as a harmonic stabiliser for any other bucket, 
provided that the two buckets were not excited in step. 
Clearly, two adjacent buckets are not excited in step 
by any one wake. In order to investigate the practic- 
ability of damping in this manner, a number of 
buckets were welded into a scrap disc, and it was 
established that when one bucket was bowed the energy 
transferred from it to the next, or to a bucket con- 
siderably separated from it, was very great, provided 
that the buckets were tuned to the same frequency. 

Strain gauges were then attached to the disc in a 
Tunning engine and it was determined that the disc 
was being stressed at frequencies corresponding to the 
known resonant frequencies of the buckets in the 
majority of modes. It was established, therefore, that 
energy was passing from the buckets into the disc. In 
April, 1950, an engine was run in which 15 buckets 
were tuned as accurately as possible to the same 
frequency in the first torsional mode. The stresses in 
the first torsional mode in the 15 tuned and adjacent 
buckets were found to be just under one-quarter of the 
stresses normally measured. It is not possible, 
however, to tune buckets to the same frequency in 
every mode and it was necessary, therefore, to determine 
with certainty the mode or modes that were responsible 
for the failures that had been occurring in service. A 
Bec uliar symptom of the trouble with the Derwent 5 
a buckets was that, although the incidence of 
— under service conditions of flight was serious, 
ailure on the test-bed was almost unknown despite 
any strenuous attempts to repeat flight conditions. 
2 was for this reason that during the summer of 1950 
ati, undertook flight testing ; immediately it 

came apparent that the nozzle. guide-vane order 
Stresses increased in flight, especially at high speed 
ae altitude, by a factor of about 3 to 1, whereas 

© ‘ower-order stresses were virtually unaltered. The 
reason for this behaviour, however, is still unknown. 





— ASSOCIATION OF ENGINEERS.—The London 

: ociation of Engineers celebrates the centenary of its 
ormation in 1952 and will mark the occasion by a 

ae festival on May 2, at the Connaught Rooms, 
reat Queen-street, London, W.C.2. 


SOME UNKNOWNS IN GEAR 
DESIGN.* 
By Dr. H. E. Merrrrr, M.B.E. 
(Concluded from page 735.) 


As is well known, rating formule for surface loading 
(commonly called ‘“‘ wear” formule) are intended to 
cover two kinds of surface failure quite different in 
character. One is pitting, which is a failure of the 
material below the surface, and the other is failure 
of the oil film, with results variously described as 
scuffing, scoring, galling, picking-up, ridging, and so 
on. Even pitting, the simpler of these two broad 
types of failure, is not yet properly understood. In 
some experiments, cracks have been discovered below 
the surface, but it would perhaps be an over-simpli- 
fication to suppose that these cracks are merely the 
result of the sub-surface shear stresses, as calculated 
by static Hertzian methods. Evidence that the pheno- 
mena are much more complex is provided, firstly by 
the occasional occurrence of pitting over the flank 
profile of both of a pair of gears, both face-profiles 
remaining smooth. Meldahl, in experiments on rolling- 
sliding discs, showed that pitting tended first to occur 
on the discs having a negative slide-roll ratio ; but that 
pitting was also influenced by the type of lubricant. 
It therefore seems clear that pitting is a much more 
complex affair than static-stress calculations would 
suggest. The hypothesis that pits are propagated by 
oil trapped in a crack sealed under pressure is incom- 
plete, and we need to know why the crack reaches the 
surface. Two possible influences are, firstly, the 
tangential stress at the surface resulting from tooth 
friction, and the other is the very high changes of 
temperature in the surface layers under the band of 
contact (demonstrated by Professor Blok); these 
sudden temperature changes could be imagined to 
produce rapid changes of tensile and compressive 
stresses on a plane perpendicular to the surface. If 
this is so, the thermal conductivity of the material is 
an important factor, and some support is given to this 
by the fact that the surface loading which bronze 
worm wheels will carry is much higher than one would 
expect if one merely took the hardness or tensile 
strength of the material into account. 

The second class of failure, by breakdown of the 
lubricant, is even more complex, since the properties 
of an additional material, namely, the lubricant, are 
involved. A full understanding of the way in which 
the oil film behaves is still awaited, and in reading the 
literature one suspects too great a pre-occupation with 
purely mathematical analysis, and too little experi- 
mental work. As usually happens, it is necessary for 
the engineer to be able to design a piece of machinery, 
and to have it working, before the scientist can explain 
to him how it works. Similarly in the case of gears : 
it may be a long time before the real nature of lubri- 
cated line contact is understood, but it is still a necessary 
practical step to find out how rating formule may be 
modified in order to make a more complete allowance 
for differences in the sliding-rolling characteristics of 
different designs of tooth, and for more subtle differ- 
ences in physical properties of the gear materials. 

Even before definite evidence is available which 
would justify a change in the present basis for deter- 
mining permissible surface loading, there is room for 
the further investigation of the basic surface stresses 
now given in the B.S. gear specifications. It seems 
improbable that truly comparative basic stresses for 
different materials would be as smoothly related to 
ultimate tensile strength as the currently-used values 
would suggest. A further consideration, which current 
methods do not take into account, is the influence of 
the material of the mating gear, whether by reason of 
its modulus of elasticity, thermal conductivity or the 
coefficient of friction of the combination; the last- 
named will also vary with the lubricant. 

Lubrication is too large a question to be dealt with in 
detail in this short paper, particularly having regard 
to the way in which one question has been complicated 
by the development of additives. But to add fuel 
to the flames which discussion of this subject may 
provoke, the author would observe that, with the 
exception of the development of E.P. oils for hypoid 
gears, research on gear lubrication has long been quite 
inadequate. A great deal of plausible theorising has 


been done, but there is very little evidence, derived | gea 


from controlled experiment, to support it. Meanwhile, 
scuffing continues to occur, and has been particularly 
serious in marine reduction gearing. The subject is 
clearly one for co-operative research in which the 
voice of the B.G.M.A. should be clearly heard. Where 
do we go from here ? 





The discussion on Dr. Merritt’s paper was opened by 
Mr. H. G. White (Messrs. Alfred Wiseman and Com- 





* Paper presented at an extraordinary general meet- 
ing of the British Gear Manufacturers Association, held 
in the Piccadilly Hotel, London, W.1, on November 6, 
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pany, Limited), who said that Dr. Merritt seemed to 
consider alloy steels in case-hardened gears. 
He himself did not subscribe to that view. If the case 
thickness were adequate, a straight carbon steel was 
just as good as an alloy steel. He would grant that 
when one had to make a gear integral with the shaft, 
alloy steel was necessary for the shaft stresses; but 
the crux of the problem was the case thickness rather 
than the material of which the gear was made. He 
knew of no gears which were more subject to abuse 
from the point of view of alignment than traction 
gears. On a face-width basis, traction gears were not 
highly loaded, but the mis-alignment which took place 
in them was what caused service failures. A very 
thick case had been found essential to the transmission 
of the powers required from them. 

The Association had a glorious opportunity of 
carrying out investigational work, except that they 
had no money; at least, as an Association they had 
no money. He estimated that the gear industry in 
this country spent about 10,0001. a year in sending 
people to British Standards Institution meetings to 
deliberate on gear design, but most of the benefit did 
not accrue to the gear industry itself. It was of more 
benefit to people outside the industry. If that 10,000/. 
—and more—were spent on investigations such as 
those outlined in the paper, it would be spent to better 
effect. It did not necessarily mean setting up a research 
establishment. There were plenty of places up and 
down the country—in the universities, for instance. If 
one could put the problem to these various organisa- 
tions, provide the gears and testing machines for them 
and tell them what was wanted, they could probably 
supply the answers to a number of the points raised in 
Dr. Merritt’s paper. 

Mr. E. B. Wilson (E.N.V. Engineermg Company, 
Limited) questioned whether the potential value of 
the savings which could be effected was so great as was 
indicated by Dr. Merritt. Most gears existed to 
transmit power from a prime mover to wheels or 
propellers or some means of absorbing the power. In 
most cases, the gears were designed for the original 
outputs of the prime mover, and during the course of 
the development of the prime mover the power probably 
increased 20, 30, or even 50 per cent. During 
that period, the gears underwent rigorous testing in 
service, which was one of the best means of proving 
them, and they underwent development with the prime 
mover. In other words, there would only be a large 
potential saving on the assumption that most gear 
units were very much too large for the powers which 
they transmitted. He did not believe that this was 
the case to-day. It might be worse economy to design 
units more skimpily and then have to scrap them when 
the powers that they had to transmit in any particular 
set-up were increased. The results achieved by research 
were disappointing. It did not seem to have yielded 
a very rich harvest, and he did not know quite why 
that was. It was possibly because it was very 
expensive, and probably one of the reasons why it was 
expensive was that there was a very wide scatter in 
the results obtained—even on any one particular 
sample. This added greatly to the cost of testing. In 
fact, a pre-requisite of testing might be research into 
the methods of testing in order to reduce, if possible, 
the wide scatter in the results. Dr. Merritt had 
referred to the old “‘ chestnut ” of pounds per inch of 
face-width, and had said that a last effort was needed. 
It was certainly a very unscientific means of assessing 
gear loads, but it still served a practical purpose in 
comparing like with like. It was a very easy way, 
when comparing two similar gear applications, of 
drawing comparisons between the two. One could, 
of course, go wrong on it, but one could at least arrive 
at a result in a very short space of time and use it to 
see, in the more elaborate calculations which were 
necessary, that some considerable error had not been 
made. Dr. Merritt had also referred to case-hardened 
gears. This was extremely important, and no doubt 
more and more gears would be made from case- 
hardened steels. It was extraordinary that one 
controlled the quality of the steels very accurately, 
but when they went through the carburising process 
one got the widest variety of structures and composition 
in the case. Metallurgists had a great job to do in 
drawing up accurate specifications for heat treatment 
that did in fact control the quality of case-hardened 


rs. 
Mr. C. Timms (Mechanical Engineering Research 
Laboratory) said that he supported wholeheartedly 
the plea for fundamental research on gearing. Work 
was in progress at both the A.V.G.R.A. and 
P.A.M.E.T.R.A.D.A. on improvement in the accuracy 
and full-scale testing of marine gears, but in the auto- 
mobile and aero-engine field there was a need for a 
more combined effort on the subject as a whole. The 
number of gears required for investigation purposes 
was relatively small, and it was difficult to meet experi- 
mental requirements from commercial sources of supply 
especially when firms were concerned with long pro- 
duction runs. This meant that a laboratory must have 
its own gear-cutting facilities for hobbing, shaving and 
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grinding gears under controlled conditions. Another 
important requirement was the supply of adequate 
precision measuring equipment so that the effect of 
variations in tooth spacing, profile, alignment and 
surface finish could be investigated on gear test units 
designed to simulate normal conditions of service. 

In the Mechanical Engineering Research Laboratory 
at East Kilbride, it was the policy to carry out a 
comprehensive research programme on the _inter- 
mediate sizes of gear drives, and in this connection 
adequate facilities for manufacture, inspection and 
testing of gear units were in hand. It was considered 
that the “scatter of results” referred to would be 
greatly reduced if all the tools were available in one 
organisation. Dr. Merritt had not referred in his 
paper to gear metrology, though he had mentioned 
gear errors. It was unfortunate but nevertheless true 
that the amount of gear-measuring equipment made in 
this country was extremely small, and the same could 
be said of equipment for the inspection of cutting tools. 
There was ample scope for firms to interest themselves 
in the manufacture of precision gear-measuring 
machines of all types—not only for gears in the 
automobile range but also in the instrument and marine 
field. At the moment it was necessary to go abroad 
for the major part of this equipment, since no firm in 
this country was making the complete range of precision 
measuring machines as supplied, for example, by such 
firms as the Maag Gear-Wheel Company, Zurich, and 
Société Genevoise, Geneva. 

Mr. R. M. Macarthur (The Power Plant Company, 
Limited) said that Dr. Merritt had referred in several 
places in his paper to the way in which the B.G.M.A. 
could contribute to the well-being of the industry. As 
he understood it, the precise reason for its formation 
was that more interest might be taken in research. 
Previous speakers had also referred to the matter, and 
he heartily endorsed their remarks. 

Mr. H. L. Trafford (Messrs. Richard Sizer, Limited) 
referred to Dr. Merritt’s statement that the calculation 
of horse-power ratings on the basis of so much load 
per inch of face width had “ gone by the board.” He 
asked if Dr. Merritt could explain why, if that were the 
case, the B.S. formule for which Dr. Merritt was 
larg ly responsible used a pound per inch face rating 
for determining horse- power. 

Rear-Admiral F. T. Mason, Deputy Engineer-in- 
Chief of the Fleet, said that he agreed wholeheartedly 
with Mr. Timms. If this country was to survive, it 
would be because of the excellence of its products. It 
must make things that people were prepared to buy. 
It had very strong competitors in the Swiss and the 
Americans. The question had been asked whether it 
was a good idea to reduce the size of gearing. As far 
as naval ships were concerned, it was imperative that 
the loading rates should go up far beyond what was 
customary at present. In fact, the Admiralty were 
busily engaged in spending money on pushing them up. 
There was an establishment, such as Mr. Timms had 
described, at Barrow-in-Furness, called the Admiralty 
Vickers Gearing Research Association, but it dealt 
with rather large gears. Perhaps Mr. Timms had 
small ones in mind. There was also the Admiralty 
Gunnery Establishment, where much work was done 
on small gears. He asked Dr. Merritt to give his 
views about the future of ground gears. The 
Admiralty—possibly in their ignorance—were rather 
attracted to them. When great accuracy was needed 
in other things, one turned to grinding, and at the 
moment—with the higher loading—gears were ground. 
He knew the disadvantages; hardening, and so on, 
were troublesome matters. However, grinding would 
seem to have a future. Switzerland was a neutral 
country in a hard-currency area and we could be 
deprived of this source with little or no warning. It 
was not right that one should have to go to Maag for 
ground gears. It ought to be possible to produce 
them here. He was now talking not about the gears 
produced with Maag machines but about gears produced 
in England with British machines. If this could be 
done, it would _ us in the forefront of gear manu- 
facture, particularly as it appeared that the Americans 
were wedded to hobbed and shaved gears. The 
Admiralty actually hac the design of a grinding head 
and they were con.erned to get it developed. There 
was no use in developing it, however, if the experts did 
not think there was anything in grinding. Not being 
an expert himself, he would say that there was some- 
thing in it. Gear cases must certainly come down so 
far as the Navy was concerned. Ships had to carry 
more and more armament and ammunition, and the 
space occupied by the machinery must be reduced. 

The chairman, Mr. A. Sykes (Messrs. David Brown 
and Sons (Huddersfield), Limited), said that before 
asking Dr. Merritt to reply, he would like to make one 
or two comments himselh Dr. Merritt had referred 
to many factors about which there was uncertainty. 
The problem was complicated because the same factors 
of load and speed could uce different results in 
the way of scuffing, brea » Tidging, etc. It was 











often very difficult to distinguish one cause from 
another. It was, however, very encouraging to see 
that there was a tendency towards co-operation. The 
Association was in itself a mark of that. Dr. Merritt 
had referred to allowance for deflection which was 
usually provided for in rear-axle drives, and had 
intimated that something ought to be done in other 
directions. He might be interested to know that a 
movement was being made on these lines. For 
example, attention was being devoted to traction gears, 
to which Mr. White had referred. There was need to 
make provision for this kind of relief in a more 
systematic manner, however. Turbine gears had also 
been mentioned, and the need for correcting helices. 
Something was being done here with a view to modi- 
fying helices to allow for torsional and transverse 
deflection. Dr. Merritt said that it was surprising 
some gears ran at all when one thought of the difficult 
conditions they had to stand up to and the stresses 
imposed by unknown deflections. Perhaps there were 
mitigating factors which were sometimes overlooked. 
For example, the deflection of wheel rims could 
compensate, to some extent, for the deflection of 
pinions, and even gear-cases were not entirely rigid. 
They could give to some extent to the Joad and help to 
distribute it. The author had said truly that a closed 
door was as useful in keeping information out as in 
keeping it in. He himself had heard of firms who had 
nursed a secret for a long time, only to find that it 
was not only known but was obsolete. 

Dr. Merritt said, in reply, that the fact that he was 
now in @ position to look at the problem somewhat 
objectively was perhaps the result of his experience 
during the last two years. During that time, he had 
been impressed by the common failure to analyse 
problems : that was a pastime requiring a lot of spare 
time and no particular worries. Given that situation, 
one could sit back in a chair and really think, which 
was often more profitable, though more difficult, than 
pushing on and spending a lot of money without 
thinking. He would not burden the meeting with 
figures on the commercial value of discoveries made in 
more detached scientific surroundings. These could 
be looked up, and they would be found to be staggering. 
There was no case at all for believing that money 
spent on research would not prove to be the best of 
all possible investments, provided the money was spent 
intelligently and by the proper people. He was 
encouraged, therefore, by the support that had come 
from the meeting for the idea of more research or, as 
Mr. Timms had said, better co-ordination of the existing 
research facilities. 

In reply to Mr. White, he said that in some circum- 
stances an alloy content was necessary in order to 
achieve the necessary hardenability of the steel. But 
he would go halfway towards Mr. White’s point and 
say that he suspected a good deal more alloy was used 
than was necessary. There was a long tradition in 
the steel business that with a case-hardened material 
one must have a very tough core, whereas it had been 
shown, notably by Almen, that what made a case- 
hardened tooth strong was the case and not the core. 
Provided the case was deep enough and there was a 
reasonable transition from the case to the core, the 
physical properties of the core were not so important. 
This was indicated in the B.S. specifications, in which 
basic bending stresses were by no means related solely 
to core properties but also reflected the properties of 
the case. 

Mr. Wilson had raised a number of very interesting 
points. One of them might be bracketed with a 
previous comment on the use of pounds per inch of 
face-width as the basis of rating. A possible misunder- 
standing on that point should be removed. The use 
of pounds per inch of face-width was indefensible if it 
implied that two pairs of gears of the same materials 
would transmit the same load per inch of face-width, 
regardless of their dimensions. The British Standard 
formule quoted permissible loading in terms of pounds 
per inch of face-width, but the permissable load was 
not constant ; it was calculated from the dimensions 
of the gears. On other points raised by Mr. Wilson 
there could be a glorious argument. The point he 
himself would emphasise was this: that no one who 
was going in for research expected some miracle to 
happen, gear units being suddenly made much smaller. 
He agreed in this connection that’ there were many 
cases in which the gears were known to be only just 
good enough. What might happen, he thought, after 
a more detailed study of the research problem, was that 
stresses and ratings would be by degrees adjusted with 
a substantial cumulative effect. One might consider 
the current British Standard specifications: the basic 
stresses were “‘ rounded off,” because there was insuffici- 
ent information to justify expressing them to the last 
digit. But if the gear dimensions were selected pre- 
cisely to accord with the specification, an increase of 
basic surface stress by one per cent. would reduce the 
weight of the gears by one per cent. - 

With regard to scatter in the results of fatigue tests, 





he agreed that one or two tests were of no value, and 
could in fact be misleading. That applied to things 
other than gears. One had to do a large number of 
tests and analyse them statistically. As an example 
of what could be done by taking a sufficiently large 
number, however, he need only refer to some of the 
publications of Almen on motor-car transmission gears. 
In reply to Admiral Mason, he said that he would 
phrase the problem of ground gears differently, and 
would speak of case-hardened gears rather than ground 
gears. One would adopt grinding only in order to 
make a case-hardened gear possible, having regard 
to the fact that at the present time the distortion of 
case-hardened gears was such that they could not be 
produced to the standards of accuracy required of 
gears for marine propulsion without grinding. But 
the load-carrying capacity of case-hardened gears was 
vastly greater than that of any gear material that 
could be finish-cut, and in order to achieve the smaller 
dimensions and weight which would accompany the use 
of case-hardened gears, grinding was essential, and the 
development of the grinding process was therefore the 
first step in this potentially tremendous technical 
advance. 





TRADE PUBLICATIONS. 


Centrifuges.—Bulletin No. 551, published by Sharples 
Centrifuges, Ltd., Woodchester, Stroud, Gloucestershire, 
describes their “ Super-Centrifuges ’’ for use in marine 
service, chemical works, steel mills, engineering works, 
ete. 

Relays, Counters and Timers.—Concise facts regarding 
the numerous types of relays, electronic counters, timers 
and other equipment manufactured by them are given in 
a publication received from Londex Ltd., 207, Anerley- 
road, London, S.E.20. 

Pneumatic Plant for Conveying and Dust Collection.— 
The Sturtevant Engineering Co., Ltd., Southern House, 
Cannon-street, London, K.C.4, have sent us a well-illus- 
trated brochure describing pneumatic plant for dust- 
collecting and for conveying light materials. 

Fork-lift Trucks.—Two illustrated leaflets have been 
issued by Ransomes, Sims & Jefferies, Ltd., Ipswich, 
giving specifications of their 10-ton and 2-ton electric- 
hydraulic fork-lift trucks, both of which are equipped 
with telescopic lifting gear and tilting masts. 


Fans.—A leafiet issued by Keith Blackman, Ltd., 
Mill Mead-road, London, N.17, gives the characteristics, 
etc., of their 16-in. air-circulating fan which is mounted 
on a 7-ft. stand and is used for improving local air 
circulation in workshops, offices, etc. Another leaflet 
gives details of their “ Tornado ”’ “ man-cooling ”’ fan 
for use in hot areas in iron and steel works, etc. 

Gear-Generating Machines.—We have received from 
W. E. Sykes, Ltd., Staines, Middlesex, an illustrated 
leaflet giving particulars of their vertical gear-generating 
machine V.10a, for cutting external gears up to a maxi- 
mum diameter of 14 in., and internal gears with a 
maximum external diameter of 24 in. and a maximum 
internal diameter of 64 in., using automatic infeed or 20 in. 
without automatic infeed. For generating helical gears, 
quickly interchangeable cutter-spindle guides are 
available. 

Gear Pumps.—Using their experience in the produc- 
tion of hydraulic pumps for aircraft, the Plessey Co., 
Ltd., Ilford, Essex, have developed a range of 98 indus- 
trial hydraulic pumps, with capacities varying from 
0-27 to 42 gallons a minute. A special feature of the 
design is the use of pressure-loaded bearings which assist 
in maintaining high volumetric efficiency by limiting the 
side clearance between the gear and bearing faces to a 
value sufficient only to maintain a satisfactory oil film 
between the surfaces. The firm have issued a booklet 
describing these gear pumps. 

Nickel-Iron Alloys.—A wide range of thermal and 
magnetic properties are useful characteristics of nickel- 
iron alloys. A booklet published by the Mond Nickel 
Co., Ltd., Sunderland House, Curzon-street, London, 
W.1, and entitled ‘‘The Physical Properties of the 
Nickel-Iron Alloys,”’ gives data on the tensile strength, 
hardness and electrical resistance of the binary alloys 
and on the elastic and expansion properties of both the 
binary and the more complex alloys. A section deals 
with their uses in temperature-control devices, for 
expansion control in engineering components and for glass- 
to-metal seals. 

Chucks.—Crawford & Co. (Tottenham), Ltd., Tower 
Hill Works, Witney, Oxfordshire, have issued a brochure 
on their Trugrip chucks and accessories. The design 
is based on the collet principle, actuated by means of 
a key through a pinion and bevel gear. Various forms 
of collet are provided : a standard collet for bar work ; 
a collet for gripping discs ; one for holding rings ; ete. 
The makers stress the value of the chuck for 2nd 
operation work on centre lathes and grinders. It is 
made in two sizes, namely, 5 in. and 7 in., with bar 
capacities of 1 in. and 2 in., respectively ; but the ring, 
disc, etc., capacities are greater. 
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UNDERWATER TELEVISION. 








UNDERWATER TELEVISION IN 
SEARCH FOR THE ‘“ AFFRAY.,”’’ 


Ir is now possible to give some information regarding 
the part played by underwater television in identifying 
the position of H.M. Submarine Affray, which was lost 
in the English Channel on Monday, April 16, 1951. 
The equipment used for this purpose was supplied by 
Marconi’s Wireless Telegraph Company, Limited, 
Chelmsford, and consisted of a portable camera 
“chain,” the principal part of which was an Image 
Orthicon pick-up tube, manufactured by the English 
Electric Valve Company, Limited, Kingsway, London, 
W.C.2. The camera was built into an underwater 
container by a team of four members of the Royal 
Naval Scientific Service who worked on it night and day 
for three weeks and who also designed the remote 
controls for operating the equipment. The container 
consisted of a welded-steel cylinder, 17 in. in diameter 
and 24 in. long, shown in the photograph reproduced 
on this page. It was designed to work at a maximum 
depth of 200 ft., although actually a depth of 280 ft. 
was reached. Considerable bumping was also success- 
fully withstood, in spite of the fact that there was not 
time to design and prepare shock-absorbing mountings. 

The camera and lens window, which was of §-in. 
plate glass with a clear aperture of 3 in., was attached to 
the removable end of the cylinder, as was the cable 
gland. The single lens used was 2 in. in diameter 
with an aperture of f 1-9, but was set on infinity at f 4. 
No electronic modifications were necessary in the 
camera or tube circuits, but additional instrumentation 
was incorporated, the spare cable cores (which normally 
carry communication channels from control positions 
to the camera operators) being used for this purpose. 
Illumination was provided by a 14-kW diver’s lamp, 
which was suitably shielded to prevent direct light from 
reaching the lens. The lamp was mounted on the 
tubular framework, visible in the illustration, which 
provided some protection to the camera. The appara- 
tus was suspended from a derrick on the well deck 
of the Admiralty diving ship, H.M.S. Reclaim, and 
proved much simpler to handle than was expected. 
The camera was moved to the desired position by 
shifting the whole ship. 

Connection from the camera, to the wave-form 
generators, control equipment and monitors, which 
were installed in the captain’s cabin, was made through 
a 500-ft. multi-core cable, whizh was handled separately 
from the camera ; and through which the video signals, 
scan currents, power supply and other necessary 
electrical requirements were transmitted. The cable 
was manufactured by British Insulated Callender’s 
Cables, Limited, Norfolk-street, London, W.C.2, and 
was of the 32-core type, similar to that used for broad- 
casting purposes. It was, however, provided with 
additional protective sheathing, so that it could be 
successfully employed at great depths. 

_In addition to the normal camera monitor, a main 
Viewing screen was provided by an English Electric 
receiver, which was adapted to receive signals directly 
from the line. The extra instrumentation mentioned 











above included the remote operation of the camera 
heater and cooling fans, an indicator showing the tem- 
perature inside the camera, a remote-level indicator 
and a leak detector, these being necessary owing to the 
fact that the correct operation of an Image Orthicon 
tube depends on the maintenance of a given tempera- 
ture. The range of the camera was 15 ft. or more, 
compared with the 5 ft. possible when divers are 
employed, but the greatest advantage was that the 
camera could be used continuously under water for 
two hours, while a diver can only work for a few 
minutes at the depth required. H.M.S. Reclaim sailed 
on Sunday, May 27, with the television installation on 
board and early in June the various parts of the sub- 
marine came into view on the screen and the name 
Affray could be read. Some hours later the divers were 
able to identify the vessel by normal methods. 





ELECTRICITY SUPPLY IN SOUTH UIsST.—The Secretary 
of State for Scotland (the Rt. Hon. James Stuart, M.P.) 
has confirmed a scheme prepared by the North of Scot- 
land Hydro-Electric Board for the construction of a 
Diesel generating station at Daliburgh in South Uist. 





British RaILways’ OLDEST LOCOMOTIVE.—The oldest 
working locomotive on the British Railways, No. 58110, 
has been taken out of service to be broken up at the 
Derby works (London Midland Region), after a life of 
82 years. Originally one of the 315 engines of Matthew 
Kirtley’s “‘ 700 ” class, built at Derby between 1863 and 
1874, No. 58110 has borne successively the numbers 778, 
2630 and 22630; the present number dates only from 
the nationalisation of the railways in 1948. The engine 
is of the 0-6-0 tender type, with cylinders 18 in. bore and 
24 in. stroke, and wheels 5 ft. 3 in. in diameter. The 
heating surface is 1,113 sq. ft., the grate area 17 -5 sq. ft., 
and the working pressure 140 Ib. per square inch. The 
tractive effort was 16,786 Ib. and the total weight, with 
tender, 75 tons 114 cwt. Latterly, the engine has been 
employed on freight trains between London and Derby. 





AUTOMATIC Door SwitcH.—Messrs. Arcolectric 
(Switches), Limited, Central-avenue, West Molesey, 
Surrey, have produced a small push switch which is 
designed primarily to make and break an electrical 
circuit on the opening and closing of a door. Obvious 
applications of the switch include the control of a light 
within a refrigerator, wardrobe, or car; but it may also 
be used as a limit switch. The switch, catalogued as 
No. $930, is rated at 1 ampere at 250 volts, and is 
designed for fixing in a single 4-in. hole like a panel- 
mounted toggle-switch. The make and break action is 
accomplished by means of an insulated plunger which is 
spring-loaded to maintain the circuit closed. A small 
depression of the plunger, however, suffices to open 
the circuit, and the rest of the permitted movement 
of the plunger—about 4 in.—serves merely to compress 
the spring farther. All the current-carrying parts of the 
switch are silver-plated. 





TECHNICAL COLLEGES AND 
EDUCATION FOR THE ELECTRICAL 
;™ ~ INDUSTRY.* 
By H. L. Hastecrave. 

BEFORE a young man can be considered a competent 
electrical engineer, eligible for corporate membership 
of the Institution of Electrical Engineers, he should 
have obtained a good general education and a specified 


‘minimum of technical knowledge, have had a sound 


practical training and have held a responsible position 
for at least two years. Both technical colleges and 
universities are concerned with the first and third of 
these requirements. The characteristics required by 
a man holding a responsible position in industry are 
exceedingly diverse ; and it would therefore seem that 
there is room for more than one method of developing 
the potential abilities of youths. A system of training 
and education is, however, satisfactory only if it 
provides means for the development of the whole of 
a youth’s facilities as well as for securing the requisite 
technical knowledge and skill. The conditions pre- 
vailing during training must therefore encourage 
“ mixing ” in works and at the college or university ; 
and facilities for social, athletic and recreational life 
should be given almost as much consideration as those 
for instruction. 

The technical institution provides full-time courses, 
taken before, after, or sandwiched in the period of 
practical training; and part-time courses (day or 
evening or a combination of the two) taken concur- 
rently with the practical training. Full-time courses, 
to be satisfactory, must provide means whereby the 
students may attain the requisite technical knowledge 
and also develop their ability to accept responsibility 
and to direct and control others. As regards instruc- 
tional facilities the main requirements are lecture 
rooms and adequately equipped laboratories, a well- 
qualified and able teaching staff and a well-organised 
system of tuition, incorporating ample time for tutorial 
work and private study. Most institutions, however, 
need increased and modernised equipment, increased 
laboratory assistance, allowance for more specialisa- 
tion in teaching; a reduction in the weekly teaching 
timetable, allowances for private study with or with- 
out supervision, and adequate time for corporate and 
group activities. 

The facilities available in a technical college should 
embrace such a wide range that every student can find 
something in which he is interested. The material 
requirements are adequate common rooms, lecture 
halls, refectories, playing fields and gymnasiums. 
Hostels are of great value in forming a nucleus for 
the growth of a strong corporate body; and it would 
benefit both students and college if they were large 
enough to allow all full-time students to reside there 
for at least a year. The contribution which social and 
athletic activities can make towards the training of 
students is not sufficiently appreciated by those 
responsible for technical colleges and a change of 
attitude is necessary if the development of an engineer 
is to be complete. 

The same reasoning as for full-time courses applies 
to part-time courses in so far as lecture rooms, labora- 
tories and staff are concerned. There is a limit to the 
time which the student can spend at college each week, 
and it is necessary to give in that time such instruction 
as can be given only by use of laboratory and other 
equipment and such as is best given by personal contact 
of teacher and student. There is the same need, as 
for full-time students, for ample time to read, think 
and work. But as these students are in direct day-to- 
day contact with industrial applications they are better 
able to understand the implications of the principles 
they learn in the lectures. They are also under less 
pressure than the full-time student to keep up to 
date with lectures, which follow so quickly on each 
other. On the other hand, the part-time student is 
subjected to greater physical and mental strain and 
has to exercise considerable self-discipline in order to 
devote adequate time to social and athletic activities 
and to private study. Hence his timetable can include 
very little, if any, allowance for tutorial work and he 
must. be stimulated to study in his own time by the 
incentive of home work. 

The second point is that, as the weekly time available 
for laboratory work is comparatively small, there have 
been tendencies to leave the necessary recording of 
this work and even much of the actual work itself to 
the end of the session ; and hence to prevent the suit- 
able correlation of theory with practice and to impair 
the value of the laboratory instruction. “Much more 
attention to the planning of curricula is therefore 
necessary. The corporate activities of a technical 
institution must allow fully for the needs of part-time 
students. 

There are arguments both for and against technical 
institutions being used for degree courses. The author 





* Paper read before the Institution of Electrical 
Engineers on Thursday, December 6, 1951. Abridged. 














766 


ENGINEERING. 


DEC. 14, 1951. 








suggests, however, that neither full-time nor part-time 
engineering degree courses should be provided (with 
certain exceptions), but that some of the colleges 
should organise a different type of course. One of 
industry’s needs appears to be for engineers possessing 
a sound knowledge of the fundamentals of science ; 
who have undergone a specialist training in the appli- 
cations of these fundamentals to engineering ; who can 
take a broad view of industry and its needs; and 
who are flexible and adaptable in mind and action. 
These men must have powers of analysis, precision of 
thought, judgment and power to make their judgment 
effective. They must be “ productivity-minded ” and 
capable of translating ideas into material things made 
in an economical fashion. 

The technical training necessary to develop this type 
of engineer should be biased towards practical applica- 
tions; and should include a large measure of actually 
doing things and seeing production carried out. The 
right mental outlook must be secured by making 
the student tend, from the early days of his training, to 
translate ideas into action, to make decisions and to act 
upon them. To achieve this aim the closest possible 
linking of academic work with industrial training is 
necessary, as well as careful and original planning 
of both technical and practical training. A sandwich 
course is that for which technical colleges are best 
suited. As the course must include a good training in 
basic scientific principles, mathematics, physics and 
chemistry should be dealt with early. Drawing, 
principles of electricity, mechanics and theory of 
mechanics, hydraulics, heat engines, materials and 
structures, which are fundamental to all branches 
of engineering, must be included. Workshop techno- 
logy and manufacturing technique should be treated so 
as to cover many of the technological applications of 
the other subjects. The syllabuses would have to be 
compiled specially for this course, which should be 
treated as esles provision being made for the post- 
graduate courses, which would be attended at later 
stages. The help of executives in industry, who will 
employ those undergoing the course, should be sought 
in compiling the syllabuses. A different outlook of 
industry towards education is thus called for. This 
includes a willingness to allow engineers carrying heavy 
responsibilities to return to study for short periods, and 
intimate participation in the decision of what is to be 
taught in the basic course. 

The entry age should be a minimum of 17 years, 
with a specified minimum standard of general and 
technical education. Transfer from National Certifi- 
cate courses to this particular course should be possible 
at appropriate stages. The examination papers should 
be set by the staff of each technical college and there 
should be an external assessor for the final papers. 
This would avoid the cumbersome National Certificate 
procedure, while maintaining a national minimum 
standard. Students should also be required to under- 
take some practical project; either after the final 
written examination or during the last six months of 
the course. This project should aim at testing the 
student’s ability to apply knowledge gained during the 
course, to obtain relevant knowledge from other 
sources, to analyse data, select critical factors and to 
make decisions. His attainments in this project 
should be assessed therefore more upon the way in which 
it had been carried out than upon the final result. 
During the last third of the course, students should 
be given small projects involving the correlation of 
knowledge gained at college with actual works cases. 
A course of this type would be suitable for the award 
of the Associateship of the new College of Technologists, 
but its value should be judged by its contribution 
to industry’s requirements. About 300 of the engineers 
annually passing through these courses are likely to 
be absorbed by industry. For these, 12 or 15 colleges 
would be necessary. 

Investigation and yesearch can be taken as coming 
within the general category of post-graduate courses, 
but in the past the attitudes of various technical col- 
leges to these matters have been very mixed. The 
chief obstacle has been finance. The research work 
should be undertaken in colleges which are situated 
in an area where industry has particular needs. If 
industry were able to make suitable contributions 
towards expenditure, assistants could be appointed 
solely for research purposes. Research projects can 
be used for training students in method. While 
research must take place to ensure “ live” teaching, 
care must be taken not to give it undue weight, to 
ensure that only suitable staff are given facilities, 
and that reSearch is not undertaken solely to secure 

igher degrees for staff and students. 

he present provision of part-time day and evening 
courses for craftsmen is not good enough in many 
colleges and even when it is there is generally a ten- 
dency to finish at the stage of the final examination of 
the City and Guilds of London Institute. There is, 
therefore, a need for advanced courses, which technical 
colleges should provide. The term “ craftsman ” 
covers a wide variety of occupations, so that the 
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individual’s particular needs will have to be met by 
means of either a one-night-per-week course, a short 
full-time intensive course or a conference type of course 
involving attendance, say, all day Friday and on 
Saturday morning. It would help considerably to 
ensure that the status of the craftsman is recognised 
at its full value if a national certification were created. 
It is suggested that three grades of certificates should 
be granted, the awards being based on a practical test 
to be taken by all apprentices at the end of the basic 
training period and a series of written examinations of 
the intermediate and final grades conducted by the 
City and Guilds of London Institute. 

Attention has recently been drawn to the need for 
preparing training and education schemes for tech- 
nicians, and it has been stressed that very little suitable 
educational provision is made for them at present. 
The reasons for this lack are that it is not clearly 
understood by staffs of technical colleges what tech- 
nicians really are; that Ordinary and Higher National 
Certificate courses appear to have satisfied demands 
in the past; that industry has been almost silent 
about what it really requires ; and that in many areas 
the numbers of students do not justify organising 
the separate types of courses that would be neces- 
sary. One of the main difficulties is the wide range of 
occupations and types of technicians. Their mental 
and manual abilities also vary very much. Conse- 
quently, no single course can be expected to be suitable. 

The author suggests a two-year course for tech- 
nicians engaged in the manufacturing industry. This 
would follow the Ordinary National Certificate course 
and lead to an award of a “ Higher National Certificate 
in Electrical Technology.” It should preferably be 
of the one day per week type and should be followed 
by endorsement courses requiring attendance on one 
evening a week in subjects particularly relating to the 
work of the technician in manufacture. The problem 
of providing similar courses for technicians on the 
generation and supply side of industry and in electrical 
communication is more difficult, since the needs are 
not as clearly defined and the candidates are more 
scattered. Courses would be of the one-day per week 
or of the full-time sandwich type. It is likely that 
there would be a greater need for the second type 
than in the case of technicians employed in manu- 
facturing. These courses would also lead to the 
award of the “ Higher Certificate in Electrical Tech- 
nology” with the possible addition of “ (Supply).” 
Endorsement courses in specialist items would be 
necessary. If the courses are to be successful there 
must be a good understanding of the needs of the 
different t of technicians ; and the courses must be 
carefully designed in accordance with these needs, with 
syllabuses compiled from advice obtained from persons 
of long and responsible experience in industry. Colleges 
will have to adopt somewhat unorthodox tuition and 
organisation. This branch of work of technical insti- 
tution is most important and justifies the devotion of a 
great deal of attention. 





CATALOGUE LIBRARY IN GLasGow.—The Engineering 
Centre, 351, Sauchiehall-street, Glasgow, C.2, has opened 
a catalogue library which contains literature issued by 
more than 3,000 firms, as well as a complete set of British 
Standards. Frequent additions are made by the firms 
represented, and supervision of the material by a tech- 
nica] staff ensures that it is kept up to date. Manufacturers 
are invited to include the Centre on their mailing lists. 








NEW TWIN-ENGINE DELTA-WING 
FIGHTER AIRCRAFT. 


Tue first British delta-wing aircraft designed as an 
operational long-range day and night fighter, the GA5, 
constructed by the Gloster Aircraft Company, Limited, 
Hucclecote, Gloucestershire, flew for the first time 
on Monday, November 26, at Moreton Valance aero- 
drome, Gloucestershire. It may be recalled that 
former delta-wing aircraft—the Avro 707A and 707B, 
the Boulton Paul P.111, and the Fairey FD1—were all 
designed for research purposes and are all small single- 
engine machines. The Gloster GA 5, however, which is 
shown in the accompanying illustration, is a powerful 
aircraft driven by two Armstrong Siddeley Sapphire 
axial-flow jet engines, with a static sea-level thrust 
officially exceeding 7,000 lb. each. No details of the 
performance, armament or radar equipment have been 
published. 





Suips’ Gravity Davirs.—Messrs. J. Stone and Company 
(Charlton), Ltd., Woolwich-road, Charlton, S.E.7, have 
announced that they have concluded an agreement with 
the Marepa Trust, Ltd., Liverpool, whereby they acquire 
an exclusive licence for the sale and manufacture of 
Marepa-type gravity davits for ships’ lifeboats. These 
davits, which will be manufactured and sold under the 
name of Stone-Marepa, will be supplied with either 
electric or hand-operated winches and fitted with grooved 
drums, centrifugal brakes and deadweight-operated 
ratchet hand brakes. The design is fully approved by 
the Ministry of Transport and complies with the latest 
requirements for the saving of life at sea. 





EVENING CLASSES IN LONDON.—The Principal of the 
Sir John Cass College, Jewry-street, Aldgate, London, 
E.C.3, announces a series of evening courses to be 
delivered in the college, commencing in January, 1952. 
In all cases, lectures are at weekly intervals, begin at 
6 p.m., and last one hour or more. Fees range from 
15s. to 30s. and the numbers of lectures from five to ten. 
The courses and their commencing dates are as follows. 
X-ray crystallography (January 10), absorption spectro- 
scopy (January 11), radiation detectors and counters 
(January 15), microchemical analysis (January 15), 
patents and industrial design protection (January 24), 
distillation (January 25). Applications for enrolment 
forms should be made to the Principal prior to the 
opening dates. A prospectus containing full particulars 
may also be obtained on application to the college. 





TROPICAL AND HIGH-ALTITUDE TRIALS OF VISCOUNT 
700 Am LiINER.—The prototype Viscount 700 air liner, 
constructed by Messrs. Vickers-Armstrongs Limited, 
Weybridge, Surrey, has recently completed extensive 
tropical and high-altitude flight trials in Africa; the 
aircraft returned to England on Friday, November 30. 
During take-offs from Khartoum and the high-altitude 
airfields at Nairobi and Entebbe, the water/methanol 
injection system, with which the Viscount’s four Rolls- 
Royce Dart propeller turbines ‘are equipped, was used 
very successfully. Routine maintenance only was 
required on the engines and the aircraft during the 
trials. It may be recalled that Viscount 700 air liners 
have been ordered by British European Airways, and 
are described by them as the “‘ Discovery ” class; the 
first deliveries are expected in the autumn of 1952, and 
they should be in service early in 1953. Twelve Vis- 
counts have also been ordered by Air France and four by 
Aer Lingus. 
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VARIABLE-CAPACITY PUMP FOR 
CORROSIVE AND VISCOUS LIQUIDS. 


In many industries and processes, corrosive, viscous 
or other liquids which are difficult to handle have to 
be pumped at controlled rates. A simple and easily- 
serviced pump has been developed recently for this 
purpose, in which the rate of delivery can be regulated 
from zero to maximum flow, either manually or auto- 
matically, while the pump is running. The Simpulsic 
pump, as it is styled, is designed and constructed by 
Messrs. Ames Crosta Mills and Company, Limited, 
Heywood, Lancashire. The pump is illustrated in 
Fig. 1, and a simplified sectional diagram is repro- 
duced in Fig. 2. The liquid is conveyed in a flexible- 
rubber duct, completely separated from the mechanical 
elements of the pump and from any metal parts, and 
is forced through the duct by pulsations generated in 
the tube by the pumping mechanism. The pulsating 
action effectively prevents any tendency for the liquid 
to encrust and choke the pipes. ' 

Referring to Fig. 2, it will be seen that the flexible- 
rubber tube @ is immersed in oil. The pumping 
mechanism imparts alternate pressure and suction 
impulses through the oil, causing the tube to con- 
tract and expand alternately. The tube is provided 
with rubber non-return valves b and c at the inlet and 
outlet of the pumping ‘section; when the tube is 
compressed, valve b opens and valve c is closed, so that 
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the liquid is expelled through the delivery outlet. 
On the alternate impulse, as the tube expands valve b 
closes and valve c opens, drawing in liquid from the 
suction inlet. The rate of flow through the pipe 
depends upon the frequency and amplitude of the 
pressure impulses, which are produced by the power- 
driven piston d, which has a fixed stroke, and the 
floating piston e which is free to travel between a fixed 
stop f and an adjustable stop g. If the latter is set so 
that the stroke of the floating piston is the same as 
that of the driven piston, no pressure impulses are 
produced; by progressively lowering the adjustable 
stop and reducing the stroke of the floating piston, 
the impulses produced by the reciprocating piston d 
increase until a maximum value is reached when the 
floating piston is held solidly against the fixed stop. 
The oil transmitting the pressure impulses is con- 
tained in two reservoirs, separated by a diaphragm h 
which has a range of movement ns 5 by two 
perforated limiting discs i and k. The secondary 
reservoir in which the flexible tube is housed is com- 
pletely sealed, so that the oil contained in it cannot 
escape; this is an essential feature of the pump, 
preventing the setting up of unequal stress distribution 
in the tube walls, which might arise if oil leakage could 
take place. In the primary reservoir, i.e., the space 
between the pistons and the diaphragm, provision is 
made for compensating for any oil leakage past the 
pistons by means of the two spring-loaded ball valves 








l and m, the valve J allowing for the return of any 
excess oil in the primary reservoir, whereas any loss 
of oil in the primary reservoir is compensated by the 
valve m which opens under suction to allow oil to flow 
in. It will be seen that the lubrication of all the 
working parts is ensured by enclosing them completely 
in the reserve oil above the piston. 

The stroke of the floating piston may either be 
controlled manually, through a worm and worm gear, 
as in Fig. 1, or it can be connected to a servo-mechanism 
for automatic control. An example of the type of 
application for which the Simpulsic pump is particu- 
larly suited is the neutralisation of an acid effluent by 
the addition of lime slurry, the output of the pump being 
automatically regulated by a pH-recorder/controller 
ns to the acidity and rate of flow of the 
effluent. 





STRUCTURAL PROBLEMS OF 
ADVANCED AIRCRAFT. 


Tuat the rapid development of the high-speed high- 
altitude aircraft has greatly complicated the structural 
designer’s task was demonstrated in a review of some 
of the “ Structural Problems of Advanced Aircraft,” 
given in a paper by Mr. H. H. Gardner, F.R.Ae.S., 
to the Royal Aeronautical Society on November 29. 
Between the wars, said Mr. Gardner, it was notable 
that a structural requirement for tapered wings of 
high thickness-chord ratio led, rather than followed, 
aerodynamic design; stressed-skin construction was 
generally adopted, but no optimum structural solution 
emerged. The approach to a shell structure had begun. 
It was general practice to make use of previously 
successful detail design. 

Towards the end of the Second World War, the 
Brabazon Committee of the Ministry of Aircraft 
Production produced specifications for future civil 
aircraft. With one exception, the immediate post-war 
civil aircraft operated at moderate speeds (up to 
300 knots), and altitudes (up to 25,000 ft.); the 
principal problems were those of pressurised structures, 
transparencies and dielectrics, and the life of aircraft 
structures, all of which still remained to be solved 
satisfactorily ; strength and stiffness problems had 
not yet become acute. New specifications for military 
aircraft increased the need for structural efficiency. 
The low structure weight necessary to enable the aircraft 
to reach the altitudes specified had become more diffi- 
cult to achieve with the reduced thickness/chord ratio 
of the wings, and the need to bury the engines in the 
wings. On a military aircraft of about 100,000 Ib. 
all-up weight, a 2 per cent. saving in structure weight 
would give an overall saving in take-off weight of 
6 per cent. or more. 

Since the end of the Second World War, aluminium- 
copper alloys for structures had been progressively 
superseded by the newer aluminium-zinc-magnesium 
alloys of higher strength. Buried engines, requiring 
access doors and large holes in the leading and trailing 
edges of the main structural box, had led to the 
retention of heavy spar booms, of considerable size to 
allow for the machining from the solid of mating parts 
for the spar joints, a more economical method of 
jointing than the use of steel couplings. Difficulties 
had arisen, in sections of about 6 in. thick in aluminium- 
zinc-magnesium alloy, from distortion after machining, 
and a variation of strength across the section resulting 
in a 6 to 7 per cent. lower core strength. With highly- 
tapered spar booms, to avoid distortion it was advisable 
to machine in the solution-treated condition in order 
that any correction might be made before precipitation. 
In the case of forgings, it was necessary to rough- 
machine in the annealed condition before fully heat- 
treating, and to allcw a 30-hour rest period before 
machining to size. Another serious disadvantage of 
the new alloys was the difference in strength along 
and across the grain, accentuated by stress concen- 
trations. 

Ambient temperatures of — 75 deg. to — 90 deg. C. 
were expected at 50,000 feet. It was thought that 
mild steels and many stainless steels would not be 
suitable. There was need for further information on 
the effect of low temperature on the notch fatigue 
strength of metals. The most important of the new 
materials was titanium; in the jet-engine field its 
ability to withstand high temperatures, its corrosion 
resistance, and its weldability and low specific weight 
made it attractive. As a structural material, pure 
titanium and titanium alloys had strengths comparable 
with that of high-tensile steel, and strength-to-weight 
ratios ranging from 1-4 times to more than twice as 
great. The modulus of elasticity ranged from 6,250 
tons to 8,040 tons per square inch. 

Structural problems associated with the pressure 
cabin were introduced principally by departures from 
the cylindrical or spherical shape, openings fur doors 
and windows, etc. It had been demonstrated 
mathematically and confirmed experimentally that, in 
a cabin of circular cross-section, by designing an ellip- 
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tical opening to certain dimensions, the boundary 
member was relieved of the bending stresses which 
would be present in the case of a circular opening. 
For this reason, the doors and windows of the Viscount 
air liner were elliptical. A mathematical approach 
was also applied to designing the front-end bulkhead 
of a military aircraft, which was required to be concave 
instead of the usual convex hemisphere. To keep the 
weight to a minimum, it was built up from arms, 
loaded in compression only, radiating from a central 
hub. The plating, subjected to tension only, was 
formed to the shape which would be taken up by an 
elastic diaphragm supported on representative edge 
members and subjected to pressure. The method had 
also been used successfully for producing catenary-like 
pressure-floor panels resting on the floor beams, 
resulting in weight saving and avoiding large deflections. 
Up to the present, little testing had been carried out on 
complete cabins, but repeated-load tests on pressure 
cabins would form part of the structural-test pro- 
gramme on new aircraft. The pressurised fuel tank 
also required consideration. Low-volatility fuels 
required a differential pressure of 3 lb. per square inch 
at 50,000 ft. to suppress boiling. Since a suction of 
3 lb. per square inch on the upper wing surface might 
also be present, a wing fuel-tank structure would have 
to withstand pressures of about 6 lb. per square inch. 
If fuels with higher vapour pressures were adopted, the 
problem would become more acute. 

Failures of Perspex fighter canopies could be attri- 
buted mainly to the combined effect of differential 
expansion and notch sensitivity. Solvent glazing 
could occur at room temperature at stresses above 
500 Ib. per square inch, and for this reason stringent 
official requirements for testing Perspex canopies had 
been laid down. It was believed that a comprehensive 
strain-gauging technique could be developed which 
would reduce the considerable amount of testing 
required. Glass weighed twice as much as Perspex, 
but would withstand abrasion and was not affected by 
solvents. It would not withstand a high degree of 
tension, and, owing to its high modulus of elasticity, it 
required care in mounting to avoid crack formation. 
Semi-toughened and toughened glass, which had 
surface-compressive stresses introduced during cooling, 
were usually laminated with a vinyl interlayer, which 
provided a means for flexibly mounting the windscreen 
by a metal strip, secured to the projecting interlayer 
only, through which the attachment bolts were fixed. 
Even so, panels frequently cracked or became delami- 
nated at the edges. Both Perspex and glass were 
unsatisfactory structural materials. 

Possible fatigue failures of civil aircraft had to be 
considered as the utilisation rates achieved by the air- 
line operators were increasing. Already, there were 
aircraft still in service with flying lives exceeding 
40,000 hours. The majority of failures in operational 
flying were of a secondary nature, but there had been 
some catastrophic failures; laboratory fatigue tests 
appeared to give pessimistic results. An important 
finding by the Royal Aircraft Establishment was that 
the endurance of a test joint could be increased con- 
siderably, by as much as four times, by using an inter- 
ference fit, e.g., a taper pin in place of a parallel pin 
fitted to normal standards. It was known that the life 
of components could be improved by understressing and 
by a single application of load of 50 to 70 per cent. of 
the ultimate design load. It might be, therefore, that 
the fatigue characteristics of a pressure cabin would be 
improved by the routine pressure test, and that a 
flight load of the order of 2g would have beneficial 
effects on a new aeroplane. The development of the 
counting accelerometer and counting strain gauge had 
provided suitable means for collecting extensive flight 
measurements of the load sequences occurring in 
flight. 

The adoption of swept-back thin wings had increased 
the magnitude and complexity of aero-elastic effects 
and transient stresses. In the past, recommended 
stiffness criteria were sufficient to ensure freedom from 
flutter, control reversal, and wing divergence. To-day, 
it was necessary to employ specialist staff to analyse 
fully in the early design stages the aero-elastic behavicur 
of the aircraft. In wing design, flutter was the major 
problem ; the establishment of the normal modes of 
vibration could be expedited with flutter models and 
with electronic calculaiing aids, but it was essential to 
check the calculated modes by a full-scale resonance 
test before the first flight of the prototype aircraft. 
Recent investigations at the Royal Aircraft Establish- 
ment had suggested that, for a given value of torsional 
stiffness of the wing, a reduction of flexural stiffness 
would increase the flutter speed. In order to avoid 
aileron reversal on swept-back wings, however, a high 
flexural stiffness was required; if adequate rolling 
power was to be provided, an appreciable increase of 
stiffness above the present requirements was required. 

On swept-back wings, longitudinal stability could 
be affec by structural distortion ; the loss of inci- 
dence at the wing tips due to upward bending led to 
a forward movement of the aerodynamic centre, and 





nose-up pitching, resulting in a greater increase of lift. 
It might be possible to design a wing in which the loss 
of incidence due to bending would be compensated by 
an increased incidence due to the rotation of a local 
region of low torsional stiffness about a local highly- 
swept-back axis, introduced at about one-quarter of 
the span outboard. 

In conclusion, said Mr. Gardner, more extensive 
structural research was needed, in particular, to discover 
a more satisfactory high-tensile light alloy, to expedite 
the production of titanium, to produce a transparent 
material without the disadvantages of Perspex and 
glass, to carry out more endurance testing and to 
develop large fatigue-testing machines, to adopt 
generally statistical instruments for recording flight 
loads on civil aircraft, to find alternative methods for 
avoiding aero-elastic troubles, and to develop the use of 
thick sheet and integral stiffeners. 


ELECTROMAGNETIC BIN 
VIBRATOR. 


THE accompanying illustration shows one of the 
electro-magnetic bin vibrators made in three sizes 
by the Magnetic Equipment Company, Limited, Lake 
Works, Wicor, Portchester, Hampshire. These vibra- 
tors consist of top and bottom units. The latter 
comprises a laminated magnet system which carries 
the operating coil. This coil is wound on an insulated 
metal bobbin and is contained in a metal enclosing 
cover. The top unit consists of a laminated armature 
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which is attached to the vibrator body. As will be 
seen, the two units are connected by springs and the 
whole system is tuned so that, under working condi- 
tions, it is in resonance with the supply frequency. 
The result is that a powerful vibrating force is obtained 
with a small power consumption. The units are 
arranged to operate on single-phase current and the 
degree of vibration is controlled by varying the ampli- 
tude of the armature movement. 

The smallest size’ of vibrator is intended for use 
with packing machines having a hopper volume of 
about 7 cub. ft. The next larger size is suitable for 
hopper volumes up to 50 cub. ft., and the third is 
intended for still larger applications. It is claimed 
that the use of this equipment prevents the material 
arching or clogging up and facilitates the flow even of 
difficult materials. No lubrication or other attention 


is required. 





Gas TURBINE ScHOOL.—The School of Gas Turbine 
Technology has just completed its first year in its new 
premises at Farnborough, Hampshire. During the 
year, 311 students passed through the school, which 
provided 17 courses, including two arranged specially for 
students from overseas. Six courses have already 
been arranged for 1952, namely, two on industrial gas- 
turbine technology, two on aero-engine design, a practical 
course on aero-engines, and an “‘ international ”’ course for 
overseas students covering both aero and industrial 
gas turbines. 





FABRICATED WATER-TURBINE RUNNER FOR NEW 
ZEALAND.—In order to reduce the wear caused by the 
abnormally high silt and sand content of the water, a 
runner for a 36,000-h.p. turbine in the Highbank station 
on the Rakaia river, near Christchurch, New Zealand, 
has been constructed by a new method. The sealing 
rings have been made of special erosion-resistant stainless 
steel and only the crown and skirt rings have been cast, 
the stainless-steel vanes being pre-machined and jig- 
assembled to ensure the maximum accuracy in the water 
passages. All the welding was carried out on a manipu- 
lator, with a specially developed sequence, in the Rugby 
works of the contractors—the English Electric Company, 
Limited. The runner weighs 64 tons and is 8 ft. in 
diameter. 
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CONTRACTS. 


THE HUNSLET ENGINE Co., LTpD., Leeds, 10, are in 
course of delivering six 65-ton 0-6-2 steam tank loco- 
motives, of 5 ft. 6 in. gauge, to the Commissioners of the 
Port of Calcutta. The locomotives have cylinders 16 in. 
bore by 24 in. stroke, the wheels are 3 ft. 10 in. in dia- 
meter, the boiler pressure 210 lb. per square inch, the 
adhesion weight 49 tons 5 cwt., and the maximum trac- 
tive effort 23,850 lb. The engines are intended to haul 
1,200-ton goods trains round curves of 300 ft. radius. 
The present constitutes the third order for six locomo- 
tives placed by the Commissioners with the Hunslet 
Company. 

During November, the British Electricity Authority 
placed contracts for equipment for power stations, 
transforming stations and transmission lines amounting, 
in the aggregate, to 13,149,7087. These include: main 
and auxiliary power cables, control cables and accessories 
for East Yelland power station, near Barnstaple, with 
ABERDARE CABLES, LTD.; foundations of buildings, 
circulating water system, cable tunnels and coal stores 
for Portishead “‘ B ” power station, near Bristol, with 
CuHas. BRAND & SON, LTp.; two 340,000 lb. per hour 
boilers for Brimsdown power station, with JOHN THOMP- 
SON WATER TUBE BOILERS, LTD.; preliminary civil- 
engineering work for Castle Donington power station, 
near Derby, with Wm. Moss & Sons, LTp.; main and 
auxiliary cables and accessories for Drakelow power 
station, with BRITISH INSULATED CALLENDER’S CABLES, 
Ltp.; two 300,000 lb. per hour boilers for Bold power 
station, St. Helens, with Yarrow & Co., LTD.; two 
300,000 Ib. per hour boilers and coal-handling plant for 
Connah’s Quay power station, near Flint, with INTER- 
NATIONAL COMBUSTION, LTD. ; foundations and culverts 
for Ince power station, near Ellesmere Port, with HOLLAND 
AND HANNEN & CuBitts, LTp.; three 350,000 lb. per 
hour boilers for Clarence Dock power station, Liverpool, 
with Bascock & WiLcox, LTp.; four 180,000 lb. per 
hour boilers for Doncaster power station, with MITCHELL 
ENGINEERING, LTD. ; 132 kV, 2,500-MVA switchgear for 
Skelton Grange power station, Leeds, with the BRITISH 
THOMSON-HovusTON Co., LTD. ; two 180,000 Ib. per hour 
boilers for Huddersfield power station with BENNIS 
CoMBUSTION, LTD.; main foundations for Stella South 
power station, near Newcastle-upon-Tyne, with Sir 
ROBERT MCALPINE & Sons (NEWCASTLE-UPON-TYNE), 
Lrp., and 132-kV overhead line for this station, with 
W. T. HENLEY’s TELEGRAPH WORKS Co., LTp. ; 11°8-KV 
lower-voltage cables for Carrington power station, near 
Manchester, BRITISH INSULATED CALLENDER’S CABLES, 
Ltp.; two 360,000 lb. per hour boilers for Chadderton 
power station, Oldham, with Smon-Carves, LTD.; 
railway sidings for Fleetwood power station, with 
THos. W. Warp, Ltrp.; one 300,000 lb. per hour 
boiler for Braehead power station, Renfrew, with 
BaBCOCK AND WILCOX, LTp.; two 120-MVA 275-132- 
kV auto-transformers for Slough, with the GENERAL 
ELEctTRIC Co., LTp.; 30 MVA 132-33-kV transformers 
and earthing transformers for Nelson substation, Lanca- 
shire, with the YORKSHIRE ELECTRIC TRANSFORMER CO., 
Lrp.; and the 132-kV Devonside to Redhouse overhead 
transmission line, S.E. Scotland, with Rm@EyY AND 
NEATE, LTD. 
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COLD-REDUCTION SHEET 
MILL AT PITTSBURG, 
CALIFORNIA. 


THe Columbia Steel Company, of Pittsburg, 
California, is one of the subsidiary undertakings 
of the United States Steel Corporation, and operates 
what is stated to be the only cold-reduction mill of 
its kind in the Western States. At one time, the 
Company produced sheets and tinplate by the old 
hot-pack rolling process. Tinning was given up 
during the recent war because of the shortage of tin, 
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considerable distance. After the second World 
War, however, the Corporation acquired the plate 
mill of the Geneva Steel Company in Utah, which 
they had built and operated for the United States 
Government during the war. Most of the Geneva 
Company’s war-time output consisted of steel 
plates, rolled in a 132-in. mill not greatly different 
in design from the modern type of continuous or 
semi-continuous strip mill. It was practicable, 
therefore, to convert this mill to roll either plates or 
hot-rolled strip in long lengths, and this was done. 
The conversion was completed in 1949, since when 
the Geneva Company’s mill has supplied most of the 





but the rolling of sheet continued by the old methods 





hot-rolled coils which are re-rolled into cold-reduced 
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until the construction of the new mill, a description 
of which is given below. An aerial view of the 
plant is reproduced in Fig. 1, herewith, and Figs. 
2 to 6, on succeeding pages, and Figs. 7 and 8, on 
page 784, show some of the processes and equipment. 
For these illustrations, and for the particulars 
which follow, we are indebted to Mr. Laurence §8. 
Dahl, vice-president (operations) of the Columbia 
Steel Company. 

Until comparatively recently, the coils of rolled 
steel which are the raw material of the Pittsburg 
mill were obtained from other subsidiaries of the 
United States Steel Corporation, many of them at a 
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CoLp-Repucrion MILL. 


sheets and tinplate at the Pittsburg mill. By com- 
parison with the former methods of production, 
cold-reduction has the advantages of more uniform 
control of the sheet gauge and dimensions, and, of 
course, a much higher production rate; and, as 
cold-rolling permits the use of steels of low phos- 
phorus content, the product has a higher ductility, 
better resistance to corrosion, and—an important 
factor for many users—a superior surface finish. 
The hot-rolled low-carbon steel coils from the 
Geneva mill or elsewhere are transported to Pitts- 
burg by rail and are stored until required in a large 
warehouse adjoining the pickling plant. On with- 





drawal from the'store, they are fed into the pickling 
line, which has an overall length of about 600 ft., 
the rear end of each coil being stitched to the front 
end of the next to maintain continuous operation. 
The pickling plant comprises a looping pit, five 
rubber-lined tanks in which the surface oxides on 
the steel are removed with dilute sulphuric acid 
and the strip is then rinsed, together with a side- 
trimmer and a recoiler. The steel strip is oiled 
during recoiling, and the coils are then transferred 
by conveyor to the cold-reduction mill itself. 
Coils can be handled up to a maximum width of 
54 in. and a maximum diameter of 58 in. The 
strip passes through the pickling plant at an average 
speed of 350 ft. per minute. ; 

The mill is of the five-stand four-high tandem 
type, and has a finishing speed of 3,900 ft. per 
minute. The five stands are identical in design, 
and have cast-stee] housings with a post area of 
870 sq. in. The work rolls are 21 in. in diameter 
and 56 in. long on the face, and are carried in four- 
row roller bearings with an inside diameter of 13} in. 
The two back-up rolls in each stand are 53 in. in 
diameter and 55 in. in length ; they are supported 
in pressure-lubricated radial bearings and located 
by roller thrust bearings. The driving motors 
aggregate 16,300 h.p., and are supplied by generators 
with a total capacity of 19,900 h.p. A fine spray 
of palm oil is used to lubricate the strip as it passes 
through the rolls, the oil mist created being drawn 
off by the exhaust system. The mill has a capacity 
of about 450 tons of strip per shift of eight hours. 
At its exit end are a reel and stripper, and a belt 
wrapper. The reel has a three-section drum, 20 in. 
in diameter, with a gripper. The belt wrapper has 
two 12-in. belts, and a double-acting air cylinder 
giving a traverse of 6 ft. to 8 ft. 

There are two oil-circulating systems to lubricate 
the bearings of the back-up rolls, with two separate 
systems for recirculating lubricating oil to the screw- 
down gear, the gear drives, and the pinion stands. 
There are also two motor-operated centralised 
pressure systems for greasing the mill roller-bearings, 
the spindle carrier bearings, and the chuck slides, 
pressure block screws, splines, etc. Two manually- 
operated systems supply grease under pressure to the 
uncoiler and the reel. Soluble oil in water is used 
to cool the rolls. The exhaust system for recovering 
the mist produced during rolling has a capacity of 
100,000 cub. ft. per minute. 

The total reduction in the thickness of the strip 
is up to 80 per cent. of the original thickness ; most 
of it is effected in the last three stands, the amount 
ranging from 17 per cent. to 45 per cent. in each 
stand. There is, of course, a further reduction in the 
subsequent temper rolling. The reduction accom- 
plished in the mill is partly obtained by tension 
between the stands, and this may range from 
10,000 lb. to 80,000 Ib. per square inch in the strip. 
The original length of a hot-rolled coil as fed into the 
mill is about a quarter of a mile, which is increased 
by rolling to a final length of about 1} miles. It is 
stated that, in another mill owned by the United 
States Steel Corporation, and equipped with a similar 
set of rolls, steel has been cold-reduced to a thickness 
of 0-0035 in., which is claimed to be the thinnest 
ever attained on a large five-stand mill in commer- 
cial production. The gauge of the strip is controlled 
to within + 0-0005in. The hardness, as the strip 
leaves the mill, is approximately 90 Rockwell B. 

On leaving the mill, the strip passes to one of the 
two electrolytic cleaning lines (Fig. 3) for the 
removal of the rolling lubricant remaining on its 
surface. Successive strips are welded end to end 
to give a continuous feed to the cleaning plant, the 
ends being cut square before welding, by air- 
operated shears. Similar shears cut out the welds 
at the exit end of the lines of covered tanks, which 
comprise, in order, a cleaning section and a scrub- 
bing section, then another cleaning section and 
scrubbing section, and a final rinsing section. 
Cleaning is effected by electric current passed 
through an alkaline solution. The cleaned strip 
is dried with hot air and then rewound into coils 
for transport to the annealing department. The 
speed of travel through the cleaning plant is 1,750 ft. 
to 2,000 ft. per minute. 

The annealing shop, illustrated in Figs. 4 and 5, 
on page 770, has 30 furnace bases, each large enough 





to accommodate eight of the cylindrical hoods, 
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5 ft. 2 in. in diameter and 13 ft. 9 in. high, and made 
of #, in. open-hearth steel plate, to be seen in those 
illustrations. Each hood covers a stack of four 
coils, piled to a height of about 12 ft. 6 in. The 
portable cover-type furnace is lowered by a travel- 
ling crane over the group of eight hoods, and rests 
on a sand seal at the base. The hoods are then 
filled with inert gas—the product of combustion of 
natural gas, burned in a controlled-atmosphere 
generator—to prevent scaling. The furnaces are 
fired with natural gas, and the coils are annealed 
at a temperature of 1,350 deg. F., automatically 
controlled. An eight-point recording pyrometer 
records the temperature at selected points in each 
stack. There are ten portable furnaces, which can 
be used on any of the 30-bases. The coils are taken 
into and out of the annealing shop on flat cars, as 
shown, and are handled by an electromagnet from 
the overhead travelling crane. 

The furnace bases are of structural steel, sealed 
with sand on all four sides, and each having eight 
circular steel loading plates, mounted on sectional 
castings. The bottom lining course of each base 
is of insulating material, 24 in. thick, and over this 
is laid insulating concrete and then refractory 
concrete. There are eight recirculating fans to 
each base, to ensure satisfactory heat distribution 
throughout the charge and subsequently to expedite 
cooling ; they are driven by 1}-h.p. motors. Heat 
is supplied to each furnace through 40 recirculating 
combustion units of the radiant-tube type, made of 
nickel-chromium heat-resisting steel, and each pro- 
vided with its individual proportioning carburettor 
for fuel and air, a test burner, and lighting torches. 
The combustion-air fans are of the turbine type, 
driven by totally-enclosed induction motors. The 
generators which supply the inert gas are three in 
number, each with a capacity of 10,000 cub. ft. per 
hour. Each has a refrigerating unit to cool the 
prepared gas, thus reducing its dew point to about 
40 deg. F. The refrigerator motors are of 7 h.p. 
and the blowers which supply combustion air to 
the generators are of 3 h.p. 

Oxidation during annealing being effectively 
prevented by the use of the controlled atmosphere, 
the annealed coils can be taken directly to the 
temper mills without further preparation of the 
surface. The single-stand four-high temper mill, 
which is illustrated in Fig. 6, opposite, has work 
rolls 21 in. in diameter and 60 in. long on the face, 
and back-up rolls 49 in. in diameter. It is driven 
by a direct-current motor of 1,000 h.p.; at a 
maximum speed of 600 r.p.m.; the supply to the 
motor is at 600 volts. The maximum speed of 
rolling is 1,000 ft. per minute of strip from 24 in. to 
52 in. wide, but it is equipped also to roll single 
sheets if desired. If the steel is required by the 
customer to be supplied in sheet form, the temper- 
rolled coils are side-trimmed and cut to length in a 
shearing line, to cut sheets up to 54 in. wide, through 
which the steel passes at 400 ft. per minute. 

The Columbia Steel Company also supply gal- 
vanised sheets and these, too, are produced at the 
Pittsburg plant. Sheets intended for galvanising 
are transferred from the mill to a batch pickling 
line, where they are pickled, neutralised, rinsed, and 
treated to drive off hydrogen. The stacked sheets 
are then taken to the feed tables of the galvanising 
line, which comprises pickling tanks, the galvanising 
pot, a washer, a dryer, and roller levelling machines 
for flattening the coated sheets. 

Strip steel destined for conversion into tinplate 
sheets passes through one of two four-high two- 
stand tandem temper mills at about 3,000 ft. 
per minute, and is supplied in widths from 16 in. 
to 38 in., with thicknesses which may range from 
0-006 in. to 0-060 in. The work rolls of these 
mills are 18 in. in diameter;and 42 in. long on the 
face, and the back-up rolls are 49 in. in diameter 
by 42 in. Two-stand tandem mills are used in this 
line because they ensure greater hardness and 
stiffness than can be obtained with a single-stand 
temper mill. The strip coils, which are 20 in. inside 
diameter and up to 60 in. outside diameter, are 
taken (whether they are intended for black plate 
or hot-dipped tinplate) to one of three shearing 
lines, in which they are side-trimmed, cut to length 
by a rotary shear, and stacked. Each line is 
equipped with a flying micrometer and a photo- 
electric pinhole detector. On the delivery side of 
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the rotary shear in each line, a classifier sorts the 
plates into “‘ approved ” or “‘ rejected ” piles. 

There are 14 hot-dip tinning units, each com- 
pletely equipped so that it can operate independently 
of the others (Fig. 7, page 784) ; a feature which is 
claimed to be unique in hot-dip tinning practice. 
The general design of the plant was developed as a 
result of research carried out by the Tennessee Coal, 
Tron and Railroad Company, also a subsidiary of 
the United States Steel Corporation. At the entry 
end of a hot-dip line, the black-plate sheets are fed 
into an electrolytic pickling unit and thence through 
a flux bath, into a bath of molten tin, and on to 
the tinning rolls, which are immersed in palm oil to 
prevent oxidation and assist uniform coating. 
Excess oil is removed in a washer containing an 
alkaline solution and the plates then pass through 
a branning machine, where they are polished by 
cloth-covered rolls over which rye or wheat mid- 
dlings are continuously distributed. They are then 
re-oiled. A conveyor takes the polished plates to 
an inspection station, where they are classified as 
“prime,” “‘ mender ” or “‘ water-waste ” and auto- 
matically piled according to their classification. 
Coated sheets entering the “prime” piler are 
counted electronically. ‘“‘ Mender ” sheets are those 
which show only coating defects that can be cor- 
rected by re-tinning. ‘*‘ Water-waste’ sheets are 
those found unfit for commercial use. 

Hot-dipped tinplate is produced in the Pittsburg 
plant in three coating weights, designated as 
‘“common cokes,” ‘‘ standard cokes” and “ best 
cokes,” and having in their coatings, respectively, 
1-25 lb., 1-5 Ib. and 1-65 lb. of tin per base box. 
The “base box” is equivalent to 112 plates, 
14 in. by 20 in. and of any gauge, or a single 
area of 31,360 sq. in. The thickness of the 
coating on the hot-dipped ‘‘common coke” sheets 
is only about 66 millionths of an inch, but economic 
considerations showed, even before the war, the 
need for sheets with lighter coatings. What is 
claimed to be the first commercial electrolytic 
tinning plant for plating continuous strip was 
built at Gary, Indiana, by a subsidiary of the United 

tates Steel Corporation, and, on the basis of the 
experience thus gained, electrolytic tinning has been 
also installed at Pittsburg. In this installation, 
illustrated in Fig. 8, on page 784, the annealed 
and tempered coils from the main mill are first 
uncoiled, trimmed to exact width and recoiled at a 
maximum speed of 1,800 ft. per minute. An air- 





operated shear then trims the adjoining ends of the 
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strips, which are seam-welded by a travelling 
welding-head. The welded strip passes next 
through pinch rolls, and thence in a loop to a 
tensioning device which winds the strip into tight 
coils, weighing up to 30,000 lb. each, for transfer to 
the electrolytic tinning line. 

The several stages in the electrolytic line are 
continuous and extend over a distance of rather 
more than 250 ft. At the entry end are two coil- 
holders, the pinch rolls and guides, a double-cut 
shear, and a welding machine to join successive 
coils end to end. From the welder the continuous 
strip drops into a 60-ft. looping pit, this slack loop 
enabling the subsequent processes to operate con- 
tinuously while the incoming strip is momentarily 
stopped for welding. The uncoated strip is cleaned, 
rinsed, pickled, again rinsed (to remove the pickling 
salts and solution) and then fed into four successive 
electroplating tanks. The weight of the coating is 
regulated by varying the current density for a given 
strip width and speed, and an integrating meter 
shows directly the weight of tin that has been 
applied. On leaving the fourth plating tank, the 
strip is rinsed and then passes through a vertical 
muffle furnace in which it is resistance-heated to 
melt the tin into a uniform coating. It is then 
quenched in water, chemically cleaned and, finally, 
passed through a machine in which a protective 
coating of oil emulsion is applied. 

The tinned and oiled strip is drawn over a hump 
conveyor to a combined roller leveller and rotary 
flying shear, which cuts it into sheets of the desired 
length. The sheets fall on to classifying conveyors 
for sorting into “prime plate,” “‘menders” and 
‘* off-gauge plate.’ The prime plates are counted 
into bundles according to requirements and are 
taken on a roller conveyor, at right angles to the 
tinning line, for weighing and packing. Off-gauge 
and mender plates are transferred from the pilers to 
a reclassification line for further inspection and, if 
recoverable, for additional treatment. 

The electrolytic tinning plant can produce tin- 
coated sheets 0-007 in. to 0-0143 in. thick, 18 in. 
to 34 in. wide and up to 37} in. long at speeds up to 
650 ft. per minute. The coating is checked by a 
thickness gauge which can measure to within 
6 ten-millionths of an inch, the sheet of tinplate being 
exposed to an X-ray beam and the secondary rays, 
reflected from the steel beneath the coating, being 
measured with a Geiger counter. The radiation 
which reaches the Geiger counter is in inverse 
proportion to the thickness of the plating. 
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Facts, Files and Action in Business and Public 
Affairs. Part One, Sources and Backgrounds of 
Facts. 

By Dr. J. Epwin Hoitmstrom, Chapman and Hall, 

Limited, 37, Essex-street, London, W.O.2. [Price 36s. 

net.) 

THE best way to describe the nature of this book 

is to relate it to Dr. Holmstrom’s work Records and 

Research in Engineering and Industrial Science, - 

first published in 1940, and of which a favourable 

review of the considerably enlarged second edition 

appeared in the issue of ENcrvzERtNG for January 9, 

1948. The purpose of that book was to serve as a 

guide to sources of information in the engineering 

and scientific fields ; the constitution and activities 
of research organisation and professional institu- 
tions were described, and methods of collecting and 
utilising data dealt with. The present work sets 
out to extend the same treatment to “ business 
and public affairs.” This expression covers a very 
large field and it is not surprising that three volumes 
have been found necessary to cope with the formid- 
able task which the author has set himself. The 
present Part 1 deals with “Sources and Back- 
grounds of Facts”; Part 2, now in the press, is to 
cover “Filing, Indexing and Circulation” and 

Part 3, in preparation, “‘ The Planning and Ensuing 

of Action.” 

It is stated in the preface, that “‘ policy needs to 
be formulated on a broad foundation of all the 
relevant facts, not as we should like them to be but 
as they actually are.” This dictum may certainly 
be accepted as an expression of what is desirable, 
but it is to be feared that, in public affairs, policy 
is frequently based on “‘ facts ” as the policy-makers 
would like them to be. It is doubtful if the remark- 
able collection of information present in this book 
will have much effect on many of those who control 
public affairs, but it may prove of very considerable 
service to many who have to deal with industrial 
problems. As an example, when a firm are con- 
sidering setting up a factory in some part of the 
country remote from the scene of their previous 
activities, in choosing one of a number of possible 
sites it is necessary to collect information about 
local government, population, transport facilities, 
social services, power supply and other matters. 
Data bearing on such subjects can be, and are, 
collected from various sources, but it would be a 
considerable convenience, and might save much 
fruitless inquiry, if a guide to sources of information 
on these vary varied considerations were available. 
This book is such a guide. 

It contains a bibliography listing 946 publica- 
tions; these consist not only of books in the 
ordinary sense, but reports of many kinds and 
various articles in periodicals. A bibliography of 
this extent may appear to be too large to be of 
practical use; but this is not the case, as it is 
divided into sections each concerned with some 
specific field, and a reader who is seeking informa- 
tion about say ‘‘ Transport by Hand ” is faced with 
only 36 entries. Although, in a sense, the biblio- 
graphy is the most important part of this guide, 
and it is stated that “it is one of the main objects 
of this book to mention” the publications con- 
tained in it, it would be incorrect to assume that 
this compilation is a mere list of sources. It con- 
tains 30 chapters ‘‘each dealing with a different 
facet of the national life and economy” and the 
various items given in the bibliography are related 
to the general considerations and explanations which 
make up the chapters. In this way the relative 
importance, or particular value, of the various 
bibliographical items may be judged. 

The range of the book may be indicated by 
giving the titles of a few chapters, selected at 
random—Economics and Sociology for Planning ; 
Geography; Local Government Services; Public 
Finance. Of this brief list, it may be said that the 
chapter on geography contains information about 
what maps are available and who publishes them. 
The descriptive matter in the chapters is well 
written and, although its main purpose is to give 
information, personal comment or criticism by the 
author is not lacking; it is remarked that the 
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index to the late Professor Levy’s The Shops of 
Britain is “‘infuriatingly inefficient.” Dr. Holm- 
strom enlivens his pages with various obiter dicta, 
as, for instance, about the “‘silly use of the word 
‘target ’,”’ with which most, but not all, educated 
people will find themselves in agreement. The 
whole book is one more example of the author’s 
remarkable industry. 





ELASTIC STRESS ANALYSIS 
OF MULTI-BAY SINGLE- 
STOREY FRAMEWORKS. 


By E. H. Bateman, M.A., Ph.D. 


Tue type of structure analysed in this article— 
the type with rigid joints and fixed footings—is 
used by Southwell* as an example of “ problems 
which are too complex for exact mathematical 
treatment,”’ and for which solutions may be ob- 
tained ‘‘ by experiments on models.” The difficulty 
of obtaining an analytical solution by known 
methods is further evidenced by the omission of the 
multiple-bay fixed-base frame from the publications 
of Gehler,t Kleinlogelt and other investigators 
who have tabulated so many results for frameworks 
of lower redundancy and simpler elevation. 

The recent development by L. A. Beaufoy and 
A. F. 8. Diwan§ of a method described as “a 
mathematical analogue of the experimental one 
using unloaded models,” which they have applied 
successfully in this context, adds support to the 
view that this is a problem which tends to expose 
the limitations of the several established methods 
of analysis. Subsequent to the preparation of the 
substance of this article early in 1949, there has 
been considerable progress in the construction of 
electronic computers capable of performing the 
matrix operations on which the present method 
depends. Hence, although it was devised as a 
logical extension of the classical strain-energy 
approach, with manual computation in view, this 
matrix method may well prove to be the best way 
of ordering the numerical data of a problem for high- 
speed automatic computing. 

The structure illustrated in Fig. 1, herewith, as 
a series of polygonal arches supported on vertical 
pillars, is a symmetrical form suitable for an engi- 
neering design, but the general case is that in which 
the pillars need not be vertical, nor the footings 
at the same level, nor the arches symmetrical. 
The problem is to find the load vector, representing 
the bending moment, axial force, and shear force, 
at any point due to any applied load or combination 
of loads. Though the analysis is specially directed 
to the solution of this particular problem, the 
methods developed in this paper have a wider 
application in the theory of structures. 

The solution is established for the general case in 
terms of matrices formed from coefficients which 
describe the geometrical, elastic, and loading data 
of the problem. Special consideration is given to 
the construction of the operational matrix, the 
inversion of which is the principal difficulty in 
problems of redundant structures. This matrix con- 
tains only the geometrical and elastic data of the 
problem, and the possibility of obtaining a solution 
depends on the orderly and economical statement 
and manipulation of the design data. One of the 
principal contributions to the solution is a theorem|! 
stated by the writer in 1933, which expresses the 
strain energy in a form in which all quantities 
not material to the final solution are discarded by 
the formation of the equations of minimum strain 
energy. 

The other principal contributions are the choice 
of the most convenient axes for introducing the 
geometry of the framework, and the use of matrix 





* Theory of Elasticity, by Sir Richard Southwell, 
F.R.S, Oxford University Press, 1941. 

+ Der Rahmen, by W. Gehler. Berlin, 1925. 

t Rahmenformelin, by A. Kleinlogel. Berlin, 1945. 

§ “Analysis of Continuous Structures by the Stiffness 
Factors Method,” by L. A. Beaufoy and A. F. 8. Diwan. 
Quarterly Journal of Mechanics and Applied Mathematics, 
vol. II, Part 3, Sept., 1949. 

ii “‘ The Strain Energy of an Elastic Bar,” by E. H. 
Bateman. Phil. Mag., December, 1933, page 1128. 





algebra* to organise the design information, and to 
reduce and control the analysis. In this system, 
the determination of the load vector at any point, 
in the general unsymmetrical case with a large 
number of bays and with any combination of 
applied loads, is no longer beyond computation, 
and the complete solution for a two-bay or three-bay 
frame becomes an eminently practicable operation 
of design analysis. A symmetrical case, with a 
small number of frame members, is chosen for the 
numerical example, because it fully illustrates the 
essential features of the solution with the minimum 
of arithmetic. The introduction of asymmetry, 
and the increase in number of frame members 
which may be necessary to account for the curvature 
or variable section of frame members, will increase 
the labour of computation, but will not materially 
affect the form of the operational matrix, and, 
therefore, will not increase the computation involved 
in forming its reciprocal. 

In the analysis of statically indeterminate struc- 
tures, the indeterminate quantities may be taken 
either as forces or as displacements.t The choice 
will depend on whether it is easier to write down 
the equations of statical equilibrium of the panel 
points, or the equations of positional and elastic 
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continuity. If the form of the structure is a grid 
or network, the displacement method is the more 
suitable, because the number of independent dis- 
placements will be small in relation to the total 
number of frame members. In the present problem, 
a complete displacement vector, of rotation and 
translation in two directions, is needed to specify 
the position of intermediate panel points in the 
arch sections. The equilibrium equations are 
simpler to form, and the analysis is therefore con- 
ducted in terms of forces instead of displacements. 

The problem is essentially one of flexure, and the 
direct forces and shear forces in the frame members 
are assumed to make no contribution to the total 
strain energy, though they must, of course, be 
included in the final stressing of the framework. 
While the error introduced by this assumption may 
sometimes be appreciable{—e.g., 74 per cent. in 
a representative multi-storey framework—the effect 
can be ignored in a single-storey frame, and it may 
be assumed to have no practical significance in a 
frame with arched or pitched roof-members. 

The stress at any point in the framework arises 





* The Theory of Determinants, Matrices and Invariants, 
by H. W. Turnbull, F.R.S. Blackie and Son, 1948. 

t+ “The Stress Analysis of Continuous Frames,” by 
E. H. Bateman. The Structural Engineer, October, 1936. 

t “ The Effect of Longitudinal Strain in the Members 
of an Elastic Network,” by E.H. Bateman. Phil. Mag., 
January, 1935, page 59. 








from the bending moment and two force com- 
ponents acting at that point, but it is more con- 
venient to work with a load vector comprised by 
the bending moment and two thrust moments, so 
that there are N statically-indeterminate moment 
vectors for the single-storey framework of N bays. 
If these moment vectors are taken to act on sections 
through the arches rather than in the pillars or at 
the pillar footings, there is only one unknown 
vector in operation for each arch member and only 
two for each intermediate pillar. 

Except in the most elementary problems, the 
strain energy cannot be stated directly in terms of 
the unknown vectors and the applied forces, but 
the introduction of the unknown moments at the 
ends of the frame members leads to a very simple 
form for the statement of totalstrain-energy.* These 
unknown end moments are related to the indeter- 
minate moment vectors and the applied forces by 
the equations of statical equilibrium of the panel 
points, and these equations appear in a form 
suitable for immediate expression in matrix notation. 
The equations of minimum strain energy are set 
up by using the matrix of the unknown moment 
vectors as the independent variable in the differen- 
tial operator. The relevant differential coefficients 
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are obtained in matrix form from the equations of 
equilibrium. 

There are 2R equations of equilibrium and 3N 
strain-energy equations in a framework of R 
members and N bays. They are expressed as two 
simultaneous matrix equations, and the elimina- 
tion of the unknown end moments results in the 
formation of the operational matrix. This is a 
square matrix of order 3N, which is considered as a 
matrix of order N in which the elements are third- 
order square matrices. As a result of the proper 
choice of the points of action of the moment vectors, 
this matrix of matrices consists of the three major 
diagonals with all other elements zero. The next 
operation is to eliminate the non-diagonal elements 
of the diagonal sub-matrices, and this is done by 
finding a suitable origin and orientation of co- 
ordinate axes for the moment vector acting in each 
bay. The leading diagonal can then be reduced to 
unity by simple multiplication, since the reciprocal 
of a diagonal matrix is the matrix of the reciprocals 
of the diagonal elements. 

The operational matrix is now in a form in which 
its reciprocal can be readily obtained for a two-bay 
or three-bay frame, and from which a numerical 
reciprocal for a large number of bays is not beyond 
reasonable, if lengthy, computation. Three methods 





*“ The Strain Energy of an Elastic Bar,” by E. H. 
Bateman. Phil. Mag., December, 1933, page 1128. 
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of inversion are given in pumas I: (a) the inver- 
sion of a matrix of non-commutative elements in a 
form which corresponds with that normally used for 
an arithmetical matrix; (6) a method of inversion 
by binomial expansion; and (c) a method of 
successive approximation, and correction of approxi- 
mate solutions, by remainder distribution. When 
the reciprocal of the operational matrix has been 
found, the solution matrices and the determination 
of the effects of the applied loads follow by straight- 
forward matrix multiplication. 

The more important application of the structural 
form under discussion is, perhaps, the framework of 
a factory building or an aircraft hangar, rather than 
the viaduct mentioned by Southwell. In the former 
applications it is common practice, for the want of a 
workable method of analysis, to introduce pin joints 
at the pillar footings, and, in larger structures,* to 
design each bay as an independent two-hinged 
arch, thus doubling the intermediate pillars. It 
may be open to argument, perhaps, whether it is 
better to use the roof of a structure to support the 
pillars rather than, as might seem more natural, to 
use the pillars to support the roof, but there is a 
strong case for presuming that the fixed-base 
structure must result in a significant saving in 
material. A discussion of the economics of different 
forms of construction is outside the scope of this 
paper, but a dictum of Coxt gives immediate 
substance to the argument that the additional design 
cost of a fixed-base structure should lead to a 
substantial reduction in overall cost, in a structure 
of large spans or a large number of similar frames. 
“The minimal weight of a structure,” he observes, 
“is represented by a redundant framework which is 
for all values of the structure-loading coefficients 
lighter than the lightest possible simply stiff frame- 
work.” 
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wore mathematical development. In particular, 
suffixes are not always fully detailed, and some 
abbreviations are made without explicit definition. 
The convention of matrix multiplication is that the 
left-hand matrix in a product controls the number of 
rows, and the right-hand the number of columns, 
in the product matrix. Brackets { } are used to 
designate single-column matrices. 

‘Lhe meaning of some symbols rests on the context 
in which they appear, but the principal symbols 
apd conventions are given below. 


M,N the unknown moments at the ends of a frame 
member. 

F,G _ the corresponding known fixing-moments due to 
applied loads. 

m,n defined by the equations M=m+F,N=n+G. 

S the moment of the applied forces about any panel 
point, including only those forces which occur 
between the panel point concerned and the 
point(s) of action of the indeterminate vector(s) 
acting on the said panel point. 

f, 9 defined by the equations f = F —S,»,g = G — Sy. 

(XYZ],, (XYZ]g,... are the statically indeterminate 
moment vectors in the bays A, B,..., respec- 
tively. 

H, V are the “horizontal” and “ vertical” thrusts 
in any bay, and are related to Y, Z by the equa- 
tions Y = AH, Z = dV, where h, d are lengths 
representing the height and span of a bay. 

» the reciprocal of the flexural stiffness of a frame 
member, i.e., the ratio of length to moment of 
inertia of cross-section. 

jkl the co-ordinates about any panel point of the mo- 
ment vector [XYZ]. Since X is a puremoment, 
j is always unity, positive or negative. Since 
Y, Z are the thrust moments corresponding to 
the thrusts H and V, k and I are the geometrical 
co-ordinates of the panel points relative to the 
axes H, V, subject to a possible reversal of sign, 
depending on the sign convention adopted for 
the end moments in the frame members. 
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which shows the left-hand top corner of the matrix shown more fully below. 


B= Ami ni m2 ste Bmi nl 
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The matrix notation generally follows that used 
by Turnbull, but, since the algebra is always directed 
to the solution of the problem under discussion, the 


notation i is less formal than would be necessary in a 
* “The Brabazon Assembly Hall at Filton,” by 
Cc. B. H. Colquhoun. JI. Inst. C.E., March, 1949. 
3 “The Design of Structures,” by H. L. Cox. Proc. 
Stzth International Congress for Applied Mechanics, 1947. 
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The convention of sign for vl moments 
and fixing moments is that, in the arch members, 
a positive moment is that corresponding to a centre 
of curvature above the arch. For all the pillars, 
the positive moments correspond to a centre of 
curvature on the left-hand side. Thus the moments 
in the second pillar from the left are defined in 





relation to the second bay, and the action of the 








first-moment vector on this pillar involves a reversal 
of sign in forming the co-ordinates jkl from the 
geometrical co-ordinates of the panel points. 

The method of enumerating frame members is 
shown in Fig. 1, and the directions in which the 
various moments and thrusts are normally taken as 
positive are shown in Figs. 2, 3, 4 and 5, on page 772. 

The geometrical description of the frame is based 
on the points of intersection of frame members, or 
panel points, the positions of which are denoted by 
Cartesian co-ordinates z, y, With origin at the foot 
of the left-hand column in each bay. 

‘Lhe origin of the thrust axes H, V is the point 
Zo» Yo; V is taken parallel to the y axis and H 
inclined at an angle « to the z axis. 

The strain energy in any member of the frame- 
work is 

8U = p(m?+mntn*)+C. «© (1) 
where C is independent of m and n, and m, n are 
related to the unknown end moments and the known 
fixing moments by the equations 


M=m+F, N=n+G. . (2) 
The total strain energy for the whole framework is 
U =X p(m*® + mn + n*) + Const. . (3) 


where the summation includes every member of 
the frame. 
There are two equations of statical equilibrium 
for each member of the framework :— 
= G1 Xm + G1TX%m + Sm) 4) 
Nn G1xe + UTE + Be f° 
where 
G|X) = Gku {xyz} -7X +kY +12, 


and the suffixes m, n distinguish the values of the 
coefficients at the two ends of the frame member. 
{XYZ} and {X’Y’Z’} are the two unknown 
vectors which act on the member under considera- 
tion. 

For a framework of R members, there are 2 R 
equations of equilibrium, of the form (4), which 
may be written 

{M,N} = A{X}+{SmSn}, . ©) 

where A is the complete coordinate matrix of 2 R 
rows and 3 N columns, if N is the number of bays 
in the framework and hence the number of unknown 
vectors. In this matrix, all the rows which relate 
to arch members of the framework have only three 
elements, and each row which is related to a pillar 
has not more than six. 

Now introducing, in (5), the variables m, n for 
M,N, 


A(X} - {mn} - (8.0) + {Sma} = 


A {x} - {m, n} - {f, o} =0.. . (6) 
Anticipating the requirements of the following 
paragraph, equation (6) may be written 

(Am + An) {X} — {m,n} — {f, 0} = 0, (6a) 
where A,, derives from the Ist of equations (4) 
and A, derives from the 2nd of equations (4) so 
that the elements of A,, only occur in equations 
involving m and f and that the elements of A, only 
occur in equations involving n and g. 

There are 3N equations of minimum strain 
energy 


or 


dU dU dU dU 
=x, & & &” 
which may be consolidated in the form 
fy... = 0, ° ° - (8) 
a{x} 
Since U, as defined by equation (3), is a function of 
m and n, 





.=0, . (7) 





_au_ _ dm OU, dn OU 

a{x} d{x}dm a{x} én 

In this equation, the prior operator in the term on 
hee d 

the right-hand side is ——., 

a{x} 


(9) 


because it controls 


the number of single equations involved. Then, 
from equations - (8) and (9), 


Fane = (tim +n) + BONS wien +m) 


ain, a } . a{x} - (10) 


where the terms covered hn summation represent 
the contribution of any one member of the frame- 
work, 
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Now considering only one of these equations, i.e., 
by writing X for {X} in (10), the terms on the right- 
hand side are of the form (j| | m), which is the 
matrix product [j] [4] {m}, where [wu] is the 
diagonal matrix of the flexural stiffness coefficients. 

Hence, equation (10) may be written 


aa [ul {2m + n} + ae (p) {m + 2n} = 0. (11) 
Now from equation (6a) 
dim d 
ia} apy 
d{n} d 
a{x} @{x} 
where Aj, and Aj, are the conjugates of A,,, A,. 
The strain-energy equations (8) now become 


Am (pu) {2m + n} + AQ (ul {m + 2n} = 0, 
1.€. 

(2 Am + Ay) [ul {m} + (Aj + 2 Ay) [u] {n} = 0, 
or 





An {X} = Aj, 


B{m,n}=0. . ae 


where B is the matrix of 3N rows and 2 R columns, 
in which the Ist, 3rd, . . . columns form the matrix 
(2 Aj, + Aj) [v], the 2nd, 4th, .. . columns form 
the matrix (A), + 2 Aj) [pz]. . 

The equilibrium equations (6) and the equations 
of minimum strain-energy (12) have been found in 
the form 

A {x} - {m, n} - {1,9} = 0 
B {m, n} = 0. 
Eliminating {m, n} 
BA {xX} = B{y, o}, 
or 
Q{x}=-Bf{so}, .  . 13) 


in which the operational matrix Q=BA is a 
square matrix of order 3 N, formed by the product 
BA, where A is a matrix of 2R rows and 3N 
columns, and B is a matrix of 3 N rows and 2R 
columns. ; 

The derivation of a practicable solution of 
equation (13) depends on the possibility of formation 
of the reciprocal matrix Q-', and the method, as 
already outlined, depends mainly on finding the 
operational matrix in the simplest possible form 
before attempting its inversion. 

Details of the matrices A, Aj,, Aj, and B, on 
which the construction of the operational matrix 
depends, are given in Tables I and II, on page 773. 

In Tables I and IT, the suffix numerals ienote the 
number of the frame member in any bay; the 
relevant bay is denoted A, B,...; and the two 
ends of the frame members are distinguished by the 
suffixes m,n. The suffixes are written outside the 
matrix box, to avoid repetition in each column or 
row, 

From the form of the matrices B and A, as dis- 
played in Tables I and II, it is easily seen that the 
product BA, giving the operational matrix Q, 


can be expressed as follows :— 
Q= f° tA) GB)... 
[BA] [B*) [BC] .. 
[CB] [C%) cts 


where the symbols A, B, now refer to the bays of 
the framework A, B, and not the matrices of 
equation (13). In this notation 
[A’} 5 A‘a, A%a, A*a, 
A%, A%, A%s | - (15) 
A*c, A®e, A’cs 

Here the symbols A*, AB... are retained in 
designating the elements of [A*], [A B], . . ., since 
all the elements of [A*] are formed exclusively from 
the co-ordinates of the members of bay A, and [A B] 
depends only on the coordinates of the member 
common to bays A and B. 

The elements of [A*] can be written down from 
the Tables thus, 

A*a, =X (2 ima + dna) ima or +X Gear + 2 Sng) ina be» 
. 3 ta 

where the summations include all members of bay A, 
including the right-hand pillar. There are similar 
expressions for A* 5, and A*c, in which j is replaced 
by kand I, respectively. The non-diagonal elements 





of [A?] give three pairs of equations represented by 
A® a, =X (25m, + Ina) Kiba, + Gmi + 2 5nr) na Ha } 
A®by =X (2 km: + Kny) imi ba + & ma + 2 Rate es 

- : ) 
similarly summed for all members of bay A. 

Equations (17) show at once that A*a, and A*b, 
are identically equal, so that only three equations 
have to be solved to eliminate all the non-diagonal 
elements of [A*]. Equations (16) and (17) show 
that the coefficients, j, k, 1 always occur as products. 
It follows that where both coefficients k, 1 have the 
opposite sign to the space co-ordinates from which 
they are formed, the sign of the product is not 
reversed. Each product is related to a particular 
member of the frame and the moments at the two 
ends of a frame member never reverse in sign 
independently. The only reversal in sign occurs 
when the sense of both M and N is reversed in the 
right-hand pillar of a bay. It follows that in 
forming the elements of the diagonal sub-matrices 
[A*], [B*], . . . of the operational matrix Q, the 
coefficients k, 1 can be replaced by the space co-ordi- 
nates and j can be taken as positive unity. 

The two co-ordinates of the origin of the thrust 
axes and the angle of orientation of one of the axes 
give three disposable parameters for the elimination 
of k and | and the product & 1 in equations (17) and 
the corresponding equations. If z,, y, is the origin 
of the thrust axes, and the inclination of H to the 
z axis is a, as in Fig. 5, 

k = (vy — %) + (2 ones 


18 
l = (2 — 2%) seca ved 


In writing down the equation for the elimination 
of A*a,, A?b,, etc., it is convenient to enumerate 
the panel points serially. Thus, suffix 1 designates 
the*fixed end of frame member 1, and suffix 2 the 
intersection point of members 1 and 2. Equations 
(17) give 
O = 3ky py + 3k_ (py + pg) + Bg (pe + pg) +. 
‘2. : 
0 = X (vp + 2p tan &) (ya + pr) — 2 (Hp + 2p tana) Dp 
. . (19) 

The corresponding equation involving j, / gives 

0 = Ley (py + Mr) — 22g Xp, . (20) 
and the third equation involving k, 1 gives 

0 = X py (ky + hq) (Ly + 1g) + D py (kyl, + ke ly), 

we 
where k and / can be expressed in terms of 2), yp, 
and tan «. 

Equation (20) gives z at once, and y, can then 
be found in terms of tan « by substituting in (19). 
Then z, and y, can be eliminated from equation (21), 
which becomes a bi-quadratic in tan «, and from 
which « can be found. The algebraic solution of 
these equations is not pursued farther, because 
there is no special difficulty in obtaining the arith- 
metical solution for a particular problem. For a 
symmetrical bay, in which the left-hand half is 
identical with the right-hand half, both in geometry 
and stiffness, « = 0, that is, the axes H, V are ortho- 
gonal and parallel to the axes z, y. In this case 

d 
20 = 2 
~ ZX vp (Mr-1 + br) 
2t4 

The elimination of the non-diagonal elements in 
the sub-matrices [A*], [B*], of Q in equa- 
tion (14), by the proper choice of thrust axes in 
each bay, makes it possible to reduce these sub- 
matrices to unity and to adjust the other sub- 
matrices accordingly, by simple multiplication 
instead of by matrix inversion and matrix 
multiplication. There is now a reduced operational] 
matrix, defined by 


(22) 
Yo 


Q,=DQ=[ I  {a%) 
2, 2, 
[b®a] I [b*e) - (33) 


[c*b) I 


where D is the diagonal matrix of the reciprocals of 
the scalar elements of the leading diagonal of Q. 
The notation, as in equations (14) and (15), reflects 
the contribution of each bay of the framework to 
the formation of Q. 

In this reduced form, the operational matrix can 
be inverted by the methods of Appendix I. An 





illustration of the formal method of inversion is 
fully detailed below, in the numerical solution of 
a symmetrical two-bay framework. 
- The statement of the problem has been found in 
matrix notation in equation (13), in the form 
Q{X} = Bis o}, 
Multiplying by D { j { } 
DQ {x} = DB {yg}. 
Hence, from (23) 
{x} = a7! DB {s.0}. 
Now, writing ® for Q;'D B, and expressing /,"9 
in terms of the end fixing moments and the panel- 
point moments due to the applied forces, the solution 
is 
{x} =@{F,G}-—@{Sm,Sp}, . (24) 
which is the complete solution for the statically 
indeterminate quantities [XYZ],, [XYZ],, ... 
in terms of moments which are obtainable directly 
from the particulars of the applied forces. 

The solution matrix ® contains only the geometri- 
cal and structural data of the framework, so that, 
for any framework, there is a structural solution 
which is independent of the details of the applied 
loading. An important application in structural 
design is that there will be a related family of 
solutions for a family of related frameworks, so 
that, when a range of solutions has been put on 
record, intermediate results will be available by 
interpolation. 

It is of interest to note that, since Q= BA, 
@=(BA)"B. Hence, 

@A=—Q'Q =I. , - (25) 

The solution can therefore be completely checked 
by forming the product @ A, in which the leading 
diagonal should approach unity, and all other 
elements should approach zero, within the limits of 
numerical accuracy required. For, though there 
are many values of ® which satisfy equation (25), 
since A is a rectangular matrix in which the number 
of columns must always be greater than the number 
of rows, the probability of an inaccurate solution 
giving the unit matrix is too remote. 

The moments at the ends of the frame members 
were found in equation (5) in the form 


{m, N} = A{X} + {Sm, Sn}. 
Inserting the solution for {X} from equation (24), 
{m, N} = Ao {F, G} — A {Sm, Sp} + {Sm Sn} 


{M, N} = Ao {F, G} + I — A®) {Sm Sp}, (26) 
which gives the solution for the end moments in 
all the frame members, in terms of the moments of 
the applied forces and a matrix product which 
contains only the geometrical and structural data 
of the framework. 

The final operation is to express S,, and S, in 
the form 

{Sm Sn} = [s’,t, pl {S’,T,P}, . (27) 
where [S’, T, P] is the applied load vector at any 
point, taken as pure moment and horizontal and 
vertical force components, with the relevant geo- 
metrical co-ordinates s’, t, p. No further inter- 
pretation of equation (27) is given, since its effect 
will be obvious in a numerical example. 

(To be continued.) 





Winp PowER IN NORTHERN IRELAND.—The poten- 
tialities of generating electricity by wind power in 
Northern Ireland are being examined by means of experi- 
mental plant which has been erected on Divis Mountain, 
overlooking Belfast ; in the Mourne Mountains, County 
Down; in the Sperrin Mountains, County Tyrone; at 
a site in County Antrim; and at Slieve Gullion, 
County Armagh. 


NEW ADDITIVE FOR AVIATION PETROL.—The Shell 
Petroleum Company, Limited, have developed a new 
additive, tricresyl phosphate, for aviation petrol, which 
modifies the deposits formed in the cylinders, rendering 
them electrically non-conductive and non-corrosive to 
the valve material and thus eliminating the fouling of 
sparking plugs and reducing the risk of exhaust-valve 
failure. After a prolonged period of testing by the 
engine manufacturers, flight tests of the new additive 
have been carried out in the United States. The British 
Overseas Airways Corporation will also be carrying out 
extensive flight trials under normal commercial operating 
conditions. 
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CONCRETE STRUCTURES 
AND CORROSION. 


By Lesure H. GrirFiras, M.Sc., F.R.I.C. 


Dugine the past two or three decades, reinforced 
concrete has made great strides as a constructional 
medium. Because it lends itself so readily to design 
and fabrication, it has brought new possibilities and 
entirely new techniques into structural engineering, 
and the rapid developments of prestressing methods 
are extending its applications into yet other fields. 
This greatly expanded and varied use of concrete 
has imposed corresponding demands on the 
specialist engaged on the prevention of industrial 
corrosion, who is being asked, in many new circum- 
stances, to provide protection against corrosive 
attack so that full advantage may be taken of the 
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| flexibility in fabrication of reinforced concrete. 
In this general survey of the problems involved and 
the methods employed in anti-corrosion work, the 
writer has chiefly in mind tanks, effluent conduits, 
processing chambers and similar units, in actual 
contact with chemical liquids, rather than with 
large structures. It can be said, however, that 
where these latter are subjected to vapourous 
corrosive attack, some at least of the points will be 
applicable, and indicative of the lines along which 
anti-corrosion research is proceeding. 

Tanks—a word which can be used conveniently 
to describe a variety of concrete structures intended 
to store or carry liquids—present, in some ways, 
the most difficult of these problems. Concrete has 
little tensile strength and any settlement, or even 
unduly violent expansion movement, will produce 
cracking ; this may not be serious from a structural 
point of view, but it is important to the anti- 
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corrosion specialist, whose applications are not 
intended to have structural strength and, therefore, 
will certainly crack also, leaving the way open for 
permeation of the concrete by corrosive liquors. 
In the larger tanks, expansion joints can be a source 
of trouble and, in designing the protective treatment, 
it is necessary to take into account the relative 
degree of movement of the jointing and the corrosion- 
resistant lining; often this is by no means easy, 
since, perhaps, the material preferred for the specific 
chemical conditions may have insufficient elasticity 
to move with the joint. 

A further complication is that of external water- 
pressure, in the case of tanks constructed partly or 
wholly below the surface of the ground. Seepage 
of surface water, which breaks or prevents the com- 
plete seal between the protective lining and the 
internal walls of the tanks, frequently presents a 
bigger problem than the provision of an efficient 
protective treatment. It is customary to use a 
bituminous material, and a good coating is required 
to cover the entire external walls of the tank. 
Furthermore, a damp-course must be arranged 
under the tank, so that the whole of the outer skin 
is protected. More elaborate precautions are 
required where the level of the water table rises 
above the base of the tank. Various asphalting 
techniques are used under these conditions. The 
spray application of hot asphalt by means of a 
“flame gun ”’ is a comparatively new method, with 
which some success has been obtained. 

Fig. 1, herewith, shows, as an example, some con- 
crete immersion tanks to hold concentrated hydro- 
chloric acid. They are lined internally with rubber 
and then completely tiled on all faces with acid- 
resistant tiles set in a silicate cement. The screeded 
concrete floor is covered with acid-resistant paving, 
bonded to the screed with a latex-cement mixture 
and jointed with synthetic-resin compound. The 
fume-extractor ducting above the tanks is treated 
with a rubber-resin coating, applied in situ, as a 
protection against attack by the corrosive vapour. 

Before discussing the actual anti-corrosion treat- 
ments, one other point must be dealt with in regard 
to construction, namely, the importance of the 
finish of the cast concrete. To avoid surface 
friction and to facilitate flow as much as possible, 
the internal walls of the tank must be free of irregu- 
larities. Notwithstanding the continuous improve- 
ment in shuttering methods, it is seldom that cast 
concrete provides a perfectly smooth and true 
overall surface upon removal of the formwork. 
This involves making good or “ facing up,” and it 
is important that this should be efficiently done, as 
any failure, leading to breakdown of the anti- 
corrosion treatment, will prove costly. ‘ 

For this purpose, rendering with a normal cement 
and sand composition is often specified, but it is not 
always wholly satisfactory. Sprayed cement, subse- 
quently faced up, has been used, but, in the writer’s 
experience, some of the best results are obtained by 
the use of a compound of Portland cement, good 
washed sand and natural rubber latex. Before the 
war, rubber latex was coming into use in the con- 
structional industries for a variety of purposes, 
and, since 1945, it has become increasingly impor- 
tant, being used extensively for flooring work, for 
example, as well as in the allied field of anti-corrosive 
treatments. Its addition to a cement/sand compo- 
sition gives to the compound remarkable adhesive 
properties, and it is possible to apply, with a trowel, 
renderings ranging from a paper-thin coat to any 
desired thickness. If necessary, a very fine surface 
can be obtained with an ordinary sanding machine. 

With a view specifically to eliminating the risk 
of failure of adhesion, and also the costly and 
laborious hacking usually necessary when applying 
a rendering coat to existing concrete, a series of 
compounds based on synthetic-resin emulsions has 
been developed recently. These bond coats are 
very effective and it has been found possible, by 
their use, to cut down the thickness of normal 
cement-sand renderings to the minimum necessary 
to secure a smooth and level surface. 

In the protection of concrete tanks against 
chemical attack, it is unusual to encounter the same 
problem twice. The conditions are so diverse and 
can be so complex that, after a careful analysis of 
all the factors involved, a recommended treatment 





will probably represent a balance of several possi- 
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bilities. It will be convenient to consider first the 
most simple treatment, for the milder conditions, 
before proceeding to the more complicated procedure 
required to withstand conditions of greater severity. 

In addition to providing a smooth working base, 
the composition containing rubber latex and 
cement is an excellent chemically-resistant founda- 
tion upon which to build up the protective appli- 
cation. A normal thickness of ¥ in. is applied to 
the cast concrete as a rendering, and is allowed to 
set hard. For relatively mild conditions, it is often 
sufficient to apply over this rendering a paint coat 
of synthetic rubber—synthetic rubber being pre- 
ferred to natural rubber because it is easier to apply 
as a solution. This treatment can be carried one 
stage farther; with proper care in selecting ma- 
terials, it is possible to make up a solution of 
synthetic rubber (using aromatic solvents, for 
example), which, with a solid content of about 
50 per cent., will be of a paste-like consistency. 
This paste is readily applied with a trowel and, in 
this way, synthetic-rubber linings can be built up, 
in situ, to a thickness of 4 in. By adding suitable 
chemicals to the solution, the rubber can be vul- 
canised during the process of drying out. 

Rubber applied in this form lacks the efficacy of 
sheet rubber, but, under limited conditions of 
chemical attack, it will function satisfactorily and, 
in these cases, affords a method of protection which 
is comparatively easy to execute and relatively 
inexpensive. An example of the use of this method 
is the lining of concrete petrol tanks. For the 
storage of petroleum, a concrete tank has much to 
commend it, and this method of providing the 
necessary chemically-resistant lining is undoubtedly 
one of the most economical. By using, in place of 
natural rubber, a synthetic latex which is oil- 
resistant, and by applying several coats, the latex- 
cement compound can be modified-to dispense with 
the secondary surface treatment. Where faults are 
likely to develop under load, however, the combina- 
tion of a natural latex-cement rendering and a 
synthetic solution sealer is always preferable, 
because of its better self-healing properties. 

As a variant of a synthetic-rubber solution, 
partly condensed synthetic resins may be used as 
the basis of a coating which, applied over the base 
rendering of latex-cement, will withstand a higher 
degree of chemical attack. Coatings of this type 
require the addition of a chemical reagent to bring 
about the setting action. This is added to the 
compound immediately before the application and, 
upon setting, the coating forms a dense and imper- 
vious layer which has a tenacious grip on the 
base rendering coat. As the layer will resist both 
strong acids and alkaline attack (although not 
oxidising acids), the treatment is quite suitable 
where conditions are not so severe as to demand 
the more efficient, and more costly, methods of 
protection. Unfortunately, it cannot be used 
safely where contact with hot cr boiling water is 
likely. It is a curious fact that cements which are 
immune to acidic attack quite often will not resist 
hot water. Fig. 2, on page 775, shows a concrete 
floor protected against spilling of acid by tiling set 
in a compound of rubber and resin cement. 

Sheet rubber, one of the most common of the 
materials used in tank-lining work, has largely 
displaced lead, which, though chemically effective, 
is scarce, costly and undesirably heavy. For many 
years, it has been customary to use rubber linings to 
withstand mineral acids, except nitric and chromic 
acid. It is of prime importance, however, that the 
rubber manufacturer should be consulted in ‘each 
case as to the concentration and temperature of the 
acids used, and the working conditions to which 
the linings are to be subjected, so as to ensure that 
the most suitable type of material is chosen. 

Despite the steady development of plastics, 
natural-rubber linings are still probably the most 
versatile protective medium against the attack of 
corrosive liquids. The installation of them, how- 
ever, is a task which demands considerable skill and 
experience. Great care must be taken, particularly 
if the tank is to contain liquids at raised tempera- 
tures, to exclude all air from beneath the rubber 
sheeting. The concrete must be dry, and a good 
smooth base is most important. For these reasons, 
a rendering of latex-cement compound, as pre- 
viously described, is advantageous. Not only does 
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Fig. 3. Anti-Corrosion LintnGs IN EFFLUENT TANK. 





this give a smooth and true surface, but the relation- 
ship between the solution used to fix the rubber 
sheeting and the latex in the rendering compound 
ensures a positive and permanent bond. To increase 
this bond strength as much as possible—a vital 
factor—chemicals are added to the adhesive solution 
to vulcanise the rubber content during setting. This 
process is exactly similar to the vulcanising of 
tyres, etc., to develop the toughest and strongest 
qualities of the rubber. The rubber tank linings are 
themselves vulcanised, of course, after installation. 

Natural rubber is not normally used where the 
tank lining will come into contact with solvents or 
with certain other materials, such as coal tar, which 
will attack rubber even when present only in 
traces. A synthetic rubber might be used under 
these conditions. Though their cost is generally 
high, most of the synthetic rubbers have special 
properties which will often justify their use in 
particular circumstances. Also, though it is not a 
true rubber, polyvinyl chloride may be mentioned 
as a similar type of material, suitable for some 
purposes, as it resists grease and oil, and many 
solvents. It is used either as a rigid sheeting or in 
a plasticised form which gives the material a rubber- 
like flexibility. Synthetics of this type offer many 
technical advantages and their use is now well 
established, though it may not always be justifiable 
on a price basis. Their more extensive use will 
depend largely on the further developments in 
handling techniques, and proof of their reliability in 
service. 

Sheet rubber or plastic linings are seldom left 





unprotected against physical damage. Usually, the 
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linings are themselves protected by an inner lining, 
invariably of brickwork. Where periodical clean- 
ing is necessary inside the tank, or if plant process 
operations are such that heavy units are immersed 
in the tank’s contents, the possibilities of irreparable 
damage to unprotected rubber are obvious. Even 
if little likelihood exists of physical damage, brick 
linings are built where the tank is to contain hot 
liquors. The greater the temperature, the faster is 
the chemical attack, and it is useful, therefore, to 
keep as cool as possible the liquids in contact with 
the rubber. The thicker the brick lining. the better 
is the insulation. 

The thickness of a brick lining will be determined 
by operating conditions. If the brickwork is 
intended only to protect the rubber membrane 
from physical damage, a 4}-in. wall may be suffici- 
ent. If, on the other hand, insulation is a primary 
factor, 9 in. may be specified. The function of the 
brickwork being simply to protect the anti-corrosion 
membrane from damage, firm bonding of the brick- 
work to the membrane is not always necessary or 
desirable. This poses a difficult problem, particu- 
larly with large tanks or with those containing 
liquors at elevated temperatures, namely, that of 
allowing for the differing expansion coefficients ot 
the brick lining and the tank walls. Owing to the 
temperature gradient between the face of the brick- 
work (in contact with the hot liquids) and the back 
of the anti-corrosion membrane, the concrete walls 
of the tank will be subjected to much less rapid 
changes of temperature than the brick lining. Th 
corresponding time lag in expansion and contraction 
movements may lead to distortion and cracking o! 
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cement as a bedding and jointing medium when 
constructing brickwork forming part of any chemi- 
cal-resisting treatment. Several types are available, 
all with particular properties and capable of giving 
high performance under specific conditions. In the 
past, much work has been done with a cement based 
on sodium silicate and silica flour, the two materials 
being caused to react by the addition of sodium 
silico-fluoride. While this possesses good acid- 
resisting qualities, however, it is very brittle and 
inexpansible. It is also comparatively freely 
leached out by water. A cement based on a com- 
pound of natural rubber latex and aluminous cement 
has mild acid-resisting properties, and alkali resist- 
ance up to 4 per cent. of caustic alkali.. It gives 
excellent results under conditions of alternating 
acidic and alkaline attack. Possibly its greatest 
value lies in its adhesive strength and in its inherent 
flexibility, which is sufficient to take up some 
expansion and contraction movement. 

Figs. 3 and 4, opposite, illustrate a typical 
example of anti-corrosion lining in an effluent tank, 
Fig. 3 showing a general view and Fig. 4 the sump 
(visible in the background of Fig. 3) and a completed 
section of the floor. The rendering of the walls is 
in progress and the lowest courses have been laid 
of the brick lining of the walls. The corrosion- 
resistant membrane completely covers the floor 
and walls, and the brick linings are built in chemi- 
cally-resistant cement. 

Many of the newer synthetic resins have been 
used as the basis of chemical-resisting cements, and 
those based upon the phenolic and furane groups 
of resins are probably capable of giving the most 
efficient results in present-day construction. Resin 
cements of this type are costly, but they will with- 
stand the action of acid at high concentrations and 
of alkali at moderate concentrations, and they are 
invaluable in providing protective applications in 
some of the modern complex operations of indus- 
trial plants. They have the disadvantages, how- 
ever, of not being resistant to strong oxidising acids. 

Though the erection of this type of brickwork 
differs little from ordinary bricklaying practice, the 
special cements employed in anti-corrosion work 
handle differently and behave in a very different 
manner from conventional cement-sand mortars. 
The risk of costly failure cannot be taken, and, 
therefore, the construction of chemical-resisting 
brickwork is always entrusted to contractors who 
have specialised knowledge of the cements and 
experience in their application. 

More and more the services of the corrosion 
engineer are being sought for the protection of 
buildings. Many of the lessons learned in shielding 
processing chambers from the corrosive attack of 
liquids can be applied in devising methods for 
protecting structural concrete exposed to vapourous 
or gaseous attack. It is not generally necessary to 
attempt actual encasement of structural members ; 
the ideal, in fact, is a simple paint coat, easy to apply 
and inexpensive to provide. Unfortunately, it is 
far from easy to formulate a paint which is at once 
cheap and effective. Few of the ordinary paints 
will give efficient protection over concrete, and it is 
necessary to produce in paint form materials known 
to have suitable anti-corrosion properties. Of these, 
chlorinated rubber, which is immune to alkaline 
attack and has a good resistance to many other 
forms of chemical attack, has been successfully 
used as the basis of a paint. Vinyl resins, popular 
also for their immunity to alkaline attack and 
general effectiveness, are yielding a series of paints 
specially adapted for application to concrete 
surfaces and giving good results under a variety of 
conditions, 

Synthetic resins offer, perhaps, the most interest- 
ing possibilities of development in this field, and 
considerable advances have been made in their use 
during recent years. A latex, or water-emulsion, of 
synthetic resin has the advantage of being free from 
inflammable solvents and is thus readily usable 
under all industrial conditions. A typical composite 
treatment consists of a priming coat made by 
mixing cement with the latex, a trowel coat com- 
posed of latex filled with a fibrous material such as 
asbestos fibre, and a brush-finishing coat of undiluted 





whole process being carried out at room temperature, 
it becomes possible to undertake in situ protection 
of towers and similar industrial structures. This 
means of coating with emulsion is feasible, requiring 
only careful choice of the correct synthetic emulsion. 
The difficulties generally encountered are practical 
rather than chemical. 

A more novel method, as yet largely oe gg 
of using these highly-resistant synthetic 
employs glass cloth as a carrier or reinforcing peoemng 
Over a priming coat (of chlorinated rubber paint) a 

layer of glass cloth is applied, a further application 
of chlorinated rubber solution being used as an adhe- 
sive to bind the glass firmly to the priming. To 
this open-weave base, resin cement is applied, filling 
the interstices and covering the whole surface until 
a smooth and continuous hard layer has been built 
up. More than one layer of glass cloth may be 
used where conditions of chemical attack are particu- 
larly severe. The alkaline nature of concrete 
prohibits the direct application of those synthetic 
resins which are acid-hardened. The use of a suit- 
able primer overcomes this difficulty, and the glass- 





cloth membrane gives strength and robustness to | ingo 


the coating by affording a physical reinforcement. 

The hope of finding effective answers to many 
of the new and complex problems now arising lies 
largely with the synthetics industry. Post-war 
difficulties have handicapped that industry in 
many ways, but the technical development of a 
variety of promising new materials has been pushed 
forward. The technique of adapting these new 
products to such purposes has to be learned by the 
anti-corrosion specialist, who is in no position to 
risk using untried specifications ; but one example, 
polyethylene, will suffice to show that the possi- 
bilities of synthetics are being investigated energetic- 
ally as they become available. Polyethylene, one 
of the most chemically resistant plastics, can be 

prepared in sheet form and welded up quite simply. 
A method is already being tried of lining liquid 
containers with a loose bag or envelope of fabricated 
polyethylene sheet. For the protection of structural 
concrete, experiments have been made in spraying 
the plastic in powder form by means of the so-called 
“flame gun.” There is no doubt that, given access 
to the new materials developed by the synthetics 
industry, the specialist in problems of industrial 
corrosion will be able to keep pace with the growing 
demands, 





SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXHIBITION.—According to a statement by the Smith- 
field Show Joint Committee, the total paid-attendance 
figure for this year’s show was 65,903 ; this was 16,522 
more than last year and is the largest number ever to 
attend the Show. The statement adds that, despite the 
outbreaks of foot-and-mouth disease, livestock was well 
represented and that in the trades section record orders 
amounting to a value of approximately 12,500,0007. were 
placed, more than half this total representing equipment 
for export. 





INTERNAL COMMUNICATIONS AT THE EssO REFINERY, 
FAWLEY.—The care which has to be exercised when 
installing ancillary equipment in oil refineries is, perhaps, 
exemplified by the fact that the internal 
system installed at the Esso Petroleum Company’s new 
refinery at Fawley includes a number of flameproof 
telephones and associated relays, bells, etc. The system 
comprises a 600-line private automatic telephone ex- 
change which was designed and manufactured by the 
Automatic Telephone and Electric Company, Limited, 
Strowger Works, Liverpool, 7. The initial capacity of 
the exchange is 450 extensions, consisting of one group 
of 415 lines for general service and one group of 35 lines 
for general service and fire and accident reporting. To 
report a fire, the caller dials “O” and is connected 
automatically to the fire-control office, when he can 
either speak to the officer in charge or replace the receiver 
once the ringing tone is heard, a lamp indicator auto- 
matically showing the place from which the call was 
made. Simultaneously, the fire-control telephone is 
switched to a special selector train which gives priority 
over all other calls. Accident calls, originated by dialling 
“9”, are identified and dealt with in a similar manner 
but the equipment is arranged to give overall priority 
to fire calls. The complete system was installed by 
Communication Systems, Limited, who will also be 
responsible for servicing arrangements. 








(Concluded from page 742.) 
WE conclude below our report of the Iron and 
Steel Institute’s annual autumn meeting, held in 
London on November 21 and 22. 


Hieu-Purttry Iron anp Iron ALLoys. 


The first part of the morning of November 22 
was devoted to a joint discussion on two papers, 
namely, ‘“‘The Production of High-Purity Iron 
and Iron Alloys on a 25-lb. Scale,” by Mr. B. E. 
Hopkins, Mr. G. C. H. Jenkins, Mr. H. E. N. Stone 
and Mr. H. G. Short; and ‘‘ Tensile and Impact 
Properties of Iron and Some Iron Alloys of High 
Purity,” by Mr. W. P. Rees, Mr. B. E. Hopkins and 
Mr. H. R. Tipler. Both papers described research 
work conducted in the Metallurgy Division of the 
National Physical Laboratory, Teddington, Middle- 
sex. 

In the first of the two papers, which was presented 
by Mr. B. E. Hopkins, the authors described the 
method and equipment developed to produce iron 
and iron alloys of high purity in the form of 25-lb: 
ts. They stated that, starting with a selected 
batch of Swedish iron supplied as 4-in. square billets 
}-in. round bars and 5-mm. strip, the purification 
procedure was carried out in the molten condition 
in two main stages. By melting the iron in air, the 
proportions of the readily oxidisable impurities 
present could be reduced to low values. The second 
stage comprised a vacuum treatment for degassing, 
followed by the reduction of oxygen to a low level 
by remelting in dried hydrogen. The carbon, silicon 
and chromium contents were decreased by the oxida- 
tion process and a limited success was achieved in 
reducing the sulphur content. The oxygen and 
nitrogen contents were reduced to low values by 
melting in hydrogen. The ingot mould mostly 
used was of mild steel and octagonal in cross section. 
Recently, a tapered mould of similar general design 
had been used. No dressing was applied to the 
mould surface. 

In presenting the second of the two papers, 
Mr. W. P. Rees said that the authors had stated 
therein that the, purest irons which had been 
prepared in the 25-lb. furnace were very ductile at 
room temperature and at —73 deg. C. when tested 
in simple tension, but became brittle on cooling to 
between —73 deg. C. and —196 deg. C. Fracture 
at —196 deg. C. took place by cleavage with less 
than 5 per cent. elongation, at a stress of about 
45 tons per square inch. Iron prepared in the 
same manner, but containing more than 0-002 to 
0-003 per cent. of oxygen, had properties very 
similar to those of high-purity iron in the ductile 
condition. When embrittled by cooling to —196 
deg. C., the tensile strength was much lower, 
namely, 27-33 tons per square inch, and the fracture 
was partly inter-granular and partly cleavage. 
The transition temperature, in the Charpy impact 
test with an Izod V notch, which occurred at about 
—15 deg. C., for the purest irons, rose with 
increasing oxygen content, and the brittle fractures 
were again partly intergranular. The addition of 
up to 5 per cent. of manganese to pure iron increased 
the yield stress and tensile strength; at —196 deg. 
C. there was also an increase in ductility. Man- 
ganese, however, decreased the impact transition 
temperature. The addition of 0-01 per cent. of 
carbon to high-purity iron had very little effect on 
the tensile and impact properties of normalised ma- 
terial. Larger additions, up to 0-05 per cent., raised 
the impact transition temperature appreciably, 
without a large effect on the tensile properties. The 
addition of manganese to an iron containing 0-05 per 
cent. of carbon progressively lowered the impact 
transition temperature, which, in an alloy with 2 per 
cent, of manganese and 0-05 per cent. of carbon, 
was lower than in a simple 2 per cent. manganese 
alloy. Manganese and carbon together also lowered 
the transition temperature in tension, 

Dr. M. L. Becker, who opened the discussion, 
stated that he would like to know why there was no 
mention in the paper of the name of the manufac- 
turers or suppliers of the apparatus. The willing 
and even energetic tion of the manufac- 
turers was essential, quite apart from questions of 
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payment. Moreover, if the whole of the equipment 
was not supplied by outside contractors an indica- 
tion should be given regarding which parts had to 
be made in the laboratory or in the laboratory 
workshops. The method of making additions to the 
melt, namely, the hanging of a small packet on the 
arm of the rod supporting the lid, seemed quite 
adequate for the relatively low-alloy contents 
required in the present work, but if larger and more 
numerous additions were necessary it was obvious 
that some alternative device would have to be 
incorporated. He was convinced that the type of 
equipment described in the paper would become 
very much more common, not only in the laboratory 
for research purposes, but also as production units, 
and for that reason alone the authors’ views on 
such questions as he had raised should be worth 
recording in t.e Journal. 

The second paper gave the first fruits of the main 
investigation, designed primarily to throw light 
upon the so-called, and much-talked-of, notch 
brittleness of mild steel. Probably the outstanding 
feature of the preliminary work was the sharp 
transition from tough to brittle fracture in the 
impact test. In the case of the pure-iron series of 
melts of which figures were given, the authors had 
shown clearly that oxygen played a very important 
role in determining the type of fracture either in the 
tensile or in the impact test. Apparently, they had 
shown that the presence of oxygen in excess of 
0-002 per cent. or 0-003 per cent. rendered the iron 
liable to intergranular, as distinct from cleavage, 
fracture when broken below the transition tem- 
perature, — 196 deg. C., in these tests. From these 
results, it seemed that the conclusion was that 
oxygen—probably present as thin boundary films 
of FeO, though this was not known—was in some 
way bound up with the transition temperature 
itself, even when the content was below that 
required to promote an obvious intergranular brittle 
fracture. Looking at the other series of tests in 
the paper, there seemed to be nothing in the tests 
on the manganese or the manganese-carbon series 
which would contradict such an assumption. 

Dr. N. P. Allen said that, in the pre-war period, 
the scale of production of the pure iron was about 
6 lb., and Dr. W. H. Hatfield was very insistent that 
that scale of operations was not large enough. He 
said, ““ We want pure iron, and lots and lots of it.” 
There was no doubt that he was right, because it 
was proved in practice that it was not possible to 
get much information about the mechanical pro- 
perties of a metal from a few pounds of it. At the 
end of the war, therefore, when the subject had 
been taken up again, the scale chosen was 25 lb., 
which, if necessary, could be increased to 50 lb. or 
more. The next question was what standard of 
purity should be aimed at, and the standard of 
less than 0-01 per cent. of any impurity had been 
chosen because it was thought that this would be 
practicable. 

There had been a great deal of thought among 
engineers along the lines that if the yield-point of 
structural steel could be raised, then it would be 
possible to save a great deal of steel, in practice, by 
reducing the sections of various girders and so on. 
There was a specification, B.S. No. 968, which 
dealt with steel of raised yield-point, and that 
required a yield-point of 23 tons per square inch. 
The yield-point of pure iron was about 5 or 6 tons 
per square inch, but if 0-04 per cent. of carbon were 
added, and nothing else whatever, and that carbon 
were in the right structural condition, the resultant 
material had a yield-point far above 23 tons per 
square inch. B.S. No. 968 allowed for 1-8 per cent. 
manganese and 1-0 per ¢ent. chromium, with the 
condition that manganese plus chromium should 
not exceed 2 per cent. In addition, 0-5 per cent. 
nickel and 0-5 per cent. copper were permitted, and 
some steels of this class contained 0-1 per cent. or 
0-2 per cent. of molybdenum as well. What were 
all these alloying elements doing? Apparently, 
they were getting the carbon into the right condition, 
but no one knew which of them was effective. The 
conclusion had been arrived at that almost the 
whole of the alloying elements could be saved if 
only a method of getting the metallographic con- 
dition needed with the requisite 0-04 per cent. 
carbon could be found. 

Dr. W. Steven said that one of the more inter- 





esting features of the second paper was the sus- 
ceptibility of occasional batches of the iron to 
intergranular embrittlement. The authors had 
presented ample evidence to demonstrate that this 
susceptibility depended on oxygen content ; never- 
theless, there were indications that there were other 
important variables. The authors, in discussing the 
carbon alloys, had referred to the reduction of 
aluminium from alumina crucibles. It would be 
interesting to know whether they had also detected 
traces of magnesium, or possibly of calcium, and 
had considered the possibility that the presence of 
these elements tended to neutralise the effect of 
oxygen. Magnesite linings were used for the first 
stage of the production of the iron, and, although 
alumina crucibles were used for the second stage, 
the authors mentioned that the crucibles cracked 
during the first melt, and that they relied on the 
backing of magnesite to prevent seepage. From 
work principally on cast iron it was fairly clear that 
magnesium could be reduced from magnesite at high 
temperatures from furnace linings, at least in 
amounts of the order of the oxygen content of these 
irons, and very likely in much higher amounts. 
Finally, he would emphasise that the type of 
embrittlement which was encountered in the N.P.L. 
iron might have little in common with the type of 
embrittlement encountered in commercial steels, 
and might be wholly characteristic of this very pure 
material. 

Mr. B. E. Hopkins, replying to the discussion on 
both papers, said that, in his remarks on the second 
paper, Dr. Becker had stated that he thought there 
was some evidence of oxygen content affecting the 
transition temperature even when the oxygen was 
present in amounts smaller than would give rise to 
intergranular failure. He (Mr. Hopkins) did not 
agree with that. They had evidence, not given in 
the present paper, but which came from their study 
of iron-oxygen alloys, which showed that, for oxygen 
contents below that required to give intergranular 
failure, there was no difference in properties at all 
between a number of irons. There were about half 
a dozen with oxygen contents of less than 0-002 per 
cent., and they all gave about the same transition 
temperature and the tensile properties were much 
the same. Their view was that oxygen contents 
present in amounts less than would give inter- 
granular brittleness did not seem to have much 
effect on the properties. Dr. Steven had mentionéd 
that, when cast irons were melted, reduction of 
magnesium from a magnesite lining was possible. 
There was little doubt that material with a very 
high carbon content would cause a reduction, but 
their carbon contents were very low, and the 
magnesium and calcium contents of their irons were 
below the limits of analysis. Dr. Steven had said 
that the type of embrittlement obtained in N.P.L. 
iron might have little to do with the embrittlement 
obtained in commercial steels. There he disagreed 
flatly, because he thought that it had very much 
to do with it. He believed that this work, in due 
course, would give the answer to embrittlement in 
commercial steels, and the reason that it could 
not be got from an examination of commercial steels 
was that there was too much variation in the im- 
purities present, and there were too many of them. 


PROPERTIES OF SEGREGATES IN ALLOY STEELS. 


The third paper considered on Thursday morning, 
November 22, was by Dr. H. M. Finniston and Mr. T, 
D. Fearnehough, and dealt with “‘ Physical and Mech- 
anical Properties of Segregates in Two Alloy Steels.” 
It was presented by Dr. Finniston. The authors 
stated that the use of large alloy-steel forgings for 
naval armaments had led the Bragg Laboratory 
of the Naval Ordnance Inspection Department, 
Sheffield, to investigate the metallurgical nature 
and characteristics of the segregates in two such 
forgings, made, respectively, from a 3-5 per cent. 
nickel steel and a 2-5 per cent. nickel-vanadium 
steel. It had been found that a difference in hard- 
ness between a segregate and the matrix persisted 
in all hardened and tempered samples, whatever 
the hardness level. The greater hardness of segre- 
gates by comparison with their adjacent matrices 
was reflected in theif higher proof and maximum 
stresses. Their elongation and notched impact 
values were generally lower, and in some cases 
markedly so. There was a composition gradient 





across each segregate, rendering them more highly 
alloyed in nickel, vanadium and molybdenum than 
the adjacent matrix. Macrostructural differences 
across the width of segregates had also been ol- 
served, and the segregates contained more non- 
metallic inclusions than the adjacent matrix. 
Segregates appeared to be concentrated metal, and, 
when liquid, were entrapped between the main 
spines of solidifying dendrites which surrounded 
them. Metal in the interdendritic arms showed 
variations in hardness and composition comparable 
with those shown by segregates. 

In the course of the discussion, Dr. W. Betteridge 
said that it was of much interest practically to 
understand both the chemical nature of the segre- 
gates observed in alloy steels and the differing 
mechanical properties of such segregates when the 
body of the steel was heat-treated. There appeared 
to be two main factors controlling the differences in 
mechanical properties of matrix and segregate, 
and these had been pointed out by the authors. 
There was first the differing chemical composition, 
which resulted in the segregate having transforma- 
tion characteristics different from the matrix, and, 
secondly, the higher non-metallic inclusion content 
of the segregate. Of the various mechanical 
properties measured, however, the hardness was 
unique in being unlikely to be affected significantly 
by the inclusion content, so that it appeared 
reasonable to accept it as a measure of the changes 
in properties solely due to the differing composition, 
and therefore the differing hardenability, of the 
segregate. It appeared unfortunate, perhaps, that 
the authors had so far confined their attention to 
steels which were essentially chromium-free, for 
micro-radiographic work by various authors had 
indicated that chromium was particularly liable to 
segregate, and, in view of its strong effect on 
hardenability, could be expected to have a par- 
ticularly marked influence on the mechanical 
properties of the segregates. 

Mr. D. R. Thorneycroft said that the authors 
drew attention to the fact that there might be other 
methods of testing segregates, and had mentioned 
micro-radiography. It would be of interest to 
examine massive segregates by the micro-radio- 
graphic method to determine whether the nickel 
segregates were as pronounced as the spectrographic 
and micro-chemical tests suggested. In the field of 
micro-radiography, tests on nickel-containing steels 
had not provided marked evidence of nickel segre- 
gation, whereas chromium and manganese seg- 
regation had been clearly defined. Turning to the 
mechanical properties of the massive segregates, 
he could contribute further tensile-test data that 
had recently been obtained on aircraft forgings of 
1} per cent. Ni-Cr-Mo steel, measuring from 18 to 
22 in. in diameter, which exhibited massive segre- 
gates towards the centre but not at the rim. The 
segregates were harder than the surrounding matrix, 
and were responsible for low ductility in the fully- 
hardened and tempered material at the centre of 
the forgings. - The loss in ductility was greater at 
high levels of tensile strength above 80 tons per 
square inch, when the segregates, although stronger 
than the surrounding matrix, were less ductile, 
and fracture occurred preferentially through their 
brittle structure. 

Mr. T. D. Fearnehough, in a brief reply, said that 
it was interesting to hear that transverse fracture 
occurred preferentially in segregates. When this 
papér had been presented privately in 1942, that 
question had been raised. The suggestion had now 
been made by several persons that this preferential 
fracture in the segregate might not be due merely to 
inclusions, but that the material itself might be 
inherently more brittle. It was also interesting to 
hear that fracture through the segregate might be 
reduced by tempering. From the naval ordnance 
point of view segregates were important, and this 
consideration of segregates had some psychological 
effect. If it were true that the effect of segregates 
could be reduced by altering the heat treatment and 
by using higher tempering, at the same time remem- 
bering that certain levels of strength must be 
obtained, then this information was of distinct value. 


TRANSFORMATIONS DvuE TO TEMPERING. 


The two last papers considered at the meeting were 
discussed jointly after presentation; they were 
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entitled ‘‘ Structural Transformations in the Tem- 
pering of High-Carbon Martensitic Steels,” by 
Dr. K. H. Jack; and “‘ Magnetic Analysis of Iron- 
Carbon Alloys: The Tempering of Martensite and 
Retained Austenite,” by Mr. J. Crangle and Pro- 
fessor Sucksmith, F.R.S. Both papers contained 
descriptions of work carried out on behalf of the 
British Iron and Steel Research Association. The 
paper by Dr. Jack was presented by Dr. W. H. 
Taylor on behalf of the author, who is in the United 
States. In his paper, Dr. Jack stated that his 
results showed that the transformation of martensite 
to cementite occurred in two stages. The initial 
body-centred tetragonal martensite structure trans- 
formed very easily to a hexagonal closely-packed 
iron carbide. It was proposed that this iron carbide 
should be named e-iron carbide, on account of its 
structural similarity to ¢-iron nitride. Each of the 
two stages of transition of martensite to cementite 
could take place by relatively small movements of 
iron atoms, and the structural changes could be 
correlated with the well-known changes in hardness 
and specific volume which took place in steel during 
tempering. 

When presenting the paper by Professor Suck- 
smith and himself, Mr. Crangle stated that, during 
recent years, it had become apparent that the 
observation of structure-insensitive magnetic pro- 
perties, particularly magnetic saturation intensity 
and its variation with temperature, had led to a 
useful method of investigating problems concerning 
metals. The method could often be applied where 
other techniques, such as X-ray diffraction, were 
less sensitive, and, from its use, quantitative 
information could be obtained regarding phases in 


. alloys. In the present work, the method had been 


used to examine the phases involved when quenched 
pure iron-carbon alloys were reheated. It had been 
found that, during the first stage of the martensite 
breakdown, a ferromagnetic phase different from 
cementite was precipitated. Retained austenite 
was found to change into the same state as did 
martensite. After heating to 300 deg. C., cementite 
and another carbide with composition and magnetic 
properties similar to those of iron percarbide 
(Fes Cy), were found to be present. 

Mr. E. H. Bucknall, who opened the discussion, 
stated that Mr. Crangle and Professor Sucksmith’s 
work seemed to be an outstanding example of how 
much could be ascertained by indirect physical 
methods, provided the experimental work, and 
particularly the interpretation of the results, were 
in expert hands. The fact should be emphasised, 
however, that both papers dealt with iron-carbon 
alloys rather than with steels, and very little was 
said about the materials used. Both papers referred 
to the presence of austenite in the quenched alloys, 
but only Mr. Crangle and Professor Sucksmith had 
indicated how much, and then only in one of the 
alloys. It would be of interest to hear what were 
the estimated austenite contents of their other alloys, 
and particularly of that containing 1-7 per cent. 
carbon. This subject bristled with difficulties of 
nomenclature. Thus, “ e-carbide ” did not seem to 
mean the same thing in the two papers, and Dr. 
Jack had found it necessary to vary this expression 
with e—Fe,C and e—Fe,C. 

Mr. D. McLean said that there was one aspect of 
the problem of the decomposition of martensite 
which was still unsolved, namely, the explanation 
of the changes which occurred in terms of the 
inter-atomic forces. It should be remembered that 
the free-energy curve for the carbide must be 
considered. At an early stage of transformation, 
of tempering of the martensite, the tetragonal form 
or iron was in equilibrium with the early carbide 
precipitate, but at a later stage the situation was 
different, with the cementite globules in equili- 
brium with the body-centred cubic phase at the 
lower carbon content. Hence, at some stage during 
tempering there would be a discontinuous switch- 
over from the tetragonal to the body-centred cubic 
form and, at the same time, a discontinuous drop 
in the carbon content of the iron phase. Mr. D. V. 
Wilson, who spoke next, said that at the end of 
his paper Dr. Jack had drawn attention to certain 
resemblances between the X-ray diffraction effects 
which accompanied the third stage of tempering 
and those which were to be observed in a cold- 
worked steel. Almost ten years ago, Professor 





Andrew had drawn some very striking comparisons 
between the properties of cold-worked steels and 
those of heat-treated steels, and he had suggested 
that there might be similarities in the changes 
involved in the two processes. In fact, of course, 
some of the resemblances were coincidental, and 
probably this was true of some of the X-ray diffrac- 
tion effects in the two cases. Clearly, further 
experimental evidence was required, but he sug- 
gested that it might be these similarities which 
underlay certain resemblances in the properties— 
for example, certain aspects of the magnetic beha- 
viour—of tempered, quench-hardened steels and 
cold-worked steels. The next speaker, Dr. K. 
Hoselitz, said that among the significant points of 
this work were the proof of the existence of a carbide 
phase different from cementite, possibly irqn percar- 
bide, and the determination of its limits of concen- 
tration ; the proof of the identity of the products 
of decomposition of martensite and retained 
austenite ; and the determination of the specific 
saturation intensity of martensite and cementite, 
and perhaps some other constituents. 

The last speaker in the discussion, Dr. J. Nutting, 
referring to the mechanism for the breakdown of 
martensite, proposed by Mr. Crangle and Professor 
Sucksmith, stated that, in experiments conducted 
at the University of Cambridge, he and his colleagues 
had not been able to detect any intermediate 
carbide, Fe,,C,. One other point was that he 
was not sure that it was correct to call the first- 
formed carbide Fe,C. It was not just a matter 
of nomenclature ; the passage from Fe,C to Fe,C 
should bring about a change in the microstructure. 
If it were assumed that the density of the Fe,C 
was of the same order as that of the Fe,C—and it 
was not likely to be very different—to go from one 
to the other should bring about a 50 per cent. 
increase in the volume of the iron carbide, and that 
should be visible in the microstructure. At Cam- 
bridge University, they had, tried to extract some of 
the carbides from the steel and then determine their 
composition, both by X-ray diffraction and by sub- 
mitting them to electron diffraction. By X-ray 
diffraction, it was found that the pattern which was 
thought to be cementite was indeed cementite, but 
by electron diffraction a picture of graphite was 
always obtained. That, it was thought, meant 
that when the carbides were extracted the compo- 
sition at the surface of the carbide was changed 
and a region of graphite was the result. With 
X-ray diffraction, a much larger area was examined 
than was the case with electron diffraction, and 
that was why iron carbide was obtained. Probably 
the reason why some of these carbides were regarded 
as Fe,C rather than Fe,C was because there was an 
increase in the carbon content of the material 
extracted, and that gave the wrong chemical 
analysis, whereas what was happening was that, 
round the carbide, there was a film of graphite. 





PROPOSED DEVELOPMENT 
OF LONDON TUBE RAILWAYS. 


In 1949, a working party of the British Transport 
Commission submitted a report* to the Minister of 
Transport, which contained a number of proposals for 
the construction of new railways in London to cai 
both goods and passenger traffic. One of these rail- 
ways, which was known as Route C, was to extend 
from the Tottenham area to the West End. It was to 
connect King’s Cross, Euston and Victoria, then to 
pass under the river and follow the line of the main 
London road to Croydon. This route was to be given 
the highest priority, owing to the new facilities it would 
provide in a densely-populated area and the valuable 
new -connections it would permit. Planning has 
therefore since been concentrated upon it and some 
account of what has been done in this direction was 
given in a paper read by Mr. F. G. Maxwell before the 
Railway Students’ Association on Wednesday, Decem- 
ber 5. 

From Seven Sisters (Tottenham), the line, said Mr. 
Maxwell, would run in tube to the existing station of 
the Piccadilly line at Manor House. The Piccadilly 
line would be diverted round the station in a new pair 
of tunnels and then run on its present alignment to 
Turnpike Lane and the north. The reason for this 
change was that the station was at present mainly 
used by passengers from the trolley "buses coming 





* See ENGINEERING, Vol. 168, page 37 (1949). 





down Seven Sisters-road and these would have already 
been catered for by the new route. At Finsbury Park, 
the next station, the tunnels of the Northern city line 
would be used to provide cross-platform interchange 
between the new route and the Piccadilly line, thus 
—— telief to the latter. It was presumed that, 

y the time the new route was completed, the Northern 
city line trains would have been diverted into the 
new tunnels at Drayton Park and would be running 
into the surface station at Finsbury Park. Between 
Finsbury Park and King’s Cross, the new line would 
run a little to the east of the Piccadilly line with a 
station at Highbury, where cross-platform interchange 
would be made with the Northern line and perhaps 
also with the London Midland Region lines from 
Broad-street to Richmond and Watford. 

At King’s Cross, the new line would run below the 
Circle line and above the Piccadilly line, with the 
Northern line below the latter. As cross-platform 
interchange was impossible, staircases and escalators 
would be provided. At the present time, King’s Cross 
station was the busiest on the London port 
system (handling 50 million passengers per annum), 
and to deal with the increased traffic which would flow 
from the new route it would be necessary to enlarge 
the present booking hall, install escalators leading to 
the new platforms and improve the access to the 
Eastern Region main-line station. 

At Euston, the next station on the new line, cross- 
platform interchange would be provided with the 
city loop of the Northern line. An additional station 
would be built at Warren-street with interchange with 
the existing station at that point, while at Oxford 
Circus extensive rebuilding would be necessary. This 
would include a new booking hall under the Circus 
itself, with escalators serving all lines as well as cross- 

latform interchange with the Bakerloo and Central 
ines. The main feature of the arrangement, which 
should have the effect of easing the heavy interchange 
which now occurred under less favourable conditions 
at Leicester Square and Charing Cross, was that one- 
way traffic movements were provided for throughout, 
both between the surface and the platforms and in the 
interchange Road congestion should also 
be reduced as entrances to the station would be provided 
at all four corners of the Circus, The other main 
West End station was Green Park, where substantial 
interchange traffic was expected with the Piccadilly 
line. The two lines, hdwever, must cross at right 
angles, so the design of the new station allowed for 
an enlargement of the present ticket hall, with two 
separate banks of escalators and an interchange 
subway. 

The present London Transport station at Victoria 
served 34 million passengers per annum, and the 
Working Party’s plan provided for two tubes with 
interchange between both the District and Circle line 
stations and the Southern Region station. The new 
tube station would be situated under the present ’bus 
forecourt with escalators running up to a new booking 
hall and access to the concourse of the main-line 
stations. Separate interchanges were planned from an 
intermediate level to the District and Circle lines 
station, the booking hall of which would remain as at 
present, and between the platforms of the new tube 
stations. 

As the northern end of the new line was considered to 
warrant a higher priority than the southern end it 
was likely that the section as far as Victoria would 
be constructed and opened first. To provide the 
balanced traffic which was desirable, it might have a 
temporary western outlet from Victoria, ibly over 
one of the four western branches of the District line, 
such as that to Wimbledon. This possibility had 
been borne in mind in the design of the new station. 
Eventually, however, the line would continue south- 
wards from Victoria to Croydon, the first station 
being at Vauxhall, where there would be an inter- 
change with the main line of the Southern Region. 
The next station would be at Stockwell, where there 
would be an mages 4 with the Northern line, 
followed by stations at Brixton, Streatham Hill and 
Norbury, all with connections to the Southern Region 
system. From Norbury the line would continue 
southwards to West Croydon, where it would bifurcate, 
one branch continuing eastwards to East Croydon 
and the other to stations near the Town Hall and 
South Croydon and running thence to a depot between 
Selsdon and Sanderstead. 

Giving some further details, Mr. Maxwell said that 
the line would be mainly constructed in standard 
12-ft. diameter tunnels, and at the northern end it 
would either be in tube until shortly before reaching 
the terminus at Wood-street, Walthamstow, or would 
break surface alongside the Tottenham and Hampstead 
line and run into a new station combining South 
Tottenham and Seven Sisters. It would then cross 
the Lea Valley on the surface on new tracks laid along- 
side the tracks of the Tottenham and Forest Gate line as 
far as Black Horse-road station. At the latter place it 
would again dip into tube as far as Wood-street. The 
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Fie. 2. CentTRE CANTILEVER ON Souts Sipgz, UNDER CONSTRUCTION. 


tube solution had the advantage that the stations 
could be placed at the most favourable points from 
the traffic aspect, but the surface solution would 
sage be cheaper to build. In both cases, space 
or a depot for stabling and maintenance was very 
limited. As each alternative had its advantages and 
disadvantages, the final decision was likely to depend 
on detailed engineering estimates and the relative 
cost of the alignments and the two possible depot sites. 

At Euston, the route would probably run “right 
hand ”’ for a mile or so to encourage ngers from 
northern suburbs to the West End to travel by the 
first south-bound train and to use the cross-platform 
interchange at Euston if that train happened to be 
going tothe City. This should even the loading between 
the Gity and West End trains, while extra capacity 
could be provided by extending the trains now reversing 
at Euston to Golders Green or Archway. A further 
advantage would be that passengers from Northern 
Line stations for Oxford Circus, Green Park or Victoria 
would be able to use the new convenient interchange 
at Euston and thus to relieve congestion at Tottenham 
Court-road, Leicester Square and Charing Cross. At 
Oxford Circus, there would be four new entrances, 
and passengers would descend to an intermediate level 
by escalators, where north and south bound passengers, 
as well as east and west bound passengers, would divide 
and reach the platforms by other escalators. Passen- 
gers leaving the platforms for the street would go up 
a stairway to an intermediate level, whence the existing 
three escalators, all of which would be ascending, 
would take them into the old station, and so to the street. 
Connection from the Central Line to the old station 
would be by two direct escalators. The layout would 
go as far as possible towards the ideal of separating all 
traffic flows both into and out of the station and 
would be of great value in handling heavy traffic. 

If the new route terminated temporarily at Victoria, 
there would be an island platform with three sidings 
beyond it, so that a service of about 32 trains an 
hour could be reversed. If the route were given a 
temporary western outlet to reach a depot and provide 
balanced traffic, the two outside sidi would 
extended to form running roads. In the final stage 
a second island platform would be built to provide 
interchange between the two new proposed routes. 
The main feature of these three plans was the way in 
which one led to the next, with the minimum of 
wasted construction of tunnels and junctions. 


be | The soffit of the bridge is 





PRESTRESSED-CONCRETE 
CANTILEVER FOOTBRIDGE AT 
SHREWSBURY. 


On November 20, the Mayor of Shrewsbury, 
Councillor A. H. Jones, J.P., opened the new Castle 
Bridge across the River Severn at Shrewsbury. The 
new footbridge, which is illustrated in Fig. 1, is the first 
cantilever bridge of prestressed-concrete construction 
in the United Kingdom. The invitation for tenders 
issued by the Shrewsbury borough surveyor, Mr. 
F. R. Dinnis, specified “any form of construction, 
using any material, bearing in mind, inter alia, economy 
of construction, ease and economy of maintenance, 
eventual life, suitability to surroundings, and speed of 
erection.” In competition with designs submitted in 
structural steelwork and normal reinforced concrete, 
the prestressed-concrete design entered by Messrs. 
Taylor Woodrow Construction, Limited, was selected, 
and it was built, in six months, in collaboration with 
Messrs. T. P. Bennett. and Son, consulting architects, 
Messrs. L. G. Mouchel and Partners, consulting 
engineers, and the Prestressed Concrete Company, 
Limited. The use of the Freyssinet post-tensioned 
prestressed technique, it is claimed, has reduced the 
quantity of steel reinforcement by about 75 per cent., 
and has also resulted in a considerable saving in 
concrete. 

The new bridge comprises two sets of three balanced 
cantilevers, cast in situ and the wires post-tensioned, 
supported on 34-in. diameter stcel roller bearings on the 
piers of the old suspension bridge. Four 60-ft. pre-cast 
girders are suspended over the river on 2}-in. diameter 
steel roiler and rocker bearings at the ends of the canti- 
levers. Pre-cast concrete end blocks containing 
Freyssinet cones are used in all the main beams. Over 
the counterpoise blocks, the overall length of the 
bridge is 247 ft.; the width, over the main girders, is 
11 ft. 6in. The deck slab comprises pre-cast concrete 
slabs 3 in. thick, the gaps being filled with concrete 
cast in situ. The beams are 7 ft. deep at the piers and 
2 ft. 9 in. deep at the centre of the suspended span. 
bolic, with a rise of 
7 ft. in 150 ft. ; the deck has a longitudinal camber of 
5-2 ft. in 247 ft. 

The outer cantilevers are each 8 in. thick, and the 
centre cantilever is 16 in. thick. The three cantilevers 
are tied together and stiffened with cross-beams, 
spaced at 9-ft. centres at the top and 3 ft. at the bottom. 
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Fic. 3. Norta-Stpz Centre CANTILEVER 
READY FOR RECEIVING CONCRETE. 


At the top of the beam, a projecting flange, 4 in. wide, 
carries the pre-cast deck slabs. The suspended girders 
are of channel section with a 6}-in. thick web, and 
12-in. wide flanges. They are stiffened by vertical ribs 
at 9 ft. centres. The suspended beams are tied together 
at the top by beams cast in situ after erection of the 
pre-cast units. Between the bottom flanges are 
freely-supported, at 3-ft. intervals, pre-cast beams 
carrying pipelines and cables for the water, gas, 
electricity, and General Post Office services. The 
bridge handrails are built up from rolled-steel sections, 
and panels of Weldmesh are fixed to the railings as 
additional protection. 

Owing to the high floods which are liable to occur 
during the winter months—often some 15 ft. to 19 ft. 
above the ordinary low-water level, with a peak flood 
of 20 ft. 34 in. recorded in February, 1795—it was 
essential to carry out the main part of the work during 
the six summer months. Even during the summer, 
the river has been known to rise 6 ft. or more above the 
towpath following heavy rain in the hills — 
The first operation, before demolition of the old suspen- 
sion bridge could be started, was to construct a tem- 
porary footbridge for pedestrians, adjacent to tii 
main bridge; the river is 140 ft. wide between the 
towpath and the opposite bank at this point. Military 
pontoons, of braced plywood construction, 20 ft. long, 
5 ft. 9 in. wide and 2 ft. 7 in. deep, spaced at 17-ft. 
centres, supported the temporary bridge. A 6-ft 














Fie. 4. Four Pre-cast SuspenDED BEAms. 


‘wide walkway was provided by timber boards, 2 in. 
thick, carried on two longitudinal beams 6 in. wide and 
9 in. deep, resting on bearings on the pontoon. The 
longitudinal beams of adjacent spans were hinged at a 
point above the centre of the pontoon, to allow vertical 
movement of the decking and pontoons, and they 
were located on the bearers by vertical 1}-in. diameter 
mild-steel pins on each side of the beam, which allowed 
a horizontal “ pivoting ’”’ movement so that the bridge 
could deflect laterally, about 2 ft., under,the pressure 
of river currents on the pontoons. The river current 
normally did not exceed about 2 or 3m.p.h. To guard 
against the pontoons breaking away during floods, 
steel rings were fixed at each end of all the pontoons, 
through which was passed a }-in. diameter wire rope, 
fixed to anchorages at the river banks. At one end, 
between the wire rope and the anchorage, a pair of 
three-sheave rope blecks was connected; straining 
or easing of the free rope allowed a degree of control 
of the pontoon bridge to conform with the river level 
and water pressure. 

The approach from the south side of the river is by 
an elevated walkway across a meadow, whereas the 
north approach is in a narrow built-up area. The 
south side was, therefore, used as a working base. 
The demolition of the suspension bridge was straight- 
forward, and was completed in about three weeks. 
The original piers were lowered 6 ft. 3 in., and on them 
were cast reinforced-concrete caps incorporating the 
bearing plates for the 34-in. diameter steel rollers. 
lo protect the south piers against the effects of iso- 
lation by erosion of the river bank, it has been enclosed 
by steel sheet piles tied together at the top with a 
reinforced-concrete ring beam; the gap between the 
p les and the pier was filled with mass concrete. 

_ The counterpoise anchor blocks were located between 
Uie original suspension-bridge anchor blocks and 
‘abutments. Their construction was straightforward, 
but the excavations had to be kept open for four 
n.onths while the main beams were constructed. 

Steel scaffolding was erected to support the shore 
spans of the cantilever during construction, 
aud a timber staging was built up on piles to carry the 
45-ft. long cantilevers overhanging the river. Twenty- 
four 9-in. by 9-in. brushbox timber piles were driven 
“approximately 9 ft. deep into the river bed, at 10 ft. by 




















Fic. 5. Post-TENSIONING OPERATION ON PRE-CAST BEAMS. 





5 ft. centres; the river bed is mainly 10 ft. to 16 ft. 
below the low-water level on the line of the bridge. 
On the piles, 9-in. by 9-in. brushbox timber posts were 
erected and secured by fishplates, and the staging 
was cross and horizontally braced in each plane above 
the water level. The tops of the posts were capped 
with 9-in. by 6-in. timbers, cantilevering over each 
side, to form supports for a walkway. Pairs of 6-in. 
by 3-in. rolled-steel channels spanned the 10-ft. interval 
between the timber caps on the ports, and supported 
the soffit shutters, or the new concrete beams. The 
staging was stabilised by }-in. diameter steel-wire guys 
fixed to the top and anchored at the river banks. 
Within the staging, a continuous working platform 
was provided about 5 ft. 6 in. below the beam soffit, to 
give access for stressing the Freyssinet cables which 
emerged from the soffit of the cantilevers. After the 
bridge was completed, the staging was removed and the 
piles were cut off at river-bed level by divers, either by 
a charge of gelignite, or by a compressed-air-driven 
circular saw. The staging can be seen in Fig. 2, which 
shows the centre cantilever beam on the south side of 
the river with some of the Freyssinet cables fixed in 
position. 

Standard cables of 12 0-2-in. diameter high-tensile 
wires were used, enclosed in soft plastic sheathing. 
Ten cables were used for reinforcing the outer canti- 
levers, and 20 in the centre cantilevers. Accurate plac- 
ing and supporting of the cables required considerable 
care. In Fig. 3, the reinforcement for the north-side 
centre cantilever is shown nearly complete and ready 
to receive concrete. All the concrete had to be placed 
from the tops of the beams where the Freyssinet cables 
were clustered above the pier support. The cables 
were stressed by a pair of Freysinnet jacks, one at 
each end of the cable. The free ends of the main 
cantilevers rose about ¥-in. under stressing; the gap 
so formed was wedged in crder that a 16-ton crane 
could be traversed over the beams for hoisting the 
suspended span into position. 

he four 60-ft. precast suspended beams were con- 
structed on the south bank of the river, about 100 ft. 
upstream of the new bridge. Each suspended beam 
has six cables of the same type as in the cantilever 
beams. Fig. 4 shows the precast beams, and Fig. 5 
the post-tensioning operation in progress, which caused 











Fic. 6. Centre Beam Frioatinc DownsTREAM 
FoR HoistrinG To Frvau Posrrion. 


the girders to lift } in. at their centres. The pre- 
casting was carried out in a cutting excavated in the 
river bank at right angles to the river. An inclined 
concrete slab was laid in this cutting to carry the beams 
during construction and to form a slipway down which 
the completed beams were transferred, on 4-in. diameter 
steel rollers, to a timber-piled gantry at the end of the 
water. The movement of the beams down the slipway 
was controlled by two winches, one pulling and one 
retarding the beam, and by two sets of sway struts. An 
overhead travelling chain block on the gantry was used 
to lift the beams on to pontoons, one pontoon supporting 
each end of the beam as illustrated in Fig. 6. They 
were then floated downstream to the bridge. The sus- 
pended beams were lifted into position on the bridge by 
two 5-ton cranes mounted on lorries, each weighing 
16 tons, and travelling under their own power to the 
ends of the cantilevers which, as already noted, were 
still supported by staging. Hoisting and lifting the 
suspended spans, which weigh 9} tons each, to their 
final position, took about 4 hour; the whole operation 
for each beam took just over half a day. Careful 
handling was required, since the beams, which had a 
width-to-span ratio of 1 to 60, were very flexible 
laterally. 

The cables were grouted with neat cement grout, 
the cement being sieved to remove any lumps, which 
tended to create stoppages. The grout was mixed in 
a colloidal grout machine. After the cable duct was 
full, the pressure was gradually reduced to prevent 
a back-throw of grout and a loss of grout from the duct. 
All the concrete used in the prestressed components 
was a high grade 1:1-3:2-6 mix. For normal 
reinforced-concrete components, a high-grade 1:2: 4 
mix was employed. A rapid-hardening Portland 
cement was used, with a water-cement ratio of about 
0-45. All concrete was vibrated in position by immer- 
sion pencil-ty vibrators. Three 6-in. test cubes 
were made of each placing of concrete, and were 
tested at 7, 14 and 28 days; a typical crushing-test. 
result was 4,870, 5,760 and 6,450 lb. per square inch, 
respectively. Prestressing was permissible when the 
concrete attained a strength of 6,000 Ib. per square 
inch, which was usually achieved at 14 days, but for 
other reasons stressing was not carried out until more 
than 28 days after the concrete had been placed. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. © 


SCOTLAND. 


FortTH RoapD BRIDGE.—Considerable progress has 
been made with the design for the Forth road bridge, 
it was reported at a meeting of Midlothian County 
Council in Edinburgh on December 12. It was stated 
that the two fina] borings had now been completed. 
The boring on the Mackintosh Rock on the Fife side of 
the river had been carried down 50 ft. into whinstone 
rock. The second, on the site of the other main tower, 
was carried down to 87 ft. below the bed of the river, 
where sandstone was met beneath a thick stratum of 
boulder clay. 








THE Late Mr. E. J. EpGar.—Mr. Edward James 
Edgar, M.I.E.E., controller of the South-West Scotland 
Division of the British Electricity Authority, died in an 
Edinburgh nursing home on November 10 after a brief 
illness; he was 62. Mr. Edgar came to Scotland in 
1943 as manager for the Central and South Scotland areas 
of the Central Electricity Board. He was born at 
Prestbury, Cheshire, received his technical education at 
the Manchester College of Technology, and served his 
apprenticeship with two local firms. He filled, consecu- 
tively, posts with the Cleveland and Durham Electric 
Power Company, the Newcastle-on-Tyne Electric 
Supply Company, and the Belfast Corporation Electricity 
Department. Then followed a spell of five years with 
the Shanghai Power Company. His connection with the 
Central Electricity Board began in 1932, when he 
returned from the East to assume the post of operation 
engineer for the South-West England and South Wales 
area. He then became manager for North-East England, 
and subsequently manager for Central and South 
Scotland. 





IRON AND STEEL PRopuCcTION.—The Scottish output 
of steel ingots and castings expanded during November 
to the annual equivalent of 2,204,100 tons as compared 
with 2,147,800 tons in October. The corresponding 
rate in November last year was 2,590,700 tons. Pro- 
duction during the first nine months this year was at 
an annual rate of 2,098,400 tons, against 2,392,700 tons 
in the corresponding period of 1950. The final total for 
last year was 2,426,200 tons: Pig iron production has 
been higher than last year, the output in the first nine 
months being equivalent to 769,100 tons per annum, 
compared with 700,700 tons last year. 





CLYDE SHIPBUILDING INDUSTRY.—New ships com- 
pleted at Clyde yards during the first ten months of this 
year totalled 58, making together 339,000 tons gross. 
They comprised 16 oil tankers totalling 180,000 tons, 
12 cargo ships aggregating nearly 77,000 tons, seven pass- 
enger vessels comprising 68,700 tons, and 23 miscellaneous 
craft making together 13,300 tons. Seven ships— 
two tankers, three cargo ships and two whalers—were 
handed over by Clyde firms to their owners in November, 
and a further 33,000 tons gross will be added to the total 
when three tankers now at the trials stage are handed 
over, the resultant totals being 68 ships and just under 
410,000 tons. 





NEWPORT FERRY PIER, DUNDEE.—Reconstruction of 
the Newport ferry pier, on lines similar to that now being 
carried out on the other side of the Tay ferry at Dundee, 
is under consideration by Dundee Harbour Trust, it 
was stated at a meeting of Fife County Road Board on 
December 7. Mr. T. McCallum, deputy county road 
surveyor, said that the Trust’s reconstruction scheme in 
Dundee would ensure that vehicles waiting to cross by 
the ferry did not have to stand on the highway, but could 
be accommodated near the harbour. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


IRON AND STEEL INDUSTRY.—Conditions in the iron 
and allied trades continue to occasion grave anxiety and 
indications of early change for the better in the future 
are few and small. Producers are unable to cope with 
delivery obligations and the “ear is expressed that outputs 
will have to be reduced, mainly because of inadequate 
deliveries of iron and steel scrap, raw materials and 
semi-finished commodities. Some slight improvement 
in coal output, however, is a development that encourages 
the hope of an expansion in the manufacture of North- 
East Coast products urgently needed in large quantities 
for important home purposes and for shipment overseas. 
If more coke becomes available an expansion of pig-iron 
production could soon be achieved but, as yet, the 
position has not improved to an extent that justifies 
preparations for the re-kindling of blast-furnaces that 
have been idle for some time. A rise in pig-iron supplies 
would be followed speedily by increased activity at con- 
suming plants. 





SPEEDING Up MOVEMENT OF IRON ORE.—Complaints 
are heard, from time to time, of serious transport diffi- 
culties in the North-East Coast iron and steel-producing 
areas due to an insufficient supply of railway wagons, 
and the announcement of a movement to deal energetic- 
ally with the matter is most welcome. British Railways 
have designed an iron-ore wagon with pneumatic dis- 
charge gear, and 30 of these are in course of construction at 
Shildon, Co. Durham. Trains of the wagons are to carry 
4,500 tons of iron ore a day from Tyne Dock to the 
Consett steelworks. The first train of ten wagons is 
expected to be ready in the spring. A scheme developed 
by the Tyne Improvement Commission and the Consett 
Iron Co., Ltd., aims at handling 1,250,000 tons of iron 
ore a year from ship to works. 





FLoop PROBLEM AT DARLINGTON.—The Streets 
Committee of the Darlington Town Council have met 
representatives of the Wear and Tees River Board to 
discuss the problem of flooding at Haughton, Darlington. 
This is caused by silting in the River Sterne, and the 
outcome of the meeting is that it is hoped that the 
Corporation of Darlington and the River Board will 
co-operate in carrying out re-grading and other works 
on the river to end the trouble. 





LANCASHIRE AND SOUTH 
YORKSHIRE. 


PowER Cuts.—Sheffield and Rotherham industrialists 
have been fortunate in that it has not been necessary to 
impose power cuts except on odd occasions so far this 
winter, thanks largely to the operation of staggered 
hours ; and it was not until December 14 that it became 
necessary to ask 130 firms in the Sheffield district to 
make a 15 per cent. reduction in gas consumption for 
48 hours. Sheffield recently achieved a new record 
output of gas, and if the new plant at Neepsend, now 
nearly ready, had been in use, it would have been possible 
to meet the peak demand. 





REVISED GAS CHARGES.—The East Midlands Gas 
Board has d standard tariffs for gas which will 
mean an increase in top gas prices of nearly 2d. a therm 
for Sheffield and Rotherham users, but reductions at 
Chesterfield and many other places. At Doncaster, the 
price will go up by 0-6d. a therm. In place of nearly 
400 different prices in the area there are now five prices 
for domestic users, according to where they live, and six 
for non-domestic users. A sliding scale will reduce the 
charge for consumptions of more than 30 therms per 
quarter. The domestic meter rent is abolished. 








Low STEEL Stocks.—Stocks of steel at Sheffield are 
very low and are said to have touched rock bottom. The 
wintry weather has adversely affected railway transport 
and delayed the receipt of scrap and other melting 
materials. Steel manufacturers have been apprehensive 
of a repetition of the experience in the winter of 1947 
when the weather was the cause of a production crisis. 
The weekly production of steel ingots and castings in 
the Sheffield district in November, namely, 44,200 tons, 
increased by 1,700 tons a week over the October output 
and was the highest since April. 


THE MIDLANDS. + 


UNDERGROUND GASIFICATION OF COAL.—Mr. C. A. 
Masterman, technical director of underground gasifica- 
tion, Ministry of Fuel and Power, announced in 
Birmingham on December 12 that it was hoped to ignite 
a coal seam at a depth of 100 ft. at Rock, Bewdley, 
Worcestershire, early next year. The Rock area has a 
number of seams which are unworkable by any normal 
mining method, and a site of seven acres is being used 
for the experiments. It is hoped that a second seam, 
at a depth of 250 ft., will be ignited later in 1952. A 
pilot plant for the generation of electricity with turbines 
driven by the gas is planned for the autumn of 1953, and 
it is hoped to produce current at a cost not greater than 
the electricity authorities pay at present for their fuel. 
The Rock experiments are the second to be undertaken 
in this country, the first being at Newman Spinney, 
near Chesterfield, in 1949. 





AN ALL-ELECTRIC COLLIERY.—It is planned to start 
boring for coal at Bevercoats, between Retford and 
Ollerton, Nottinghamshire, to tap the Deep Hard 
seam which has yielded high outputs at the newer 
collieries of the Dukeries coalfield. It is expected that 
the colliery, which will be all-electric, will eventually 
yield 5,000 tons of coal a day and employ 18,000 men. 
Two shafts are to be sunk, each about 24 ft. in diameter, 
to a depth of about 1,000 yards to reach the Top Hard 
seam, which is about 4 ft. thick. 





THE SHEET AND Strip METAL USERS’ TECHNICAL 
ASSOCIATION.—A Midland branch of the Sheet and 
Strip Metal Users’ Technical Association has been 
formed in Birmingham. The names of the following 





Midland officers have been announced: chairman, 
Mr. M. E. Guermont (Fisher & Ludlow, Ltd., Birming- 
ham); honorary secretary, Mr. E. N. Salmon (Austin 
Motor Co., Ltd., Birmingham). The Midland com- 
mittee consists of Mr. W. Beresford (Fisher & Ludlow, 
Ltd.); Mr. E. Coupland (Rubery, Owen & Co., Ltd., 
Darlaston) ; Mr. L. Gibbs (Metal Sections, Ltd., Oldbury); 
and Mr. G. C. Hoare (J. F. Ratcliff (Metals), Ltd.. 
Birmingham). 

STAFFORDSHIRE COUNTY TECHNICAL COLLEGE, 
WEDNESBURY.—Mr. T. G. Bamford, M.Se., A.R.I.C.. 
M.1.Prod.E., who has been principal of the Stafferdshire 
County Technical College at Wednesbury since 1928, is 
retiring shortly. Wednesbury College is one of the 
largest in the Black Country, and during Mr. Bamford’s 
tenure of office, the number of students has risen from 
250 to nearly 1,400. Mr. Bamford is to be succeeded 
by Mr. H. A. McColl, B.Sc. (Hons. Met.), F.I.M., the 
present head of the metallurgy department. 





RUBBER RESEARCH CENTRE.—The Research Associa- 
tion of British Rubber Manufacturers have acquired 
premises at Shawbury, Shropshire, for use as research 
laboratories. The buildings, which were erected as 
casual wards by Shropshire County Council, are about 
six miles N.E. of Shrewsbury. Some of the staff of 
the present headquarters at Croydon will be transferred 
to the new centre, and others will be recruited locally. 
It is expected that the Shawbury premises, which will 
become the Association’s headquarters, will be opened 
in about two years’ time. 





HEREFORD WATERWORKS.—Following the _ recent 
failure of water supplies to the city of Hereford, the 
corporation have decided to spend 22,0001. on improve- 
ments to the waterworks. The waterworks committee 
have reported that, when the flooding of the river Wye 
caused a breakdown of the water supply, the position 
was aggravated by the fact that an electric motor, which 
had been sent away for re-winding, had not been 
returned, and part of the plant was out of commission. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


BRIDGES OVER RIVER TAMAR.—The Minister of Trans- 
port, the Hon. J. S. Maclay, M.P., received, on December 
11, a deputation from the Cornwall County Council, the 
Plymouth City Council and the Saltash Borough Council 
to discuss the questions of the construction of a high- 
level bridge over the River Tamar, at Saltash, and the 
provision of a third floating bridge for the Torpoint 
Ferry. It was agreed that the construction of the high- 
level bridge had to be regarded as a long-term project. 
but the Minister undertook to examine the deputation’s 
representations in favour of carrying out a limited amount 
of preliminary survey work in the near future to fix the 
site of the bridge. As regards the provision of the third 
floating bridge, the Minister expressed sympathy with 
the present conditions of congestion, but pointed out 
the difficulties arising from the restrictions on capital 
investment. 





REMOVAL OF ROLLING MILL TO SCUNTHROPE.—Details- 
of the move of the company’s 750,0001. steel wire-rod 
rolling mill from Cardiff to Scunthorpe, Lincolnshire. 
have been given during the past week by Mr. N. R. R. 
Brooke, managing director of Guest Keen and Nettle- 
folds (South Wales), Ltd. The move is being made to: 
avoid the necessity to send steel from Scunthorpe to 
South Wales to manufacture wire rod. In accordance 
with the development plans for the industry, prepared 
by the Iron and Steel Corporation of Great Britain, the 
steel wire-rod mill which has been in operation at Cardiff 
since 1935 is to close down at Christmas. The mill is 
being completely modernised and reinstalled alongside 
the iron and steel works of John Lysaght (Scunthorpe). 
Ltd., which are also being modernised. A new and com- 
pletely modern wire-rod mill was installed at the Tre- 
morfa works, Cardiff, by the company, a little over @ 
year ago to produce the wire rods required in the area. 





RHOOSE AERODROME.—Cardiff Corporation has been 
told by the Ministry of Civil Aviation that the restoration 
of Rhoose Aerodrome to render it suitable as a termina! 
for Dakota aircraft may be delayed by restrictions 0” 
capital investment. Detailed surveys, the Ministry 
states, have shown that there would be no physical 
difficulties regarding the use of the aerodrome for services 
operated by Dakotas. 





CoaL FoR Gas-Makinc.—Lianelly gasworks hav« 
been selected for an important project in 1952 aimed «i 
widening the scope of the coals suitable for gas-makine. 
This was announced by Mr. Albert Pickard, manager an! 
secretary of the Llanelly undertaking. He said that th: 
new process would mean completely gasifying the coal. 
and that low-volatile coal, different from that normal] 
used,. would be employed. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not tater than Tuesday 
morning in the week preceding the date of the meeting. 





JUNIOR INSTITUTION OF ENGINEERS.—Friday, Decem- 
ber 28, 6.30 p.m., 39, Victoria-street, S.W.1. ‘’ Hydro- 
Electric Power Developments,”’ by Mr. J. Foster Petree. 
Midland Section: Wednesday, January 2, 7 p.m., 
James Watt Memorial Institute, Birmingham. ‘ The 
Manufacture of Coins,” by Mr. G. H. Thompson. Jnstitu- 
tion: Friday, January 4, 6.30 p.m., 39, Victoria-street, 
S.W.1. Film on “ Rocket Flight,” introduced. by Mr. 
S. G. Clark. North-Western Section: Monday, January 
7, 7.30 p.m., 16, St. Mary’s Parsonage, Manchester. 
Chairman’s Address, by Mr. A. Eaton. 

INCORPORATED PLANT ENGINEERS.—South Wales 
Branch: Tuesday, January 1, 7.15 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. Film on 
“Hard Surfacing with Stellite.”” Southampton Branch: 
Wednesday, January 2, 7.30 p.m., Polygon Hotel, South- 
ampton. Discussion on “ The Factories Act.” Peter- 
borough Branch: Thursday, January 3, 7.30 p.m., 
Offices of the Eastern Gas Board, Church-street, Peter- 
borough. ‘“‘ Power Distribution,” by Mr. G. J. Richard- 
son. Edinburgh Branch: Tuesday, January 8, 7 p.m., 
25, Charlotte-square, Edinburgh. ‘“ Organisation of 
Scientific Research in Great Britain,”’ by Dr. H. Buckley. 
East Lancashire Branch :, Tuesday, January 8, 7.15 p.m., 
Engineers’ Club, Manchester. ‘‘ Secondary Air and Its 
Application,” by Mr. H. Hetherington. Hast Midlands 
Branch: Wednesday, January 9, 7 p.m., Welbeck 
Hotel, Nottingham. ‘“‘ Building a Passenger Liner,” 
by Mr. J. Melville. Kent Branch: Thursday, January 10, 
7 p.m., Queen’s Head Hotel, Maidstone. ‘“ Automatic 
Combustion Control as Applicable to Industrial-Type 
Boilers,” by Mr. 8. J. Clifton. 


INSTITUTION OF PRODUCTION ENGINEERS.—Reading 
Section: Tuesday, January 1, 7.15 p.m., Great Western 
Hotel, Reading. ‘“‘ Industrial Design and the Engineer,” 
by Mr. K. L. Brookfield. Wolverhampton Section: 
Wednesday, January 2, 6.30 p.m., Star and Garter 
Hotel, Wolverhampton. Film on “ Polished Plate Glass 
and ‘ Armourplate ’ Glass.” Nottingham Section: Wed- 
nesday, January 2, 7 p.m., Victoria Station Hotel, 
Nottingham. ‘The Importance of Costing to the 
Production Engineer,” by Mr. L. W. Robson. London 
Section: Thursday, January 3, 7 p.m., Old Ship Hotel, 
Brighton. “Improvements and Their Hindrances,” 
by Mr. C. R. Whitaker. Halifax Section: Monday, 
January 7, 7.15 p.m., George Hotel, Huddersfield. 
“ Steam Turbine Manufacture,” by Mr. A. C. Annis. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—East Midlands Branch : Wednesday, January 2, 
6.30 p.m., Victoria Station Hotel, Nottingham. ‘“ Special 
Applications of Air Conditioning,” by Dr. B. Edgington. 
North-East Coast Branch: Tuesday, January 8, 6.30 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“School Heating,” by Dr. J. C. Weston. Institution : 
Wednesday, January 9, 6 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“Fibrous Filters for Fine-Particle Filtration,” by Dr. 
D. J. Thomas. ; 


INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section: Wednesday, January 2, 6.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. “ The Develop- 
ment of the Mechanical Principles of Punched-Card 
Accounting Machines,”” by Mr. P. W. Murphy. Jnstitu- 
tion: Friday, January 4, 5.30 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. “Considerations on Bogie 
Design, with Particular Reference to Electric Railways,” 
by Mr. W. 8. Graff-Baker. North-Eastern Branch: 
Monday, January 7, 6 p.m., Neville Hall, Westgate-road, 
Newcastle-upon-Tyne. Annual Meeting. “The Mea- 
surement and Interpretation of Machinery Noise, with 
Special Reference to Oil Engines,” by Mr. C. H. Brad- 
bury. South Wales Branch: Tuesday, January 8, 
6 p.m., South Wales Institute of Engineers, Park-place, 
Cardiff. Thomas Hawksley Lecture on “Some ‘Fuel 
and Power Projects,” by Dr. H. Roxbee Cox. Scottish 
Branch: Thursday, January 10, 7.30 p.m., Royal 
Technical College, Glasgow. “Steel Castings and the 
Engineers,” by Mr. J. F. B. Jackson. AUTOMOBILE 
DIVISION.—Birmingham Centre: Tuesday, January 1. 
7.15 p.m., Craven Arms Hotel, Coventry. ‘‘ Shock 
Absorbers,” by Mr. J. W. Kinchin and Mr. C. R. Stock. 
Western Centre: Thursday, January 3, 6.45 p.m., 
Royal Hotel, Bristol. Informal Discussion. 


INSTITUTION OF ENGINEERING INSPECTION.—Birming- 
ham Branch: Wednesday, January 2, 7.30 p.m., Chamber 
of Commerce, 95, New-street, Birmingham. ‘“ Petroleum 
Products,” by Mr. K. H. Holman. Institution: Thurs- 
(ay, January 3, 6 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. “‘ Quantity Production of Geared 
Instruments for Time and Linear Measurements,” by 
Mr. T. G. Mercer. 

INSTITUTE OF METALS.—Thursday, January 3, 2.30 
'.m., The University, Birmingham. Discussion on 





“Tool and Die Materials for the Hot-Working of Non- 
Ferrous Metals and Alloys.” London Local Section: 
Thursday, January 3, 7 p.m., 4, Grosvenor-gardens, 
Westminster, S.W.1. ‘“‘ Research on the Working of 
Metals,” by Mr. W. C. F. Hessenberg. 

LEEDS METALLURGICAL SocireTy.—Thursday, January 
3, 7 ~m., The University, Leeds. ‘‘ The Piatinum*Metals : 
Their Properties and Uses,” by Dr. J. C. Chaston. 

INSTITUTION OF WORKS MANAGERS.—T'ees-Side 
Branch: Thursday, January 3, 7.30 p.m., Vane Arms 
Hotel, Stockton. ‘‘ The Profession of Management,” 
by Mr. A. M. Hudson Davies. Merseyside Branch: 
Tuesday, January 8, 6.30 p.m., Adelphi Hotel, Liverpool. 
** Management Practice in the United States,”” by Mr. E. 
Packer. Birmingham Branch: Tuesday, January 8, 
7 p.m., Grand Hotel, Birmingham. “ Production 
Economy,” by Mr. T. A. Yapp. 

ILLUMINATING ENGINEERING Socirety.—Birmingham 
Centre: Friday, January 4, 6 p.m., Imperial Hotel, 
Birmingham. Joint Meeting with InstiITUTE or ROAD 
TRANSPORT ENGINEERS. “ Modern Transport Lighting,” 
by Mr. W. E. J. Drake. Bath and Bristol Centre: 
Friday, January 4, 7 p.m., Offices of the South Western 
Electricity Board, Old Bridge, Bath. ‘‘ Neon Lighting,” 
by Mr. C. Higgins. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, January 7, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘ Protection of Elec- 
trical Power Systems: A Critical Review of Present-Day 
Practice and Recent Progress,” by Mr. H. Leyburn and 
Mr. C. H. W. Lackey. Mersey and North Wales Centre: 
Monday, January 7, 6.30 p.m., Royal Institution, 
Colquitt-street, Liverpool. ‘‘ Modern Developments in 
Electric Welding,” by Dr. H. G. Taylor. Measurements 
and Radio Sections: Tuesday, January 8, 5.30 p.m., 
Savoy-place, Victoria-embankment, W.C.2. °(i) “ Two 
Electronic Resistance or Conductance Meters,” by Dr. 
L. B. Turner. (ii) “‘ A Bridge for the Measurement of 
the Dielectric Constants of Gases,” by Mr. W. F. Lovering 
and Mr. L. Wiltshire. North-Western Centre: Tuesday, 
January 8, 6.15 p.m., Engineers’ Club, Manchester. 
“ Blectricity in Newspaper Printing,” by Mr. A. T. 
Robertson. North Midland Centre: Tuesday, January 8, 
6.30 p.m., Hotel Metropole, Leeds. (i) “‘ Crystal Diodes,” 
by Mr. R. W. Douglas and Dr. E. G. James. (ii) “‘ Crystal 
Triodes,” by Mr. T. R. Scott. Southern Centre : Wednes- 
day, January 9, 6.30 p.m., Polygon Hotel, Southampton. 
“Domestic Electrical Installations: Some Safety 
Aspects,” by Mr. H. W. Swann. Scottish Centre: Wed- 
nesday, January 9, 7 p.m., Heriot-Watt College, Edin- 
burgh. ‘“ Transient Theory of Synchronous Generators 
Connected to Power Stations,” by Mr. B. Adkins. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Shefield 
Branch: Monday, January 7, 7.30 p.m., College of 
Technology, Pond-street, Sheffield. ‘“‘ Synthetic Resins 
as Foundry Sand Binders,” by Mr. P. G. Pentz. Burnley 
Section: Tuesday, January 8, 7.30 p.m., Grammar 
School, Blackburn-road, Accrington. ** Phosphor 
Bronze,” by Mr. E. Jackson. Lincolnshire Branch: 
Thursday, January 10, 7.15 p.m., Technical College, 
Lincoln. ‘“ Production of Turbine Castings,’’ by Mr. N. 
Charlton. Middlesbrough Branch: Friday, January 11, 
7.30 p.m., at Messrs. Head, Wrightson and Co., Ltd., 
Teesdale Iron Works, Thornaby-on-Tees. ‘“‘ Process 
Planning in the Steel Foundry Industry,” by Mr. 8. L. 
Finch. 


INSTITUTION OF CHEMICAL ENGINEERS.—~Tuesday, 
January 8, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘“‘ Froth Flotation Kinetics,” 
by Mr. William Gibb. 

INSTITUTE OF PETROLEUM.—Wednesday, January 9, 
5.30 p.m., Manson House, 26, Portland-place, W.1. 
“Some Aspects of Field Operations in Kuwait,” by 
Mr. E. Boaden and Mr. E. C. Masterson. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—WNorth- 
Eastern Section: Wednesday, January 9, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. ‘“ Test Gear 
Design,” by Mr. A. W. Wray. London Section: Wednes- 
day, January 9, 6.30 p.m., London School of Hygiene 
and Tropical Medicine, Keppel-street, W.C.1. ‘“‘ Crystal 
Triodes,”’ by Dr. E. G. James and Mr. G. M. Wells. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch: Wednesday, January 9, 6.30 p.m., 
Cleveland Scientific and Technical Institution, Corpora- 
tion-road, Middlesbrough. ‘“‘ Reconstruction of Houdon- 
on-Tyne Gas Works,” by Mr. W. R. Garrett. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—East 
Midlands Centre: Wednesday, January 9, 7.30 p.m., 
Mechanics Institute, Nottingham. “ Use of Aluminium 
for Road-Vehicle Bodies,” by Mr. R. Esmonde. 

INSTITUTE OF FUEL.—North-Western Section : Thurs- 
day, January 10, 2.30 p.m., Radiant House, Bold-street, 
Liverpool. ‘‘ Progress in Domestic Heating Research,” 
by Dr. A. C. Monkhouse. 

INSTITUTION OF CIVIL ENGINEERS.-— Midlands Associa- 
tion: Thursday, January’ 10, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘“‘ Sewage Purifica- 
tion,” by Mr. David M. Watson. 





PERSONAL. 


Sm GEORGE Binney, D.S.O., B.A., F.R.G.S., and 
Mr. K. F. PEARSON have been elected directors of the 
Vulcan Foundry, Limited, Newton-le-Willows, Lan- 
cashire. 

COLONEL H. C. Smita, C.B.E., D.L., J.P., M.1.C.E., 
M.Inst.Gas.E., is succeeding Sm EpGAR SYLVESTER, 
K.B.E., as chairman of the Gas Council, 1, Grosvenor- 
place, London, 8.W.1, on January 1, 1952. Colonel 
Smith has been deputy chairman of the Gas Council 
since July 30, 1948. 


PROFESSOR JOHN MACNAGHTEN WHITTAKER, F.R.S., 
Professor of Pure Mathematics at Liverpool University, 
has been appointed Vice-Chancellor of Sheffield Univer- 
sity, in succession to Sir Irvine Masson, who is to retire 
next September. 

AIR-COMMODORE W. WyYNTER-MorGAN, C.B., C.B.E., 
M.C., who has an extensive knowledge of air armaments, 
has joined the staff of Sir W. G. Armstrong Whitworth 
Aircraft Co., Ltd. < 

Mr. A. R. Cooprer, M.I.E.E., M.Inst.F., controller of 
the Merseyside and North Wales generation division of 
the British Electricity Authority since 1948, and formerly 
chief operation engineer, Central Electricity Board, has 
been appointed controller of the North-Western genera- 
tion division in succession to the late Mr. C. T. 8S. ARNETT. 


Mr. Hues Beck, B.Sc., A.M.I.Mech.E., M.I.Mar.E., 
London office manager of Crossley Brothers Ltd., 
Diesel-engine manufacturers, Openshaw, Manchester, 
has been appointed to a seat on the board of directors. 

Mr. J. HOLDEN FRASER, B.Sc., A.M.I.C.E., M.I.R.S.E., 
hitherto signal and tel ications engineer, North 
Eastern Region, British Railways, York, has been ap- 
pointed chief officer, engineering (signal and telecommuni- 
cations) at Railway Executive headquarters, London. 

The Hon. J. R. Rea has relinquished the position of 
Secretary of the British Electrical and Allied Manu- 
facturers’ Association, which he has held since 1938. 

Mr. P. D. Irons, who originally joined Saunders-Roe, 
Ltd., in 1938 and has been secretary of the firm for 
seven years, has been elected to the board of directors. 
He is a director of the firm’s two subsidiary companies, 
Saro Laminated Wood Products Ltd., and Saunders- 
Roe (Anglesey) Ltd. 

Mr. R. D. Brown, A.M.I.C.E., formerly European 
representative of Richard Sutcliffe Ltd., Universal 
Works, Horbury, Wakefield, has been appointed sales 
manager to the firm. 

Mr. P. G. CLapisH is relinquishing his position as 
sales executive at the head office of the Brockhouse 
Organisation to assume that of sales manager of 
Brockhouse Engineering (Southport) Ltd., on January 1. 

LT.D., Lrp., the selling organisation for Stacatrucs, 
Aerolift fork trucks and Electricar works trucks, 
state that Mr. R. T. HARTMANN, M.A., is no longer 
connected with the company. Mr. A. C. Cooper, who, 
until now, has been United Kingdom division manager, 
will be acting sales manager of the company, in charge of 
both home and overseas business. 

Dr. J. H. GARDNER has joined the petrochemical 
department of the National Research Corporation, 70, 
Memorial Drive, Cambridge, Massachusetts, U.S.A. 

Rorary Hors Lrp., East Horndon, Essex, have 
formed a new distributing company in the United States. 
It is registered as the Howakp ROTAVATOR Oo., INC., 
and has headquarters at 3916, South Hanover-street, 
Baltimore, Maryland. It is responsible for the distri- 
bution of Howard Rotavators throughout the Eastern 
States. 

At present, VICKERS-ARMSTRONGS LTD., and the 
METROPOLITAN-CAMMELL CARRIAGE AND WAGON CO., 
Lrp., are represented in South Africa by VICKERS AND 
METROPOLITAN CARRIAGE (SouTH AFRicA) LTD. The 
name of this, as from January 1, 1952, will be changed to 
VICKERS-ARMSTRONGS SouTH AFRICA (PTy.) Lrp., and, 
concurrently, a new company, METROPOLITAN-CAMMELL 
CARRIAGE AND WaGON CoMPANY, AFRICA (PTy.) LTD., 
will be formed. Vickers-Armstrongs South Africa 
(Pty.) Ltd., will sell the products of Vickers-Armstronge 
Ltd., in the Union of South Africa and the Rhodesias, 
and will also represent Rosert Bosy, Lrp., PALMERS 
HEBBURN Co., LTp., G. J. WorssaAM AND Son, LTD., 
and for certain of their products, Ioco Lrp. The 
directors will be Mr. D. W. STANLEY, chairman and 
managing director, Mr B. L. BLAINE, MR. W. H. BUTLER, 
Mr. J. A. Krttick and Mr. A. H. Hip. The newly- 
formed company will take over the representation, in 
Africa, of the interests of the Metropolitan-Cammell 
Carriage and Wagon Co., Ltd., and will also represent, 
in the territory, GRESHAM AND ORAVEN, LTD., the 
LAYcocK ENGINEERING Co., Ltp., G. SPENCER MOULTON 
AND Co., Ltp., the VacuuM BRAKE Co., LTp., and 
MALEY AND TAUNTON, Lip. The directors will be 
Mr. D. W. STANLEY, chairman, Sm ARCHIBALD J. Boyb, 
Mr. F. O. G. Lone, managing director, and W. A. J. Day. 
The offices of both companies will continue to be in 
Maritime House, Loveday-street, Johannesburg. 








784 ENGINEERING. © ___ DEC. 21, 1951. 


COLD-REDUCTION SHEET AND TINPLATE MILL AT PITTSBURG, CALIFORNIA. 


(For Description, see Page 769.) 
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BUILDING RESEARCH. 


In May, 1944, the scope of the work of the Road 
Research Board was extended to include traffic 
flow and road accidents. A step of a similar kind 
was taken last year in connection with the Building 
Research Board; from April, 1950, it has been 
required to take “ responsibility for economic and 
sociological research on building.” This enlarge- 
ment of the fields of these two Boards may be 
presumed to indicate a growing realisation of the 
fact that matters involving social reactions, and 
bearing on the opinions and habits of the mass of 
the population, are likely to be investigated in a 
more unbiased way by a scientific body than by 
associations and committees which set out on their 
work with preconceived opinions. As the latest 
report* of the Building Research Board deals with 
its activities only up to the end of 1950, so that it 
covers only nine months’ operations under the 
enlarged functions, it is not to be expected that it 
should contain much information about how the 
instruction to undertake “sociological” research 
is being interpreted. ; 

The Board has been engaged in at least one 
branch of that kind of activity for many years, if, 
as seems reasonable, study of the reaction of the 
tenants of houses to different methods of construc- 
tion and heating may be described as sociological 
research. The houses which the Board has built 
at Abbots Langley and Garston have been designed 
for the study of different types of construction and 
problems of heating, ventilation and sound trans- 


and| mission, but note has been taken throughout of 


tenants’ reaction. This type of investigation is 
* Report of the Building Research Board with the 


Report of the Director of Building Research for the Year 
1950. H.M. Stationery Office. [Price 4s. net.] 








evidently being extended, and an extra-mural con- 
tract has been made with the London School of 
Hygiene and Tropical Medicine to investigate 
“ conditions set up in domestic operations such as 
clothes washing.” 

It may be hoped that the instruction the Board 
has received to engage in “economic research” 
may bear fruit in the housing field. The standard 
which has been adopted for council housing in 
recent years has resulted in the accumulation of a 
local and national financial commitment which, 
under present circumstances, the country cannot 
afford to carry, and even with this heavy public 
subsidy the rents imposed are beyond the means 
of many people for whom the houses are intended. 
Some modification of building standards is to be 
made, but it is not clear that it will take advantage 
of a recommendation, made in the report, that 
the height of rooms should be reduced from 
8 ft. to 7 ft. 6 in. A study carried out by the 
London School of Hygiene and Tropical Medicine has 
shown that such a reduction would have no ill-effect 
on health or comfort. This simple expedient, which 
would contribute towards the reduction of building 
costs, could be adopted to-morrow. 

“Economic research,” the other new factor in 
the extended field which the Board is now required 
to cover, involves two difterent, but interconnected, 
matters. One is the productivity of labour and the 


g| Value, or otherwise, of incentive payment systems; 


the other is the investigation of new building 
methods and materials. On the first matter it is 
stated that a survey, covering 170 contracts, has 
been put in hand to examine the effect, both on 
productivity in man-hours per house and on costs 
per house, of the practice of sub-contracting por- 
tions of the work to specialist firms. This may 
possibly be found to be an important factor. 
In the United States, specialist firms, confining 
themselves strictly to one type of work, play a 
large part in the house-buildihg field and have an 
important effect both on costs and speed of con- 
struction, particularly the latter. In this country, 
however, specialist firms of the American type do 
not exist in any significant number. 

Alternative building methods, or new types of 
construction, have occupied the Board for some 
time, but under its extended responsibilities it will 
be able to take a more active part in the overall 
economics of such developments. In the past, a 
number of contracts were placed by the Ministry of 
Works for the construction of prefabricated houses, 
but in almost all cases the prefabrication was con- 
fined to the shell, and traditional fittings and com- 
ponents were used. The cost of the shell, or carcase, 
is, however, only about half the cost of a house, and 
an extensive programme is now to be carried out in 
which combinations of prefabricated internal com- 
ponents will be employed. A total of 440 houses 
is to be built, covering seven different combinations 
of shell and internal components. With the transfer 
of new responsibilities to the Board it is concerned 
with the preparation of drawings, specifications and 
erection schedules for this work. 

Although house construction bulks so largely in 
public discussion on building matters it by no means 
represents the whole, or main, activity of the 
Building Research Station at Garston. Actually, 
the house-building studies appear to be carried out 
at a branch station near Boreham Wood and an 
office in Kensington. The report refers to the 
inconvenience of operating from three separate 
stations and expresses a hope that additional 
accommodation may be provided at Garston as soon 
as possible—a not unreasonable hope for a body 
engaged on building research. The range of work 
covered by the Board is indicated by the titles of the 
main sections into which the report is divided. 
These are: materials, design and performance of 
structures, soil mechanics, building operations, 
and efficiency of buildings and user requirements. 
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From an engineering point of view, the most 
important part of the sectionon materials is that 
concerned with cement and concrete. A detail 
research on cement and silicate chemistry is being 
carried out at Birkbeck College, and it is mentioned 
that the successful separation of minerals from 
blast-furnace slag has revived the hope that it may 
be possible to extract the main constituents of 
Portland cement for analysis and mineralogical 
study. Work on the interaction between Portland 
cement and aggregates has shown that none of the 
British aggregates so far examined is expansively 
reactive, as are some American aggregates. In view 
of the shortage of light-weight aggregates, other 
work is being directed towards the use of power- 
station clinker. The objection to the use of this 
material as an aggregate is that it usually contains 
a proportion of unburnt-fuel which may cause 
trouble in concrete. The work in hand, originally 
started by the Ministry of Works but now trans- 
ferred to the Building Research Station, is con- 
cerned with cleaning methods and with the rapid 
assessment of the proportion of unburnt fuel present. 

The section dealing with the design and per- 
formance of structures gives some information about 
an investigation of the deformation of, and stresses 
in, two test panels representing part of the road 
deck of the proposed Severn Bridge. The results of 
tests indicated that the design was generally satis- 
factory, but some minor modifications were sug- 
gested. Some results of tests on models of eccentric- 
ally-loaded concrete walls are also given. They 
showed that, with an initial eccentricity of +5 of 
the wall thickness, for example, the strength of the 
wall was only about 12} per cent. of that when 
the loading was axial. With an eccentricity of 
this order, the concrete fails under tension. The 
report states that the extent to which tension can 
be resisted by the concrete of the plain wall is of 
particular interest and importance, since, for con- 
venience, all tensile resistance of concrete is 
neglected in design. The conclusion has been 
reached, as a result of the tests, that the tensile 
resistance is a useful contribution to strength. The 
contribution to strength of the steel of the reinforced 
wall bears on this problem, of course. The test 
data obtained are serving as a basis of comparison 
for investigating the effect of this contribution, as 
well as forming a useful guide in designing plain 
walls and in assessing the uses to which these walls 
may be put in structural frames with small expen- 
diture of steel, 

Work on prestressed concrete and on steel wires 
marketed for use in prestressed concrete is also 
described in the section on structures. It was 
found that errors of as much as 5 per cent. might 
occur in the initial pre-tension if the wires were 
stretched in long lengths by an amount deduced 
from the stress-strain relationship obtained in 
tests on a short length of wire. It seems desirable, 
therefore, to measure the stretching force when 
pre-tensioning long wires. 

The work on soil mechanics was largely con- 
cerned with laboratory investigations on the 
mechanical and physical properties of soils, but 
“on a limited number of occasions” it was found 
possible to carry out field tests on practical jobs. 
Previous work on the bearing capacity of piles in 
clay had shown that the bearing capacity was 
largely derived from skin friction, but field tests 
carried out with short bored in-situ concrete piles 
for house foundations suggested that the skin- 
friction obtained was much below that correspon- 
ding to the shear strength of the clay in its virgin 
condition. In the course of boring for piles, clay- 
stones are not infrequently encountered which 
prove a serious obstacle with hand boring. A 
simple proprietory tool consisting of a length of 
steel chisel driven by a sliding plunger was tried 
and proved successful down to a depth of 9 ft., 
which should be adequate for house foundations. 





CORROSION OF BURIED 
METALS. 


Tue building of new towns and of large resi- 
dential estates on the outskirts of London and other 
cities has created problems of the most diverse 
kind ; some of these are quite outside the province 
of the technical man, but one problem which has 
come increasingly to the fore during the past two 
or three decades is that of the corrosion of buried 
iron and steel pipes and other metal structures. 
The problem is not, of course, new, but latterly the 
need for a solution or solutions to the difficulties 
involved have become more and more insistent, 
and much time and thought are being devoted to 
the subject in manufacturers’ and users’ laboratories 
and in research establishments in this country and 
elsewhere. A review of the present position and 
descriptions of some suggested remedies, several of 
which still appear to be of a somewhat interim or 
tentative nature, were given in the course of a 
** Symposium on the Corrosion of Buried Metals,” 
held in London on December 12 under the chair- 
manship of Sir Charles Goodeve, O.B.E., F.R.S. 
The symposium was organised by the Iron and 
Steel Institute in conjunction with the British Iron 
and Steel Research Association and the Corrosion 
Group of the Society of Chemical Industry, but the 
six papers presented and discussed were all sub- 
mitted by the Sub-Committee on the Corrosion of 
Buried Metals of the Metallurgy (General) Division 
of the British Iron and Steel Research Association. 

In order to test the behaviour of cast-iron pipes 
and steel tubes buried in five representative soils in 
Great Britain, specimens in the form of 15-in. 
lengths of pipes, both bare and after receiving 
various protective coatings, were placed under- 
ground, five years ago, in most cases at a depth of 
4ft.6in. The five exposure sites were at Benfleet 
and Pitsea, Essex, at Rothamsted, Hertfordshire, 
at Gotham, Nottinghamshire, and at Corby, North- 
amptonshire. Several sets of the specimens were 
buried and one set has now been unearthed and 
examined. The investigators, Dr. J. C. Hudson 
and Mr. G. P. Acock, in their paper “‘ Tests on the 
Corrosion of Buried Iron and Steel Pipes,” empha- 
sise that there is great variation between the soils 
at the various sites, but that, everywhere, the 
seamless-steel pipes suffered least pitting, and that, 
at most sites, the vertically-cast cast-iron pipes were 
the worst in this respect. When referring to coated 
specimens, the investigators are less explicit and 
add that a burial period of five years is too short 
to test the usefulness of many of the coatings. It 
appears, however, that a }-in. thick bitumen 
coating on steel tube and vitreous enamel on cast 
iron, have given excellent results; their surfaces 
are described as being almost perfect after 
removal from several of the sites. The tests are 
being continued. 

In a paper on “ Investigations on Underground 
Corrosion,” by Mr. K. R. Butlin, Dr. W. H. J. 
Vernon and Mr. L. C. Whiskin, the authors refer 
at some length to work carried out at the Chemical 
Research Laboratory, Teddington, since 1934, on 
the part played by sulphate-reducing bacteria in 
promoting the corrosion of iron in waterlogged 
soils. In September, 1946, lengths of 4-in. diameter 
mains of spun cast-iron pipes were laid in wet clay 
soil at Chigwell, Essex. The first 118 yards were 
given the standard 0-005-in. coating by hot-dipping 
in coal tar ; a further 118 yards were sheathed with 
j-in. bitumen ; 60 yards were surrounded with 3 in. 
of Portland-cement concrete and 78 yards with 
3 in. of aluminous-cement concrete; the final 
length of 61 yards was surrounded by 9 in. of 
gravel with no other special protective coating. 
After three years the pipes were examined and the 
hot-dip coal-tar coating was found to have given 
inadequate protection; the iron was pitted and 





attacked in other ways, while bacteriological! 
examination showed the presence of numerous 
sulphate-reducing bacteria. On the other hand, 
the bitumen coating and the concrete and gravel 
surrounds appear to have afforded good protection 
to the pipe, but the investigators insist that a good 
quality of concrete must be used. It is proposed 
to make a further examination of the pipes at 
the end of another period of three years, namely, 
in 1952. 

Two contributions to the symposium dealt with 
the cathodic protection of buried steel structures, 
the one was by Mr. K. A. Spencer and the other 
by Mr. R. de Brouwer, of Brussels. This is a rela- 
tively new protective method, as it was first men- 
tioned about 1930 for underground pipelines, 
although similar methods for combating marine 
corrosion are older. Briefly, the pipeline to be 
protected constitutes the cathode and is connected 
with “sacrificial” anodes spaced at intervals and 
consisting of blocks of metal having a higher 
electrode potential than steel, such as magnesium, 
aluminium and zinc. An external direct current is 
supplied to the circuit and it is sometimes possible 
to use electric traction rails for this purpose. The 
total amount of current required to effect cathodic 
protection is directly proportional to the area of 
metal exposed ; hence, the pipes are given tightly- 
adherent insulating coatings to reduce current con- 
sumption to a minimum, Mr. Spencer states that 
the current requirement is usually between 1 and 
15 milliamperes per square foot of exposed metal ; 
he adds that it may be even lower. The success of 
cathodic protection is evidenced by the fact that, 
in the United States, many hundreds of miles of 
natural-gas pipelines are protected by this method. 
Furthermore, at the meeting on December 12, the 
laying of, and application of cathodic protecticn to, 
an oil pipeline 57 miles in length across Scotland 
from Finnart on Loch Long, on the west coast, 
to Grangemouth on the Forth, was described, in 
some detail, by means of a sound film. Crude oil is 
discharged from deep-sea tankers at Finnart and 
conveyed through the pipeline to the refinery at 
Grangemouth. 

Tests on the corrosion of buried copper, aluminium 
and lead were discussed in two papers presented at 
thesymposium. One of the contributions, submitted 
by the British Electrical and Allied Industries 
Research Association, deals with earth electrodes in 
the form of buried copper or ferrous strips, plates, 
rods or pipes, and it is concluded that tinned copper 
is most resistant to corrosion, closely followed by 
copper, and that, in general, mild steel is given 
considerable protection, lasting at least 12 years, 
by galvanising. The other paper, by Dr. P. T. 
Gilbert and Mr. F. C. Porter of the British Non- 
Ferrous Metals Research Association, describes field 
experiments in which tubes 15 in. long and 1 in. in 
diameter, and sheets measuring 15 in. by 10 in. by 
} in., of commercial-purity aluminium, phosphorus- 
deoxidised arsenical copper, and lead, were buried 
2 ft. deep in trenches in five soils, comprising 4 
salt marsh, London clay, moist neutral clay, Keuper 
marl, and cinders, respectively. After lying buried 
for five years, it was found that aluminium was 
severely attacked in four of the soils, particularly 
in the cinders, but was virtually unattacked in the 
moist neutral clay. Copper was severely attacked 
in the cinders, while the attack in the other four 
soils varied from practically nothing to a moderate 
localised attack. Lead was unattacked in the 
Keuper mar] and moderately attacked in the other 
four soils; it behaved comparatively well in the 
cinders. 

A broad general conclusion which, it seems, may 
be drawn is that, in so far as steel or cast-iron 
water, gas and other service mains are concerned, 
at all events, a coating of bitumen } in, or § in. 
thick should afford adequate protection in most 
circumstances in this country. 
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NOTES. 


Tue Roya Instrrotion. 

THE autumn series of evening discourses at the 
Royal Institution, Albemarle-street, London, W.1, 
was brought to a conclusion last Friday with a 
lecture by Professor E. N. da C. Andrade, F.R.S., 
Director of the Institution, on ** The Mechanics of 
Metal Crystals.”” The lecturer began by explaining 
that the properties of metals were much more com- 
plex than those of liquids and gases because they 
depended, at any time, on the previous history of 
the particular specimen under examination. For 
example, pieces of steel of identical composition 
could be springy, flexible but inelastic, or brittle, 
according to the previous heat-treatment. A 
particular steel, which was non-magnetic, might 
be made magnetic by stretching it. Such differ- 
ences were to be explained by differences in structure. 
The simplest way of beginning to understand the 
properties of a metal, he said, was to study 
the behaviour of specimens consisting of single 
crystals, although such specimens need not be 
whole crystals and could have any shape. Rods 
of metal consisting of a single crystal had remark- 
able properties. They were very soft and, when 
stretched, deformed by slipping along a series of 
planes so that their surfaces developed a succession 
of fine parallel steps. In some cases, such rods 


could be extended five-fold without breaking, | P’ 


although the process was always accompanied by 
hardening. Metals with a cubic crystalline struc- 
ture, copper, silver and gold, for example, showed 
this tendency markedly and could become eighty 
times as resistant to deformation as in their original 
state. The peculiar properties of single crystals 
of a metal could be explained by the occurrence of 
small faults in their structure, called dislocations, 
which, under comparatively small stresses, initiated 
‘‘ avalanches ” of crystalline disturbances. The min- 
ute crystals of ordinary metals contained such faults, 
but the run of disturbances was halted at the crystal 
boundaries ; and this explained why the ordinary 
metal, contrary to theory and to expectation, was 
so mucb stronger than the single crystal. The 
behaviour of ordinary metals depended on the size 
of their crystal grains, the directions of the crystal 
axes of the grains—which might lie randomly or in 
preferred directions—the nature of the bounding 
surface—including the effect of oxide films which 
was often considerable—and, in the case of alloys, 
the distribution of the atoms of the different metals. 
The problems were very complex, but a beginning 
had been made on the work of solving them. A 
demonstration was given during the lecture of the 
production of an electric current in an iron wire 
on heating a short portion of the wire in a Bunsen 
flame and cooling an adjacent portion with solid 
carbon-dioxide. The lecturer also showed that a 
cadmium rod containing a trace of bismuth collapsed 
when boiling water was poured over it, whereas a 
rod of pure cadmium did not do so. A copper rod 
formed from a single crystal of the metal was 
shown to bend readily, but, afterwards, could 
be bent back only with difficulty, owing to 
hardening of the metal during the initial bending. 
A similar rod was shown to assume a flat elliptical 
cross-section on stretching. 


Gear LUBRICATION AND LUBRICANTS. 

The Institute of Petroleum have announced that 
arrangements have been made for a symposium, 
at which papers will be read on the lubrication of 
gears and the testing of gear lubricants, to take 
place at Manson House, 26, Portland-place, London, 
W.1, on Wednesday, February 13, 1952. The 
first session will begin at 2.30 p.m., when a series 
of seven papers will be presented. Mr. A. Cameron, 
o Pametrada, will speak on hydrodynamic theory 
in gear lubrication, and Professor G. I. Finch and 
Dr. R. P. Spurr, of Imperial College, will follow 
with a discussion on gear-tooth wear. Dr. F. T. 
Barwelland Dr. A. A. Milne, of the Mechanical Engin- 
eering Research Organisation, will talk about criteria 
relevant to scuffing, and some factors affecting 
gear scuffing will be enumerated by Mr. H. D. 
Mansion, of the Motor Industry Research Associa- 
tion. The effect of the variations of viscosity with 
pressure on the load-carrying capacity of the 


oil film between gear teeth will be the subject of 
an address by Professor E. G. M‘Ewan, of the 
University of Durham. Mr. E. A. Smith, of Acheson 
Colloids, Limited, will contribute a note on the 
performance of graphited oil, and Mr. R. Tourret 
and Mr. L. 8. Evans, of Thornton Research Centre, 
will conclude the session with a paper on the wear 
and pitting of bronze discs run under conditions 
simulating a worm-gear drive. The second session, 
to be devoted to the testing of gear lubricants, 
begins at 5.30 p.m. At this, also, seven papers will 
be presented and these will deal with methods of 
testing, the interpretation of test results and their 
translation into practice, the selection and specifi- 
cation of gear lubricants, tests of vehicle lubricants 
in service, and kindred topics. The speakers 
include representatives of the Institute of Petroleum, 
research organisations, and industrial and transport 
undertakings. A limited number of preprints of 
all the papers will be available later at 1s. each, post 
free, to non-members of the Institute, on application 
to the secretary at the address given above. 


Tue INSTITUTION OF MECHANICAL ENGINEERS. 

A general meeting of the Institution of Mechanical 
Engineers, arranged in conjunction with the Hydrau- 
lics Group of the Institution, was held at Storey’s 
Gate, St. James’s Park, London, 8.W.1, on Friday, 
December 14, the chair being taken by the President, 
Mr. A. C. Hartley, C.B.E. Two papers were 
resented, namely, ‘‘Some Problems of Fluids for 
Hydraulic Power Transmission,’ by Mr. A. E. 
Bingham, M.].Mech.E., and “‘ Low Pressure Recipro- 
cating Seals for Hydraulic Control Valves,” by Mr. 
B. Cooke. Mr. Bingham, in his paper, emphasised 
that, fundamentally, the essential hydraulics of 
the air, the land, and the sea were similar, especially 
regarding the nature of the working fluid and the 
sealing problems. The ideal fluid that would suit 
all cases was still unknown, but it could be said that, 
practically speaking, it was only in the text-books 
that water persisted as the medium; it had been 
replaced mainly by the lighter types of mineral oil. 
The paper included a discussion and summary of 
the properties of a number of more or less well-known 
fluids, including those based on petroleum, castor 
oil, water-glycol, and halogenated and synthetic 
compounds. The properties reviewed included 
viscosity and density (and their variation with 
temperature and pressure), chemical and toxic 
effects, compressibility, miscibility with water, the 
significance of the cloud point, pour point and boiling 
point, and the weight to be attached to the fire 
hazard, to thermal conductivity and dielectric 
strength, and to problems of storage. Mr. Cooke’s 
paper arose primarily out of the special considera- 
tions associated with the design of seals for hydraulic 
control valves on gun mountings, as Mr. Bingham’s 
had done from the related, though distinct, questions 
involved in the design of aircraft landing gear. In 
tests on low-pressure seals, Mr. Cooke stated, the 
technique of designing a synthetic-rubber rotary 
seal of the lip type so that it was run-in on the 
shaft was applied to finishing the lip of a seal for a 
reciprocating application by first running it on a 
rotating shaft. The performance of a seal so treated 
was found to be greatly superior to that of untreated 
seals, The paper also contained a description of a 
test rig devised to measure the inward loading of a 
seal ring fitted with garter springs. By the use of 
this test rig, and by using spindles which were given, 
by wet grinding, a surface finish of only 6 micro- 
inches of roughness, it was found possible to main- 
tain oiltightness under pressures varying from 
1-3 lb. to 100 lb. per square inch for 23 million cycles. 
At the outset of the meeting, the President 
announced that the Council, at their monthly 
meeting earlier in the day, had conferred honorary 
membership of the Institution on Sir Henry Guy, 
C.B.E., F.R.S., the former secretary, who retired 
from that position at the end of 1950. 


“TLecat Am” anp STATE-OWNED INDUSTRIES. 


Among the various Acts of Parliament passed 
by the previous Government with a view to turning 
this country into a welfare State, one of the most 
remarkable is that which enables certain members 
of the community to go to law at the expense of the 
taxpayer. Early this year we drew attention to 
some of the results of this extraordinary piece of 





legislation.* We then commented upon a case in 
which the grant of “‘ legal aid ”’ to a plaintiff resulted 
in a very serious loss to the defendant although, in 
fact, he won his case. Since that time, the Legal 
Aid Act has been before the Courts on many occa- 
sions, and eminent judges have constantly drawn 
attention to the need for its amendment. In a 
recent case (Starkey v. Railway Executive, reported 
in The Times of October 18), one judge made an 
attempt to abate its rigour, but, unfortunately, 
without success. In this instance, the plaintiff was 
injured owing to the movement of a train which 
started while she was in the act of alighting at a 
station. She recovered damages amounting to a 
substantial sum. Mr. Justice Stable, however, 
refused to give her costs because she was an 
“ assisted person,” his view being that, as a matter 
of principle, a plaintiff in receipt of legal aid could 
not recover costs from the unsuccessful defendant, 
but must recover them from the body financing the 
action. Leaving the provisions of the Legal Aid 
Act on one side for the moment, that is a decision 
which accords with justice and good sense. As we 
pointed out on the previous occasion, he who 
** maintains ’’—that is to say, provides—the means 
wherewith someone else can bring an action, was 
himself liable at common law to an action for 
damages. There was an appeal, however, on the 
question of costs. In the Court of Appeal it was 
pointed out that Sec. 1 (7) of the Act provides 
that “the rights conferred ...on a person 
receiving aid shall not affect the rights or liabilities 
of other parties to the proceedings or the principles 
on which the discretion of any court or tribunal is 
normally exercised.” It was stated in the Court 
of Appeal that the rule laid down by Mr. Justice 
Stable would mean that a wrongdoer would profit 
by the fact that a plaintiff was an assisted person 
and the burden which should fall on the wrongdoer 
would be transferred to the taxpayer; therefore 
the Railway Executive was made to pay the costs— 
the general rule being that the plaintiff who is 
successful in an action gets his costs from the 
defendant. But now we come upon an extraordin- 
ary effect of the Legal Aid Act. Normally, the 
costs of an assisted person are defrayed out of what 
is called the “‘ Legal Aid Fund.” That Fund, which 
is held by the Incorporated Law Society, derives 
from two sources. In the first place, assisted 
persons may be called upon to pay something 
to the Fund according to their means; but one 
who has no means need not pay anything. In the 
second place, the Fund is enriched out of moneys 
provided by Parliament, that is to say, out of the 
pocket of the taxpayer. If, then the decision of 
Mr. Justice Stable had been affirmed, those respon- 
sible for giving legal aid to the plaintiff would have 
been liable to pay the costs, presumably out of the 
Legal Aid Fund and, therefore, wholly out of the 
pocket of the taxpayer—if the plaintiff had made 
no contribution to the fund. The Court of Appeal, 
however, having said that the Railway Executive 
must pay the costs, the taxpaper will, in fact, 
pay them. The railways are the property of the 
State ; their gains or losses are matters with which 
the taxpayer is all too closely concerned. Thus 
it is possible to enunciate the following extraordinary 
proposition : if a person who has been given legal 
aid brings an action against any one of the indus- 
tries which have become nationalised, then, save 
possibly to the extent that the plaintiff has contri- 
buted to the legal aid fund (and he may not have 
been called upon to contribute anything), the tax- 
payer is liable to pay all the coste of both sides, 
whatever order the Court may make as to costs. 
It is fair to say, of course, that the “ costs’ of an 
assisted person are less than those of an ordinary 
litigant. Something is due to the charity of the 
lawyers who are content to do this service to the 
public at fees less than they can command in 
the open market. 
British STaNDARDS ABROAD. 

The fact that British Standards are so often 
adopted by overseas countries is an indication of 
their technical merit. At home, factors other than 
the purely technical may enter into a decision to 
conform to a Standard, but industries abroad are 








* ENGINEERING, vol. 171, page 348 (1951), ‘‘ Employ- 
ers and ‘ Legal Aid.’ ” 
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guided by a natural desire to benefit from the expres- 
sion of authority and experience which the Standards 
represent. No fewer than 200,000 copies of British 
Standards—or roughly a quarter of the current 
annual distribution of over three-quarters of a 
million—go to Commonwealth and foreign countries. 
They are, in effect, “invisible exports,” since more 
than half the 200,000 are taken by firms and 
government agencies who are active buyers in the 
world’s markets. For many classes of goods and 
materials, adherence to the relevant British Stan- 
dards is automatically accepted as_ sufficient 
warranty of quality and performance. Moreover, 
the appropriate B.S. number is often quoted in 
purchasing specifications and becomes part of the 
terms of contract. B.S. No. 218, for example, has 
recently been adopted by the South African Rail- 
ways as their specification for brass bars, and the 
purchasing list issued by the Turkish State shipping 
organisation contains many references to British 
Standards as defining the kind and quality of goods 
required. In the Commonwealth countries, the 
influence is specially pronounced. Much of the 
work done by the independent standards bodies in 
Australia, Canada, India, New Zealand, Pakistan 
and South Africa is based directly on British 
Standards, and in many cases a particular specifica- 
tion, after review by a committee, is adopted as the 
local standard, either exactly as it is or with slight 
variations to meet local conditions. Full sets of 
British Standards are held for reference purposes 
by all standards organisations throughout the world, 
also by many universities and technical bodies, 
and by British Embassies and Legations, United 
Kingdom Trade Commissioners and representatives 
of the Crown Agents for the Colonies. In all, there 
are nearly 200 centres in 77 overseas countries where 
files of British Standards are kept up to date for 
reference. 
Sarety oF Lire aT Sza. 

The International Convention for the Safety of 
Life at Sea, which, it will be remembered, was 
drawn up at a conference held in London during 
1948, will come into operation on November 19, 
1952. The conference was attended by delegates 
from 30 countries and it was agreed that the con- 
vention they prepared should come into force one 
year after 15 countries, seven of which had not 
less than one million tons gross of shipping, had 
deposited their acceptances with the Government 
of the United Kingdom. This 15th acceptance 
was deposited on November 19, and the countries 
which have now accepted the convention are: the 
United Kingdom, New Zealand, the United States, 
France, the Netherlands, Sweden, Norway, South 
Africa, Iceland, Portugal, Canada, Pakistan, Den- 
mark, Yugoslavia and Italy. When it comes into 
operation, the convention will replace that drawn 
up in London in 1929. In general, it makes no 
major change as regards the watertight sub-division 
of ships but lays down more comprehensive require- 
ments in relation to fire protection and fire-fighting 
equipment, particularly on passenger ships. Rules 
to preserve the stability of passenger ships in 
damaged condition are laid down and all cargo ships, 
as well as passenger ships, must be inclined so 
that masters may be provided with stability infor- 
mation. So far as life-saving appliances are 
concerned, the main change is that the requirements 
will apply not only to passenger ships but to all 
cargo vessels of 500 tons gross and upwards. Ships 
in special trades that are not provided with lifeboats 
for all on board will, in future, have to comply with 
special sub-division requirements, and the use of 
radial davits in new ships and life-rafts in lieu of 
lifeboats is to be discontinued. Furthermore, 
every ship will have to carry a lifeboat, or lifeboats, 
fitted with radio, and all passenger and cargo ships 
over 1,600 tons gross will have to carry at least one 
motor boat or mechanically hand-propelled lifeboat. 
The new convention also provides that, in future, 
@ continuous watch on the radio distress frequency, 
either by an operator or an automatic-alarm system, 
shall be maintained on all ships over 1,600 tons 
gross and that all vessels between 500 tons gross 
and 1,600 tons gross shall be fitted with either 
wireless-telegraphy or wireless-telephony The con- 
vention also lays down regulations for the carriage 
of grain and states certain broad principles for 
governing the carriage of dangerous goods. 





LETTERS TO THE EDITOR. 


DETERMINATION OF CRITICAL 
LOADS OF STRUTS. 


To THE Eprror oF ENGINEERING. 


Smr,—The letter by Prefessor Christopherson in 
your issue of November 16, on page 629, ante, pro- 
posing a modification of Sir Richard Southwell’s 
ingenious method for the experimental determina- 
tion of the critical load of a strut, was most interest- 
ingtome. The potentialities of Southwell’s method 
for more complex cases have been investigated 
extensively by Donnell. An alternative and 
possibly more fundamental experimental approach 
is afforded, however, by studying natural vibra- 
tions. 

The definition of the stable equilibrium of a 
system, that, given a small displacement from a 
position of stable equilibrium, the system will 
regain its initial condition, implies vibration about 
the equilibrium position. It is easy to verify this 
mathematically and such verification indicates that 
as the limit of stability is approached (i.e., the 
loading is increased) the appropriate natural fre- 
quency of the loaded system decreases until it is 
zero in the neutral condition at the stability limit. 
Further increase of load yields a mathematical 
result which indicates complete departure from the 
equilibrium position (i.e., buckling), as a result of a 
small displacement. The magnitude of the funda- 
mental natural frequency of vibration of a loaded 
system in any mode is therefore a measure of its 
degree of stability in that mode, and, by varying 
the magnitude of the loading and plotting the square 
of the measured natural frequency, it should usually 
be possible to obtain the critical loading by extra- 
polation. 

Yours faithfully, 


T. M. CHartron. 
21, Tynedale-gardens, 
Stocksfield-on-Tyne, 
Northumberland. 
December 1, 1951. 





PRELIMINARY INVESTIGATION OF 
HYDRAULIC LOCK, 


To THE Eprror oF ENGINEERING. 


Srr,—The letters from Mr. F. H. Towler and Mr. 
T. E. Beacham, in your issues of November 16 
(page 630) and November 23 (page 660), respec- 
tively, put forward some interesting points in refer- 
ence to hydraulic lock, and it is gratifying to know 
that the conclusions arising out of my research 
conform to the experiences of users of industrial 
hydraulic equipment. 

I would agree with Mr. Towler in emphasising the 
importance of the method of producing the surfaces 
of the components. It appears to be the macro- 
scopic surface finish (i.e., “‘ waviness” or small 
dimensional deviations) which is responsible for the 
locking effect. The micro-finish (within the usual 
range for finished surfaces), I suggest, influences 
more the period required for build-up of the force, 
rather than its actual magnitude. Honing should 
certainly be capable of producing truer surfaces than 
cylindrica] grinding. 

Although the efficiency of the filtering arrange- 
ments, to which Mr. Beacham refers, was not checked 
this was considered to be adequate, and no indica- 
tion of the trapping of dirt in the clearances was 
observed. Thus, over periods of the order of one 
or two hours, no perceptible decrease in the rate of 
oil leakage through the clearances occurred. More- 
over, no variation in locking-force readings was 
observed during the course of the investigation, 
which could have been attributed to the effects of 
“muck lock” arising from increasing contamina- 
tion of the oil. 

The linear relationship between locking force and 
oil pressure is suggested as applying only up to 
medium pressures and with free components, as was 
the case in this investigation. Any constraint 
preventing free radial movement of a piston or valve 





spindle would obviously modify this relationship, 
and there may be a lower limit to the pressure ai 
which lock could occur. It should, perhaps, be 
mentioned that the pistons employed by the writer 
were produced on an obsolete type of machine 
(since replaced, with the provision of new work- 
shops), with the result that the surface irregularities 
were probably greater than might be expected 
from the use of modern equiprent. This would 
account for the measurement of locking forces of 
appreciable magnitude at comparatively low oil 
pressures. For the purpose of these experiments 
this was, of course, in no way disadvantageous. 

In reply to Mr. R. Hadekel, whose letter was 
published on page 660 in your issue of November 23, 
it is my opinion that surface irregularities are both 
the sufficient and necessary cause of pure hydraulic 
lock. With the arrangement shown in the drawing 
accompanying Mr. Hadekel’s letter, the streamlines 
should be parallel. If any other distribution is 
postulated, it will be seen that the required axial 
and circumferential components of the pressure 
gradient are incompatible. Thus, in this drawing, 
the increased axial flow in the vicinity of the low- 
pressure end of the generator m will require a convex 
pressure curve, as shown; and along / a concave 
curve will be required. To produce the circumfer- 
ential component of flow from / to m, however, 
at any transverse section there must be a falling 
pressure gradient from 1 to m. This, clearly, is 
not the case, and this type of flow distribution 
therefore cannot arise. 

Yours faithfully, 
D. C. SWEENEY. 
Buswell & Sweeney, Limited, 
Bolton-street, Bordesley, 
Birmingham, 9. 
December 4, 1951. 





TESTS ON CONCRETE WITH 
ELECTRICAL-RESISTANCE STRAIN 
GAUGES. 


To THE EpiToR oF ENGINEERING. 


Sir,— With reference to the letters from Mr. K. R. 
Peattie in your issues of October 12 (page 468), and 
November 9 (page 596), and our letter in the issue 
of October 26 (page 531), we now wish to make 
the following points concerning the nature of the 
strain distribution along a longitudinal strip of a 
concrete cylinder undergoing axial compression. 

We read with interest Mr. Peattie’s second letter, 
in which he states that the end constraint caused 
by the friction between the loading platens and the 
caps of the specimen prevents the ends of the 
generators of the cylinder from being normal to 
the face of the platens. We beg to differ. Consider 
the method by which the cylinder is loaded. As 
Mr. Petttie correctly stated, the lateral constraint is 
produced by the friction force acting radially inwards 
that is developed between the loading platen and 
the cap of the cylinder. Considering the behaviour 
of the cylinder under this frictional loading alone, 
the caps are under a shearing force, but the intensity 
of this force, i.e., the shearing stress, varies with 
the radius, being zero at the axis and at the outer 
surface of the cylinder. There will be no shear 
stress at the axis because of the symmetry of load- 
ing. Elsewhere this horizontal shear stress is accom- 
panied by a complementary vertical shear stress. 
At the periphery we have a free surface, so that the 
vertical shear stress must be zero and hence the 
horizontal shear stress will be zero. It follows then 
that, as the caps of the specimen are constrained to 
remain plane by the loading platens, the ends of the 
generators of the cylinder must remain normal to 
the platens. 

The effect of the complementary vertical shear 
stress is that the central core of material is put 
into a state of axial compression while, for equili- 
brium, the outer material must be under an axial 
tensile stress. This causes sections which were 
plane before loading to become dished. Hence, if 
the loading face of the platen is a plane surface, 
when a cylinder is put into axial agama the 
loading ure will be greatest at the periphery. 
The eflest of this will be to induce radial tensile 
and compressive stresses within the cylinder, but 
these will be zero at the outer free surface. 
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The effect of the radial shear stress at the ends is 
to cause a hoop compressive stress in the concrete. 
The resulting hoop compressive strain will be 
accompanied by an axial tensile strain which will 
be greatest near to the caps. When this is super- 
imposed on the uniform axial compressive strain, 
the effect will be a compressive strain which reduces 
slightly towards the caps from the maximum which 
occurs at the mid-height. The variation will be 
small, however, if only because of the small value 
of Poisson’s ratio for concrete. For example, if 
we consider that the end friction is such that there 
is no movement at the caps, and at the mid-height 
of the cylinder the effect of end friction is negligible, 
then, if there is a mean axial compressive strain in 
the cylinder of e, the hoop compressive strain due 
to friction will, at the ends, be ce. The axial 
tensile strain at the ends will then be o* e, so that, 
if Poisson’s ratio o for concrete is, say, 0-14, then 
the uniform compressive strain along the surface 
due to the compressive loading alone will be reduced 
at the ends by 2 per cent. The compressive strain 
distribution along a longitudinal strip will therefore 
be “ practically uniform.” 

We reiterate our assertion that it is possible for 
the hoop strain at the mid-height of the specimen to 
be five times that near to the ends, as was observed 
in our tests, while at the same time the axial 
compressive strain is found to be practically uniform. 
The ratio between the hoop strains will, of course, 
depend on the amount of the end constraint. 

The estimate of a 2 per cent. increase in the 
effective modulus for concrete near to the ends of 
the specimen, which we gave in our letter, was 
admittedly based on a type of loading to which a 
compression cylinder is not subjected. The 2 per 
cent., however, was given as the maximum possible 
increase in the effective modulus ; on further reflec- 
tion we feel that the hoop compressive stress 
induced in a block of material by shear alone could 
possibly give rise to a somewhat greater increase, 
but we still maintain that 2 per cent. is of the right 
order. 

Mr. Peattie, in reply to our letter wherein we 
requested an explanation of what was happening 
to the ends of his specimen, instead attempted 
to describe the behaviour of an ideal cylinder. 
Unfortunately, it seems from the results given in 
the graphs which accompanied his first letter 
(October 12, page 468), that the specimen used in 
his tests was far from ideal. Examination of his 
graphs shows that, taking the modulus of elasticity 
for the concrete over the load range from 12 to 
24 tons, the modulus at one sixth of the height 
from the ends is approximately 18 per cent. higher 
at one end, and 61 per cent. higher at the other 
end, than at the mid-height of the cylinder. As 
we have explained above, the greatest applied com- 
pressive pressure in an ideal cylinder is at the 
periphery, and then the axial compressive strain is 
practically uniform along the length. It seems 
probable then that in his experiments he was not 
applying the greatest pressure at the periphery of 
the cap. We believe, in fact, that Mr. Peattie’s 
specimen was domed at the ends. Such a specimen 
would suffer small, or even zero, axial strains near 
the ends of the generators, as he found. In addition, 
we believe that the eccentricity of the domes was 
different at each end of the cylinder, thus causing 
the asymmetry of his results. 

The doming may have been caused when rubbing 
down the plaster of Paris caps. Alternatively, it 
may have been due to the caps drying out to a 
greater extent at the rims than at the centre, 
resulting in more shrinkage at the edges. The 
condition of his tests, without packing, would fully 
reflect these shortcomings in his specimen, whereas 
the use of a “soft” packing would probably have 
obscured the defect. The applied load would then 
have been more uniformly distributed over the caps 
and so would have approached the condition of a 
fluid pressure which is essential for the ideal com- 
pression test. 

His explanation that the lack of symmetry was 
due to a variable concrete was probably only a 
Secondary effect. We cannot believe that Mr. 
Peattie would use, for a scientific investigation, a 
test specimen of such variable quality concrete as 
would give rise to the results quoted. We believe, 
therefore, that it was the deformity of his specimen 





and the condition of loading which prevented Mr. 
Peattie from measuring an axial strain distribution 
which was uniform within the limits of experimental 
accuracy. 

In conclusion, we are indebted to Professor A. N. 
Black for his observations on these matters. 


Yours faithfully, 
N. 8. J. Grassam, 
Lecturer in Mechanical Engineering. 
University College, Southampton. 
Davip FISHER, 
Civil Engineer. 
32, Sandringham-road, 
London, N.W.11. 
December 8, 1951. 





THE CONSTANTINESCO FIRE 
CONTROL, 


To THE Eprror oF ENGINEERING. 


Smr,—My attention has been called to an article 
in your issue of November 9, 1951, on page 603, 
ante, entitled “Institution of Mechanical Engi- 
neers: Presidential Address,’ by A. C. Hartley, 
C.B.E., B.Sc. (Eng.), M.I.Mech.E. The speaker 
rightly stressed the importance of imagination, but 
even imagination must take some account of 
recorded facts. My name is mentioned in the 
presidential address, in which I am awarded the 
rather ambiguous compliment of being the originator 
of a “really silly idea’ which I am supposed to 
have thrown into the deliberations of a department 
struggling with a desperate problem, just after 
another gentleman “‘ had been disposed of ’ because 
he wanted to attach refrigerating machines to kite 
balloons supporting frozen airfields in the clouds . 

To come now to earth, as far as I am concerned 
my work and myself have also apparently been 
** disposed of ” without further ado after the related 
encounter between a harassed department and two 
lunatics. When that event took place and where 
is a mystery to me, but, in any case, it could not 
have happened before September 12, 1916, which is 
the precise date when Mr. Hartley for the first time 
came into contact with me and my work. 

However, the C.C. Gear, or to give it its full name, 
the “‘Constantinesco Fire Control” was by then 
already invented, developed and patented by me. 
My specific British Patent No. 128,592, lodged on 
July 14, 1916, includes the theory, full description 
and detailed illustrations of the invention. Figs. 9, 
10 and 11 clearly illustrate the reflected-wave per- 
forated valve absorber and four-to-one sharp 
impulse generator. This specific patent is a par- 
ticular application of the more comprehensive 
invention of mine, British Patent No. 128,589, which 
also has a full description and theory of the reflected- 
wave absorber and sharp impulse generation, both 
fully illustrated in Fig. 4. These valuable patents, 
which completely cover all the essentials described 
in Mr. Hartley’s address, were granted to me and 
not to Mr. Hartley or his team. 

A further proof, if need be, that my ideas were 
not “‘really silly” at the time I met Mr. Hartley 
is the fact that the British and American Govern- 
ments recognised the merits and the validity of 
these specific patents and paid 215,000/. royalties 
for their use. 

Before the Royal Commission on Awards to 
Inventors (March 20, 1923) Mr. Trevor Watson, 
Counsel for the Crown, stated frankly: ‘‘ Un- 
doubtedly one of the great inventions of the 
century.” Before the same Commission, after my 
Counsel had explained the method of preventing 
reflected waves described and illustrated in my 
patents, the chairman remarked: ‘‘ You have told 
us quite enough to make us appreciate the extra- 
ordinary ingenuity of the invention.” In The Times 
of March 29, 1920, one can read the following 
remark made by a gallant officer: “Air Vice- 
Marshal Sir John Maitland presided on Saturday at 
a lecture by Mr. G. Constantinesco on ‘ Sonics’ 
(the transmission of power by sound or vibrations). 
Sir John said it was very greatly due to Mr. Con- 
stantinesco and the gear which he invented for 
operating machine guns in aeroplanes that we held 
the supremacy over the Germans in the air as we 
did.” 


I hope that this correspondence will be published 
in your paper so as to bring home to Government 
departments not only the necessity to fire the 
imagination of their officers, but also promptly to 
extinguish it when it runs riot into the preserves of 
hard-working inventors. 

Yours faithfully, 
G. CONSTANTINESCO. 


Oxen House, 
Torver, Coniston, Lancashire. 
December 10, 1951. 


[In fairness to Mr. Hartley, we would point out 
that what he said was that “To many the idea would 
have at first appeared silly "—as did the first iron 
barges to shipwrights accustomed to wood, and steam 
navigation to seamen used only to sails. That is not 
to say that Mr. Hartley or his associates themselves 
thought that it was silly.—Eb., E.] 





SOME UNKNOWNS IN GEAR 
DESIGN, 


To THe Eprror oF ENGINEERING. 


Str,—A remark in Dr. H. E. Merritt’s paper on this 
subject (pages 734 and 763 in your issues of Decem- 
ber 7 and 14, respectively) suggests that one 
important point in connection with permissible 
loading of gear teeth needs stating clearly and 
concisely. 

Gear tooth stresses induced by the combined 
effect of speed and error (“‘ dynamic stresses ”’) do 
not depend in any way upon the mean torque 
transmitted by the gears or upon the permissible 
torque at zero speed. Dynamic stress in a given pair 
of gears at a given speed defines a difference between 
the applied torque permissible at that speed and 


.| the applied torque permissible at zero speed. The 


practice of multiplying the permissible torque at 
zero speed by a ‘‘speed factor,” in order to deter- 
mine the permissible torque at a certain speed, 
assumes that the ratio of the dynamic effect of speed 
and error to the permissible torque at zero speed is 
determinable from the speed concerned. The speed 
factor is thus quite irrational, but, nevertheless, a 
great deal of time and effort has been expended 
in trying to force facts to comply with that concept. 
The speed factor has been a feature of British 
Standard gear rating for nearly 20 years and great 
resistance to its supersession is to be expected. 

The Hertz expression for surface stress induced by 
line loading indicates that permissible line loading 
should be proportional to the relative radius of 
curvature (R,) of the surfaces, but this was not 
found to be the case in practice when the effect of 
speed was assessed by rotational speed instead of 
pitch-circle speed and was taken into account by a 
factor instead of a subtraction. As it happened, 
this irrationality could be roughly balanced over 
normal ranges of size and speed by making allowable 
load proportional to R®-8, and this second 
irrationality was excused by saying that perhaps 
it had something to do with the oil. In the reply 
to the discussion on my paper on “Gear Tooth 
Stresses at High Speed” (Proc. I. Mech. E., 1950,. 
vol. 163), I outline a method of estimating gear life 
that involves no speed factor and agrees more 
closely with actual experience than does the British 
Standard rating formula. 

The early British Standard Specifications on 
gearing were irrationally based in almost every 
respect, but the work of enlarged and more critical 
committees has kept the obvious absurdities out of 
the later editions. Nevertheless, the imperfections 
are still such that not everyone who has contributed 
to the specifications will insist on claiming that he 
did so, and there is justification for a fundamental 
revision. The British Standard Specifications have 
unnecessarily taken on the character of a somewhat 
academic text-book, and a much simpler and more 
useful form can be devised by starting afresh on 
practical lines. There is no difficulty about this, 
once it is understood that, whilst the age of the 
present system may command respect, there is 
little in its quality to do so. It is true that there 
are, and probably always will be, unknowns in 
design of gears (and of other things), but the greatest 
practical need is not to brood upon the fact, but to 
make the best use of the knowns. This may be 
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city rather than in the devious ways prescribed by 
compliance with elaborate convention. 
Yours faithfully, 
W. A. Topi, 
Professor of Applied Mechanics. 
University of Sheffield, 
December 15, 1951. 





INTERNATIONAL 
CONFERENCE ON ABRASION 
AND WEAR. 


(Continued from page 760.) 


THE two papers presented and discussed in the 
afternoon session of the International Conference 
on Abrasion and Wear, at Delft, Holland, on 
November 15, were by Mr. J. M. Buist, who dealt 
with ‘‘ Abrasion and Wear of Rubber,” and by 
Dr. R. D. Stiehler, whose subject was ‘‘ Some 
Factors Influencing the Road Wear of Tyres.” 


ABRASION AND WEAR OF RUBBER. 


Mr. Buist observed that, while numerous labora- 
tory tests had been designed to measure the abrasion 
resistance of rubber, the correlation with service 
applications was “‘ atrociously poor.”” Where rubber 
was subjected to wear (e.g., in tyres, soles and heels, 
and proofed rubber garments) great care had to be 
exercised in planning the service tests and in making 
the actual measurements, The analysis and inter- 
pretation of wear data from service and labcratory 
tests presented certain difficulties; for example, 
results were often expressed either as a loss after a 
fixed time or as the ratio of the loss of a compound 
to that of a standard compound, and both methods 
had defects. If ratings for two compounds were 
calculated at progressive stages in a wear test, the 
rating obtained was not constant, but varied 
according to the stage reached in the wear curves. 
This immediately raised an objection to laboratory 
abrasion tests, in which compounds were normally 
evaluated for a fixed time. As wear curves were 
available from service data, it was more logical to 
measure the wear curve in the laboratory test and to 
compare the full wear curves in both cases. 

Some years ago, Mr. Buist continued, he had 
found that wear curves obtained in the Martindale 
abrasion test could be described by an empirical 
equation of the power-law type, y = az". He 
proceeded to show that wear curves for a wide 
range of compounds, tested on a variety of labora- 
tory machines, e.g., the Du Pont, and the Dunlop 
(Lambourn), were all of the same family; so also 
were those from service data (such as the road wear 
of tyres) and there was reason to believe that data 
from tests of soles and heels could be expressed 
similarly. The fact that that empirical equation 
had such a wide application in the wear-testing of 
rubber, in the laboratory and in service, was of 
interest and importance. By using that method, 
it was possible to construct wear curves from 
measurements made in the initial stages of wear ; 
and, having calculated the constants in the equation 
for different compounds, to calculate what the wear 
would be in subsequent stages. Examples were 
given in the paper. By using that technique with 
one laboratory test, a saving of time in the testing 
schedule of 75 per cent. was achieved. Service 
tests were more expensive than laboratory tests, 
so that any such reduction in service tests was 
correspondingly more valuable. With most labora- 
tory tests, the index n was greater than unity, 
whereas in the road tests n was less than unity ; 
and he suggested that the rate of wear should 
decrease in both cases as the test progressed, if a 
true comparison was to be made. In conclusion, 
Mr. Buist discussed the effect of various factors on 
the values obtained for n, and showed how curves 
of the rate of wear could be interpreted ; but, he 
said, the errors in rubber testing were large and the 
causes often unknown. Much reliance was placed 
on statistics, but, even so, he considered that, in 
general, statistically planned experiments were not 
sufficiently used in the rubber industry. 

The discussion was opened by Mr. D. J. van Wijk, 
who said that abrasion tests had been in use for 
about 50 years and, with some types of apparatus, 
he thought that there was a fair correlation of 








laboratory tests with practice. The best that could 
be expected was, for each type of abrasion, to find 
a test apparatus that would give a good correlation 
in similar circumstances ; but even yet no one knew 
exactly what abrasion was. Dr. Buist, in his 
paper, had shown one way towards a solution, and 
Mr. van Wijk agreed that temperature was an 
important factor. He was convinced that the 
time had come to make a fresh start in another 
direction and to try to find which fundamental 
properties of the material were related to the 
phenomena of abrasion. Therefore, it was necessary 
to study the effect of temperature, as Dr. Bowden 
had indicated; to make morphological studies, 
such as Dr. Salomon and Dr. Schallamach had 
referred to; and to study the rheological behaviour 
of materials. That, in his opinion, was the only 
way to get somewhat nearer to the causes of 
abrasion. 

Mr. E. de Meeus suggested that, if the empirical 
power-law correlation was to become widely useful 
the nature of the samples used in the laboratory, 
apparatus was also important; at present, one 
cause of difference between laboratory and service 
tests might be the differences between the processes 
of manufacture of the test-pieces. Laboratory 
samples were moulded in a reasonably warm flat 
mould, from blanks of the same shape and size as 
the vulcanised slab, whereas the tyre treads used in 
service tests were set directly in hot moulds, causing 
an over-cured condition of the surface and severe 
internal stresses, resulting from the numerous 
protruding parts of the mould. He asked what 
method Mr. Buist would consider desirable for a 
test-piece intended for use in the Martindale type 
of testing machine. 

Dr. W. Spath said that it was the general practice 
to measure resistance to abrasion by the time to 
ultimate failure, as was done in measuring the 
service life of machines, rails, etc. ; or, alternatively, 
to define abrasion in a reciprocal way by the number 
of pieces worn down in a given time. By systematic 
consideration of such equivalents, many advantages 
were to be gained, which he illustrated by examples 
of the life of tyres in service in relation to the load 
and temperature, for a speed of 60 km. per hour. 
The life was seen to increase considerably with 
decreasing load. A second family of curves was 
obtained from the relative rates of abrasive wear 
and, by extrapolation, a critical load was found, 
below which the abrasion was negligibly small. 
Above the critical load, the rate of increased wear 
was almost linear at first, and afterwards accelerated. 
He showed similar examples relating to the wear 
of cutting tools and the effect of dynamic fatigue 
tests, made with light alloys. 

Mr. P. Braber said that there was a risk, in the 
use of log. log. plotting, of giving the impression 
that everything lay on straight lines. He thought 
that the power-law equation provided a sound 
basis for future research. The work done at the 
Rubber Stichting with a Tabor abrader, using 
different materials, gave values of a = 1-82 and 
n = 0-612 to 0-653; the material tested contained 
only 25 per cent. of rubber, being intended for 
flooring. The Du Pont machine could be used with 
constant load, constant torque, or, perhaps, constant 
energy input, and he asked what values of a and n 
Mr. Buist would expect under those conditions. 

Dr. A. Schallamach agreed with Mr. Buist that 
laboratory tests of abrasion were often taken too 
quickly; before pieces of rubber were torn off, 
they had undergone serious deformation. He 
thought that some of the discrepancies between 
laboratory and road tests were due to tearing the 
material too soon in the laboratory. 

Mr. Buist, in reply to the discussion, agreed 
generally with Mr. van Wijk on the need for funda- 
mental work; for example, much more was neces- 
sary on friction and temperature. While the funda- 
mental work was in progress, however, the proposed 
empirical approach could be useful. The questions 
of over-cure on the surface of a laboratory test- 
piece, and of the whole preparation of test-pieces, 
raised by Mr. de Meeus, were undoubtedly impor- 
tant ; but, if the test-pieces were ‘‘ run in,” the sur- 
face skin was removed, as it was with actual tyres, 
in the early stages of the wear curve. Measure- 
ments of the wear at such early stages were erratic 
in the laboratory and in service, and were not 








generally used. Dr. Spith had discussed metals 
rather than rubber, and metals were more amenable 
to controlled experiments ; but Mr. Buist felt that, 
in the case of rubber, the rate of wear was the true 
measure of abrasion resistance, which appeared to 
agree with Dr. Spith’s view. 

Mr. Buist’s paper aroused considerable discussion 
among the members of the Conference, several of 
whom subsequently added written contributions to 
it. Among these was one from Dr. J. R. Scott, who 
commented that, in laboratory abrasion tests, the 
stress distribution in the test-piece changed as the 
specimen wore down, because the wearing surface 
came nearer to the point where the test-piece was 
held. This, he suggested, was probably one reason 
why n differed from unity. To remove that cause, 
tests should be made with a special test-piece holder 
which would allow the amount that projected from 
the holder to be kept constant. 

Mr. Buist replied that it would be interesting to 
use such a holder as Dr. Scott had proposed. 
Equally, the reason why differed from unity in 
service might be the change in the geometry of the 
surface of a tyre, and the change in the properties 
of the rubber throughout the thickness of the tread. 
Finally, attention should be drawn to the regression 
equations relating wear and abrasion to the physical 
properties of the rubber: the Du Pont abrasion 
figure was 1766 — (5-341 x Shore hardness) — 
(1-039 x tension strength); and the wear index 
equalled 331-8 — (0-808 x hardness) — (1-510 x 
breaking stress). It would be noted that tear 
strength was not included in those equations; in 
fact, when it was included, no improvement in 
correlation resulted. Therefore, although common- 
sense indicated that tear properties might be im- 
portant, tear as measured in the laboratory at present 
did not help the correlation. The limitations and 
the usefulness of the equations had been discussed 
at Birmingham a year ago [Trans. I.R.J., vol. 26, 
page 192, 1950]. 

Dr. A. J. Staverman, in a note communicated 
after the session, pointed out that the law, y = a 2”, 
could not hold, for physical reasons, for very small 
values of y; therefore it seemed better to use, as a 
general formula, y = az + b2*, which, unlike the 
previous law, might continue to hold when measure- 
ments became more accurate. For the comparison 
of data under various conditions, the second of 
those equations was superior to the first, because 
it contained a main term and a correction term. 
It was also to be preferred because of the dimensions 
of the quantitites. 

In reply to Dr. Staverman, Mr. Buist agreed that 
y =azx" did not fit the wear curve very well in 
the early stages. He repeated, however, that the 
very early part of the curve had little practical 
importance. Table I in his paper showed that the 
fit at 1,000 r.p.m. with the Martindale test was 
good. Other results showed a reasonable fit at 
500 to 750 r.p.m., but the results at 250 r.p.m. 
seldom fitted the curve. He had considered the 
general equation of the type proposed by Dr. 
Staverman ; but it was not so easy to apply and, 
as he did think that greater accuracy in the early 
part of the curve was ever required, he did not use 
that method. 

Professor F. P. Malschaert wrote that, if n varied, 
it meant that the conditions had varied during the 
test. If a, and mn, were derived from a service 
test, and a, and nm, from a laboratory test on the 
same materials, no correlation between the service 
test and the laboratory test could be expected if a, 
differed from a, and n, from n,. The probability 
of a reasonable correlation did exist if a, equalled 
a, and n, equalled n,. Of course, y and 2 should 
be measured in suitable units. Laboratory tests 
should always be adapted to service tests and not 
vice versa; but service tests should be well defined 
and agreed upon, which was a difficult problem, 
requiring statistical methods and a careful screen- 
ing of results. All that had been known for half 
a century; he repeated it with the sole purpose 
of pointing out why, in his opinion, the problem of 
abrasion and wear was so complicated, and why no 
individual effort, however ingenious and patient, 
had a sporting chance of solving it. 

Mr. Buist agreed with Professor Malschaert about 
the difficulties of correlating laboratory and service 
tests, but thought that the procedure outlined in 
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the paper was a useful approach to ensuring that the 
conditions of test were such that there was more 
chance to obtain good correlation between labora- 
tory and service. During the symposium, Mr. 
Buist added, various references had been made to 
the ‘‘ Mullins effect.” Mr. L. Mullins had shown* 
that, on subsequent stressing, the stress developed 
for a given strain was always less than on a first 
stretching ; that conclusion, Mr. Buist emphasised, 
was based on work done under conditions of con- 
stant strain and did not present an entirely accurate 
picture, as Mullins’s conclusion was only true if the 
energy input was small. It was possible to show 
that, with high energy inputs, the stress was higher 
with subsequent stretches than on the initial stretch ; 
indeed, at intermediate energy inputs, it was possible 
for the stretch to remain practically constant with 
subsequent stretching. That fact had been checked 
experimentally, both on a conventional tensile 
testing machine and by measuring the stresses 
developed under impact with different energy 
inputs. In the case of higher energy inputs, a 
steeper gradient of the stress/strain curve at the 
higher elongations and the subsequent deformations 
suggested that a greater degree of crystallisation 
and/or alignment could be produced by the same 
energy input after the initial filler structure had 
been broken down.t Clearly, the whole of the 
phenomena required much closer study, and must 
be described accurately by indicating the conditions 
under which the test was done ; in his view, there- 
fore, it was quite misleading to refer to part of the 
phenomena as ‘‘ the Mullins effect.” 

The concluding paper in the programme of the 
Conference was that of Dr. R. D. Stiehler, Mr. M. N. 
Steel and Mr. J. Mandel on “‘ Some Factors Influenc- 
ing the Road Wear of Tyres.” 

Factors InrtvEnctne RoaD WEaR OF TYRES: 

In the abrasion of rubber, said Dr. Stiehler, three 
types could be distinguished, namely, abrasion by 
impact, as in sandblast hose, for which tyre com- 
pounds were of no use; cutting abrasion, as in the 
case of tyres on sharp stones (for example, the 
examples illustrated by Dr. Schallamach in his 
paper); and abrasion by friction, which was the 
normal abrasion of tyres on roads, and which Dr. 
Stiehler thought to be definitely a chemical process. 
Three road tests of tyres had been designed statistic- 
ally to equalise the treatment of tyres. Some of 
the factors influencing road wear which were 
included for study were the effects of the vehicle, 
the wheel position, the day of the test, the climatic 
conditions, and the length of time that the tyre 
had been in store. A study was also made of two 
methods of measuring the depth of the tread grooves 
and the loss of weight. It was found that a tyre 
lost weight at what was essentially a constant rate, 
whereas the depth of the tread grooves decreased 
at a declining rate, resulting in a bias in the tread- 
wear ratings. The weight method was found to be 
more sensitive than the depth method; the study of 
the effect of vehicle and wheel positions led to the 
conclusion that differences in the rate of wear on 
different wheels did not affect the tread-wear com- 
parisons, since the rate in slow-wearing positions 
was proportional to that in fast-wearing positions, 
the coefficient of variation being about the same. 
The conclusion was reached that geometrical rather 
than arithmetical averages should be used in 
evaluating tread wear. It was found that the 
surface temperature of the road and of the tyre had 
a pronounced effect on the rate of wear. In tyres 
which had been run on the road, there was a great 
increase in the percentage of carbon black in the 
surface, perhaps because the rubber had been 
burnt away. Natural-rubber treads containing 
channel black wore faster as the temperature 
increased, whereas synthetic-rubber treads, con- 
taining furnace blacks, wore faster as the tempera- 
ture decreased. Other types of tread wore at 
almost a uniform rate as the temperature changed. 
The effect of temperature on tread wear was often 
greater than the effect of a lower coefficient of 
friction on wet roads. Lack of alignment of wheels 
produced some interesting results : if, in a labora- 
tory test, the wheel ran in line, the temperature 





* L. Mullins, Jl. Rubber Res., vol. 16, page 275, (1947). 
+ J. M. Buist, et al., Ind. Eng. Chem., vol. 43, page 
373 (1951). 


reached was about 100 deg. C. and the power absorb- 
ed was 5h.p.; while, if the test wheel was turned 
24 deg. out of line, the temperature remained the 
same but the power went up to 10 h.p. In other 
words, 5 h.p. was being expended in wearing the 
surface. 

The object of one test, Dr. Stiehler continued, was 
to determine the effect of rubber and black on tyre 
wear ; it was found that the rubber and black were 
mutually independent in their effects. The be- 
haviour of natural and synthetic rubbers, or of 
channel and furnace blacks, with change of tem- 
perature made it impossible to compare them 
without stating the conditions of test. In 1952, 
the United States Government would be buying 
50 million dollars worth of tyres, and to ensure a 
uniformly good standard of production over such 
a large quantity, statistical methods of control 
were essential. The United States Bureau of 
Standards [with which Dr. Stiehler is connected— 
Ep., E.] had tested 41 tyre compounds, using a 
whole tread of the compound in each case. Tests 
of the rate of tyre wear by weight showed that the 
power-law equation could be misleading. In a 
typical road test, using four vehicles, it was found 
that, on passenger cars, the front tyres wore faster 
than the rear tyres ; but in corresponding tests with 
truck tyres, the rear tyres wore more quickly than 
the front. The trucks were run loaded. 

Mr. P. Braber opened the discussion. The Rubber 
Stichting, he said, was also investigating tyre wear, 
but, having no test fleet of vehicles, had to make 
use of those in normal public and private use, by 
arrangement with the owners. Dr. Stiehler had 
said that measurement of loss of weight was prefer- 
able to skid loss, as a tyre lost weight more or less 
uniformly, whereas the depth of grooves in the 
tyre pattern decreased at a declining rate; how 
did he account for the varying rate of tread loss 
when the only variable factor appeared to be the 
area in contact with the road as the tyre became 
worn? At the Rubber Stichting, in comparing the 
abrasion resistance of different compounds, they 
had concluded that measuring wear by the depth 
of the grooves, which was by far the simpler 
method, had definite advantages. 

Mr. G. Bielstein said that he saw no a priori 
reason to reject depth measurements on account of 
statistical difficulties arising from the changing 
rate of wear. The theoretical life of a tyre usually 
had to be calculated from very incomplete data, 
and, though it might be simpler to do so with 
weight measurements, the result should be just 
as accurate when obtained from depth measure- 
ments by means of an empirical law, such as that 
proposed by Mr. J. M. Buist. Bearing those 
points in mind, it was important to decide whether 
the definition of tyre wear should relate to the tyre 
as a whole, or merely and specifically to the loss 
of the tyre compound. From the paper, it appeared 
that the loss deduced from depth measurements 
could only refer to the whole tyre—at least, until 
the tread had worn away—whereas it was stated 
that the loss deduced from weight measurements 
did not take account of the design of the tread. 
Did this imply that the weight measurements 
related only to the rubber compound ; and, if so, 
should future laboratory experiments aim to repro- 
duce service data obtained by weighing rather 
than by depth measurements ? 

Mr. F. Hesselink observed that, in the investi- 
gations described, only homogeneous material had 
been tested ; but if it was desired to evolve a formula 
for wear as a function of various factors including 
that of hardness, it would not suffice to use only 
one hardness, because the hardness of the surface 
layer must be different from that of the material 
beneath if the structure or material was to have 
a good wear resistance. In bearings, the best 
practice used a layer of soft metal on a hard base. 
An example of good wearing properties of a material 
with a hard surface on a soft subtratum was human 
skin. The tread pattern on tyres shifted more of 
the elastic movement to the substratum, which 
had the same effect as using a softer substratum. 
In general, he suggested, the use of hardness as a 
characteristic value for test-pieces was of doubtful 
validity ; even the smallest test-piece might well 
be a structure of hard and soft material. 





(To be continued.) 





THE UNIVERSITY AND THE CIVIL 
ENGINEER OF THE FUTURE.* 


By Prorsssor J. B. B. Owrn, D.Sc. 


THE University of Liverpool, in creating a Chair of 
Civil Engineering in 1908, was to the fore in recognising 
that the breadth of engineering studies could only be 
covered adequately by specialist schools. In recent 
years, considerable concern has been continually 
expressed regarding technical education in this country, 
and it seemed to me appropriate to glance at what we 
have done and try to grasp some of the problems that 
lie ahead if the university is to maintain its traditional 
leadership. 

While my predecessors played their part in the 
development at the university of the whole man, they 
endeavoured to give their instruction a pre-eminently 
practical bias, and I think I would be expressing the 
view of a large number of engineers if I said that we 
had little time for anything for which we saw in our 
imagination no ultimate use. To us, as to Chekhov, 
‘everything should be beautiful in a human being . . . 
and an idle,” useless “‘life cannot be a good one.” 
Utility (with or without the Government stamp) is 
the key to unlock the door through which to get ideas 
across to engineers, and I hope the university will 
exploit this access in making its contribution to civil 
engineering of the future. 

The cries raised by those concerned about technical 
education have been for more and better engineers, 
more postgraduate courses, more co-operation between 
scientists and engineers, less emphasis on fundamental 
long-term research, and more on the application of 
what we already know. While I do not consider that 
expediency should deter us from doing what we consider 
proper, we might pause for a moment to see whether 
these cries have a bearing on what this University 
should do for civil engineers. 

The Barlow Committee recommended that the 
universities should double their numbers in ten years. 
The universities have roughly doubled their pre-war 
output of civil engineers in five years, G. A. Maunsell, 
in his James Forrest Lecture in October, reminded us 
that many major works are outstanding, but the 
Hankey report of September last, though finding 
some difficulty in coming to a decision, considers that 
the present output of civil engineers is likely to be 
sufficient for the next five or ten years. The universi- 
ties have then accomplished, more rapidly than 
envisaged, what was suggested as desirable, and this 
without a fall in degree standard. This provides a 
healthy basis for the cry of better civil engineers. 

We always want something better, and we are in an 
age of rapid change and development. Examples of 
this can be seen in road developments in America, 
the use of bitumen in hydraulic works in Holland, the 
buildings of the 1951 South Bank Exhibition, etc. 
In this country, prestressed concrete is now vei 
fashionable. Its success can be attributed to the high 
price and shortage of steel, the use of steel of higher 
strength than is customary in orthodox steel struc- 
tures, and to the use of better quality concrete than 
is usual. This has enabled light prestressed concrete 
parts to be made, and pre-casting, under close factory 
control, to be used extensively. 

Even in house construction the advantage of light- 
weight bricks is becoming appreciated, and I can see 
light-section high-tensile steel and aluminium struc- 
tures stabilised by light-weight expanded materials 
coming to compete with prestressed concrete and other 
forms of construction. Considerable advances are 
also being made in the understanding of how to pro- 
portion structures ; for example, E. H. Mansfield has 
recently shown that, if the boundaries of suitably 
reinforced holes in a stressed plate were given by 
¢ +ax-+ by + c=0, where ¢is Airey’s stress function, 
then the state of stress in the plate remains undisturbed. 

How is the university to cope with all the variations 
in design which are possible? In my view, it can do 
this only by providing its students with a firm grasp 
of the underlying principles. What we do will depend 
largely on our view of what civil engineering is. I con- 
sider it to be an art based on scientific principles—the 
art of using the resources of Nature for the betterment 
of mankind: an art and a science. The civil engineer 
is more than a mere technologist. On this account, 
I would modify the cry for “‘ more co-operation between 
the scientist and the engineer,” to more co-operation 
between the engineers, the scientists and those nurtured 
in the humanities. 

It is not sufficient to have a technical solution of a 
scheme which ignores its impact on human society,” 
or satisfactory to depend on powers of coercion to 
drive a labour force on to complete a project. Instruc- 
tion in management might help, but, in my view, much 








* Inaugural public lecture given at the University of 
Liverpool on December 7, 1951. Abridged. 

* See ENGINEERING, vol. 171, page 699, 737, and 768 
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better results would be achieved if the student organisa- 
tion could be such that, except when studying engineer- 
ing, the student found himself among those from other 
faculties, and he had more leisure which he used in 
non-technical activities. 

The basic training of the science graduate often fits 

him very well to push forward the technical frontiers 
of civil engineering, and to replace empiricism with a 
real understanding of the subject. His assimilation 
into the civil engineering profession needs, however, 
in some cases, a change of attitude of mind. The art 
of civil engineering is partly the art of making the 
right approximation, of knowing when meticulous 
accuracy is not required and when it is essential. This 
change of attitude can be brought about, perhaps, by 
the science graduate spending an extra year at the 
university in tackling an engineering research problem, 
or it may be achieved by his going out to practical 
work in engineering and then returning to the univer- 
sity when he has appreciated the nature of the practical 
problems involved. The task of improving the civil 
engineer turned out by the university involves keeping 
the basic instruction up to date and introducing or 
extending suitable postgraduate courses and research 
work, 
The undergraduate course in engineering is already 
so full that no attempt should be made to introduce 
anything more without leaving out something which 
is included at present. University courses are some- 
times criticised for not containing ‘‘ Costing” as a 
separate subject. Costing is important, but elementary 
costing introduces no new eee and it does not 
seem worthy of direct introduction into undergraduate 
courses. In my view, it can be best learned by appli- 
cation, but there may be a case for post-graduate 
instruction by those who have years of experience of 
the errors which sometimes result. Are pounds or 
dollars the only things on which we base the cost ? 

Anyone equipped with a sound fundamental know- 
ledge should grasp anything new to him, provided that 
it is clearly written, and that he has the time to read 
and apply it. A first essential in the undergraduate 
course, then, is to ensure that the basic training is 
such that the graduate, from his own reading, can 
appreciate developments not specifically covered by 
his undergraduate course or which have occurred since 
his time at the university. This basic training needs to 
be continually reviewed. 

The art of engineering is, in part, the art of making 
the right approximations, or hypothesis, and of 
realising the errors which may arise. The approxima- 
tions will change with the type of design being con- 
sidered, so that approximations will have to be dealt 
with clearly in our undergraduate courses. In illus- 
tration of past obscurity, the comments of most text- 
books, that the flange shear stress is negligible, comes 
to mind. Now if this concept is extended to a tubular 
bridge, say, Fairbairn’s and Stephenson’s Britannia 
Bridge over the Menai Straits, it might be concluded 
that there is no shear in the upper flange. The argu- 
ment is equally applicable to the strength decks of 
ships. If this is so, how can distributed booms carry 
loads ? What mechanism is there for getting load 
into them? Going back through the argument, you 
find that the text-books have been considering just 
vertical shear, and the possibility that there might be 
a horizontal shear is hardly mentioned. Without it 
there is no mechanism to use distributed flanges. This 
illustration I have introduced to show the need for a 
continual review of accepted basic instruction. Even 
now, I have not mentioned “ shear lag.” 

(To be continued.) 





RESEARCH FELLOWSHIP IN AERONAUTICS.—The English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, have established a new research fellow- 
ship, valued at 5001. a year, at the University of Glasgow, 
for the study of advanced problems in aeronautical 
engineering. Holders of the fellowship will carry out 
investigations on aircraft vibration, stability, and control, 
under the supervision of Professor W. J. Duncan, F.R.S., 
Mechan Professor of Aeronautics and Fluid Mechanics. 
The Fellowship will be awarded by a board constituted 
by the University of Glasgow ; the first Fellow will be 
selected early in 1952. 





RUTHERFORD MEMORIAL.—In a letter to The Times, 
the President of the Royal Society, Dr. E. D. Adrian, 
states that “‘ steps are being taken which will enable the 
first Rutherford memorial scholar to be appointed, to 
take up his scientific work in some part of the Common- 
wealth on October 1, 1952, and that the Council of the 
Royal Society has appointed Sir John Cockcroft as the 
first Rutherford memorial lecturer ; it is proposed that 
he should visit New Zealand in the autumn of 1952.” 
Contributions to the fund are still being received; in 
the United Kingdom about 70,0002. has already been 
given or promised, and in the Commonwealth there is 
likewise a successful response to the appeal. 


LABOUR NOTES. 


NEGOTIATIONS on proposed wage increases for 
engineering employees in railway workshops, which 
took place in London on Monday last at a meeting of 
the Railway Shopmen’s National Council, were unsuc- 
cessful. The meeting was eventually adjourned until 
yesterday, to enable both sides to consider the position 
privately. The Council comprises representatives of 
the Railway Executive, the National Union of Railway- 
men and the Confederation of Shipbuilding and 
Engineering Unions, and the outcome of yesterday’s 
meeting was not available at the time of going to press, 
but it is probable that the claim will be referred to 
arbitration in the event of an agreement not being 
reached before the Christmas holidays. 


The demands put forward by the employees’ side 
of the Council some weeks ago were for a “ substantial 
increase ” in the wages of the railway shopmen. It is 
understood that the Railway Executive made an offer 
which would have increased the men’s wages by 
approximately 8 per cent. Such an advance would 
have been in line with the concessions in pay recently 
gee to the other employees in the railway service. 

he men’s unions, on the other hand, desire that the 
increase granted to the shopmen shall amount to at 
least 11s. a week, in accordance with the advance 
agreed to at the end of last month for employees in the 
engineering industry. The Confederation and the 
N.U.R. also seek to restore the craft differentials which 
obtained in the railway workshops prior to the award 
of the all-round wage increase to railway shopmen some 
months ago. It is estimated that there are between 
120 and 130 thousand railway employees who will be 
affected by the present wage claim. 





Among a number of wage claims which have been 
successfully negotiated during the past week was one 
on behalf of clerical employees in the gas industry. 
Under the terms of an agreement reached between the 
two sides of the National Joint Council for Gas Staffs, 
and announced on Monday last, adult male employees 
will receive advances in their pay ranging from 5/. to 
251. a year. Increases granted to women clerical staffs 
will vary from 41. to 201. a year, and there will be 
proportionate improvements in the wages of boy and 
girl employees. Some 20,000 employees in all are 
expected to benefit from these concessions, which will 
come into operation on January 1. 





to at a recent meeting of the National Maritime 
Board. According to this settlement, sea-going radio 
officers included on the Board’s panel will receive 
increases ranging from 21. to 31. 15s. a month. Special 
allowances for foreign service, starting at 5 per cent. 
of the basic rates, have also been conceded. These 
allowances will amount to 10 per cent. in the case of 
some radio officers required to serve in ships per- 
manently engaged abroad. Increases under this 
agreement will date from January 28. 


wens improvements for ign radio officers were 
agree 





Industrial personnel employed in naval dockyards 
are to receive an increase in wages of lls. a week, 
according to the terms of an agreement reached at a 
meeting of the Shipbuilding Trades Joint Council 
and announced on ember 11. Their wages will 
thus be brought into line with those obtaining in the 
engineering industry generally, in which employees 
were recently granted increases averaging lls. a week 
each. 





The wage offer made recently by the National Coal 
Board to members of the National Union of Mine- 
workers has been accepted by 73 branches of the union, 
according to a statement made by Mr. Abe Moffat, the 
President of the Scottish area of the N.U.M., at a 
meeting of the area’s executive committee in Edinburgh 
on Monday last. Mr. Moffat also informed the ccm- 
mittee that, up to that date, no branch of the union 
had rejected the offer. The Board’s offer provides for 
a minimum wage of 71. 0s. 6d. a week for underground 
employees. The committee adopted a resolution 
sponsored by the union’s Roslin branch. This con- 
demned the statement made by the Trades Union 
Congress that it would “work amicably” with the 
present Government. 

Miners’ representatives from Yorkshire and other 
areas in Britain may visit Italy in the near future to 
see how prospective recruits for British collieries are 
employed in their own country. Suggestions that 

ments to this end should be made at an early 
date were put forward by the leaders of the Italian 
Free Trade Union Confederation daring discussions 
with officials of the Yorkshire area of the National 
Union of Mineworkers on how the introduction of 
Italian labourers to British pits might be achieved 
most successfully. A team of six Italian trade union- 
ists, headed by Mr. Enricco Parri, vice-secretary of 





the Confederation, has recently been studying condi- 





tions at collieries in the Yorkshire area. The team 
also visited the training centre for Italian entrants to 
the British mining industry, at Maltby, Yorkshire. 





Recent suggestions that the objections to receiving 
Italian mining employees might be overcome by 
handing over entire pits to Italians were not favourably 
received by Mr. Parri, who contended that his country- 
men should not be isolated, but encouraged to enter into 
English life in the area in which they were employed. 
As to the somewhat disappointing reception of the 
Italians by Yorkshire miners, Mr. Parri stated that he 
understood the objections of men who were proud of 
their craft and who were concerned that strangers 
entering a dangerous industry might be a hindrance to 
the practical task of getting coal. 





There was little change in the size cf the total work- 
ing population of Great Britain during October, when 
a marginal increase in the number of men was offset by 
a slightly larger decline in the number of women. At 
the end of the month, the working population totalled 
23,479,000 persons, of whom 16,034,000 were men and 
boys, and 7,445,000 were women and girls. These 
figures represent the total number of persons, aged 15 
and over, who work for payment or gain, or who register 
themselves as available for such work. The total com- 
prises persons serving in the Armed Forces, men and 
women on release leave seeking employment, regis- 
tered unemployed, and all persons—employers and 
persons engaged on their own account as well as 
employees—in civil employment. Private indoor 
domestic servants and gainfully-occupied men and 
women over pensionable age are also included. In 
these statistics, part-time workpeople are counted as 
full units. 





Of the total at the end of October, 22,350,000 persons, 
comprising 15,044,000 men and boys and 7,306,000 
women and girls, were engaged in civil employment 
(industry, commerce and services of all kinds), a 
decrease of 20,000 men and 29,000 women, including 
juveniles in each case. The size of the Armed Forces, 
according to statistics issued by the Ministry of Labour 
and National Service at the end of last week, rose by 
4,000 during the month, all of whom were men, to an 
end-of-the-month total of 844,000. This total com- 
prised 821,000 men and 23,000 women. There were 
9,000 ex-Service men and women on release leave 
seeking employment at the end of October, compared 
with 8,000 at the end of the preceding month, and 
92,000 at the end of June, 1948. Persons registered 
with the Ministry as unemployed rose in number from 
235,000 at the end of September last to 276,000 at the 
end of October, an increase of 41,000. There were, 
however, 328,000 persons registered as unemployed at 
the end of December, 1950. 





There was a decrease of 34,000 during October in 
the number of persons employed in the basic industries, 
which comprise mining, quarrying, agriculture, fishing, 
gas, electricity, water, transport and communications, 
thereby reducing the total number engaged in this 
sphere of industrial activity from 4,191,000 persons 
at the end of September to 4,157,000 persons at the 
end of October. There was no variation in the numbers 
of workpeople employed in the manufacturing indus- 
tries, the total for both September and October being 
8,746,000. This section comprises operatives engaged 
in the chemical and allied trades, the food, drink and 
tobacco trades, the textile industry, the clothing 
industry, and the metal, engineering and vehicle- 
building group of industries, as well as those employed 
in other t of manufacture. There was a decline 
of 10,000 in the total for the textile industry during 
October, and one of 19,000 for the clothing industry, 
but the total for the metal, engineering and vehicle- 
building group of industries advanced by 21,000 
during the same period, to an end-of-the-month total 
of 4,171,000. 





Slightly more than 1,448,000 persons were employed 
in the building and contracting industries at the end 
of October last, and some 2,653,000 in the distributive 
trades, about the same numbers as at the close of the 
preceding month. There were, in all, 3,935,000 men, 
women and juveniles in the professional, financial and 
miscellaneous services at the end of October, about 
11,000 fewer than at the close of September. Public 
administration provided work at the end of October 
for some 1,411,000 people; 641,000 in Government 
Departments and agencies, and 770,000 in the various 
sections of local-government service. The total for 
public administration does not. include the large 
number of persons employed in the several nationalised 
industries, as these workpeople are included elsewhere, 
under their respective headings. The Ministry of 
Labcur records that unemployment on November 12 
last represented 1-4 per cent. of the estimated total 
number of employees on that date, compared with 
1-5 per cent. at mid-November, 1950. 


ing 
by 
aly 


ito 
od. 
he 
he 
of 
rs 
to 


ete CrP mma oO) BS i 


ee a ae ae 


ENGINEERING. 


793 








DEC. 21, 1951. 





SOME FUEL AND POWER 
PROJECTS,* 


By H. Roxsrg Cox, Ph.D., B.Sc. (Eng.) 
(Continued from page 728.) . 


In all our work on fresh means for using coal, the 
aim is to develop machines which do not need to dis- 
criminate in the coals they use. This means that our 
coal-consuming gas turbines must use high-ash fuels, 
which immediately poses the question of how to deal 
with the residual ash so that it does no harm to the 
turbine. One way is to use dry burning and to clean 
the whole gas throughput with more or less conven- 
tional cleaners. This is the method adopted in the 
Parsons engine. Here the problem is to clean down 
to a size of dust particle which will not abrade the tur- 
bine blades—a double problem because, in addition to 
finding how best to clean to a given size, there is the 
problem of what size to clean to. Opinion is still 
divided on the critical magnitude, varying from 
5 to 20 microns. 

Another method is to use a slagging combustion 
chamber (Fig. 8) and to withdraw most of the ash 
as molten slag. This method of getting rid of the 
ash is that adopted in the 2,000-kW English Electric 
engine just described and has been the subject of recent 
experiment by John Brown and Company, Limited. 
The gas may require further cleaning, depending upon 
the size of particle which is carried through, and a 
conclusion on what is the critical size. This additional 
cleaning could be done before or after the gas is mixed 
with the diluent air. 

So long as we stick to internal-combustion gas tur- 
bines, there would seem to be only one other practical 
possibility, a method which is an important advantage 
of the kind of engine to be described in this section. 
By arranging the combustion in two stages, with the 
first stage producing combustible gas and the second 
stage its combustion, cleaning may be confined to the 
first or gasification stage. In the particular engine on 
which work is in hand, this means that only about 
10 per cent. of the throughput has to be cleaned, 
compared with about 40 per cent. with the slagging 
chamber and 100 per cent. with dry combustion. 
This leads to the hope that two-stage combustion may 
permit the use of coals which are inconveniently dirty 
for sueppatage combustion open-cycle engines. 

The cycle diagram for the engine is in Fig. 10. The 
main turbine engine, of 2,000-kW capacity, is being 
built by the Metropolitan-Vickers Electrical Company, 
Limited, and is due to be ready in May, 1952. The 
supercharging turbo-compressor is also being provided 
by this company and it will have considerable interest 
in its own right, as it has an inward flow (radial) turbine 
with controllable-incidence entry guide vanes. The 
design of the gas producer is the joint work of the 
Incandescent Heat Company, of Smethwick, and 
Joseph Lucas (Gas Turbine Equipment), Limited, of 
Burnley. The detail design and construction of the 
producer is by the Incandescent Heat Company. The 
particulars of the full-scale plant, which it is hoped 
will operat2 in 1952, are shown in Fig. 10, on page 794. 

The working pressure of the gas producer will be 
about 6 atmospheres and no producer heretofore made 
in Great Britain has had a superpressure of more than 
a few inches of water. If successful, the pressurised 
gas producer may well have applications far beyond 
the plant for which it has been designed. 4s it is so 
novel a venture, that we have decided not to make the 
producer without trying a pilot-scale producer first 
is not surprising. This pilot-scale plant, which has an 
air throughput of 1 lb. per second, is shown in Fig. 11 
on the test rig at the Burnley works of Joseph Lucas, 
where it has been running since September, 1951. 

The gasification chamber, which works at 6 atmos- 
pheres, is of the cyclone-vortex t and is designed to 
run under slagging conditions. The main air supply, 
which is preheated in a paraffin heater designed for the 
test-rig work, passes through the tripod pipe arrange- 
ment and enters the gasification chamber tangentially. 
lhe finely divided coal is pumped in on the centreline 
of the chamber. The lower vessel in Fig. 11 is a 
chamber for slag collection and gas cleaning, the gas 
exhaust passing away down the pipe on the right. 

I have indicated three methods of preventing the 
ash in the products of coal combustion damaging the 
turbine of the open-cycle gas turbine. The remaining 
and most obvious method is to prevent the products of 
combustion passing through the turbine. This neces- 
sarily means departing from the internal-combustion 
cycles. The simple open cycle with external com- 
bustion is shown in Fig. 12. The combustion air in 
the furnace is preheated by the turbine exhaust. 
his would appear to be another cycle capable of using 
high-ash fuels, and with the additional advantage of 
simplicity. It seems, in consequence, likely to be 





* The 38th Thomas Hawksley Lecture, delivered to 
the Institution of Mechanical Engineers on Friday, 
November 16, 1951. Abridged. 





suitable for a locomotive which, like many foreign ; 


engines, has to use fuel of poor quality. An ability to 
do the same in Great Britain would be a genuine 
easement in the problem of coal supply, providing that 
a real reduction in consumption were achieved and 
overall economy were maintained. 

The conventional piston-engine steam locomotive is 
long-lived and low in capital cost, but its average 
thermal efficiency in operation is only about 5 per 
cent. Consequently, coal costs figure so highly in a 
year’s intensive duty that a 50 per cent. fuel saving 
would allow about four or five times the present annual 
expenditure on capital charges. In other words, a coal- 
burning locomotive giving twice the current average 
fuel efficiency could be allowed to cost about four or 
five times as much as the present type. 

It seems that such a capital cost figure is likely to be 
achieved with an open-cycle external-combustion coal- 
burning gas turbine with direct drive, and the Ministry 


Fig. 8. CYCLONE SLAGGING COMBUSTION CHAMBER 
FOR 2,000 KW ENGLISH ELECTRIC 
COAL~BURNING GAS-TURBINE SET. 
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Fig. 9, PLATE ARRANGEMENT IN HEAT EXCHANGER 
FOR 2,000 KW ENGLISH ELECTRIC 
COAL-BURNING GAS-TURBINE SET. 
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of Fuel and Power, after consultation with the Railway 
Executive, has ordered from C. A. Parsons and Company 
and the North British Locomotive Company a locomo- 
tive of this kind, giving 1,600 h.p. at the rail. The 
former company are making the gas turbine and the 
latter company the chassis. The thermal efficiency 
of this engine is expected to be 10 per cent at one- 
tenth load, 16 per cent. at half-load, and 19 per cent. 
at full load. Calculations of fuel consumption for 
the Glasgow-London run indicate that it should be 
about half that of the conventional steam locomotive. 
A general arrangement is shown in Figs. 13 to 16, 


on pee 795. 

he leading particulars are: power at turbine shaft, 
1,800 h.p.; maximum rail horse-power, 1,600; wheel 
base, C.-C, (0-6-6-0) ; gauge, 4 ft. 8} in.; length over 
buffer beams, 64 ft. 6 in. ; length overall, 68 ft. 6 in. ; 
maximum width, 8 ft. 8 in.; maximum height, 13 ft. ; 
wheel diameter, 4 ft. 6 in.; total weight, 117 tons ; 
maximum axle load, 19} tons; normal maximum 
speed, 75 m.p.h.; starting tractive effort, 30,000 Ib. ; 


maximum tractive effort in low-speed range, 45,000 Ib. ; 
maximum speed in low-speed range, 50 m.p.h.; fuel 
capacity, 6 tons (say, 500 miles); maximum turbine 
temperature, 1,300 deg. F. ; maximum heater tempera- 
ture, 1,560 deg. F.; maximum speed of power turbine, 
8,000 r.p.m. 

Exhaust air from the work turbine is partly used for 
combustion and partly to reduce the temperature of 
the burnt gases before they enter the air heater. These 
gases give heat through the walls of the tubular air 
heater to the compressed air, which is the working 
medium, on its way to the turbine. The compressor 
is driven by the high-pressure turbine and the low- 
pressure turbine provides the power output. The 
torque characteristics of the power turbine resemble 
those of the conventional steam locomotive, permitting 
direct drive. A two-stage gearbox gives a choice of 
gears for passenger and freight work. Train heating is 
provided by a steam boiler, heated by the exhaust 
gases from the air heater on their way to atmosphere. 

In the closed-cycle gas turbine, as in the externally- 
fired open-cycle engine just described, the products of 
combustion do not pass through the main turbines. 
In examples of the closed-cycle engine so far built, 
this clear advantage is neutralised to some extent by 
the fact that the combustion products necessarily pass 
through the turbine used for supercharging the air 
heater. With air heaters running at atmospheric 
pressure, however, any ash in the products of combus- 
tion cannot attack the rotating machinery and its 
damaging effects are confined to the air-heater tubing. 
It is with this version of the closed-cycle engine in mind 
that the Ministry of Fuel and Power have ordered from 
John Brown and Company an atmospheric coal- 
burning air heater to be run with either the 500-h.p. 
John Brown experimental closed-cycle gas turbine 
or with a 1,000-h.p. engine which they have in hand. 
The cycle arrangement is shown in Fig. 17, on page 795. 
The air heater (Figs. 18 and 19, on’ page 795) has a 
straight-through combusticn chamber. This refractory- 
lined chamber has been run as both a dry-burning and 
a slagging chamber, and has given very encouraging 
results. The experience of slagging which has been 
obtained will be of value in the development of a 
cyclone slagging chamber which the Ministry has 
ordered as an alternative to the straight-through 
chamber. 

In all the gas-turbine plants described, ccal has to be 
injected into the combustion chamber and, except in 
the locomotive engine, against a pressure of several 
atmospheres. Though, on test rigs, lock hoppers can 
be used to do this, the only practically satisfactory 
solution is a good coal pump. Two coal pumps have 
been developed to an advanced stage by the Incandes- 
cent Heat Company. One, which has been made for 
the gas-producer test rig (Fig. 11) is of the rotating-disc 
type, and the other is of the reciprocating ram type. 

In the rotating-disc pump, coal is fed under gravity 
into small cylindrical pockets situated on a pitch-circle 
diameter of approximately three-quarters of the overall 
diameter of the disc, which is mounted horizontally. 
The bottoms of the pockets are sealed with small spring- 
loaded valves. Rotation of the disc causes the pockets, 
filled with coal, to pass under a seal into the pressure-air 
discharge line, the air flow being such as to unseal the 
pockets and scavenge them of their coal. Before the 
empty pockets arrive at the charging chute for re-filling 
with coal they pass under a small suction port which 
discharges their pressure-air content. : 

In the reciprocating type of pump, a charge of air-coal 
mixture is drawn under a small depression through a 
rubber ball valve into the cylinder on the outward 
stroke of the ram, and then this mixture is compressed 
and finally discharged through another ball valve 
into the high-pressure line during the inward stroke. 
Successful preliminary running has been done on both 
types of pump against pressures of from 3 to 6 atmos- 
pheres with pulverised coal. ; 

So far, I have been describing ways of using coal 
directly as a fuel. Two familiar derivatives frém coal 
are also the subjects of interesting experiments. One 
of these derivatives is that unpleasant concomitant of 
coal mining, namely, firedamp. The other is coal gas. 

It was pointed out by C. H. Secord in 1948 that the 
methane or “ firedamp ” occurring in small percentages 
in the ventilating upcasts from mines was sufficient, 
if it could be converted into useful energy, to run all 
the colliery machinery in Britain. The methane 
usually occurs in amounts less than | per cent., though 
in a few pits figures above P per cent. are recorded. 
One way of using some of this available energy is to 
use the upcast gas, instead of normal air, under steam 
boilers; but this method would only convert about 
15 per cent. of the methane in the upcast. = 

Secord proposed that the upcast methane-air mixture 
should be used directly in a gas turbine and so permit 

ithead generation of electrical power from a free fuel. 
This propos4l clearly depended upon finding a practical 
means of burning such an exceptionally weak mixture 
as 1 per cent. or less of methane in air. R. G. Voysey 





proposed for this purpose a “temperature booster ”’ 
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which is, in effect, a regenerative heat exchanger 
combined with a combustion chamber. This device 
depended upon the assumption that, if the weak mix- 
ture were sufficiently preheated, it would oxidise at a 
reasonable temperature; the heat of combustion was 
proposed as the means of preheating. 

It was clearly essential at the outset to determine 
the conditions for combustion of weak methane-air 
mixtures, and this work was undertaken by Sir Alfred 
Egerton and his staff at the Imperial College. The 
experiments which they did are of absorbing interest 
and have a scientific importance beyond the immediate 
reasons for doing them. In Fig. 20, on page 796, are 
reproduced the curves which permitted practical design 
work on a firedamp-burning gas turbine to be begun. 
It can be seen that, if preheating to about 1,000 deg. C. 
(1,832 deg. F.) is arranged, then combustion, or more 
accurately, nearly complete oxidation, occurs. A 
simple firedamp-burning gas turbine with cycle tem- 
peratures corresponding to this figure was the original 
conception. 

It was soon apparent, however, that, excepting for 
the abnormal case of very gassy pits, this cycle led 
to a derated gas turbine which, on economic grounds, 
was undesirable, and the original conception was 
modified to the idea of a gas turbine of optimum 
thermodynamic design, burning the upcast gas and an 
auxiliary fuel. This was a far more useful and interest- 
ing proposal than the original one, for at all collieries 
there is a supply of coal fines which are generally not 
worth transporting, so that the target became a gas- 
turbine plant based on the two free fuels which a pit 
can provide—upcast gas and low-grade coal. We 
visualise, therefore, an ultimate fusion of the work on 
weak, methane-air mixtures and on the coal-burning 
gas turbine. In the meantime, the obvious practical 
course is to develop a gas turbine which burns the 
— gas together with an auxiliary fuel more tract- 
able than coal fines. This is our immediate target. 
The most attractive .uxiliary fuel, and, indeed, the 
most natural one until coal itself is used, is coke-oven 
gas, though for exper:mental purposes we shall, as 
convenient, use any other available auxiliary—oil, 
town’s gas, or producer gas—in connection with which 
the Possibility of combining the producer-gas gas- 
turbine idea with the firedamp gas-turbine idea is 
kept in mind. 

A firedamp gas turbine has been ordered by the 
Ministry from the English Electric Company, Limited. 
Basically, the engine is the same as the coal-burning 
engine which this company are making, and perhaps, 
m consequence, the most practical engine using fire- 
damp and auxiliary coal may be the descendant of these 
forebears. The first engine, however, will employ as 
the auxiliary fuel, to begin with, a clean fuel such as a 
distillate oil or gas and the cycle, illustrated in Fig. 21, 
is designed so that part of the firedamp is burnt in a 
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temperature booster and the rest burnt as the com- 
bustion “air” for the auxiliary fuel. This project is 
going ahead with the full collaboration of the National 
Coal Board. The Ministry is purchasing the plant and 
the National Coa] Board is paying for its installation 
at a colliery, where it should begin to run towards the 
end of 1951. There are two novelties in this kind 
of plant. One is the original notion of burning weak 
mixtures. The other is the physica] means of doing 
it, namely, the temperature booster. A pilot tem- 
perature-booster to handle 1 lb. of air per second at 
@ pressure of 5 atmospheres has been constructed. This 
is essentially a ceramic regenerator with pneumatically- 
operated mushroom-type valves at the low-temperature 
ends and with a bridging reaction chamber across the 
high-temperature ends. The ceramic matrix in each 
leg is composed of layers of thin high-alumina slats, 
packed on edge, with narrow gas-passages. In the 
next layer, the slats lie at 60 deg. to those in the first 
layer. These two arrangements alternate. The air 
containing the firedamp is admitted through the appro- 
priate valve to the bottom of a leg and proceeds up- 
wards, receiving heat from the ceramic matrix until 
its temperature is raised to the point at which oxidation 
of the methane proceeds rapidly. The heat exchanger 
is so designed that this temperature is reached just 
before the top of the matrix. The oxidation is com- 
pleted in the reaction chamber, and the air and gas 
products are raised in temperature a further amount 
depending on the original methane content and the 
proportion consumed. These hot gases then pass down 
through the other leg, giving up heat to the ceramic 
matrix before passing out through the gas valve 
diagonally opposite to that used for admission. After 
these conditions have continued for a time, one matrix 
(on the “ air ” side) will be cooled and the other matrix 
(on the “ gas” side) heated. Before this cooling and 
heating has proceeded too far, the flow direction is 
reversed by opening the closed valves and closing the 
open valves. After the appropriate interval, the flow 
is reversed again, and so on, so that the temperature 
booster operates as a regenerator with a temperature 
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difference produced by the reaction to “drive” the 
heat exchanger. 

When a fuel has been produced or generated with 
maximum efficiency, and when it has been turned into 
heat energy with maximum efficiency, there normally 
remains only the problem of using the heat with the 
maximum efficiency. There is an additional possi- 
bility, however, which is sometimes worth considering 
—that of using the energy to make available additional 
heat from another source. There is a vast quantity 
of natural heat in the Earth, its air and its waters, 
mostly at too low a temperature to be directly used. 
Lord Kelvin pointed out that by means of a “heat 
pump ” this low-grade heat could be transformed and 
delivered as high-grade heat. The work necessary to 
do this can be supplied by an engine running on coal, 
peat, gas, or electricity; the choice depends on the 
circumstancés of the case, though coal and peat are 
not likely to be frequent choices for the purpose. The 
popular choice has been electricity, and the sizeable 
heat pumps in Great Britain are all electrically driven. 

The possibility of exploiting a free source of energy 
is always attractive. It is, however, sometimes expen- 
sive to build the means of turning free energy into a 
more acceptable and usable form, and the initial 
attraction of getting something for nothing is often 
clouded by the realism of an economic assessment. 
Tidal power is balanced on an economic knife edge. 
Hydro-electricity, so obviously right against one back- 
ground, can be wrong against another. The heat 
pump, though it can always deliver more heat than is 
in the fuel it consumes, is not always the best answer 
to a heating problem. In some circumstances, how- 
ever, it appears to be very superior indeed, and we felt 
that we should try to obtain some genuine full-scale 
economic data to provide a sound basis for design. 
The particular opportunity offered was one for which 
the basic fuel was gas. ; 

At the time when we were looking for an opportunity 
to test a full-scale heat pump, we learnt that the Royal 
Festival Hall was to be heated by gas-fired hot-water 
boilers. One of the reasons for this choice was that 
it avoided the inconvenience, on a site where the 
preservation of amenity was clearly important, of 
solid fuel and ash handling. Such considerations, 5° 
obvious in this instance, are, I feel, too frequently 
overlooked: even the costs of cleaning large buildings 
inside and out are not taken into account in weighing 
up the pros and cons of different possible heating 
schemes. Had such considerations been completely 
ignored, and the problem been one of heating alone, 
our preliminary assessments suggested that a gas- 
driven or electrically-driven heat pump would be more 
costly than simple coke-fired boilers. The gas-operated 
heat pump, however, looked like being rather more 
economical than the gas boilers, particularly if a high 
load-factor could Be relied on, and if as much as possible 
of the waste heat from the gas-engine prime movers 
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PROPOSED PARSONS NORTH BRITISH COAL-BURNING GAS-TURBINE LOCOMOTIVE 
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Fig. 17. JOHN BROWN COAL-FIRED CLOSED-CYCLE GAS-TURBINE PLANT 
WITH ATMOSPHERIC AIR HEATER. 
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| HEAT EXCHANGER 


was recouped. If, too, the apparatus were used for 
providing summer cooling and so could legitimately 
be compared in cost with the equivalent boilers and a 
refrigerating plant, the economic picture for the heat 
pump looked distinctly attractive. An arrangement 
was made with the London County Council that the 
Ministry would build a heat pump which initially 
would be tried as an alternative to the heating boilers 
of the main hall. If it proved successful, the London 
County Council would be given the opportunity of 
purchasing the plant. 

The engines were originally supercharged Rolls- 
Royce Merlin 140 aircraft engines, and they were 
converted to run unsupercharged on gas, with a maxi- 
mum rating for the heat-pump work of 350 h.p. Parts 
of the superchargers were modified to form the basis 
of the two centrifugal compressors. The river water 
is supplied through a remotely controlled variable- 
speed electrically-driven centrifugal pump, fixed to a 
platform in the middle of the River Thames. The 
concert-hall water is tapped from the main return 
flow to the gas boilers installed by the London County 
Council and is circulated by a centrifugal pump, belt- 
driven from the first-stage compressor engine. The 
evaporator is of the shell and tube type. 

Befcre delivery to the concert hall, some of the water 
is by-passed for engine and oil cooling and this part of 
the “waste heat” is thereby recovered. Exhaust 
heat is recovered by passing the whole flow to, the 
concert hall through an exhaust-heated boiler. At 
maximum output, when each engine is developing 
350 h.p., the total consumption is 12,000 cub. ft. of 
town’s gas per hour. The flow of refrigerant is then 
about 25 Ib. per second. The river-water flow is about 
1,800 gallons per minute and the flow of the concert- 
hall water about 500 gallons per minute, the maximum 
water output temperature is 165 deg. F., and the maxi- 
mum heat output is 90 therms per hour.* The overall 
efficiency, based on the calorific value of the gas burned, 
is 150 per cent. 

The heat pump was completed and ready to run on 
the day before the Festival opened. It was not required 





* This plant was described and illustrated in ENaI- 
NEERING, vol. 171, page 741 (June 22, 1951). 








immediately, however, and the first run was on May 10, 
1951. Subsequently, a number of short test runs were 
made, using the plant to supply heat at a comparatively 
low rate. After stripping the plant for inspection, 
it was ready for duty again at the beginning of July and 
began to run almost daily, supplying chilled water to 
the air washers in the concert hall. Designed with the 
heating requirement as the first priority, the plant is 
oversize for cooling, but during the early stages of a 
run, when the piant is cocling the water to the correct 
temperature, it can operate near to the design load of 
one engine. A typical set of figures for such a condition 
is: rate of flow of water to concert hall, 290 gallons 
per minute ; temperature of water from hall, 53 deg. F. ; 
temperature of water to hall, 41-2 deg. F.; rate of 
flow of river water (approximately), 500 gal. per minute ; 
temperature of river water into plant, 75-3 deg. F. ; 
temperature of river water out of plant, 85-0 deg. F. ; 
gas consumption, 4,800 cub. ft. per hour. This gives 
a heat extraction rate of 20-6 therms per hour for a 
gas consumption of 24-7 therms per hour. Allowing 
30 per cent. thermal efficiency for the engines, this 
gives a refrigerating performance of 2-78 to 1. 

Of the several ways of obtaining gas from coal there 
are two which have long been the subject of discussion, 
speculation, and preliminary experiment, namely, 
“ underground ”’ gasification and “ total” gasification. 
Neither of these terms defines a single process; there 
are many ways of doing each. Each, however, defines 
a single broad idea, an idea which needs most careful 
examination because, if it were successfully translated 
into practice, it could have tremendcus consequences. 
Fresh consideration has been given, therefore, both to 
underground gasification and total gasification. 

The idea of obtaining energy from coal without 
first mining it is not new, but practical progress has 
been confined to the past 20 years. Since 1931 there 
has been a great deal of work done in Russia, but it is 
difficult to assess the scale of operation and the progress 
made. In western countries, there has been consider- 
able experimental activity since the 1939-45 war. 
Interesting data have been obtained in Belgium, the 
United States, Italy, and French Morocco as well as 
in Great Britain. 

The energy obtained from underground gasification 
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Fig. 18. ARRANGEMENT OF COAL-FIRED AIR HEATER 
WITH ATMOSPHERIC COMBUSTION. 
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is the result of a producer-gas reaction accompanied 
by the distillation of volatiles and, usually, some water- 
gas reaction. The product is generally a combustible 
gas of low calorific value but high temperature. If it 
can be produced economically, we aim to use it, on the 
site, as the fuel for electricity-generating machinery. 
The other possibilities of distributing it as town’s gas 
or using it as a synthesis gas for liquid-fuel manufacture 
are not yet being seriously considered here: their 
practicability depends upon greatly improving the 
quality of the gas produced at an economic cost. 

The work done here has been different so far in two 
important ways from the work in the other western 
countries. In the first place, our idea has been to 
try to make use of coal which would not be mined 
because of its poor quality or for some other reason 
which made bringing it to the surface uneconomic. 
Britain has hundreds, possibly thousands, of millions 
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Fig. 20. 
OXIDATION OF WEAK METHANE-AIR MIXTURES. 
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of tons of such coal. Secondly, in these other countries, 
the systems have been made by mining, and the 
objective has generally been the gasification of that 
portion of a sloping seam lying above a horizontally- 
mined gallery. With a considerable effort being applied 
elsewhere to this line of attack, we have devoted atten- 
tion here to methods which do not involve mining, 
methods of creating underground systems which can 
be worked from the surface. Whether this approach 
will prove to be more or less economical than the alter- 
native being examined in the other countries will not 
be known for some time to come. Close liaison is being 
kept with the work in the United States, Belgium, and 
France, and it may be necessary later to try under 
British conditions the methods being investigated 
in those countries, before a conclusion can be reached 
on the economics of underground gasification of 
Gritish coals. 


(T'o be continued.) 





RESEARCH ON CAST IRON. 


THE factors influencing the fluidity of cast iron have 
been studied for some time past in the laboratories 
of the British Cast Iron Research Association, at 
Alvechurch, Birmingham, and it is stated in the 
Association’s annual report for the year ended June 
30, 1951, that good progress has been made in a research 

on the use of a spiral test-piece. The work 
indicates that low-phosphorus high-carbon irons can 
be made as fluid as the high-phosphorus irons. The 
investigation, it is added, has now been terminated 
and a comprehensive final report on the subject is to 
be published shortly. During the year a good deal 
of work has also been conducted on the estimation 
and the influence of the gaseous elements in cast iron. 
The vacuum-fusion apparatus, employing high-fre- 
quency heating, has been improved and techniques of 
sampling studied. The gas adsorbed on the specimen’s 
surface and the influence of various metallurgical treat- 
ments on the gas contents of cast iron have received 
attention. The oxygen content of many cast irons 
has been found to be very low. It is emphasised that 
this particular field of investigation is extremely 
difficult and that progress is expected to be slow. 

In connection with malleable cast iron, two investi- 
gations have been proceeding in the laboratories. 
One is concerned with the effect of graphitisation on 
the rate and extent of decarburisation, which is per- 
tinent to the white-heart process, and the other deals 
with the mechanism «f the formation of the carbide 
film that can ocour at the edge of black-heart malleable 
castings. In addition, many field tests have been 
carried out on the use of higher manganese : sulphur 
ratios than are normal in the white-heart malleable-iron 
industry. Among other work in progress, a long-term 
investigation on shrinkage and porosity defects in 
cast iron has been put in hand, and comprehensive 
examinations of the meaning of the impact test applied 
to cast iron, and of the fatigue properties of nodular 
and other cast irons, are being continued. A Charpy 
impact machine is to be used to test V-notched and 
“ key-hole” notched specimens of geometrical simi- 
larity and varying dimensions, and a prototype 
fatigue testing machine has been completed. Some 
work has also been carried out on the electrical 
resistivity of cast iron and a brief report on this is to 
be published shortly. 
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IDENTIFICATION COLOURS FOR 
ALUMINIUM ALLOYS. 


THE well-known Technical Association of Light Alloy 
Refiners, Alar, Limited, 3, Albemarle-street, London, 
W.1, which distribute, at intervals, data sheets, reprints 
of papers and other publications relating to the pro- 
duction and properties of aluminium casting alloys, have 
now prepared a new data sheet entitled ‘* Colour Scheme 
for the Identification of Aluminium Casting Alloys.” 
They state that some founders prefer their ingots to be 
identified by colour instead of the more common 
stamped specification number. Unfortunately, how- 
ever, no single system of colours has been adopted, 














Alloy 
a " Old or 
F ve Colour. x NO Related 
pe. 1490. | Designation. 
Al-Pure .| White LM-0 DTD 478 
Al-Cu .| Green a --| LM-12 LAC 10 
Green and white ..| LM-11 DTD 304 
Green and blue LM-19 DTD 294 
Al-Mg Black a ..| LM-5 DTD 165 
Black and white .. LM-10 DTD 300A 
Al-Cu-Ni(Fe, Si)| Brown... .-| LM-7 DTD 133¢ 
Brown and black..| LM-14 “Y" alloy 
Brown and white LM-15 RR 53 
Al-Zn (Cu) Blue es LM-1 DTD 428 
Blue and black LM-3 LAC 113B 
Al-Si (Mg) Yellow sin ~ LM-6 L.33 
Yellow and white LM-18 ALAR 00-5 
Yellow and green LM-20 ALAR 00-12 
Yellow and red ..| LM-8 AC.8 
Yellow and brown LM-9 DTD 240/5 
Yellow and black LM-13 Lo-Ex 
| Yellow and blue ..| LM-17 Birmasil 
| Special 
Al-Si-Cu Red ai .-| LM-4 DTD 424 
Red and white. -| LM-2 LAC 112A 
Red and black LM-16 DTD 272/6 
Red and green... | — ALAR 305 
Red and blue ALAR 308 








with the result that alloy manufacturers are sometimes 
required to paint one alloy with varying colours or 
two or more alloys with the same colour to meet the 
wishes of different founders. To overcome this lack 
of uniformity and so avoid possible confusion in the 
production and storage of alloys, the members of 
Alar have agreed to the standard system of colours set 
out in the table herewith. The compilers hope that 
all founders who prefer this method of identification 
will co-operate by accepting the new colour scheme. 
They emphasise, however, that this standardisation is 
not an attempt to popularise identification by colour 
and that the other methods which have been used in 








the past will be continued unless the founders concerned 
desire the change. 
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DEVELOPMENTS IN NOTCH-BAR 
TESTING. 


(Concluded from page 746.) 


WE conclude below our report of the remarks by 
Dr. N. P. Allen, Superintendent, Metallurgy Division, 
National Physical Laboratory, who, as rapporteur of 
the symposium held in London on December 5, on 
the subject of “‘ Recent Developments on the Notch- 
Bar Testing of Materials and their Relation to Welded 
Construction,” gave, in brief outline, the main points 
put forward by the authors of the papers presented. 
At the afternoon session of the symposium, when 
dealing with the papers by Mrs. C. F. Tipper, M.A., 
Se.D., on “ Notch-Bar Tests in Relation to Service 
Performance” and by Dr. J. H. van der Veen on 
“ Development of a Testing Method on Brittle Frac- 
ture of Mild-Steel Plates,” Dr. Allen’s remarks were 
as follows. 


Dr. N. P. ALLEN’s REporRT. 

These two papers have this in common: that they 
are both by authors who have an improved test to 
advocate, and both these tests are designed to be 
carried out on steel plate and are static tests, into 
which the element cf impact does not enter. Mrs. 
Tipper is not concerned primarily in describing her 
test, but she discusses the subject of notched-bar 
testing generally, and draws attention to cases in 
which her test appears to have’ estimated .correctly 
the degree of danger of brittle fracture, and other 
tests might perhaps have led to the conclusion that 
the margin of safety was greater than it proved 
to be. In the first part of her paper, she deals with 
the characteristics of the fractures of plates in service 
and points out that the plastic deformation, which 
may be either much or little, is confined to a very 
narrow zone, and that when cleavage fractures occur 
the local deformation and the energy absorbed in 
fracture are very low. She distinguishes, as others 
have done, between the energy absorbed in the initia- 
tion of a fracture and that required for its propagation, 
and agrees with Mr. Boyd that tests on small specimens 
are apt to over-estimate the importance of the initia- 
tion energy. Consequently they over-emphasise the 
importance of the shape of the notch that initiates 
fracture relative to that of the energy absorbed in 
propagating the crack. Mrs. Tipper would prefer 
large specimens as large as practical considerations 
allow, and states that in the notched tensile test the 
width of the specimen should not be less than twice 
the thickness of the plate. 

Cases in which failure in practice can be correlated 
with the results of notched-bar tests are fortunately 
rather rare, but the U.S. Bureau of Standards have 
examined a number of cracked plates from ships and 
have obtained results from which it has been con- 
cluded that there is danger of brittle fracture in ship 
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steel if the energy absorption is less than 15 ft.-lb. at 
a temperature of 60 deg. F. in a standard V-notched 
Charpy impact test. It is emphasised that it is not 
known how much greater the notch toughness must be 
to remove the danger. Two cases are quoted of 
failures in ship plate in which the temperature at which 
the failure occurred is known. In both these cases 
the temperature of failure agreed with the tem- 
perature of transition from a shear to a cleavage frac- 
ture as observed in an internally-notched 12-in. wide 
plate. In one of these cases the steel was also classified 
as brittle by a V-notch Charpy test. In this paper two 
new cases are described. One relates to fractured 
plates in a refrigerated cargo ship, in which the tempera- 
ture of the cargo space was — 11 deg. C. The Izod 
impact values at — 11 deg. C. of the plates containing 
the crack, and the upper limit of the transition tem- 
perature as determined in the notched-tensile test, are 
given in Table I. The Izod impact values are com- 























TABLE I, 
Upper Limit 
f Izod, at aera Temperature 
Ref. No. lideg.c. | Crystalline | “Transition 
* | Notch Tensile. 
ft. Ib. Deg. C, 
At we e 40-50 80 0 to — 10 
2 ee 35-40 100-60 0 to — 10 
Bi. ss oa 35-40 75-80 — 16 to — 20 
Sh aa ° 30-35 Patches C. — 10 to — 16 
41 t 30-40 75 oe 
* 4 1,2,3 A and 4 1 are from different positions in same plate. 
A 1, 2, and B 1, are test samples cut in direction of rolling. 
3 Ais asample cut transverse to direction of rolling. 


+ 41 figures supplied by Mr. W. E. Lewis, B.8c., Lloyd’s 
Register of Shipping. 


fortingly high, but the notched tensile tests indicate 
that two of the plates at — 11 deg. C. are within the 
danger zone and the others very near. In this case 
the notched tensile test has given the better impression 
of the potential danger. The second case refers to 
ship plates which cracked during rough weather at 
10 deg. C. (50 deg. F.). In this case both the Izod 
test and the notch tensile test classified the steel as 
brittle at the temperature at which failure occurred. 

Finally, Mrs. Tipper gives Izod and notched-tensile 
test results over a range of temperatures, relating to a 
Swedish steel in two conditions of treatment. We are 
not told what the steel is, nor what the treatments are, 
but the results pose this question : are we to judge by 
the energy absorbed or by the nature of the fracture ? 
If we rely on the energies, and certainly if we confine 
our tests to temperatures above — 40 deg. C., we shall 
conclude that one of the steels is the better material, 
whereas if we consider the fractures we shall conclude 
that the other is the better. Mrs. Tipper would like 
us to agree that the lower energy absorption when 
coupled with a fully fibrous fracture is to be preferred 
to a higher energy absorption that is accompanied by 
traces of cleavage failure in the fracture. 

The paper by Dr. van der Veen is a very lucid account 
of a test that was evolved at the Royal Netherlands 
Steelworks for the purpose of controlling and improv- 
ing their fabricating procedures. His approach is 
worth noting. He regards notch toughness, or the 
resistance to the spread of a crack, as the last safeguard 
to the security of a structure after design and fabrica - 
tion procedures have failed to provide conditions that 
avoid the production of a crack. Since such cracks 
spread with very little deformation, it is essential that 
the initial crack be produced very early in the test 
before any substantial amount of deformation has 
occurred, and that much of the time occupied by the 
test be concerned with the spread of the crack. Shock 
loading is to be avoided, since shock plays no part in 
the failure of normal welded structures, and the test 
must be designed to include the full thickness of the 
plate. 

After some preliminary trials, from which it emerged, 
among other things, that no consistency is to be 
expected from tests on samples with sheared edges, a 
bend test or a wide beam with a small, sharp, pressed-in 
notch was chosen, and load deflection curves were 
automatically recorded. A fully tough plate shows a 
load deflection curve which declines smocthly from the 
maximum load to zero, and a fracture which is com- 
pletely fibrous. A less tough plate shows at some 
stage a sudden drop in the resistance of the plate, 
accompanied by the appearance of a crystalline area 
in the fracture, which is generally followed by a small 
fibrous area near the top edge. As the brittleness of 
the sample increases, the sudden drop appears earlier 
in the test, and the area of the crystalline fracture 
increases. 

The quantities that may be measured are: the 
maximum load; the deflection at the maximum 
load; the energy absorbed at the maximum load ; 
the energy absorbed after the maximum load; the 
ratio of the load, at which cleavage occurs, to the 








maximum load; the length of the fibrous fracture 
path; the energy in the “tail” of the fracture ; 
and the width of the “ thumb-nail ” area where fibrous 
fracture is resumed at the end of the test. 

The fracture at the root of the notch generally begins 
when the load is about half-way between the yield 
load and the maximum load. The first group of quan- 
tities relates to the tendency of the crack to be a 
cleavage crack from the beginning, since if cleavage 
begins at once these three quantities will all be lower 
than usual. The second group relates to the point 
at which an initial fibrous fracture changes to a cleavage 
fracture, which may occur either in the tension half 
of the test-piece or in the compression half. It is 
rather unusual for the change to take place at the 
neutral axis. The reason for this is believed to be that 
the neutral axis undergoes little plastic deformation, 
and plastic deformation assists the initiation of the 
cleavage crack. The third group of quantities relates 
to the ability of the material to stop the advance of a 
cleavage crack. The material therefore undergoes 
three examinations: first, for its tendency to initiate 
a cleavage crack in a region of local triaxial stress ; 
second, for its ability to convert a shear fracture into a 
cleavage crack when the material has previously under- 
gone some plastic deformation, first in tension and then 
in compression ; and, finally, for its ability to stop a 
cleavage crack. The factors relating to the stopping 
of a crack have not yet been studied in detail. 

Two critical temperatures are distinguished. The 
first is the temperature below which the crack is a 
cleavage crack practically from the beginning. This 
is defined as the temperature at which the deflection 
at fracture is half the deflection at maximum load in 
the tough condition ; or, alternatively, as the tempera- 
ture at which the breaking load is half-way between the 
yield point and the maximum load in the tough condi- 
tion. The value of this critical temperature is depen- 
dent on the geometry of the notch. -The second 
critical temperature is that below which the cleavage 
crack appears in the tension side of the specimen, 
ie., when the length of the fibrous fracture is less 
than 32 mm. This is also approximately the tempera- 
ture at which the load when cleavage begins is half the 
maximum load. It is thought to be a temperature at 
which the ability of the material to propagate a shear 
fracture undergoes a significant change. It will be 
seen that the first transition temperature is generally 
about 15 deg. C. lower than the second. 

The actual energy required to start the crack plays 
no part in these criteria. Dr. van der Veen is therefore 
among those who discount the forces necessary to 
produce the fracture and lay all their emphasis upon 
the type of fracture and the way in which it is propa- 
gated. In theory, one could have two materials, one 
ten times stronger than the other and both behaving 
alike in this test; but this is not a valid objection 
to the test, provided its use is limited to comparing 
materials of the same general type or provided any 
differences in strength are taken into account separately. 
As described, the test is rather elaborate, but it can 
also be used as a simple control test by choosing one 
suitable test temperature and using the energy up to 
maximum load, the deflection at maximum load, the 
energy after maximum load and the depth of the 
fibrous area under the notch as figures of merit. 

Some comparisons with other tests are given, employ- 
ing both methods of use. These include comparisons 
with the Kommerel test and the Kinzel test, in which 
the initial crack is produced by laying a bead of weld 
metal on the surface and, in the case of the Kinzel 
test, by cutting a notch which ends in the heat-affected 
zone of the weld. When used to define a transition 
temperature, the test appears to be about as severe as 
a Kommerel test, and a little less severe than a Kinzel 
test or a V-notch Charpy test. The results of compari- 
sons between Dr. van der Veen’s tests and some other 
widely used tests are also given. In this case a large 
number of tests were made by each method, but at one 
temperature only, and eight l-in. thick mild-steel 
plates were used. They were considered to be a series 
with gradually increasing susceptibility to brittle 
fracture, the variations being obtained by varying 
some conditions of manufacture. It is considered 
that the slow notched bend test discriminates much 
more sharply than the other tests between the good 
and the bad plates and that the probability of being 
misled by a single test is much less in the slow notched 
bend test. It will be noticed, however, that very 
widely discrepant results can be obtained in borderline 
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FRICTION AND SURFACE DAMAGE 
OF NON-METALLIC SOLIDS.,* 


By F. P. Bowpen, Sc.D., F.R.S. 


Styce this new and beautiful Institute is concerned 
with the properties of rubber, including its friction 
and wear, I thought it might be appropriate to discuss 
briefly some of the work we have been doing recently 
in the Research Laboratory for the Physics and 
Chemistry of Surfaces of the Department of Physical 
Chemistry, at the University of ( Cambridge, on the 
friction and surface damage of non-metals. I should 
say at the outset that we have not studied rubber, 
partly because we have not had the courage to tackle 
such a complex material and partly because the 
problem is being so ably dealt with by members of the 
Rubber Stichting and analogous institutes. 

Although we have a working knowledge of the 
frictional behaviour of metals, our understanding of 
the physical processes that occur during the sliding 
of non-metals is far from complete. We shall see, 
I think, that the general mechanism of the friction of 
non-metals bears, in certain respects, a close resemb- 
lence to the frictional behaviour of metals, but there 
are interesting and important differences. 

May I first remind you of some of the important 
factors in the friction of metallic surfaces? The first 
point is concerned with the real area of contact between 
metals. We know that metal surfaces, and most other 
solid surfaces as well, have surface irregularities on 
them which are large when compared with molecular 
dimensions. When the solids are placed together they 
are supported on the summits of these irregularities, 
so that the real area of contact A is necessarily very 
small; hence the pressure, even with lightly loaded 
surfaces, is very high and is sufficient to cause deforma- 
tion of the hardest metals. The regions of contact 
flow plastically under this high pressure until the area A 
is sufficient to support the load W. We may write 


a Ww 
Pm 
where P,, is the yield pressure of the metal. 

Beyond the immediate region of contact the metal 
will be elastically deformed, the friction representing, in 
the main, the force F, required to shear these regions 
of contact, so that F = As, the factor s being the 
shear strength of the material. This would explain 
the two basic laws of friction, since the real area of 
contact A is independent of the apparent area of the 
surfaces and is directly proportional to the load.t 

In addition, the surface irregularities of the harder 
metal may penetrate the softer one so there may be 
a ‘‘ ploughing ” term, P, representing the work required 
to plough out the solid in the path of the slider ; but, 
with metals, this factor is generally small and frequently 
may be neglected. With non-metals, under appro- 
priate conditions, we may expect this ploughing term 
P to be important ; with a sharp-pointed irregularity 
which penetrates a rubber surface, for example, the 
ploughing term might be larger than the shearing 
term. It would be interesting to know whether any 
quantitative measurement of this has been made. 

In general, with a metal, because of the work- 
hardening which takes place in the region of contact, 
the shearing occurs not at the interface but at a little 
distance from it, so that small fragments of one metal 
are left adhering to the other. The existence of this 
can be demonstrated by radio-active tracer and other 
methods. If this localised welding occurs between the 
metals when they are in contact under in applied 
load, it might be expected that, when the load is 
removed, the surfaces should continue to adhere and 
that an appreciable normal force will be required to 
separate them. If, however, this experiment is per- 
formed with reasonably hard metals, such as steel and 
copper, no evidence is found of any such adhesion. 
The explanation suggested is a simple one. Although 
the metal is deformed plastically at the points of 
contact, there will be elastic deformation in the bulk 
of the adjacent metal. When the load is removed, 
these elastic stresses will be released and the resulting 
displacement will break any junctions that may have 
been formed. This view is confirmed by experiments 
with soft metals, such as indium and lead, where the 
released elastic stresses are very much less. In fact, 
it is found that, with these soft metals, the normal 
force required to separate the surfaces is very nearly 
the same as the tangential force required to slide them ; 
that is to say, the coefficient of adhesion and the 
coefficient of friction are approximately the same.f 
The effect of a lubricant film, even of a monolayer, 
will reduce the adhesion to a very small value. There 





* Paper presented at the International Conference 
on Abrasion and Wear, held at the Rubber Stichting, 
Delft, Holland, on November 14 and 15, 1951. 

t The Friction and Lubrication of Solids, by F. P. 
Bowden and D. Tabor. Clarendon Press, Oxford, 1950. 

t J. S. McFarlane and D. Tabor, Proc. Roy. Soc. A. 
vol. 202, page 244 (1950). 
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is, therefore, @ close correlation between friction and 
adhesion. 

The second observation on metals that I want to 
stress is the influence of oxide and other surface films. 
If the metals are put in a high vacuum, and the surface 
films which are normally present are taken off, the 
friction rises to an extremely high value; in fact, 
complete seizure of the metals occurs when they are 
placed in contact. An attempt to slide them increases 
the area of contact and may cause a large-scale seizure. 
There is evidence that the reduction in friction by air 
or other gases is due not only to a chemisorbed film, 
but that the physical or van der Waals adsorption on 
top of this can further reduce the friction.* How far 
do these considerations apply to non-metals ? 

Let us see how a very hard solid like diamond 
behaves under similar conditions. With diamond 
sliding on diamond, Amontons’ law does not hold ; 
the coefficient of friction is not independent of the load. 
The reason for this is obvious: with metals, the area 
of contact is proportional to the load because plastic 
deformation occurs in the region of contact and F = 
k,W. With diamond there will be very little plastic 
deformation ; most of the deformation will be elastic, 
so that, as a first approximation, the area of contact 
will be proportional to w!, and F = k,w!. Experi- 
ment shows that, if F is plotted against W for 
diamond, we get a relationship 


F = kw? 


and it is clear that the deformation in the region of the 
contact is largely elastic. In the case of a very elastic 
solid like rubber, we might expect an analogous 
relationship. I would be interested to hear whether 
this is 80. 

What happens if we measure the friction of diamond 
in vacuo when we have driven off the adsorbed films 
which are normally present ? The experiment is more 
difficult to do than the experiment with metals. The 
friction of diamond sliding on itself in air is very low 
(u = c.0-05). In vacuo, however, it rises to a high 
value (uz = 0-6ormore).t Ifa trace of air or of oxygen 
is admitted, the value falls again. There is evidence 
(as with metals) that the effect is due partly to a chemi- 
sorbed film of oxygen and partly to a van der Waals 
film on top of this. 

If it be assumed that the area of contact between 
the diamond surfaces is determined primarily by elastic 
deformation, we may calculate the shear strength of 
the junction between the two clean diamond surfaces 
from the measured value of the friction. Such calcu- 
lations show that it is approximately 1,200 kg. per 
square millimetre. This is comparable with the shear 
strength of solid diamond. These calculations are 
necessarily approximate, but they suggest that there 
is strong bonding between the clean diamond surfaces. 

Although the bonding is strong, large-scale seizure 
does not occur on sliding as it does with metals. This 
is because the deformation of the diamond is essentially 
elastic, so that the area of contact does not progressively 
increase during sliding. If, however, a clean metal 
is slid on a clean diamond surface, plastic flow of the 
metal can occur. In this case, the area of contact can 
continue to increase and the coefficient of friction 
rises to a high value. For example, in some recent 
experiments, Rowe has measured the friction of a 
small curved diamond slider on platinum and copper 
at a load of 25 g. In air the coefficient of friction 
on copper is p» = 0-4 and rises on degassing in a 
vacuum to over » = 1-5. With platinum, the effect 
is more marked still; the friction of the diamond 
slider on degassed platinum was greater than p = 3. 
The frictional behaviour of sapphiret resembles that 
of diamond in that it is low when measured in air, 
but high (u = 0-6 or more) in vacuo. 

Analogous experiments have been carried out with 
carbon and with graphite. Again it is found that the 
low friction normally observed with these materials 
is due to chemisorbed and to van der Waals adsorbed 
films of gas and vapour.{ The frictional results are 
in harmony with Savage’s§ earlier observation on the 
wear of graphite. 

A simple but very important point emerges from 
all these observations. The frictional behaviour of 
so-called “clean” non-metallic solids, as we normally 
study them, is determined more by the presence of the 
surface films than by the nature of the solid itself. 
This is probably true also for rubber, where we may 
ex the surface films to be abundant, various and 
difficult to remove. 

Recently, Dr. K. V. Shooter and Dr. D. Tabor have 
been making a study of the frictional behaviour of 





* F. P. Bowden and J. E. Young, Proc. Roy. Soc. A, 
vol, 208, pages 144 and 311 (1951). 

t G. W. Rowe, Royal Society Discussion on Friction. 
(In the press.) 

+ F. P. Bowden and J. E. Young, loc. cit. 

§ R. H. Savage, Jl. App. Physics, vol. 14, page 1 
(1948). 
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JOHN I. THORNYCROFT AND COMPANY, 
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some plastics. In some ways, these substances are 
useful for the study of friction because we can vary 
their physical properties over a wide range. The 
frictional behaviour of a group of structurally related 

lymers was investigated over a range of loads from 
0-04 to 10,000 gm. The measurements were made at 
low speeds of sliding. Polymers such as polyvinyl 
chloride, polymethylmethacrylate, polystyrene, poly- 
ethylene, polytetrafluoroethylene and also nylon were 
studied. 

It was found that, at light loads, Amontons’ law 
did not hold—the coefficient of friction increased as 
the loads became lighter. The reasons for this are 
interesting, but there is not time to discuss them here. 
Over a range of loads from 100 to 10,000 gm., however, 
Amontons’ law did bold and the coefficient of friction 
remained constant. The behaviour was very similar 
to that observed with metals and the real area of con- 


tact was again given by the expression A = —, where 


p (by analogy with metals) can be called the “ effective 
yield pressure ” of the plastic. It was found that, over 
this range of loads, the frictional force was proportional 
to the area of contact. Again we can write F = As; 
experiment showed that the Shear strength s of 
the junction, as determined from the friction, was 
in reasonable agreement with the measured shear 
strength of the bulk plastic. 

Detailed examination of the surface damage showed 
local adhesion and welding, with transference of the 
solid from one surface to another; and it is clear 
that the whole process of sliding is, under these condi- 
tions, closely analogous to that obtaining with metals. 
An account of some of this work was given at the recent 
Royal Society Discussion on Friction. The plastic 
polytetrafluoroethylene has a very low friction (yp = 
0-04) and this appears to be an inherent property of 
the material, since measurements made by R. F. King 
show that the friction remains low even in a high 
vacuum. 

Finally, I should like to say a word about the surface 
temperatures developed on sliding metals and non- 
metals. In the case of metals, we may measure the 
temperature in a simple way by using two different 
metals as a thermocouple,* and measuring the thermo- 
electric potential developed on sliding. Experiment 
shows that temperature flashes of 1,000 deg. C. or so 
occur, even at moderate speeds of sliding. The 
results are in reasonable agreement with theory. The 
temperature rise is proportional to the square root of 
the load, as theory suggests, and also, with a metal of 
low thermal conductivity, such as steel, hot spots are 
reached more easily than with good conductors like 
tungsten. Now with non-metals, such as glass, plastics, 
and rubber, we should expect the temperature rise 
to occur more easily still. We cannot use the thermo- 
electric method, but we may use others. One of these 
is the photographic one, the other is the use of infra-red 
cells. Both of these methods show how readily high 
temperatures are reached on non-conductors. Even 
when the sliding speed is only one or two feet per 
second, the local regions of contact between the sliding 
surfaces may be red hot. I suspect that these local 
high temperatures can play an important part in the 
friction, wear and abrasion of rubber, 





* F. P. Bowden and K. E. W. Ridler, Proc. Roy. 
Soc. A, vol. 151, page 610 (1936); and M. A. Stone 
and G. K. Tudor, tbid., vol. 188, page 329 (1947). 

t F. B. Bowden and K. E, W. Ridler, loc. cit. 
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53-FT. SURVEY LAUNCH FOR 
PORT OF BRISTOL AUTHORITY. 


Contracts completed recently by Messrs. John I. 
Thornycroft and Company, Limited, Smith-square, 
London, 8.W.1, include the motor survey vessel 
Research, which was built at their Hampton-on- 
Thames yard for the Port of Bristol Authority. The 
Research, a photograph of which is reproduced here- 
with, will be employed mainly in the Port of Bristol 
area for taking soundings and recording the movements 
of sand and mud banks. She has a length of 53 ft., 
a beam of 12 ft. and a draught of approximately 
3 ft.9in. The hull, which is of the round-bilge form 
with a raked stem and canoe stern, is made from maho- 
gany planking laid on closely-spaced steam-bent oak 
timbers. The under-water portion of the hull is 
sheathed in Muntz metal to approximately 4 in. 
above the water-line, and to obtain good stability 
during survey operations, bilge keels are fitted. 

The launch is propelled by two Thornycroft RTR6 
Ricardo-type Diesel engines, each capable of developing 
a maximum output of 65 h.p. at 2,250 r.p.m.; for the 
Research, however, the engines have been de-rated 
to a maximum of 55 h.p. at 2,100 r.p.m., sufficient to 
give the launch a speed of about 9} knots. Oil-operated 
reverse gears incorporating a reduction of 2 to 1 are 
installed; these were manufactured by the Self- 
Changing Gear Company, Limited, Coventry, and are 
fitted with the Thornycroft combined clutch-and- 
throttle control system. This employs a single lever 
for each gearbox, arranged to control both ahead and 
astern motion and engine speed, thus simplifying 
manceuvring and ensuring that the engines are throttled 
back before the clutches are either engaged or dis- 
engaged. As the vessel will operate frequently in silty 
waters, the stern tubes are fitted with special sand- 
excluding glands and the engines cooled by a closed 
fresh-water system operating in conjunction~ with 
external heat-exchangers. One engine is provided 
with a mechanically-driven bilge pump connected by 
means of a valve chest to the four compartments 
cf the launch, and there is also a hand-operated semi- 
rotary pump for use when the engines are shut down. 

The surveying equipment installed in the vessel 
includes an echo-sounder and means for measuring: 
the distance from the shore when it is required to plot 
a position with particular accuracy. This consists of a 
drum of wire carried on a measuring wheel and arranged 
so that one end can be anchored ashore and the wire 
paid out from the drum to the required length. A 
leadsman’s platform is installed at the starboard 
side of the fcredeck and, as much of the surveyor’s work 
will be carried out from the wheelhouse, this is enclosed 
all round with glass windows so as to give clear vision. 
In the roof of the wheelhouse there is a sliding hatch 
at each side with a hinged platform near the floor 
so arranged that the surveyor can stand with his head 
and shoulders exposed when necessary. The accom- 
modation includes quarters for the crew, fitted with 
locker seats and portable mattresses, and a main 
saloon. The latter compartment is intended mainly 
for use by the Docks Committee when on port inspec- 
tions and is furnished with cushicned locker seats, 
tables and storage lockers. A 9-ft. pulling dinghy 
is carried over the top of the saloon and suitable 
sockets are installed at each side of the deck to accept 
portable davits. A store for the surveyor’s equipment 
is situated below the wheelhouse, access being gained 
through a hatch in the wheelhouse deck. 
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240/180-B.H.P. DUAL-FUEL ENGINE. 


RUSTON AND HORNSBY, LIMITED, LINCOLN. 














Fie. 1. 240/180-B.H.P. ENarinz CoupLep TO GENERATOR. 


' NEW RANGE OF DUAL-FUEL 
ENGINES. 


ALTHOUGH Messrs. Ruston and Hornsby, Limited, 
Lincoln, are well known as the manufacturers of heavy- 
oil engines, it is perhaps not so widely known that 
they are now producing a range of dual-fuel engines. 
This field is, of course, not new to Ruston and Hornsby, 
as they were producing such engines before the Second 
World War. Owing to the need, however, to meet 
the requirements of the Services during the war, and 
subsequently to concentrate on the rebuilding of their 
organisation for the production and marketing of 
oil engines, the dual-fuel engine programme was 
left largely in abeyance. Nevertheless, market 
research has shown that there is a growing demand for 
these engines, particularly overseas and, as a conse- 
quence, the firm have developed limited ranges cf 
horizontal and vertical engines designed to operate on 
oil fuel or natural, town’s, sewage or suction gas. All 
engines in the two ranges are based on the firm’s 
current designs of oil engine; they bear, therefore, 
little relationship to the original pre-war products 
as they embody all the improvements and refinements 
made possible by later research. 

At present, the outputs, when operating on gas, 
range frcm 39 brake horse-power to 225 brake horse- 
power for the horizontal engines, and from 116 brake 
horse-power to 270 brake horse-power for the vertical 
engines. In every case, the engine starts on oil, 
change-over to gas being effected by movement of a 
single lever after the main gas valve has been opened. 
This automatically reduces the fuel supply to- approxi- 
mately 10 per cent. of the normal charge and connects 
the governor into the gas supply, the flow of which is 
regulated by a linkage joining the governor actuating 
mechanism to a butterfly-type gas valve. In most 
respects, the dual-fuel, engines are similar to their 
oil-engine counterparts, the only modifications of note 
being made to the cylinder heads and induction systems, 
but in some cases, it has proved possible to use the 
same design of cylinder head for both types of engine. 

A typical dual-fuel engine is illustrated in Figs. 1 and 
2, on this page, Fig. 1 showing a general view of the 
engine and associated generator and Fig. 2 the control 
gear. This is a four-cylinder unit having a bore and 
stroke of 10} in. and 144 in., respectively, and develop- 
ing 240 brake horse-power when operating on oil and 
approximately 180 brake horse-power when used as a 
dual-fuel unit, the actual output depending, of course, 
on the calorific value of the gas. Five- and six-cylinder 
engines of the same general design are also available, 
the five-cylinder engine developing 300 h.p. and 225 h.p. 
on oil and dual fuels, respectively, the corresponding 
figures for the six-cylinder version being 360 h.p. and 
270-h.p., the dual-fuel ratings being approximate only 
in each case. The engine illustrated in Fig. 1 is of 
straightforward construction and follows the firm’s 
standard practice. The bedplate, crankcase and cylinder 
block are separate castings, the crankcase portion 
having large inspection doors which give good access 
to the running gear and incorporate relief valves for 
protection against crankcase explosions. A solid 
crankshaft machined from a. steel forging is used ; 
it is supported by five main bearings of the steel- 





backed whitemetal-lined type. The connecting rods 
are also machined from steel forgings and are joined 
to the crankshaft by whitemetal-lined big ends and 
to the pistons by phosphor-bronze bushes. A special 
heat-resisting material is used for the pistons, each 
of which is provided with five pressure rings and a 
single oil-control ring. 

The main difference between this unit and a normal 
oil engine is in the design of the cylinder heads. These 
are cast separately and each has a divided inlet port 
for the admission of gas and air, respectively, each 
air-inlet valve having a gas valve incorporated on its 
stem. The valves are operated in the usual manner 
by push rods and rocking levers from a camshaft 
set fairly low in the engine and driven by a chain 
from the flywheel end of the crankshaft. Removable 
valve guides and seats are fitted, the latter being of 
special heat-resisting cast iron and the exhaust valves 
of heat-resisting steel. The air manifold is embodied 
in the engine housing but the gas manifold is an inde- 
pendent fitting which is connected to the cylinder heads 
by means of elbow pieces, one for each cylinder. The 
gas manifold is arranged to carry the governor-operated 
control gear and each elbow has two passages, one for 
air and the other for gas, both of which are fitted with 
butterfly valves for regulating the flow of air and gas 
respectively. These valves, as previously indicated, 
are connected to the governor control linkage when 
the engine is operating on gas. 

When running on gas, the ignition of the main 
air-gas charge is effected by means of an oil-fuel 
ignition charge ignited by the heat of compression in 
the normal manner. A hand-operated lever controls 
the oil-fuel supply for starting and running, the maxi- 
mum charge being used for starting, regardless of 
whether the engine is operating as an cil or a dual- 
fuel unit. When the gas cock is opened, the governor 
automatically reduces the charge of oil which, at 
working load, is normally 10 per cent. of that required 
when operating on oil alone. The power developed 
by the engine illustrated is 240 brake horse-power 
when operating on oil only, the brake mean effective 
pressure being 79-4 1b. per square inch. With producer 
gas the output is approximately 180 brake horse-power, 
provided the calorific value is not less than 135 B.Th.U. 
per cubic foot, and that the suction is not greater than 
6 in. water gauge; should the suction be more than 
this, then a booster must be fitted. All these ratings 
refer to an engine speed of 500 r.p.m. 

In general, the modifications required to be carried 
out on a horizontal engine are similar to those on the 
vertical engine just described, the details depending 
on the size and type of the unit. As in the case of the 
vertical engines, horizontal engines required to operate 
as dual-fuel units are fitted with a modified design of 
cylinder head having a divided inlet port for the admis- 
sion of gas and air, admission of the former being 
controlled by a gas valve integral with the inlet-valve 
spindle. A divided air-gas manifold is fitted to the 
inlet connection to the cylinder head, the manifold 
being arranged to carry the governor-operated control 
gear. With the gas valve incorporated in the cylinder 
head, the mixing of air and gas takes place immediately 
before entry to the combustion chamber, as on the 
vertical engines. The injection equipment also is 











Fie. 2. Conrrot Gear. 


changed, helix-type fuel pumps, as used on the vertical 
engines, being fitted in place of the spill-valve type 
pump, and the distributor normally fitted to two- 
and four-cylinder engines is replaced by multiple fuel 
pumps. 








TRADE PUBLICATIONS. 


Mechanical-Handling Equipment.—Steels Engineering 
Products, Ltd., Crown Works, Sunderland, have issued 
leaflets describing their electric tractor, trucks, hoist 
blocks, etc. 


Woodworking Machinery.—Many types of wood- 
working and veneering machines are included in a 
catalogue produced by F. J. Edwards, Ltd., 359-361, 
Euston-road, London, N.W.1. 


Compressed-Air Operation of Controls.—The principles 
and advantages of their valves, cylinders, etc., for the 
pneumatic operation of controls on machines are 
described in a booklet prepared by the Climax Rock 
Drill and Engineering Works, Ltd., Carn Brea, Redruth, 
Cornwall. Some typical applications are described. 


Electrostatic Air Filters.—The Sturtevant Engineering 
Co., Ltd., Southern House, Cannon-street, London, 
E.C.4, have issued a fresh booklet on their Precipitron 
electrostatic air filters, which have been fitted in the 
new House of Commons and many other buildings. It 
contains a brief technical report on the subject, including 
an interesting ‘‘ dust spectrum,’’ which gives the range 
of particle sizes of typical aerosols, industrial dusts, and 
other disperse systems, in conjunction with the ranges 
of commercial plants for dust removal, and other useful 
data on the particles. 


Air-Compressor Plant.—The English Electric Co., 
Ltd., Queen’s House, Kingsway, London, W.C.2, have 
published an illustrated brochure describing the 
constructional features and performance of their air- 
compressor plant, which are designed primarily for use 
with air-blast circuit breakers but are suitable for many 
other applications. The plant, which comprises either 
one or two compressor units mounted on a horizontal 
receiver, with ancillary and control gear, is available for 
working pressures ranging from 250 lb. to 600 lb. per 
square inch, with corresponding capacities of 7-1 cub. ft. 
and 17-5 cub. ft. of free air per minute. 

Very - High - Frequency Direction-Finding Equip- 
ment.—We have received from Marconi’s Wireless 
Telegraph Co., Ltd., Marconi House, Chelmsford, a 
leaflet describing their AD200 very-high-frequency 
direction-finding equipment for air-traffic control, which 
presents the aircraft bearing, to the ground operator, 
with an error not exceeding 2 deg. on well-sited systems, 
instantaneously on an 8-in. dial, either locally at the aerial 
site, or, through standard telephone lines, at remote 
stations up to 30 miles away from the aerial. Two 
channels may be operated from one aerial system. 
The frequency range is from 118 to 132 mega-cycles per 
second; the receiver band-width is + 2 kilocycles per 
second. The equipment operates from 110/130-volt or 
200/250-volt 50-cycle mains. 








Measurement and Correction of Lead Screws. 


The Director, National Physical Laboratory, Tedding- 
ton, Middlesex. [Free and post free.] 


Henry Mavupstay invented the screw-cutting lathe, 
and his first machine, constructed in 1805, is now in 
the Science Museum at South Kensington. One of 
the first uses to which he put it was the production of 
lead screws for other lathes, and within a year he had 
improved their accuracy to a point which represented 
one of the most important single developments in 
mechanical engineering. The accuracy of lead screws 
is still a fundamental requirement, and the correction 
of such screws to fine limits—a maximum departure 
from the true pitch between any two points on the 
screw of 0-0002 in. over any foot length, or 0-0005 in. 
over any length between 3 ft. and 5 ft.—is one of the 
major contributions of the National Physical Labora- 
tory to the engineering industry. The present pamph- 
let (No. 8 in the series of Test Pamphlets issued by 
the Department of Scientific and Industrial Research) 
describes and illustrates the method, specifies the pre- 
finish required on screws sent to the National Physical 
Laboratory for correction, and contains tables of fees 
for this work and for the measurement of pitch error 
on screws not corrected by the Laboratory. 





The Fundamental Principles of Road Passenger Transport 
Operation. 


By FREDERICK G. FLETCHER, A.M.Inst.T. Macdonald 
and Company (Publishers), Limited, 16, Maddox- 
street, London, W.1. [Price 21s. net.) 


Tuts book, the author states, has been written to 
help young passenger-transport ‘ operators ”—a term 
which is intended, apparently, to include “ drivers, 
conductors, officials or clerks ’"—to learn the elements 
of their occupation and to assist them to qualify for the 
certificates and diplomas of the Reyal Society of Arts 
and for admission to the Institute of Transport. 
Mr. Fletcher is a district superintendent of London 
Transport’s road services, and lecturer on road passen- 
ger transport operation at the North-Western Poly- 
technic and at Tottenham Technical College, and has 
based his book on lectures given at those colleges. 
The result is a work which is likely to be read with 
interest by many others, however, than those to whom 
it is primarily addressed ; and if some find it rather 
elementary in places, they should bear in mind that it 
is intended to be so. The outcome of their reading, 
however, will be almost certainly a better appreciation 
of British road passenger transport, its problems, and 
the comparative simplicity of its fare systems and 
methods of fare collection. Most of the complicated 
foreign systems described and illustrated would be 
completely unworkable with the traffic density 
experienced in Londen or any large city in the British 
Isles. 





Danger Ahead: The Dramatic Story of Railway 
Signalling. 
By RicHarpd BLYTHE. Newman Neame, Limited, 


29, Percy-street, London, W.1. [Price 10s. 6d.) 


Brrore 1951 is over we must notice this book on a 
branch of railway work that has not a very long biblio- 
graphy; for—as Mr. T. S. Lascelles remarks in an 
introduction—it is a hundred years since Edward 
Tyer, then a young man of 21, directed his interest 
in electrical science to the signalling problems of rail- 
ways. He was, in due course, the founder of the first 
business devoted expressly to the manufacture cf 
apparatus for train signalling, though he was one of 
many—notably ©. V. Walker, C. E. Spagnoletti, 
William Preece and W. R. Sykes—who, in the latter 
half of the Nineteenth Century, brought order and 
system to the control of the movement of trains. 
The scope for inventors of apparatus was broadened 
as a result of new Acts of Parliament on the Regulation 
of Railways (the Acts often following serious accidents), 
and by the railway-inspecting powers of the Board of 
Trade. Mr. Blythe has taken a wider view of his 
subject than the sub-title suggests; he has included 
sketches of the history of related railway and industrial 
matters, but as his writing has style the reader gains 
by their inclusion. He has confined himself to British 
practice, and, in a book intended for the general reader, 
he has satisfactorily overcome the difficulty of describ- 
ing the principles of complex mechanical and electrical 
techniques. Mcdern developments, such as track- 
cireuiting, power and automatic signalling, colour- 
light signals, and electric interlocking, are covered. 
The standard of safety on the railways has always been 
high—even in 1865, only 23 travellers out of a total of 
252,000,000 met with death by ‘causes beyond 
their control ’"—and it has been kept high, in spite of 
increased speeds and more intense traffic, as a result 
of the railways’ paramount regard for safety, the 
inspecting powers provided by a vigilant Parliament, 
and the work of railway-signal engineers. 
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TWIN-HEAD BRUSHING MACHINE. 


THE accompanying illustration shows a twin-head 
brushing machine, known as the Morrisflex M151, which 
has been introduced recently by Messrs. B. O. Morris, 
Limited, Briton-road, Coventry. It is available in 
two versions, with brushes projecting either 4 in. or 
14 in. from the casing. The diameter of the brushes 
may range from 3 in. to 6 in., with a brush width of 








ad 
ENGINFERING 











. 


up to 2 in. Either 3-in. or }-in. bore brushes can be 
accommodated. The brushes are driven by an electric 
motor housed within the casing, the motor being con- 
trolled by a foot switch which must be kept depressed 
for continuous running. The motor is fitted with a 
thermal overload switch. The spindle of the top 
brush is mounted on a block which can be adjusted 
vertically by a screw to vary the gap between the 
two brushes up to 3} in. The guards can be adjusted 
radially. 





LAUNCHES AND TRIAL TRIPS. 


M.S. *“*‘ LEASOWE.”’—Twin-screw ferry to carry 1,600 
passengers, built by Philip and Son, Ltd., Dartmouth, 
for the Seacombe and Liverpool service of the Wallasey 
Corporation. Classed and equipped for carrying 700 
passengers when on cruising service on the River Mersey. 
Main dimensions: 145 ft. between perpendiculars by 
34 ft. by 12 ft. 3in. ; mean load draught, 7 ft.4in. Two 
eight-cylinder direct-reversible two-stroke Diesel engines, 
together developing 1,200 b.h.p. at 330 r.p.m., con- 
structed by Crossley Brothers, Ltd., Openshaw, 
Manchester. Speed, 132 knots. Trial trip, November 17. 


M.S. ‘* THORSKOG.”—Single-screw oil tanker, built 
by the Greenock Dockyard Co., Ltd., Greenock, for 
A/S Thor Dahl, Sandefjord, Norway. Main dimensions : 
542 ft. 6 in. overall by 69 ft. by 38 ft. 6 in. to upper 
deck; deadweight capacity, 16,500 tons on a mean 
draught of 29 ft. 9 in. ; gross tonnage, 11,400 ; oil-cargo 
space, 802,000 cub. ft. Wallsend-Doxford five-cylinder 
opposed-piston oil engine, developing 5,500 b.h.p. at 
112 r.p.m. in service, constructed by Wallsend Slipway 
and Engineering Co., Ltd., Wallsend-on-Tyne, and 
installed by Rankin and Blackmore, Ltd., Greenock. 
Speed, about 14 knots. Trial trip, November 20. 


S.S. ‘‘ BRITISH BULLDOG.’’—Single-screw oil tanker, 
built by Swan, Hunter, and Wigham Richardson, Ltd., 
Wallsend-on-Tyne, for the British Tanker Co., Ltd., 
London, E.C.2. Main dimensions: 610 ft. between 
perpendiculars by 81 ft. by 44 ft. 6 in. to upper deck ; 
deadweight capacity, about 28,540 tons on a draught of 
33 ft. 114 in.; oil-cargo tank capacity, 26,875 tons; 
gross tonnage, 18,000. Steam turbines with double- 
reduction gearing, developing a maximum of 13,750 s.h.p. 
at 116 r.p.m., and two Babcock and Wilcox oil-burning 
boilers, constructed by the Wallsend Slipway and 
Engineering Co., Ltd., Wallsend-on-Tyne. Speed on 
service, 15 knots, fully loaded. Trial trip, November 
21. 

M.S. ‘* CopsEwooD.’’—Single-screw cargo vessel, built 
by the Burntisland Shipbuilding Co., Ltd., Burntisland, 
Fife, for the Constantine Shipping Co., Ltd., Middles- 
brough. Second of two similar vessels. Main dimen- 
sions: 214 ft. 6 in. between perpendiculars by 35 ft. 4 in. 
by 16 ft.; deadweight capacity, 1,675 tons on a draught 
of 15 ft. 84 in. Four-cylinder two-stroke trunk-piston 
directly-reversible Diesel engine, developing 640 b.h.p. 
at 250 r.p.m., constructed by British Polar Engines, Ltd., 
Glasgow, and installed by the shipbuilders. Speed in 
service, 10 knots. Trial trip, November 30. 


S.S. ‘*‘ GARLINGE.”’—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 
pool, for Constants (South Wales), Ltd., London, E.C.2. 
Second vessel of an order for three. Main dimensions : 
340 ft. overall by 46 ft. 6 in. by 24 ft. 3} in. to upper 
deck ; deadweight capacity, 4,628 tons on a draught of 
20 ft. 6 in. Triple-expansion steam engines and two 
oil-fired forced-draught boilers. Speed in service, 10} 
knots. Trial trip, November 30. 
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M.S. ‘* BESKIDY.’”’—Single-screw oil tanker, built by 
Bartram & Sons, Ltd., Sunderland, for the Gdynia- 
America Shipping Lines, Ltd., Gdynia, Poland. Second 
vessel of an order for two. Main dimensions: 445 ft. 
between perpendiculars by 60 ft. 6 in. by 34 ft. to upper 
deck; deadweight capacity, about 11,000 tons on a 
draught of 27 ft. 6 in. N.E.M.-Doxford four-cylinder 
opposed-piston airless-injection oil engine, developing 
4,250 b.h.p. at 110 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd.. 
Wallsend-on-Tyne. Speed on trial, 133 knots. Tria! 
trip, November 28. 


M.S. ‘** Croypon.”’—Single-screw collier, built by the 
Burntisland Shipbuilding Co., Ltd., Burntisland, Fife. 
for the South Eastern Gas Board, Croydon, Surrey. 
Second vessel of an order for three. Main dimensions : 
265 ft. 10 in. between perpendiculars by 39 ft. 6 in. by 
18 ft. 6in. ; deadweight capacity, 2,875 tons on a draught 
of 17 ft. 14 in.; gross tonnage, 1,871. Eight-cylinder 
marine Diesel engine, developing 1,150 b.b.p. at 225 
r.p.m., constructed by British Polar Engines, Ltd.. 
Glasgow, and installed by the shipbuilders. Speed, 
about 103? knots. Trial trip, December 12. 





BOOKS RECEIVED. 


Productivity Team Report. Coal. Report of a produc- 
tivity team representing the British coal mining indus- 
try which visited the United States of America in 1951. 
Anglo-American Council on Productivity, 21, Tothill- 
street, London, S.W.1. [Price 3s. 6d. post free.] 

Department of Scientific and Industrial Research. Report 
of the Forest Products Research Board with the Report 
of the Director of Forest Products Research for the Year 
1949. H.M. Stationery Office, Kingsway, London. 
W.C.2. (Price 2s. 6d. net.] 

Department of Scientific and Industrial Research Advisory 
Council. Report of the Committee on Chemical Engi- 
neering Research. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 6d. net.] 

Department of Scientific and Industrial Research. Report 
of the Building Research Board with the Report of the 
Director of Building Research for the Year 1950. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
4s. net.] 

Whitaker’s Almanack, 1952. By JOSEPH WHITAKER. 
J. Whitaker and Sons, Limited, 13, Bedford-square, 
London, W.C.1. [Complete edition, without maps, 
price 15s.; shorter edition, 7s. 6d. Library edition, 
bound in leather, with maps, 30s., available in Janu- 
ary.] 

Road Research. Road Note No. 12. Gritting Machines 
for Surface Dressing. By D. B. Waters and D. &. 
Witson. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.] 

The Non-Destructive Testing of Metals. 
Hanstock. The Institute of Metals, 
gardens, London, 8S.W.1. [Price 21s.] 

Man and the Chemical Elements, from Stone-Age Hearth 
tothe Cyclotron. By Dr. J. NEWTON FRIEND. Charles 
Griffin and Company, Limited, 42, Drury-lane, London, 
W.C.2. [Price 27s. 6d. net.] 

Experimental Spectroscopy. By PROFESSOR RALPH A. 
SAWYER. Second edition. Chapman and _ Hall, 
Limited, 37, Esscx-street, Strand, London, W.C.2. 
[Price 30s. net.] 

The Resistance of Piles to Penetration, with Tables of 
Approximate Values Based on the Hiley Formula. By 
RUSSELL V. ALLIN. Second revised edition. E. and 
F. N. Spon Limited, 22, Henrietta-street, London, 
W.C.2. [Price 21s. net.] 

The Design and Placing of High Quality Concrete. B 
D. A. STEWART. E. and F. N. Spon, Limited, 2% 
Henrietta-street, London, W.C.2. [Price 25s. net.] 

Ministry of Transport. Railway Accidents. Report on 
the Collision which Occurred on 9th June, 1951, at 
Stobcross in the Scottish Region British Railways. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
(Price 2s. net.] 

The Directory of Contractors and Public Works Annual, 
1951-52. Edited and compiled by C. W. BiGGarR. 
C. W. Biggar Limited, 93, Western-avenue, London, 
W.3. [Price 40s.| 

Modern Production Control. 
Second edition. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 15s. net.] 

First Seminar for European Sanitary Engineers. 
Hague, 27 November to 2 December, 1950. 
Health Organisation, Palais des Nations, 
Switzerland. 

Fire Research. Technical Paper No. 1. The Fire 
Hazard of Fuelling Aircraft in the Open. By Dr. L. L. 
KaTan. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. net.] 

A Concise Guide to Industrial Relations. Revised for the 
Industrial Disputes Order, 1951. By T. WyLik. The 
honorary secretary, Industrial Administration Group 
of the Guild of Students of the College of Technology, 
Suffolk-street, Birmingham. [Price 2s. 6d. post free.] 
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Fig. 6. ELEVATION OF RIVER SPAN. 
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ROAD BRIDGE OVER THE 
RIVER TAGUS. 


An important link in the road communications 
between Lisbon and the south and east of Portugal 
will be completed by the opening, on Sunday next, 
the 30th instant, of a new bridge over the River 
Tagus at Vila Franca de Xira, which is situated 
20 km. (12$ miles) upstream from Lisbon. Before 
the completion of this bridge, the river was crossed 
at Vila Franca de Xira by a ferry, the nearest 
road bridge being situated at Santarem, 80 km. 
(50 miles) from Lisbon, The need for improve- 
ment in the cross-river communications near 
Lisbon has been felt for some years and several 
schemes for bridging the Tagus have been considered 
from time to time but have been abandoned owing 
to the width of the river and the difficult foundation 
conditions near the capital. The nearest point to 
Lisbon at which the river is sufficiently narrow and 
the foundation conditions are good enough to 
render the construction of a bridge reasonably 
economical is Vila Franca de Xira and, in 1947, 
the Portuguese Government invited tenders for the 
construction of a highway bridge at this point. 

The Government’s proposal, through the National 





have been too costly and, at the end of April, 1948, 
the National Road Board placed the contract with 
Dorman, Long and Seth on the basis of the first 
alternative design, the value of the contract being 
120 million escudos, or about 1,250,0001. 

The main dimensions and general arrangement 
of the bridge are shown in Figs. 1 to 4, on Plate 
XLIX., Fig. 1 being an elevation, Fig. 2 showing half 
plans of the deck and the deck steelwork, Fig. 3 
showing the top lateral tracing of one of the spans, 
and Fig. 4 being a cross-section at the centre of the 
bridge. The total length of the river crossing is 
517-9 m. (1,700 ft.) measured between the centres 
of the abutment bearings, and the overall length of 
the bridge, including the approach spans, is 1,224 m. 
(4,015 ft.). Itis thus the largest bridge in Portugal 
and is among the major bridges on the Continent 
of Europe. The roadway, which is designed for 
heavy highway traffic, is 9 m. (29 ft. 6 in.) wide and 
there are footways of 1-5 m. (5 ft.) clear width on 
each side of the roadway. Fig. 8 is a typical cross- 
section of the road and footway near one of the 
hangers which support the roadway from the arch 
rib, giving particulars of the steelwork of the string- 
ers, cross griders and footway brackets ; and Fig. 9 
is a section of the footway at an intermediate point. 
The approaches on each side of the bridge consist of 


CONSTRUCTION OF RIVER PIERS. 




















Road Board, was for a suspension bridge with a 
central span of 850 ft., but tenderers were invited to 
submit their own alternative designs. Tenders were 
received from the leading constructional engineering 
firms on the Continent, the United States, and Great 
Britain, one of which was Messrs. Dorman, Long 
and Company, Limited, of Middlesbrough. In view 
of the strong- nationalist sentiment in Portugal, 
however, Messrs. Dorman, Long’s tender was made 
in association with a Lisbon firm, the Sociedade de 
Empreitadas e Trabalhos Hidraulicos (Seth), who 
themselves worked in collaboration with two 
Danish contractors, Hojgaard and Schultz A/S and 
Kampmann, Kierulff and Saxild A/S, both of 
Copenhagen. Messrs. Dorman, Long undertook to 
supply and erect the steel superstructure of the 
bridge and the Portuguese firm were responsible 
for the construction of the approaches, piers and 
foundations, and the road-construction work. 

In addition to the suspension bridge design called 
for in the Government specification, Dorman, Long 
and Seth prepared alternative designs for two other 
types of structure, both of which employed five 
102-5 m. (336 ft.) spans in the river crossing. In 
the first alternative design, which was the one 
adopted, the five spans consist of tied arches 
stiffened by plate girders located below the deck. 
In the other design, the river spans were latticed 
bowstring trusses of welded construction. A sus- 
pension bridge following the official design would 











earth-filled embankments followed by reinforced- 
concrete viaducts formed of continuous beams 
arranged in groups, each of three bays with spans 
20 m. (65 ft. 7 in.), 25 m. (82 ft.) and 20 m. 
(65 ft. 7 in.) in length. The foundations for the 
approach piers are carried on precast reinforced- 
concrete piles up to 35 m. (114 ft. 10 in.) in length. 
The length of the approach viaduct is 460 m. 
(1,500 ft.) on the northern, or Vila Franca, side, 
that on the southern side being 240 m. (790 ft.) in 
length. 

The average width of the river at the site of the 
bridge is 500 m. (1,640 ft.), and the bed is composed 
of soft silt of varying consistency for depths up to 
30 m. (98 ft.) below water level. Below the silt is 
a layer of sand and gravel which provides a reason- 
ably good foundation. In forming the foundations 
for the river piers, the silt was first dredged out to 
a suitable depth and replaced by sand filling. 
Hollow reinforced-concrete piles, 66 cm. (26 in.) in 
diameter and up to 27 m. (88 ft. 6 in.) in length, 
each capable of supporting a load of 120 tons, 
were then driven to a bearing in the sand and 
gravel layer below the silt. The upper ends of the 
piles were left projecting above the sand filling on 
the river bed and a reinforced-concrete caisson was 
then floated out and sunk over them by admitting 
water into the hollow body of the pier. The water 
was next forced out by air pressure and the space 





between the tops of the piles and the bottom of 








the caisson was filled in solid with concrete. The 
upper parts of the caisson were then filled in and 
the pier was built up to its full height. The sketches 
reproduced in Figs. 17 to 20, on this page, show 
the various stages of the work, and Fig. 21 shows 
a section of a completed pier with the steel super- 
structure in position. The caissons, it may be 
explained, were constructed in and launched from 
a floating dock constructed for the purpose by 
the contractors. 

The five arches which form the superstructure of 
the bridge have a total weight of just over 3,000 
tons, about 57 per cent. of which is of high-tensile 
steel. All the steel was supplied from the Dorman, 
Long works at Middlesbrough, two of the spans 
having been fabricated at the Dorman Long Bridge 
and Constructional Works, Middlesbrough, and three 
by Messrs. Braithwaite and Company, at West 
Bromwich. It was shipped to the site and unloaded 
at the contractors’ wharf at Vila Franca, whence it 
was transferred to the stockyard. The general 
arrangement of the steelwork is illustrated in Figs. 
5, 6 and 7, on Plate XLIX, the elevation, Fig. 6, 
showing that each span is divided into 13 bays, 
two of which are 7:8 m. (25 ft. 7 in.) in length 
and the remainder 7-9 m. (26 ft.). The roadway 
and footways, sections of which are shown in Figs. 


Fig. 21. 





8 and 9, are supported from the arch rib by vertical 
hangers, sections through two of which are shown 
in the upper part of Fig. 6. These hangers, although 
normally in tension, are designed to resist com- 
pression as they were required to support the weight 
of the arch rib during the erection of the span. A 
portal frame is provided between the second and 
third bays from each end of the span and details of 
the connection of the hangers to the arch rib at one 
of the portal frames and at one of the ordinary 
frames, respectively, are given in Figs. 14 and 15. 
Figs. 10 to 13 show the four different sections of 
which the arch rib is composed, the Roman numeral 
on the sections and those in Fig. 6 indicating the 
parts of the rib at which the particular sections are 
taken. The arch rib and the stiffening girders, a 
section of one of which is shown in Fig. 16, are 
constructed of high-tensile steel, to B.S.S. 548, 
which, as already mentioned, accounts for about 
57 per cent. of the total weight of steel in the span. 
A plan of the lateral bracing at the top of the 
span is given in Fig. 5, and the left-hand half of 
Fig. 7 is a part plan of the bottom lateral system ; 
the right-hand half of Fig. 7 is a part plan of the 
decking, showing the stringers and footway brackets. 

The erection of the river spans, each of which 
weighs about 600 tons, was carried out by Dorman, 
Long and Co., and forms, probably, the most 
interesting part of the work. Owing to the soft 
nature of the river bed and the great depth to firm 
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ground, it was economically impracticable to use 
a normal type of falsework or scaffolding to support 
the spans during erection; moreover, the design 
of the spans employed did not lend itself to canti- 
lever erection. It was therefore decided to employ 
a trussed steel service span as a temporary support 
for each of the permanent spans during erection. 
As the erection of one of the permanent spans was 
completed, the service span was moved into position 








to support the next, and so on. The service span, 
mounted on two barges, was floated into the opening 
between two piers and lowered so that its ends 
rested on the plinths of the piers. The barges were 
then removed, packings of suitable height placed 
on top of the service span, and the permanent 
steelwork assembled on the packings by means of a 
7}-ton locomotive crane. When completed, the per- 
manent span was jacked up at each end from the 
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tops of the piers, the packings removed, and the span 
lowered on to its permanent bearings on the piers. 
These bearings, it may be noted, are of cast steel 
and have a total weight of 60 tons. The fixed 
bearing for each main girder is provided with a 
segmental hemispherical rocking seat and the 
expansion bearing with two rollers 15 in. in 
diameter. 

Operations were commenced from the northern, 
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ROAD BRIDGE OVER THE RIVER TAGUS. 


DORMAN, LONG AND COMPANY, LIMITED, MIDDLESBROUGH. 





or Vila Franca, end of the bridge, and the four stages 
of the work of erecting the first span and placing 
the service span in position for the erection of the 
second span are illustrated diagrammatically in 
Figs. 22 to 25, opposite. Fig. 26 is a plan of the 
site and Figs. 27 and 28 show the general arrange- 
ment of the service span, the superstructure for 
supporting it on the barges and the method of 
supporting it on the plinths and of anchoring it 
at the tops of the piers. The operation of the 
scheme was complicated by the fact that, while the 
length of the openings between the piers is the 
same in each case, the height from the water level 
to the underside of the steelwork varies considerably, 
as will be clear on reference to Fig. 1, on Plate XLIX. 
Moreover, there is a tidal range of up to 4 m. (13 ft.) 
at the site and strong winds and tidal currents had 
also to be contended with. The weight of the service 
span was 380 tons and its overall length 325 ft. As 
it was only possible to provide a relatively small 
clearance between the ends of the span and the piers, 
it will be obvious that to manceuvre the span into 
position and lower it with precision on to the plinths 
of the piers involved some distinctly difficult 
problems in navigation. The removal of the service 
span into the next opening after the completion of 
one of the main spans was aa even more difficult 
operation, because the service span had to be lowered 
clear while the permanent steelwork was still sup- 
ported on jacks from the tops of the piers to enable 
the packings to be removed. Any delay in the 
removal of the service span on a rising tide would 
have resulted in its being trapped between the water 
and the permanent steelwork, with disastrous con- 
sequences. The whole of the erection work, how- 
ever, was carried out without a hitch. 

The two barges used for floating the service span 
into position were each of 500-tons capacity. They 
were towed to the site from Rotterdam, their hulls 
being specially reinforced to carry the heavy con- 
centrated load of the service span. Upon and 
between the barges a steel superstructure was con- 





Fie. 35. Erxcrion or Last SPAN COMPLETED. 


structed and the height of this could be adjusted to 
suit the headroom available in the different openings. 
The general arrangement of the barge superstructure 
is indicated in Fig. 27, which shows it as adjusted 
for span C, the central opening of the bridge. The 
service span was first assembled on the barge super- 
structure at the contractors’ wharf, shown on the 
right in Fig. 26. The barges carrying the service 
span were then towed. out and manceuvred into 
position opposite the first bridge opening, at which 
point moorings attached to the river bed and the 
adjacent piers were taken up. At slack water low 
tide, the barges and their load were warped into 
position between the piers. Water was then 
admitted to the barges to lower them sufficiently 
to enable the ends of the service span to rest on 
its bearings on the plinths of the piers and then to 
enable the barges to be withdrawn from under the 
service span, which was left in position. 

For the removal of the service span after the 
completion of the permanent span the operations 
outlined above were carried out in reverse order. 
As soon as the weight of the permanent span had 
been transferred from its temporary supports to 
the piers, all the packing on top of the service span 
was cleared away and the barges with their super- 
structures were warped into position under the 
service span at low tide and with the barges flooded 
to the maximum immersion. The barges were then 
raised into contact with the underside of the service 
span by pumping out the water ballast, careful 
adjustment of the moorings and special centring 
and locking devices ensuring that the barge super- 
structure made contact with the correct parts of 
the span. By pumping out more water ballast from 
the barges the service span was lifted and its weight 
transferred from the piers to the barges, which were 
then warped clear of the piers with the service span 
resting on them. The whole operation had, of 
course, to be carried out as rapidly as possible for 
the reason previously indicated. The utmost care 
was, of course, taken to ensure that the whole 








erection programme should be carried through 
without a hitch, as any damage to the barges or the 
service span would have seriously delayed the com- 
pletion of the bridge, for which a period of 1,000 
days was allowed from the date ,of signing the 
contract. This period expired on December 22, 
last, and the bridge was practically completed on 
that date. Fig. 35, on this page, is reproduced 
from a recent photograph showing the erection of 
the last arch span completed and the service span 
returned to the contractors’ wharf for dismantling 
Photographs showing various earlier stages in the 
erection work are reproduced in Figs. 29 to 34, on 
Plates L and LI. The operations illustrated, 
we believe, will be readily understood with reference 
to the foregoing descriptive matter. As previously 
mentioned, the official opening will take place on 
Sunday next, the ceremony being performed by the 
President of the Republic, General Francisco 
Craveiro Lopes, assisted by the Minister of Public 
Works, Senhor José Frederico Ulrich. 

Special attention was given to the protection of 
the steelwork of the bridge by painting. The 
steelwork, in this case, was delivered to the site 
and stacked in the stockyard before any painting 
had been done, time being allowed to enable the 
natural weathering action to loosen the mill scale. 
It was then cleaned by sand-blasting and the 
priming coat was applied within a few hours of 
the cleaning. Three further coats of paint were 
then applied at intervals. With the exception of 
about a dozen key men from the Dorman, Long 
Bridge Department, the whole of the work on the 
site was carried out by local labour. The contract, 
however, secured useful work in this country for 
the design staff of the Bridge Department, as well 
as for the steelworks and fabricating shops of the 
firm. Mr. J. F. Pain, a director of the Company, is 
manager of the Bridge Department and Mr. W. 
Cardno acted as agent of the Company at Vila 
Franca de Xira. Mr. D. H. Field was the engineer 
on the site. 
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LITERATURE. 


Engineering Metrology. 

By K. J. Hume. Macdonald and Company (Pub- 

lishers), Limited, 43, Ludgate Hill, London, E.C.4. 

[Price 188. net.] 
THE essential role of metrology in modern mechani- 
cal engineering has been emphasised during the 
past 20 years or so by significant changes in the 
physical approach to the problems of refined 
measurement, as well as by important advances in 
the techniques and apparatus used for their practical 
solution. The consequent need for a survey of 
present-day industrial equipment, correlated with 
its scientific background, has been most compe- 
tently met by Mr. Hume, whose exceptional experi- 
ence a8 Metrology Superintendent of the de Havil- 
land Engine Company is supported by compre- 
hensive theoretical knowledge and wide reading. 
He has, very sensibly, omitted any detailed treat- 
ment of the simplest instruments in everyday 
workshop use, preferring to enlarge on the less 
generally familiar metrological applications of 
geometry, optics, kinematic design and metallurgy. 
He writes instructively about such matters as the 
use of sensitive levels, the appraisal of surface 
finish, and the metrology of cutting tools and 
turbine blades. Frequent references to British 
Standards and to published accounts of original 
research enhance the value to students of a text 
which has been designed to cover the metrology 
syllabuses of the engineering institutions’ examina- 
tions at Higher National Certificate level. Mr. 
Hume’s thoroughness, however, has produced more 
than a text-book or a broad introduction, so that 
mechanical engineers or industrial administrators, 
concerned either directly or indirectly with refined 
measurement and its potential benefits, should find 
in his work a profitable source of information and 
reference. 


Industrial Piping. 

By Onaries T. LitrLteton. McGraw-Hill Book 

Company, Incorporated, 330, West 42nd-street, New 

York 18, U.S.A. [Price 8 dols.}; and the McGraw- 

Hill Publishing Company, Limited, Aldwych House, 

Aldwych, London, W.C.2. [Price 68s.). 

To the British reader this American book will be 
found most useful as a work of reference, as it con- 
tains an unusually large number of tables of data 
on American sizes of pipes, flanges, etc.; such 
an amount of data has not previously been brought 
together in one volume. It must, however, be 
continually borne in mind by the British reader 
that the book is American, and he most not only 
avoid the old pitfall of American gallons, but 
remember that all the pipe sizes, etc., referred to are 
American sizes, not necessarily available in this 
country. The distinction between “pipe” and 
“tube,” too, may not appeal to the British user. 
Nevertheless, such data are continually required 
when comparisons have to be made between Ameri- 
can and British practice, and for this alone the book 
is valuable. As former engineer in charge of piping 
to the American Cyanamid Company, Mr. Littleton 
writes with authority. 

The book opens with a description of drawing 
office practice and methods of designating pipework 
which, while potentially useful to a firm starting 
for the first time to deal with pipework, will probably 
have less appeal where there is an established draw- 
ing-office practice. There follow chapters on piping 
for steam, water, oil, gas, air, etc. There are, 
however, some curious omissions. For example, 
the chapter on steam piping makes no reference to 
high temperatures, nor to alloy steels or the effects 
of creep, though there is a table of allowable stresses, 
taken from American specifications, which naturally 
goes up to higher temperatures and covers some 
of the alloy steels; and, though many of the 
standard types of pipe are described, there is no 
reference to continuous-weld pipe, which forms 
such a large proportion of the pipe used both in this 
country and in America. Very little is said about 
concrete for water piping, and practically nothing 
about asbestos cement, though some other and 
much less common types of pipes are dealt with 
at length. The chapter on alloy piping refers almost 








exclusively to the use of such piping in connection 
with corrosive fluids, there being no reference to its 
use for high-temperature service. Steam traps 
and various types of valves, both for steam and 
water, are treated in great detail. 

It seems a pity that the author should give so 
much prominence to the Hazen-Williams formula 
for the flow of water, which has little merit beyond 
that of frequent use in America. There are many 
better formula, or, if it is considered really necessary 
to use a formula in which a new coefficient has to 
be employed for almost every different condition, 
size of pipe, etc., there are other simpler formule 
which could be used. Similarly, in connection 
with oil piping, the Fanning formula is the one 
advocated, there being no reference to the much 
more recent work carried out by Moody and others 
on the effect of relative roughness. The author 
goes to some length in dealing with viscosity in 
an attempt to simplify this somewhat difficult 
subject, but he does not make it any easier by 
starting off with a wrong definition of the poise, 
nor does the reference to “‘slugs”’ improve matters 
so far as the average reader is concerned. There 
seems to be some confusion on page 152, where, 
in discussing viscous flow, an example is given in 
which turbulent flow is taking place. A more 
consistent use of units would also be an advantage, 
particularly on this same page, where D and d 
both appear to be used for the bore. 

Under the heading of ‘ Miscellaneous Piping 
Materials,” there is considerable information on 
the subject of plastics, such as Saran, but it is not 
clear why, in the tables for Saran pipe and tubing, 
very different factors of safety are employed ; the 
working pressure given in some cases is only about 
half the bursting pressure, whereas, in others, more 
reasonable factors of safety, of the order of 5, are 
employed. It is also curious to find that a Saran- 
lined steel tube is stated to be suitable for pressures 
up to 125 lb. per square inch, whereas the same size 
of plain Saran pipe can be used at 500 Ib. per square 
inch. The details given for such unusual types of 
tube as Pyrex, graphite, glass-lined, etc., are useful 
and not otherwise readily available. After a chapter 
on pipe insulation, there is a special section on 
“Piping Cost Estimation.” While the system 
proposed is an ingenious one, allowing rapid conver- 
sion of the cost of one size to the approximate 
cost of another size, we feel that any organisation 
dealing with piping costs is likely to have already a 
sufficiently accurate system available, so that they 
can make their estimates directly from the particular 
sizes involved ; but the chapter may be of service 
to engineers who wish to prepare their own rough 
estimates as a check. 





ELASTIC STRESS ANALYSIS 
OF MULTI-BAY SINGLE- 
STOREY FRAMEWORKS. 

By E. H. Bateman, M.A., Ph.D. 
(Continued from page 774.) 

Numerical Example—A symmetrical two-bay 
frame with vertical pillars and having the minimum 
number of frame members is chosen, because it 


Fig. 7. 
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illustrates the essential features of the problem 
without introducing heavy arithmetic. In develop- 
ing the solution, the arithmetic is a little more 
complete than is necessary in a practical com- 
putation, in order to put on record a complet: 
explanation of the process. On the other hand, th: 
evaluation of moments and forces due to the loading 
required for a particular problem is not fully 
pursued, and the only such results given are for one 
applied moment, one horizontal load, and one 
vertical load. An interesting feature of the com- 
putation which may be specially noted is the high 
degree of accuracy obtained without retaining mor 
significant figures than can be read from a slide 
rule, a result which would hardly be expected if the 
whole computation were undertaken in determinants 
instead of matrices. 


Fig. 6 





The framework which is outlined in the adjacent 
Fig. 6 can be completely specified by the tabulated 
geometrical and elastic data of the left-hand bay. 





Panel point 0 1 2 3 4 Scale 

Co-ordinatez 0 0 0-5 1:0 1:0 h 

9 y 0 1-0 1°3 19 ©6866 d 

j 
Stiffmess op 10 15 15 10 
6EI 

Equations (22) give the origin of the thrust axes 
2 =0°5 
(0 +2-°5+1°3 x 3:0 + 2-5 +0) 
: 10 
= 0:89 


The co-ordinates of the panel points relative to 
the thrust axes, H, V, are written down as follows, 
keeping the signs in the same sense as those of the 
geometrical datum co-ordinates :— 


Panel point 0 1 2 3 4 Scale 
Vertical 

co-ordinate —0°89 0-11 0:41 0:11-0:89 A 
Horizontal 

co-ordinate —0-50—0-50 0 0-50 0-50 d 


The directions of the thrust axes are now taken 
as shown in Fig. 7, herewith, in order to make the 
coefficients 7, k, 1 take as far as possible the same 
signs as the panel-point co-ordinates 

Now, following the convention of sign for the 
panel-point moments already established, i.e., a 
positive moment corresponding to a centre of 
curvature on the left of a pillar or above an arch 
member, and counting the right-hand pillar of the 
first bay as the left-hand pillar of the second bay, 
the equations of equilibrium, forming the matrix A, 
are as shown at the top of page 805. 

Transposition of the equilibrium matrix, A, gives 
the conjugate matrices, Aj, and Aj, the elements 
of which are tabulated below the relevant frame 

os, 
noX 


7m, 
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M(N)-S= jX +kY +12 +7 XK’ +h’ +2’ Appendix I, in a convenient form for numerical 
ar 4 0:89 -0-50 7-4 computation, thus 
nl 1 0-11 —0-50 Ri =-f[ C -E i where C = (I — E*)" 
m2 1 0-11 —0-50 -EC Cc 
nd . 0-41 0 a result which is easily verified by forming the 
- : “o ° product R, R=. Hence 
n3 1 0-11 0-50 am . 
m4 -1 0-89 —0-50 1 —0-89 —0-50 R7 = cD -—ECD 
n4 -1 -0-11 —0-50 1 0-11 —0 +50 -RCD cD 
_ : — a The arithmetical details are as follows 
nd 1 0-41 0 sa 
m6 1 0-41 0 E* = I-Be@ 
n6 1 0-11 0-50 150 —068 075 850 068 —075 
m7 =i 0-89 —0-50 —489 231 —244 489 769 244 
nT a -1 0-11 —0-50 _| 501 —227 250 —501 227 750 
Frame member ... (1) (2) (3) (4) Adj. (I — E*) = Det, (I — E*) = 0-3725 
Stiffness ... 1-0 15 15 1-0 521 —489 496 
ores he —068 600 —227 
Aj (AS) ... 1-00 (1-00) 1-00 (1-00) 1-00 (1-00) —1-00 (—1-00) O74 —244 620 
—0-89 (0-11) 0-11 (0-41) 0-41 (0-11) 0-89 (—0-11) 
—0-50(—0-50) —0-50 (0) 0 (0-50) —0-50 (—0-50) C= EC= 
1:00 (1-00)... 1-339 —183 199 —515 223 —237 7 
—0-89(0-11)  ... —1-313 1-611 —655 1-602 -—818 799 
a —0-50 (-0-50) . a 1-332 —609 1-665 -1:718 744 —857 | 
B= [— 3:00 3-00 4:50 4:50 4:50 4:50 -—3-00 -3-00 ~~ (a= BOD= 
—1:67 —0-67 0-95 1:39 1-39 0-95 1:67 0-67 047 —044 044 -017 053 —057 7 
—1:50 -—1:50 -1:50 -0-75 0:75 1:50 -1-50 —1-50 —044 386 —146 053 -196 178 
3:00 3:00 4°50 044 -146 370 —057 178 —190 | 
—1:67 -0-67 0-95 .... = a 
—1°50 -1-50 —1°50 .... R= 047 —044 044 O17 —053 057 
- , _ —044 386 —146 -053 196 —178 
member and associated with the corresponding and, as the second factor, J reverses all the elements 044 —-146 370 057 —178 190 
stiffness ratio, as shown in the table above. By| in the last column of the other factor. This special 017 —053 057 047 —044 O44 
reason of symmetry, the lower right-hand corner| matrix has the useful property J-1 = J, or JJ = I. —053 196 —178 —044 386 —146 
repeats the left-hand top corner as in the equili-| Equation (13), derived in the form 067 -178 190 044 -146 370 
— — since the framework is also elastically Q {x} = B{y,9}, gi =JRIJ = 
—— , , i 047 —044 044 017 —053 —057 ~| 
The strain-energy matrix, B, can now be written | °®” therefore be written 044 386 148 -053 106 178 
down from the products, 4(2a,,-+4a,) and JQII{X} = IBL{P, 9}, 044 —146 370 057 —178 —190 
Ut (aq + 2a,), where a,, and a, are corresponding | °T 017 —053 057 047 —044 —044 
elements of the conjugate matrices. This is shown RJ {x} =JB{y, 9}, —053 196 —178 —044 386 146 
above, where the lower right-hand block again| where R = J QJ giving the solution in the form L_.-057 «178 —190 -044 146 370 _) 


repeats the upper left. 
The operational matrix is now formed by taking 
the product B A, where B and A are the matrices 


found above. Thus 
Q=] 30:0 —6-00 2°34 3-00 
Fs 4:17 ‘ 2-34 —1:41 —1°17 
: 4°50 —3-00 1-17 1-50 
—6:00 2-34 —3-00 30-0 ; 
2-34 -1-41 1-17 4°17 : 
3:00 —1-17 1-50 4-50 


In this matrix, the non-diagonal sub-matrices can 
be made identical by changing the signs in the 
sixth column and the sixth row. This transforma- 
tion, which simplifies the subsequent arithmetic, 
can be effected by using a special unitary matrix J, 


which is defined by 
J= 1 } 
; 7 
1 
1 
nab hal 


As the first factor in a product, in which the 
other factor is a square matrix of the same order, 
J reverses the signs of all elements in the last row ; 





{X} =J~O RJ B {7,9}. 
The operational matrix has been transformed into 
the symmetrical matrix 


R=JQJ= 
~~ 30-0 —6-00 2°34 —3-00 
° 4-17 2°34 —1-41 1:17 
. 4-50 —3-00 1-17 —1-50 
—6:00 2°34 —3-00 30-0 . . 
2°34 -1:41 1°17 4°17 ° 
|. -3-00 1-17 —1-50 4-50 
Now, writing 
R,= DR, where D =[~ 1 
30 
1 
4°17 
1 
4-5 || 
R, > [I E |, where E = — 200 078 —100 
EI 561 —338 280 
— 667 260 —333 


omitting the decimal points in writing the elements 
of E. Then R- = R-'D. 

The reciprocal matrix, Ry’, on which the solution 
now depends, is derived, as will be shown in 


TABLE III.—THE AppLiep LOADING MATRIX. 


fy at te I 
T) —0-50 . 
-125  - 125 
= —0-50 : 
—083 —083 
Ty —1-00 . . . 
Ts i -36 —0°15 —0°15 . 
—037 —-937 
T, -1:30 -0-30 —0-30 ~ 
T 
Ps —0°25 -0-25  -0-25 : 
063 -063 
Pe —0°25 —0°25 —0°25 . 
042 042 
Pp, —0-50 —0-50 —0-50 . 
P; 
Ps 
PS 
Cy —1:00 . 
250 — 250 
Cs : : 


fs Is Ny % Scale 

Th 

Th 

Th 

Th 

° ° ° Th 

0-30 —1-30 —0-30 Th 

. ° ° Pd 

Pd 

° ° ° Pda 

—0-50 0-50 0-50 ‘Pda 

° —0°25 0-25 0°25 Pd 
063 —063 

. —0-25 0-25 0-25 Pd 
042-042 

. ° 1-00 . Cc 
-250 (350 











The solution matrix, ®, can now be written down 
by forming the product, Q-! B, which is a rectan- 
gular matrix of six rows corresponding to the six 
statically indeterminate quantities, X, Y,.. ., and 
14 columns corresponding to the 14 known end 
fixing moments and panel-point moments of the 
applied forces, f,, g,, fz, ete. For convemence of 
reference, the rows and columns of the solution 
matrix (top of page 806) are designated accordingly. 
The last six columns are omitted, since, in this 
symmetrical case, the effects of forces on the right- 
hand bay can be inferred by loading the left-hand 
bay and interchanging X, Y, Z, and X’, Y’, Z’. 

The second matrix of the solution equations— 
ie., Ad, which gives the end moments in each 
member—follows by straightforward computation. 
This is a square matrix of order 2R, which is 14 in 
this example. However, only part of it is normally 
required, especially if the number of frame members 
is large, since a design may be well based on the 
moments and forces at critical points only. For the 
same system of applied forces acting on the left- 
hand bay, the elements of A ® required to solve for 
the moments in the three pillars and at the two 
apical points are as shown near the top of page 806. 
The diagonal elements are underlined to simplify 
the formation of the matrix difference (A ® — I) 
which occurs in equation (26). 

The applied loads have so far been described by 
f. 9, where f = F — §,,, andg = G—S8,. Now 
F and G present no difficulty, since they are the 
end-fixing moments widely used in the elementary 
theory of structures. §,, and 8, have no such 
established and familiar meaning, and the formal 
definitions in equations (4) are therefore illustrated 
by tabulating their values for the typical loadings 
shown in Fig. 8, opposite. 

In Table III, the elements of which constitute the 
applied loading matrix, the 8 component is shown 
above the F or G component of (f, g) and the F, G 
components are underlined with the decimal point 
omitted. T? represents a uniformly distributed 
load with resultant T. The matrix is written as 
the conjugate of [s’, t, p] in equation (27), hence the 
rows are to be compounded with the rows of the 
solution matrices. 

Since the arithmetical example is included to 
illustrate the method of analysis rather than as a 





design exercise, the final stage of computing tbrust. 
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Ny % fe 2 ts Is Sa % The second remainder R, is given by 
#-x 168 105 104 117 183 236 —055 —064 A(X, + X,) +R, =I. 
b 3 — 558 —172 388 448 229 —050 242 052 Thus, 
Z -1719 -325 -496  -282 273 614 —178 —210 it cate, +m dh 
» ig 054 011 —059 —040 046 117 055 064 
Y’ -219  -023 215 167 —100 —319 —242 —052 Hence, from (38) 
Z . 71838 —005 198 133 —152 —372 —178 —210 R, = (I - AX,)R, 
fi 9 ty 92 ts 93 Ig % - Ri. 
Ae =M, [~ 134 421 007 —141 —157 —026 —181 —005 a3 ‘ . : 
(part) N, 176 395 307 072 —077 061 047 Successive remainders therefore occur in the form 
—081 034 263 301 277 216 044 —043 of a geometrical progression, and the convergence 
~ * ee & 
M, eo): 140 168 095 = —- 001 119 431 is very rapid if the elements of the first remainder 
Na 134 077 033 o Bi = on ait are reasonably small in a matrix of limited size. 
os “a Be 4 po Zn a ~ o 3 181 005 i Moreover, the computation is not heavy, since the 
? , < elements of the remainders will generally involve 
Ny 062 004 —064 —045 041 104 061 047 - elie . . 
only one or two significant figures and, in a typical 


moments and panel-point moments is limited to 
taking the effects of one vertical and two horizontal 
loads, and one moment. The results are given in 
Table IV, herewith. 


TABLE IV. 

iS. te! 6G. Rh. oS 
Y —558 -661 345 -171 -—172 —655 
Z -179 -479 -479 -500 501 —143 
Y’ —-219 -227 -235 -014 -013 -—268 
Zz —183 -180 -183 005 008 —228 
M, ... —266 -—217 -229 081 080 —188 
N, ... 176 122 117 -090 -093 158 
M, ... —081 -—016 -021 108 109 —110 
M, ... -215 -258 -244 -074 -076 -251 
N, .. 1294 174 185 084 084 136 
M, ... —036 -041 -040 -—008 -006 —043 
M, ... —157 -165 -—172 -013 -015 -192 
Ny. 062 063 062 001 —002 077 


The scale factors are Th, Pd and C, as before. 
Comparison of the values of T, and P, with those 
for T’, and P’,, obtained respectively from the 
left-hand and right-hand segments of the first bay, 
indicates the degree of accuracy which has been 
obtained by taking only two decimal places in 
matrix B and only three in the subsequent arith- 
metic. The errors are within one per cent. of the 
unit moments and, in most cases, are less than this, 
though some of the figures in B are only accurate 
within about a half of one per cent. Higher 
accuracy is easily obtained by computing matrix B 
more closely and retaining three decimal places 
after reducing to unity the largest element in each 


row. This step was omitted in order to retain | and 


symmetry in the elements of the operational matrix. 

Appendix I. Matrix Inversion—The method of 
forming the reciprocal of a square matrix of numeri- 
cal elements is well known, and the same rules 
apply when the elements are common algebraic 
symbols or furictions ; but where the elements are 
matrices—and, of course, they must be square 
matrices of the same order—the primary rules only 
apply in a few special cases such as the following :— 


Sma fi A 
a 2 -£ 

a 2 2 

“°F 


The general form of operational matrix occurring 
in the problem of the single-storey framework is 


an es 


Ag 
[: B, I 
Then assuming a reciprocal in the form 
QT’ = 7% a, ay a 
db, dy by 
='S & & 
q_Aaqtk dad 


formation of the product Qj! Q, = I gives sufficient 
equations for finding each of the elements in the 
reciprocal matrix. Results for the second-order 
and third-order matrices are 


where C = (I — BA)-*, 0’ = (I — ABy 
[AP "Lad ~e° J 


where C = (1 — A?)" 


I A,. J] =f1+A,CB, —A,C, A,CA, 
B,I A, —CB, , Cc , -—CA, 
B, I B,CB, , — B,C, 1+B,CA, 


where C = (I — B,A, — A,B,)-? 
A convergent square matrix A may be defined 
by the equation 
(I -A,®" =R+>0, (28) 
where 


A, =AgA. (29) 


and A, is the diagonal matrix of the reciprocals of 
the leading diagonal of A. In the particular case 
A, = 1+ [a,],, where k = j + ¢, and c is a fixed 
integer, it is easily seen that R = O, for any value 
of n greater than r + 1—c. Generally, for matrices 
arising in the solution of engineering problems, the 
practical criterion for convergence is that the effects 
of the applied forces should decrease with distance 
from the point of application of an applied force. 
For the purpose of practical computation, it may 
be assumed that a value of n can be taken which 


will make R zero in equation (28), thus 
(1 — A,)® =0, (30) 
Hence, 
I= 1I-—(— A," 
~a@+T-5, +T-i9+...) OD 
Avi = 1+T-A, +1-A +... (32) 
A“! = AT! Ay 
= (I+ 8, +S, +8, +...) Ag (33) 
where 


8, = (I—A,)r 

In computing the value of S(r), where 
S(r)=1+8, +S,+...+S8,, 
it is unnecessary to evaluate all the terms in the 
series, since the procedure may be by successive 

approximation, thus 

$(2)=1+8, +8, 

which involves the one matrix product 8S, = S8,? 
S$ (4) = $ (2) + 8, (8 (2) — I), (36) 


involving one further matrix product; and taking 
the eighth approximation 


$(8) = S(4) + 8,(8 (4) — D, (37) 


which involves the two further matrix products 
S, = 83 and 8,(8(4) — 1). In many cases, S (4), 
which involves only two matrix products, will give 
sufficient accuracy for engineering design, and it 
should rarely be necessary to go beyond § (8). 

An approximate solution may often be rapidly 
adjusted by the method of remainder distribution, 
which is particularly useful for the elimination of 
accidental errors arising in a computation. If 
X, is an approximate solution of the equations 
AX =I, a first remainder R, is given by the 
equation 


(34) 


(35) 








I Ajt=fI+ACB, -AC 
4 : — ‘ ] AX, +R, =1. (38) 
Pid [ c’ -_C’A A second approximation is then taken as 
-BC’, 1+ BCA X, + X, =X, + X,R,. (39) 
hy 9, te Ve ts 93 I, % 
A@= M, £93 409 114 —063 —230 —219 —290 —076 ~ 
(part) N, 2u3 249 341 270 103 008 111 084 
M, — 064 034 243 287 287 243 064 —034 
M, —290 —076 219 230 063 —114 623 409 
Ny 111 084 —008 —103 —270 —341 223 249 | 





calculation, many of the elements will be zero. 

Apprenpix II.—The Single-Bay Frame.—Since 
the results obtained by the new method of analysis 
cannot easily be verified by existing analytical 
methods, a short example is added on the single-bay 
frame. The dimensions and stiffnesses are taken 
as in one bay of the two-bay framework. Proceeding 
as before with the construction of A and B, the 
dimensions of which are now 8 by 3 instead of 
14 by 6, and then forming the product B A, for the 
operational matrix Q, we find 


Q =f 30-0 . 
° 4°17 . 
° 4°5 
B= 3-00 3-00 4-50 4-50 eee 
—1'67 —0-67 0-95 1-39 eee 
—1-50 -—1-50 -—1-50 —0-75 .* 8 


In this form, Q can be immediately inverted and 
written down, thus 


@=Q'B= 


100 100 =: 150 150 150 150 —100 —100 
—400 -—160 227 333 333 227 4400 160 
—333 —333 —333 —167 167 333 —333 —333 


omitting the decimal points, as in the previous 
arithmetic. Then (see at foot of first and second 
columns). 

Now, using the applied loading matrix in Table 
III, the panel-point moments due to loads T,, 
T,, P,, and C, are found to have the values given 
in Table V. 


TABLE V. 

T, T, Py C, 
M, -—377 — 333 073 — 323 
N, 223 167 —093 216 
Ms — 064 0 106 —088 
M, — 290 — 334 —073 —343 
Ng 111 167 093 118 

Scale Th Th Pd Cc 





OBTAINING PRESSURE DIAGRAMS 
OF INTERNAL-COMBUSTION 
ENGINES.* 


By A. J. ConnisH and W. P. MansFIELp, B.Sc.(Eng.). 


A PRECISE knowledge of the gas-pressure changes 
which occur during the working cycle is of great value 
in the study of reciprocating internal-combustion 
engines. Thus, from a sufficiently accurate cylinder- 
pressure diagram a large amount of informaticn can be 
derived relating to such matters as the exchange of 
heat between the contents of the cylinder and the 
cylinder walls during the compression and expansion 
processes, the complex process of combustion, and the 
many actions which occur during the gas exchange 
process. Moreover, such a diagram enables the 
indicated horse-power to be assessed, so that a true 
measure of mechanical efficiency may be obtained, 
while the harmonic analysis of the resultant torque 
diagram gives the contribution of the gas pressure to 
the forces exciting torsional vibration. For all work 
of this kind a high degree of accuracy is required, and 
it is very desirable that the pressure diagram should 
be obtainable in a few minutes. None of the methods 
in general use is satisfactory in both respects. 

The cathode-ray oscillograph type of engine indicator 
has proved to be a powerful aid in the qualitative study 
of the various phenomena associated with internal- 
combustion engines. Its versatility has tended to 
obscure its present limitations for quantitative work, 





* Research Report 51/5, ‘“‘ Methods used at the 
B.1LC.E.R.A. Laboratory for Obtaining Pressure Dia- 
grams,” published by the British Internal Combustion 
Engine Research Association, 111-112, Buckingham- 
avenue, Slough, Buckinghamshire. 


Dec. 28, 1951. 
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Fie. 1. B.I.C.E.R.A. Enerne Inpicatrnc System No. 1. 


Fig. 2 CIRCUIT DIAGRAM OF THYRATRON CONTROL UNIT. 
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V. land 2..| Osram M.H.4 .| C. 9 and 10 .| Elec. 16 uF. 500 V. R. 14 and 15..| 2,000 0 4 W. 
V. 3 and 4..) Osram G.T.L.C. .. oon ae OB. 8s ..| 2 M.P. 250 V. ..| R. 16 3,500 0, wire-wound 10 W. 
V.5 ..| Osram M.U. 14 .| R. 1,17, 18 and | 100,000 2 } W. ; non-inductive. 
9 
P.1 ..| Carbon track, 10,000 2 sd R. 2 ‘a os Za 5,000 2 +w. i. & ae ..| Varley class “ B” input trans- 
P.2 ..| Wire wound 10,000 2 R. > 1002 4 W. bg former, type D.P.41, 3: 1 and 
4:1 ratio each half. 
C. Land 12 | 0-001 uF. |a.5.. ..| 9008W. | T.2.. .| 6 V. ignition coil. 
C, 2 and 3..| Elec, 100 yw F. 12 V. R, 6 and 7 15,000 0 4 W. oie & .| S.P. 3 way. 
C.4 and 5 Elec. 4 » F. 500 V. R. 8 and 9 ..| 1,100 2 4 W. ..| 5.2 .| S.P. St. 
C. 6 and 7 Elec, 100 uw F. 25 V. R. 10, 11 and 12 | 60,0002 1 W. oof BB ce .| Thermal delay Sw. 
C.8 ..| 0-25 w F. 800 V. ee ..| 7,0002 4 W. 




















though they are recognised by some writers.* The 
smallness of inertia effects, when a suitable pick-up 
diaphragm is used, makes possible the indication of 
pressure changes at very high frequencies, so that, for 
the study of detonation in petrol engines or combustion 
knock in Diesel engines, this type of equipment is by 
far the most suitable. 

When, however, a cylinder-pressure diagram is 
required for such purposes as the determination of the 
harmonic components of the gas-pressure torque or 
the indicated horse-power, the diagram obtained on the 
screen of the cathode-ray tube is of little value, because 
the ordinates and abscissae are not proportional to the 
pressure and time with the required degree of accuracy. 
The most suitable equipment in this respect, tested in 
the laboratory, is the Southern Instruments engine 
indicator, in which the proportionality of the tube 
deflection voltage to the pressure applied to the pick-up 
approaches the required accuracy and to which, no 


doubt, further improvements are possible. By using 
a drum-type camera with this equipment, the diagrams 
may be recorded against a time base which is linear to 
the required degree of accuracy. The errors in the 
ordinates of the diagrams are partly due to lack of 
linearity in the response of the pick-up and associated 
circuits, and partly to non-linear effects in the cathode- 
ray tube. The curvature of the screen of the tube 
introduces a serious error when the diagram is photo- 
graphed. Here again, further improvements are to be 
expected. A promising development in the direction 
of greater accuracy of the pick-up and associated 
circuits is the Li catenary-diaphragm pick-up and 
ae yell . 

he most promising alternative to the cathode-ray 
oscillograph with diaphragm-type pick-up is the 
balanced-pressure type of indicator, of which the 
Farnboro’ is the earliest and best known. This form 
of the apparatus, however, has serious limitations. 





* “ Engineers’ Problems in the Measurement of Stress 
and Pressure,” by J. G. G. Hempson. ENGINEERING, 
vol. 166, page 425 (1948). 


* “4 New High-Performance Engine Indicator of 
the S.G. Type,” by C. S. Draper and Y. T. Li. Jl. Inst. 
Aeronautical Sciences, October, 1949. 








The disc valve, which moves when pressure balance 
occurs, is arranged as a switch in the low-tension 
circuit of a sparking coil. The contact surfaces of this 
switch are in communication with the combustion 
chamber, and when in use become fouled rapidly, 
especially in a Diesel engine. The slightest deposition 
of carbon or lacquer produces irregular behaviour of 
the switch, and consequently a scatter of the points 
recorded on the diagram. The disc valve, weighing 
7 0Z., is heavier than would at first appear necessary. 
It seems likely that a certain impact force is necessary 
to produce effective contact when some deposition 
has occurred. Even with the comparatively heavy 
valve provided, however, sparking ceases entirely 
when a moderate carbon deposit has formed. The 
scatter is not due solely to carbon deposition however. 
When the contact surfaces are kept clean, as for 
example in taking diagrams of the pressure changes in 
the induction passage of an engine, a considerable 
scatter of points occurs, which thus appears inherent 
in this system. When the standard 6 volts are used 
across the switch, the effects of arcing on the contact 
surfaces are apparent, especially when the unit is used 
for “light spring” work, and the disc valve may even 
become welded to one of the seats. The voltage cannot 
be reduced below 4 volts in the standard equipment 
since sparking ceases below this value, and it appears 
likely that some tendency to arcing is still present. 
This arcing probably accounts for the scatter. 

In a much more precise technique developed by 
Stansfield* a small disc 4 in. in diameter, of the order 
of 0-020 in. thick according to the application, is 
used as a disc valve, and its movement is indicated by 
means of an electromagnetic pick-up and an oscillo- 
graph. With this system there is apparently no 
scatter other than that due to actual variations of the 
pressure diagram from cycle to cycle. No arcing occurs, 
since the disc is not used as a contact breaker, and 
deposition of carbon has no effect on the accuracy of 
the indication of the moment of pressure balance until 
a very heavy deposit, sufficient to take up the working 
clearances, has formed, a process which would take 
many hours of running. In an exceptional circum- 
stance, deposition of soft lacquer has known to 
affect the behaviour of the unit. A simple check of 
the action of the unit at the end of a period of use, by 
applying a very small pressure difference, suffices to 
show whether or not the disc is perfectly free and the 
indications reliable. 

As far as the majority of pressure diagrams are 
concerned, inertia effects are negligible. A typical 
disc valve, 0-018 in. thick, weighs only 0-002 oz. and 
has a mass per unit of e d area less than a fifth 
of that of the Farnboro’ disc valve. The disc valve 
cannot respond satisfactorily, however, to high- 
frequency pressure oscillations such as occur during 

ocking in a Diesel engine, or detonation in a petrol 
engine. The method has been widely used not only to 
record pressure diagrams in various parts of engines, 
compressors, and the like, but also to calibrate the 
diagrams produced by various indicators of the cathode- 
ray oscillograph type employing diaphragm pick-ups, 
a tribute fo its accuracy. The Torsional Vibration 
Panel of the Association has regarded this as the only 
acceptable method of recording cylinder pressure 
curves for harmonic analysis. 

Until recently the procedure employed in the labora- 
tory has been as follows. The output of the Sunbury 
disc-valve unit and the output of the degree-scale 
seed unit are switched into the amplifier of a 

unbury engine indicator together so that a combined 
diagram is obtained. With a suitable setting of the 
time-base “ spread” controls, the point at which the 
disc-valve diagram breaks away from the degree scale 
may be read off to a fraction of a degree; thus errors 
which would arise in transferring measurements from 
the disc-valve diagram to the degree scale are avoided. 
The combined diagrams obtained with a series of known 
applied pressures are photographed on 35-mm. film, 
the frames of which are subsequently studied in a 
microfilm reader, the poipts obtained being plotted 
directly. This procedure has the advantage that the 
engine running time taken to obtain the necessary 
records is reduced to a minimum, and the records may 
be analysed accurately in quiet surroundings. The 
great disadvantage of this method is the long time 
taken to produce a diagram. Ifthe pressure undergoes 
a large number of fluctuations during a single cycle, as 
may be the case in the inlet or exhaust system of an 
engine, each diagram may take a total of three hours 
or more to produce. 

A need was thus apparent for an automatic means of 

lotting the timing indications produced by the Sun- 
Sane disc-valve unit against the values of the pressure 
applied to the unit. Various methods of achieving 





* “ Pressure Indicating for Internal-Combustion En- 
gines,”” by R. Stansfield and A. G. Withers. The Engi- 
neer, pages 152, 178 and 208, vol. 186 (1948), 

+ Harmonic Components for High-Speed Four-Stroke 
Cycle Diesel Engines. B.1.C.E.R.A. Report No. 48/4. 
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this result were considered. A truly linear time-base 
was essential, and a drum driven by the engine 
appeared the most certain way of obtaining this. 

his led to further consideration of the Farnboro’ 
indicator, which has a suitable drum, clutch, and brake. 
It was apparent that the air cylinder, springs, and 
linkage system of the Farnboro’ were capable of giving 
a movement proportional to pressure with a high degree 
of accuracy, given correct adjustment; and, more- 
over, the spark method of recording the instant of 
pressure balance appeared satisfactory. The problem 
thus resolved itself into one of controlling the sparks 
for the Farnboro’ indicator by means of the Sunbury 
disc-valve unit, It was proposed that the electro- 
motive force produced by the Sunbury disc-valve unit 
should be applied, after amplification, to the grid of a 
thyratron valve used to release pulses of current into 
the primary winding of the sparking coil. 

A number of circuits based on this principle were 
tested, and a satisfactory one was found, and developed. 
All the components necessary to couple the Sunbury 
disc-valve unit with the Farnboro’ recording unit were 
housed in a case measuring 13} in. by 9 in. by 10 in., 
visible in Fig. 1, on page 807, which shows the complete 
equipment. They were connected as shown in the 
circuit diagram Fig. 2. The output of the disc-valve 
unit is amplified by a two-stage resistance-capacity 
coupled amplifier, and then passed to the primary 
winding of a Class B transformer. The secondary 
of this transformer is centre-tapped and the output is 
applied to the grids of two thyratrons. Flow of current 
in either direction ia the primary of the transformer, 
resulting from movement of the disc valve in either 
direction, raises the grid voltage of one or the other 
of the two thyratrons above the critical control 
voltage, thereby discharging a condenser, the discharge 
current passing through the primary of a sparking 
coil. 

One end of the secondary winding of the sparking 
coil is earthed in the normal manner and the other is 
connected to the Farnbéro’ recording unit. The 
circuit also embodies retinements such as decoupling 
between the two stages of the amplifier, means for 
adjusting the control voltages of the thyratron, and a 
thermal delay switch to prevent high anode vol! 
being applied to either thyratron before the cathode 
temperature has been raised sufficiently by the heater. 
A suitable high-tension unit, comprising transformer, 
valve rectifier and smoothing devices, is incorporated 
to it operation from 230-volt 50-cycle mains. 

Figs. 3, 5 and 7 show examples of the diagrams pro- 
duced by the new system, while Figs. 4, 6 and 8 are 
the corresponding diagrams given by the normal 
Farnboro’ equipment. In order to obtain the best 
possible diagrams by the Farnboro’ method, several 
special steps were taken. The normal end cap of the 
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Farnboro’ dis¢-valve unit, which has an unnecessarily 
long passage likely to produce scatter on the diagram 
by wave action, was replaced by a specially-made cap 
having a passage of small dimensions:similar to those 
of the Sunbury unit. Great care was exercised in the 
preparation of the disc-valve unit, the valve being 
lapped on to its seatings before each test, and the 
cleaned unit was in operation for a few seconds only 
before each diagram was recorded, the engine being 
fully warmed up before shutting down and fitting the 
disc-valve unit. When the inlet diagram was recorded, 
the minimum voltage (4 volts) required to produce 
sparking at the recording drum was employed instead 
of the standard 6 volts, and this reduced the scatter. 
For the low-pressure diagrams, the specially-con- 
structed large air piston and cylinder shown in Fig. 9, 
opposite, and visible in Fig. 1, were used with both 
methods to minimise frictional effects. 

The diagrams produced by the new method were 
checked by the points obtained by the normal Sunbury 
disc-valve method using the cathode-ray oscillograph, 
and no significant discrepancies were found. It should 
be noted that the small missing portions of the diagrams 
are those at which the Sunbury disc-valve unit does not 
give a clear indication and which therefore cannot be 
obtained satisfactorily by the point-by-point method. 
It is clear that there will usually be very little doubt 
as to the course of the diagram at such places. The 
pressure calibration lines shown on the diagrams were 
produced by a method similar to that which has some- 
times been used in the past with the normal Farnboro’ 
indicator. A suitable steady pressure measured by 
an accurate Bourdon-type gauge or liquid manometer 
is applied to the piston of the indicator in the normal 
manner, and as the drum rotates a succession of sparks 
is passed through the paper, producing a straight line 
across the diagram. This process is repeated at a 
suitable number of pressures covering the pressure 
range of the diagram. With the normal Farnboro’ 
indicator a simple buzzer is connectéd in place of the 
disc-valve unit to make and break the primary current 
of the sparking coil. In the B.I.C.E.R.A. system, by 
the operation of a switch on the thyratron control 
unit, a signal is taken from the 50-cycle mains and 
applied to the circuit in place of the signal from the 
disc valve. 

Accurate marking of the top dead-centre (T.D.C.) 
lines or other timing marks on the di is also 
essential, since small errors in this respect produce 
large errors in the derived torque curves and the values 
obtained for indicated horse-powers. On the Farn- 
boro’ indicator, provision is made for drawing across 
the drum a line which lies against the point of the spark 
electrode when the engine is turned to top dead-centre. 
Alternatively, the line may be sparked across the 
paper with the drum clutch engaged and the engine 
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Fig. 5. INLET-PRESSURE DIAGRAM 
PRODUCED BY B.I.C.E.R.A. INDICATING SYSTEM. 
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set at the required position. It is obvious that an 
interval of time must elapse between the moment of 
pressure balance at the disc valve, and the passage of 
the spark through the recording paper, so that a timing 
line obtained in the above manner cannot be strictly 
accurate in relation to the diagram. 

When the B.I.C.E.R.A. diagrams shown in Figs. 3, 
5 and 7 were recorded, the top dead-centre lines were 
sparked on while the engine was running, using a 
contact-breaker on the flywheel to pass a signal to the 
thyratron control unit precisely at the top dead-centre 
position of the engine. This made due allowance for 
the delay between the application of a sufficient 
voltage to the thyratron control unit and the passage 
of the spark. The line thus obtained coincided with 
that sparked with the engine at rest. Using this 
timing line, the diagrams were found to be in agreement 
with points obtained with the same disc-valve unit 
by the point-by-point method, the degree scale being 
set, in accordance with the latest recommendation, 
with the 90-deg. slot symmetrically disposed about the 
centre-line of the pole-piece of the degree marker 
pick-up. It was concluded that the method gave the 
same accuracy as the Sunbury point-by-point method, 
so that the object of the work had been achieved. 

In order to permit still more accurate determinations, 
and to cater for the indication of engines running at 
speeds higher than the 1,200 r.p.m. used, tests were 
made to measure the actual period of delay. The delay 
period between the application of a sufficient voltage 
to the grid of the thyratron and the passage of the 
spark was first measured by arranging a contact- 
breaker, driven by an electric motor, to apply an ample 
voltage from a battery to the thyratron control unit. 
The same signal was passed to a cathode-ray oscillo- 
graph, and on the trace produced was superimposed a 
signal obtained by induction from the sparks produced 
by the control unit. The interval between these 
signals was found to be 0-016 milliseconds, correspond- 
ing to 0-11 deg. of crank angle at 1,200 r.p.m. This 
accounted for the apparent coincidence of the top 
dead-centre lines obtained statically and by the 
contact-breaker on the flywheel. It is clear that, in 
addition to this delay, there must be some delay before 
the disc-valve unit produces sufficient voltage to 
operate the thyratron. To measure the total delay, 
the amplified output of the Sunbury balanced disc- 
valve unit was applied without integration to a cathode- 
ray oscillograph using a very large “spread” of the 
time-base. The output of the pick-up, which was 
mounted in an engine cylinder, was also applied in the 
normal way to the thyratron control unit ‘operating 
the Farnboro’ recording unit. A signal obtained by 
induction from the sparks of the Farnboro’ was super- 
imposed on the input from the pick-up to the oscillo- 
graph. The diagram thus produced showed the initial 
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Fig. 11. ARRANGEMENT OF STEM CONDENSER-TYPE 
DISC-VALVE UNIT. 
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Fig. 13. ARRANGEMENT OF SHORT CONDENSER-TYPE 
DISC-VALVE UNIT. 
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movement of the disc valve and then an almost vertical 
deflection of the spot due to the signal from the spark. 
The distance between the first perceptible rise of the 
disc-valve lift diagram away from its base, and the 
spark line, was taken as a measure of the total delay 
period. The normal degree scale obtained with the 
Sunbury time-sweep unit driven by the engine was 
used as a time-base. The measurement was made at 
various rates of pressure change (determined by drawing 
tangents to the corresponding sparked diagram), with 
the results shown in Fig. 10. 

At rates of pressure change above 50 lb. per square 
inch per millisecond, the total delay time may be 
taken as constant at 0-124 milliseconds, which corres- 
ponds to 0-89 deg. of crank angle at 1,200 r.p.m. This 
is represented by a horizontal distance of 0-017 in. in 
Fig. 3, equal approximately to the thickness of the 
fine compression line. On this diagram, the rate of 
change of pressure of 50 lb. per square inch per milli- 
second is reached at 160 lb. per square inch on the 
compression line and at 240 lb. per square inch on 
the expansion line. Between 50 lb. per square inch 
per millisecond and a pressure-change rate close to 
zero, the delay time rises from 0-124 to 0-21 milli- 
second, i.e., from 0-89 to 1-51 deg. of crank angle at 
1,200 r.p.m. In spite of this increase in the delay 
time, the error in the diagram in terms of pressure 
becomes progressively less as the slope of the diagram 
diminishes. Thus, on the cylinder-pressure diagram, 





Fig. 3, a rate of 1 lb. per square inch per millisecond 
occurs at the extreme left-hand side of the diagram ; 
and the time delay (0-2 millisecond) obtained with this 
rate, corresponding to 1-44 deg. or 0-028 in. on the 
horizontal scale of the diagram, produces a negligible 
error in the pressure, since this part of the diagram is 
almost horizontal. 

On the low-pressure diagrams, Figs. 5 and 7, the 
maximum rates of pressure change are of the order 
of 1 Ib. per square inch per millisecond, so that the 
time delay for all points is close to 0-2 millisecond, 
1-44 deg. at 1,200 r.p.m., which on these diagrams 
(in which the time-base represents 720 deg. of crank- 
shaft revolution) corresponds to a horizontal distance 
of 0-014 in., which is less than the thickness of the 
trace. From these findings, it appears that for some 
purposes it may be unnecessary to apply any correction. 
In most other cases it will be sufficient to apply a 
common correction to all points on the diagram by 
drawing a new T.D.C. line alongside the line sparked 
with the engine stationary at T.D.C. The distance 
between the two lines should correspond to a delay 
time judged from Fig. 10, having in mind the approxi- 
mate range of rates of change of pressure in the dia- 
gram recorded. Thus, if the T.D.C. line of Fig. 3 is 
moved to the right (since all the points on the diagram 
are recorded slightly late) by an amount corresponding 
to 0-124 saben, there will be no error in the portion 
of the diagram above 250 lb. per square inch. The 
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Fig. 14. APPLICATION OF STEM CONDENSER-TYPE 
DISC-VALVE UNIT. 
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error in the lower part of the diagram will be negligible 
for most purposes. In the case of low-pressure dia- 
grams such as Figs. 5 and 7, Sarnes of the T.D.C. 
lines by an amount corresponding to 0-2 millisecond 
will correct the whole diagram. When the very 
greatest possible accuracy is required, or speeds much 
higher than 1,200 r.p.m. are used, a sufficient number 
of corrected points may be marked alongside the 
sparked diagram, the correction appropriate to the 
rate of change of pressure being applied to each point. 

To justify such corrections it would be necessary to 
determine the top dead-centre position of the engine 
with comparable accuracy, and to ensure that relative 
rotational movement between the Farnboro’ drum 
and the engine crankshaft, due either to flexibility or 
back-lash in the clutch and the connections used, was 
correspondingly limited. For reference purposes, the 
combination of the Sunbury balanced disc-valve unit, 
the control unit, and the Farnboro’ indicator has been 
termed “ B.I.C.E.R.A. engine indicating system 1.” 

As this work approached completion, a paper* was 
published describing the development in the Depart- 
ment of Mechanical Engineering, University of Wit- 
watersrand, of a modified form of Farnboro’ indicator 
in which the free disc valve is replaced by a thin 
diaphragm. The moment of pressure balance is 
indicated by the breaking of contact between a central 
contact point and the diaphragm. The thin diaphragm 
is supported at the extreme positions of movement by 
backing plates, and the contact point is adjusted so 
that it just makes contact with the diaphragm when 
this is resting against the backing plate on the side 
to which the steady pressure is applied. 

To avoid pitting of the contact surfaces, a small 
current is used and the voltage changes produced by 
the action of the contact breaker are applied to the 
grid of a thyratron valve controlling the sparking coil. 
An indicator which embodies the same features has 
been developed by the Massachusetts Institute of 
Technology, and is manufactured by the American 
Instrument Company.t This modification overcomes 
the two main defects of the Farnboro’ indicator— 
pitting of the contact surfaces and fouling by carbon 
or lacquer—but introduces other serious difficulties. 
A description of the action of a balanced diaphragm 
unit, and indications of the sources of error, are given 
in an early report by Dickinson and Newell of the 
Bureau of Standards.t It is extremely difficult to 
arrange a thin clamped diaphragm so that it is truly 
flat. Even if the diaphragm surfaces are perfect 
planes before clamping, the process of clamping 
produces radial compression tending to make the 
diaphragm bulge, and in this manner a large biasing 
force may be produced. Even if the diaphragm is 
clamped initially so that it is flat and exerts no force 
on the backing plate, and at the same time the contact 

int is adjusted so that it makes contact with the 

iaphragm but exerts no force on it, it is unlikely that 
these conditions will be maintained when the unit is 
screwed into a cylinder head, and heated. It should 
be noted that the sparking of calibration lines across 
the pressure diagram, at a number of known applied 
















* “ An Improved Balanced Pressure Engine Indica- 
tor,” by C. J. Rallis. Jl. South African Institution of 
Engineers, October, 1948, page 35; and Mechanical 
World, January, 1949, page 7. 

+ Bulletin 2152. American Instrument Company, 
Incorporated, Silver Spring, Washington, D.C. 

t “A High-Speed Engine Pressure Indicator of the 
Balanced Diaphragm Type,” by H. C. Dickinson and 
F. B. Newell. National Advisory Committee for Aero- 
nautics Report No. 107. 
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pressures, merely calibrates the air piston springs and 
linkage system, whilst the operation of the contact 
breaker or its equivalent at the true moment of pressure 
balance is taken for granted in all such systems. The 
free disc of the Sunbury unit moves at the true moment 
of pressure balance because only the gas forces act 
on it. It is free of the objections to the original 
Farnboro’ unit and the diaphragm type modification. 

A further advantage of the use of a balanced disc 
valve, as opposed to a diaphragm, is that it makes 
possible the construction of a very small pick-up unit. 
A suitable disc valve can readily be housed in a pick-up 
having a stem of external diameter of } in. An even 
smaller size of stem appears practicable. Such units 
can be accommodated in cylinder heads in which no 
provision has been made or can be made for a pick-up 
of normal size. Even where an indicator passage is 
provided, an advantage is frequently gained, since 
such passages are often of sufficient length, particularly 
in high-speed engines, to produce large high-frequency 
pressure fluctuations by wave action. The methods 
previously adopted to overcome this" difficulty have 
left the result in considerable doubt. The new pick-up 
may be inserted into the indicator passage after this 
has been enlarged if necessary. Such passages are 
commonly of }-in. diameter, even in the smallest 
engines, and the removal of ¥g in. from the surrounding 
wall by drilling to } in. diameter is usually practicable. 
In this manner the total effective passage length 
can be reduced to } in. or less. This is of importance 
even though, as pointed out earlier, the balanced disc- 
valve unit cannot respond to the high-frequency 
pressure changes which occur under some conditions 
in the cylirder and other parts of the engine. The 
elimination of the passage eliminates the spurious 
scatter of points due to wave action in the passage. 
The stem of the unit may be made as long as necessary. 

In view of the difficulty of accommodating either a 
permanent magnet or an electromagnet of suitable 
size in the available space, the unit was arranged as a 
condenser, the capacity of which is changed by move- 
ment of the disc. The design is shown in Fig. 11. 
Fig. 12 shows the simple input circuit which feeds the 
thyratron control unit. The components of the input 
circuit are housed in a small fitting which connects 
the disc-valve unit to the cable leading to the thyratron 
control unit. The input circuit was fed by a 150-volt 
high-tension battery. A stabilised supply could 
readily be embodied in the thyratron control unit for 
this purpose. With this arrangement the delay periods 
for various rates of pressure change were measured 
by the method described for the indicating system 1, 
with results similar to those shown in Fig. 10 for the 
Sunbury disc-valve unit. The condenser-type pick-up 
was found to be somewhat less shock-sensitive and 
thus more suitable for use in cases where there is 
serious vibration, since this tends to produce spurious 
points in the diagram. In view of this, a short and 
more robust form of condenser-type balanced disc-valve 
unit was constructed for use in cases where the stem- 
type unit offers no advantage. The design is shown 
in Fig. 13. Fig. 14 shows a typical application of the 
stem-type unit, and Fig. 15 shows the two forms of 
condenser-type unit side by side, together with the 
small fitting containing the input circuit. 

For reference purposes the combination of either 

ign of condenser-type disc-valve unit, the input 
circuit, the control unit and the Farnboro’ recording 
unit, has been termed “ B.I.C.E.R.A. engine indicating 
system 2.” 

System 1 has been in use in the laboratory long enough 
to p vasa that it is reliable and does combine the accuracy 
of the Sunbury point-by-point method with the speed 
of the Farnboro’. System 2, which incorporates the 
condenser-type disc-valve unit, has been employed 
successfully for several applications, including one 
of the type shown in Fig. 14. The unit was discoloured 
by the heat but continued to operate satisfactorily. 
It is considered, however, that System 2 has not been 
fully tried. The condenser-type units may be used, 
without the input circuit shown in Fig. 12, with the 
Southern Instruments indicator in place of the con- 
denser-diaphragm-type unit normally employed with 
the equipment. Point-by-point readings have been 
taken in this manner with a stem-type unit, but the 
system, being of seconda:y interest, has not been 
developed to spark diagrams. A considerable saving 
of time can be expected by the use of the new equip- 
ment, especially for recording the low-pressure, inlet, 
cylinder, and exhaust diagrams | wg obtained 
by the point-by-point method. The new equipment 
will meet the requirements for certain types of work, 
but there is still much scope for further development. 

The thew indicators and pick-ups described in this 
report are protected by patents and patent applications 
owned by B.I.C.E.R.A. and by Standard Telephones 
and Cables, Limited, Aldwych, London, W.C.2. The 
thyratron control unit, and condenser-type disc-valve 
units, with connector incorporating the input circuit, 
are being manufactured by Standard Telephones and 
Cables, Limited. 
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Fic. 2. SuperstrucTtuRE LOWERED TO Pass UNDER BRIDGEs. 


DREDGER FOR THE THAMES 
CONSERVANCY. 


A DREDGER of somewhat unusual design, recently 
constructed by the Rowhedge Ironworks Company, 
Limited, of Rowhedge, near Colchester, to the order 
of the Thames Conservancy, is illustrated in Figs. 1 
and 2, herewith, Figs. 3 and 4 on the opposite page, 
and Figs. 5 to 8, on page 814. Fig. 1 shows the vessel 
in normal working order. The unusual feature, to be 
seen in Fig. 2, is that, as the dredger is intended for 
service on the upper Thames, where there are occasional 
low bridges to be passed, the superstructure supporting 
the top end of the bucket ladder can be lowered into 
the well, thus reducing the headroom required to only 
11 ft. above the water-line. 

The vessel has an overall] length of 70 ft. 6 in., a 
moulded breadth of 16 ft., a moulded depth of 5 ft., 
and a maximum draught of 3 ft. 6 in. in fresh water. 
The hull is ship-shaped at the forward end and is 
slightly shaped also at the after end, as can be seen 
from the plan reproduced in Fig. 4. It is of steel, with 
transverse framing, and is subdivided into a forepeak, 
machinery space, crew’s quarters, and buoyancy spaces 
on each side of the open-ended well. Riveting is used 
throughout the hull. The dredger can cut its own 
flotation, and can dredge to a maximum depth of 15 ft., 
with an output of 129 cubic yards per hour. The 
bucket ladder is constructed of two rolled-steel joists, 
with the lower ends slotted to carry split cast-iron 
bearings for the bottom tumbler shaft. The top end 
has heavy mild-steel bosses, bushed with gunmetal, 
to take the ladder hinge-pin. The bottom-end bear- 
ings, by adjustment of which the chain of buckets is 
maintained at the correct tension, are fitted with 
hardwood packing on each side of the bearings, the 
whole being secured by mild-steel keeps, held by 





stainless-steel studs and steel nuts. The rollers which 
support the bucket chain are of cast iron and flanged, 
and are mounted on mild-steel shafts carried in bearings 
bushed with gunmetal. The top and bottom tumblers 
are of cast steel, the top tumbler being square in section 
and the bottom tumbler hexagonal. Both have horn 
pieces cast on them to engage with the bucket chain, 
the corners of the working faces being fitted with renew- 
able wearing pieces of manganese steel. 

There are 21 buckets, each with a capacity of 2-9 cub. 
ft. when filled flush. They consist of a mild-steel cast- 
ing forming the back, to which is attached a body of 
mild-steel plate with a renewable lip of manganese 
steel. The body plates are drilled with holes to allow 
water to drain out as the bucket mounts the ladder. 
The buckets are designed to be interchangeable with 
those of an older dredger, to reduce the number of 
spares necessary. Buckets and links are fitted with 
manganese-steel pins, working in bushes which also 
are of manganese steel. On passing over the top 
tumbler, the buckets discharge into a hopper, formed 
in the superstructure, in which is a hinged plate to 
divert the spoil into one or the other of the two shoots, 
one on each side of the dredger. The diverting plate 
is operated by a hand lever. The shoots are con- 
structed with a hinge, at approximately mid-length, 
so that the discharge can be distributed to some extent 
across the hold of the barge which receives the spoil ; 
when the outer section of the shoot is raised, the spoil 
falls into the nearer side of the barge, and if it is lowered 
the discharge is directed to the far side. A general 
view of the bucket ladder is given in Fig. 5, on page 814 ; 
and Fig. 6, on the same page, looking down the ladder 
from the top of the superstructure, shows the gallows 
and chain hoist by means of which the bottom end 
of the ladder is raised or lowered. The chains are 
attached to cast-stee! eyeplates on the ladder. The 
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depth to which the buckets are working is shown on a 
scale marked along the deck at the side of the well, the 
intersection of the underside of the ladder girder with 
the deck edge indicating the depth on the scale. There 
is also a depth indicator on the control panel for the 
warping winches. The drive to the chain winch for 
raising and lowering the ladder is from an electric 
motor through a worm gear below the deck and a 
second worm gear on the shaft of the chain drum 

The bucket chain is driven by a four-cylinder marine- 
type Diesel engine supplied by Messrs. Russell, Newbery 
and Company, Limited ; it is their size EM4, developing 
53 b.h.p. at 800 rpm. The engine is cooled by 
fresh water in a closed circuit; a make-up supply of 
fresh water is carried in the forepeak. The drive to 
the bucket chain is through a 2:1 reducing gear and 
thence by belt and countershaft to a worm reduction 
gear on the top tumbler shaft (Fig. 7, page 814), 
which makes 10 revolutions a minute, corresponding to 
a _ of 20 buckets a minute. 

here are four electric warping winches, two for 

hauling ahead or astern and two for quartering; all 
are fitted below the deck, and are controlled from the 
cabinet to be seen beside the bucket ladder in Fig. 6, 
on page 814. The main engine can be controlled from 
the same cabinet. Each winch has a cast-iron chain 
drum, on which the chain is stowed, and is driven by a 
reversible electric motor through two sets of worm 
reduction gearirg. Their positions in the hull can be 
seen in the arrangement drawings, Figs. 3 and 4. 
The winches haul in and pay out at a speed of 10 ft. 
per minute. The after winch has a clutch to release 
the drum from the driving mechanism, so that the chain 
can be allowed to run out freely. 

The lowering of the superstructure is effected by the 
main engine, driving through a system of racks and 














pinions ; one of the racks can be seen in Fig. 8, on page 
814. To lower the structure into the well, the side 
shoots and other portable fittings are dismounted, 
and a belt is fitted on pulleys provided to connect the 
main drive to the pinion shaft. The superstructure 
cap then be lowered in about ten minutes. 

The electric current for the winches is supplied at 
220 volts by an 8}$-kW direct-current generator, driven 
by belt from the main engine. There is an electric 
starter for the main engine, this being operated from 
batteries in the engine room, which also feed the 24-volt 
lighting system. The electrical equipment was sup- 
plied by the Central Electrical Company (Colchester), 
Limited. The 200-gallon fuel tank for the main engine, 
which is fitted in the engine room, can be replenished 
by gravity from a 300-gallon tank mounted on the 
cabin casing. A Petter AV-type single-cylinder Diesel 
engine, developing 3 brake horse-power at 1,000 r.p.m. 
is directly coupled to a Megator pump, with a cupacity 
of 1,000 gallons an hour, for bilge and wash-deck ser- 
vices. The dredger is worked by a crew of three, who 
are accommodated in a cabin abaft the engine room, 
fitted with three bunks and a cooking range. 





Potato HARVESTER COMPETITION.—-Some further 
information has been received from the Royal Agri- 
cultural Society about their projected potato-harvester 
competition, due to be held during the next harvest in 
two parts of the country, namely, the West Midlands 
and Cambridgeshire. To be eligible for acceptance, 
entries must consist of a machine, or groups of machines, 
undertaking the full seyuence of operations from lifting 
the potatoes from the ridge to depositing them directly 
into bags or a bulk container on the machine or to a 
vehicle travelling with the outfit. The competition is 
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open to both British and foreign machines; of the 
25 entries finally accepted, four are foreign, two being 
from Sweden, one from Denmark and one from Holland. 
The British entries embrace almost all production 
machines and include an interesting selection of new 
and experimental entries; some of which have been 
developed in farm workshops. Several mechanisms for 
soil separation are included, but major interest will be 
in those devices designed to effect mechanical separation 
of stones from the crop. The trials will be of an 
extensive nature and, in addition to output per man hour, 
marks will be awarded on such aspects as crop damage, 
cleanness of sample, convenience of operation, accessi- 
bility and soundness of design and construction. 


INDEX OF TECHNICAL ARTICLES.—In collaboration with 
the Norwegian Industries Development Association, 
the Cleaver-Hume Press, Limited, 485, Oxford-street, 
London, W.1, are publishing an index, with brief sum- 
maries in English, of technical articles published through- 
out the world. The Cleaver-Hume Index covers 700 
technical journals, and will be issued monthly, in three 
sections; the annual subscription to each section is 
3 guineas. Section A will cover the mining, quarry- 
ing and extractive industries, metallurgy, foundries, 
materials handling, welding, workshop technology, heat 
and power, machine-tool manufacture, prime movers, 
and electrical technology. Section B deals with optics 
and photography, timber technology, paper technology, 
building, heating, ventilation and sanitation, trans- 
portation, shipbuilding, railways, roads, and air, packag- 
ing, and industrial organisation and patents. The 
chemical, food, paint, textile and plastic industries are 
covered in Section C. A Photostat copying service and 
technical-translation service are alse available. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


FueL Surveys.—Sir Patrick Dollan, chairman of 
the Scottish Fuel Efficiency Committee, has announced 
that the Scottish Fuel Advisory Council have now com- 
pleted 33 surveys of large plants in Scotland with 
mobile testing units, and that there have also been 21 
minor surveys. These visits have all resulted in the sav- 
ing of coal, in some cases by as much as 25 per cent. 

BALVICAR SLATE QUARRIES.—The slate quarries at 
Balvicar, Island of Seil, near Oban, which closed down 
two years ago, have been reopened to meet the rising 
demand for West Highland slates in housing schemes. 
The Balvicar quarries were the first to resume in Scot- 
land after the war, when the industry was reorganised 
by Scottish Slate Industries, Ltd., the merger company 
now controlling most of the Scottish slate quarries. 

WESTERN WHARF, DUNDEE HaArRBOuUR.—The Minister 
of Transport has authorised Dundee Harbour Trustees 
to carry out the reconstruction of the Western Wharf 
at a cost of 390,000/. Permission has been given for the 
work to begin on February 1. 





MacuINE-Toor, Factory FOR N.W. ScOTLAND.—A 
factory to make machine tools is to be established at 
Inverasdale, a crofting community on the shores of Loch 
Ewe, in Wester Ross, a non-development area. Mr. 
H. A. Rendel Govan, planning consultant for the main- 
land of Ross and Cromarty, welcomed the decision of 
the County Council to support the venture. The scheme, 
he said, would compete with the industries in the 
development areas, but it might be the begiuning of 
something much bigger. 

CARGO HANDLED aT GRANGEMOUTH.—Trade handled 
at Grangemouth Dock in 1951 has exceeded 3,250,000 
tons—the highest figure in 21 years—making the port 
second only to Glasgow among Scottish docks in volume 
of trade. Oil exports from the new Anglo-Iranian 
refinery at Grangemouth have helped to increase the 
total, but imports of timber, minerals, and general cargoes 
have all shown increases. 


NEw PLANT FoR CoTron Miiu.—Crofthead Mill, 
Neilston, is to be modernised by the English Sewing 
Cotton Company at a net cost of 300,0001., including 
136,4081. for machinery. Production is to be increased 
by about 50 per cent. The machinery is being provided 
by Platt Bros. & Co., Ltd., of Oldham, and includes 88 
new doubling machines with ancillary equipment. The 
total capacity of the new plant will be 31,768 spindles. 





EXTENSION TO RUNWAY AT PRESTWICK.—A proposal 
to extend the main runway at Prestwick Airport, and to 
divert the main Ayr-Kilmarnock-Glasgow road bordering 
the present runway by means of a tunnel under the 
runway extension, was accepted on December 21 by Ayr 
County Council. The main runway was recently 
extended by some 300 ft., giving a distance of som 
7,000 ft. for aircraft landing and taking off. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


OUTLOOK IN IRON AND STEEL INDUSTRY.—Obstacles 
to transactions in North of England iron and steel 
products are increasingly difficult to overcome and the 
volume of business passing is extremely light. Outputs 
are interrupted by shortages of iron and steel scrap and 
other requisite commodities. Most of the output of 
the Tees-side blast-furnaces is moving into prompt 
use at the melting shops and very little Middlesbrough- 
made pig iron is available for other purposes. Among 
the few recent welcome developments in a generally 
unsatisfactory situation, however, is the fact that the 
mild weather has facilitated finished-steel clearances. 
There is an absence of complaints of rail transport delays, 
which are usually prevalent at this season of the year. 





SHIPBUILDING ON THE TEKS.—The Furness Ship- 
building Co., Ltd., have sufficient orders on their books 
to keep their shipbuilding yard at Haverton Hill-on-Tees 
fully occupied for the next seven years. They have 
recently booked an order for five additional tankers, 
the largest of which is a steamer of 32,000 tons deadweight 
capacity. Her propelling machinery will consist of 
double-reduction geared turbines. The second vessel 
is another turbine steamer and will have a deadweight 
capacity of 24,750 tons. The third turbine-driven tanker 
is also of 24,750 tons, while the fourth and fifth vessels 
will be oil-tank motorships of 16,300 tons deadweight 
capacity. It is announced that the Furness Company 
have, at present, 40 tankers on their books and in various 
stages of construction. 





OVERHAUL OF H.M.S. Mauririus.—The Fiji class 
cruiser H.M.S. Mauritius, of 8,000 tons, is to dock in the 
Tyne towards the end of January for an overhaul and 
refit. She was built by Swan, Hunter, and Wigham 
Richardson, Ltd., Wallsend, and was completed in 
December, 1940. Last June she was despatched to 
Abadan and was responsible for bringing away some 
300 British members of the staff of the Anglo-Iranian 
Oil Company and their families. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


HIGHER COsTs IN THE STEEL INDUsTRY.—Higher rail- 
way freights and dearer fuel will affect Sheffield steel 
seriously in the New Year. Last year, the steel industry 
of Sheffield and district used 2,718,800 tons of material, 
other than fuel, to make 2,218,300 tons of steel. Some 
of the material used was scrap arising in Sheffield works, 
but a large proportion had to be brought in by rail. 
In addition, the Sheffield steel trades used 1,270,000 
tons of coal, the price of which is expected to rise between 
ls. and 3s. 6d. per ton, following the extra freight 
charges. Metallurgical coke to the extent of 228,000 
tons was used last year and this will be much dearer in 
the New Year. 





SCIENCE GRADUATES FOR INDuUsSTRY.—The annual 
report of Sheffield University states that openings in 
industry and commerce continue to increase in number, 
but the competition for them remains very strong. 
There is some reluctance on the part of candidates to 
consider openings overseas, especially in the Middle and 
Far East. The demand for the services of graduates 
in science, engineering and other branches of technology 
has been steadily maintained, particularly in chemistry 
and mechanical engineering. The number of honours 
graduates in science who become teachers is stated to 
be very small, as posts in industry are more attractive. 





ANXIETY REGARDING STEEL Suppiies.—Mr. E. 
Ransom Harrison, chairman of Walter Spencer & Co., 
Ltd., steelmakers, Sheffield, stated at the firm’s annual 
meeting that nationalisation of steel, so far as it has 
gone, was seriously affecting the supply of blooms and 
billets for the press and forging shops, and the directors 
were very anxious as to future supplies. 





WIRE Rop SwHoRTAGE.—The 350 employees of the 
ropery department of British Ropes, Ltd., at Doncaster, 
have been laid off for ten days at Christmas because 
of a shortage of wire rods. Some other personnel in 
the wire mill were also affected. The firm have made a 
mass registration of affected employees with the employ- 
ment exchange. 





MINING RECRUITS.—Young men are turning more to 
coal mining for employment in the East Midlands 
Division of the Coal Board, and manpower in the division 
increased by 1,750 during 50 weeks of 1951, according to 
Mr. F. Bingham, the divisional chairman. Recruitment 
included over 2,000 under the age of 18. 





CoaL HAULAGE By Roap.—A big scheme for the 
haulage of coal by road, to offset the shortage of railway 
wagons at colliery screens, is in operation. Long-distance 
haulage of coal by road from the Yorkshire coalfield has 
been increased from 90,000 tons to 130,000 tons a week. 
Coal from South Yorkshire pits has been sent by road 
as far as Gloucester and across the Pennines to Lancashire. 

REASONS FOR WAGON SHORTAGE.—Mr. Duncan Bailey, 
the chairman of Charles Roberts & Co., Ltd., builders of 
railway wagons, has stated that the large scrapping 
policy under nationalisation resulted in probably some 
200,000 of the older railway wagons being scrapped. 
So long as they could be replaced with new 16-ton steel 
wagons, that was a sound policy; but, for various reasons, 
the supply of new wagons had not kept pace with the 
scrapping policy, even though a modern 16-ton wagon 
will do the work of at least two of the old wagons. Under 
private enterprise there were some 100,000 wagons 
known as “‘ the buffer fleet ’’ which, as trade fluctuated, 
were brought into service or laid up. There must always 
be a certain number of wagons in reserve to meet peak 
loads. Only after months of delay had the idea been 
adopted of upgrading the 14-tonner to 16 tons load. 


THE MIDLANDS. 


MIDLAND INDUSTRY IN 1951.—The year now ending 
has been a difficult one for Midland industry. At the 
beginning of the year it appeared that the major 
problems were to be shortages of materials and labour, 
and this has proved to be the case. Shortage of labour 
has been acute throughout the West Midlands, and at 
the time of writing there are about 50,000 vacancies 
on the books of local employment exchanges. There 





have been many suggestions during the past twelve 
months for improving matters in this direction. The 
relatively small number of unemployed in the area is 
not nearly sufficient to meet current needs, even sup- 
posing that all those not in employment were suitabl 
for the vacancies. Some foreigners and displaced 
persons have moved into the Midlands, but the numbers 
have been too smal] to have any great effect. Transfe: 
on a larger scale has proved impossible because of th 
shortage of housing. Another possible source of labou: 
which is being put forward at the present time is in 
industries which have concealed unemployment. It is 
a fact that some firms, suffering from shortage of raw 
materials, have been reluctant to discharge employees 
because they fear that, should the materials position 
improve, they would not be able to get them back. 





CANAL TRANSPORT.—The efforts of the Docks and 
Inland Waterways Executive to improve canal trans- 
port facilities ta and from the Midlands have been 
hampered to some extent by a shortage of the kind of 
labour peculiar to canal work. For many years, men 
have tended to leave the canals and take employment 
where they could remain in one spot. A new departure 
by the City of Birmingham Education Committee may 
help to solve the problem: they have opened a hostel 
at Erdington, Birmingham, for the children of boatmen 
operating over long distances. 

ELEcTRIcIry SuppLies.—Mr. H. J. Gibson, chief 
commercial officer of the Midlands Electricity Board, 
has pointed out that no power cuts had been made in 
the Board’s area of supply since October 1. He is 
optimistic that, if present economies are maintained, 
here may be no need for serious power cuts this winter 
—the first time for five years. 

GASWORKS EXTENSIONS.—The second annual report 
of the West Midlands Gas Board states that proposed 
extensions to plant in the Midlands area would involve 
the consumption of an extra million tons of coal a year. 
The developments include the provision of new plant 
at Wolverhampton and Bilston. Extensions to existing 
undertakings are proceeding at Walsall and Swan 
Village (West Bromwich); when finished, they will 
enable the Board to close the gasworks at Oldbury, 
West Bromwich, Lichfield and Tamworth. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


TRAFFIC AT SOUTH WALES Ports.—Trade passing 
through the South Wales ports in the first eleven months 
of this year showed an increase of more than 1,672,000 
tons over the corresponding period of last year. This was 
in spite of a decline from 4,479,973 tons to 2,757,673 tons 
in exports of coal to foreign destinations. Almost half 
of the total trade of 18,835,177 tons was handled at 
Swansea, where a feature has been the substantial 
growth of the oil trade. 

DEVELOPMENT PLAN FOR COUNTY OF GLAMORGAN.— 
A development plan for the central area of Glamorgan, 
covering the next 20 years, which was approved by the 
County Planning Committee at Cardiff on December 18, 
estimates the amount of building and engineering work 
to be undertaken by central and local government 
authorities and other sources at approximately 
100,000,000. A list (possibly incomplete) of proposed 
works by Government departments during the first 
five years of that period forecasts an expenditure of 
12,655,0001., including 8,000,0001. for a new coast power 
station for the British Electricity Authority, 2,000,0001. 
for National Coal Board developments in the area. 
1,000,0001. for extensions to the Port Talbot works of 
the Steel Company of Wales, and schemes for 35 new 
roads and road improvements, to cost about 6,000,000/. 
The central area extends from Llanharan, 30 miles west 
to the boundaries of Swansea, and it is likely to become 
the busiest part of the county in the future. The develop- 
ment of new industries in the area should attract over 
41,000 people by 1971, according to the county surveyor 
and planning officer, Mr. E. John Powell. 

Recorp OvutrutT AT EBBw VALE.—The strip mill at 
Ebbw Vale achieved a record output of more than 
16,000 tons in a 17-shift week which ended on Decem- 
ber 15. The previous record, set up a year ago, was 
just below 15,000 tons. 





UNDERGROUND TELEPHONY IN SOUTH WALES COAL- 
FIELD.—As a result of recent developments, it is now 
possible for an administrator in the Cardiff office of the 
South Western Divisional Coal Board to speak by 
telephone to an official underground at any colliery in 
the South Wales coalfield. The new service was inau- 
gurated on December 19 by the chairman of the Divisional 
Board, Mr. G. E. Aeron-Thomas, who spoke from Cardiff 
to Mr. Ivor Davies, under-manager of the Lady Windsor 
Colliery, near Pontypridd, who was a quarter of a mile 
below ground. 
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NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—South Wales 
Branch: Tuesday, January 1, 7.15 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. Film on 
‘* Hard Surfacing with Stellite.” Southampton Branch : 
Wednesday, January 2, 7.30 p.m., Polygon Hotel, South- 
ampton. Discussion on ‘“ The Factories Act.” Peter- 
borough Branch: Thursday, January 3, 7.30 p.m., 
Offices of the Eastern Gas Board, Church-street, Peter- 
borough. ‘“‘ Power Distribution,” by Mr. G. J. Richard- 
son. Edinburgh Branch: Tuesday, January 8, 7 p.m., 
25, Charlotte-square, Edinburgh. “ Organisation of 
Scientific Research in Great Britain,” by Dr. H. Buckley. 
East Lancashire Branch: Tuesday, January 8, 7.15 p.m., 
Engineers’ Club, Manchester. ‘‘ Secondary Air and Its 
Application,” by Mr. H. Hetherington. Hast Midlands 
Branch: Wednesday; January 9, 7 p.m., Welbeck 
Hotel, Nottingham. “ Building a Passenger Liner,” 
by Mr. J. Melville. Kent Branch : Thursday, January 10, 
7 p.m., Queen’s Head Hotel, Maidstone. ‘“‘ Automatic 
Combustion Control as Applicable to Industrial-Type 
Boilers,” by Mr. S. J. Clifton. 

INSTITUTION OF PRODUCTION ENGINEERS.—Reading 
Section: Tuesday, January 1, 7.15 p.m., Great: Western 
Hotel, Reading. ‘“‘ Industrial Design and the Engineer,” 
by Mr. K. L. Brookfield. Wolverhampton Section: 
Wednesday, January 2, 6.30 p.m., Star and Garter 
Hotel, Wolverhampton. Film on “‘ Polished Plate Glass 
and ‘ Armourplate ’ Glass.” Nottingham Section : Wed- 
nesday, January 2, 7 p.m., Victoria Station Hotel, 
Nottingham. ‘The Importance of Costing to the 
Production Engineer,” by Mr. L. W. Robson. London 
Section: Thursday, January 3, 7 p.m., Old Ship Hotel, 
Brighton. “Improvements and Their Hindrances,” 
by Mr. C. R. Whitaker. Halifax Section: Monday, 
January 7, 7.15 p.m., George Hotel, Huddersfield. 
“* Steam Turbine Manufacture,” by Mr. A. C. Annis. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—East Midlands Branch : Wednesday, January 2, 
6.30 p.m., Victoria Station Hotel, Nottingham. “ Special 
Applications of Air Conditioning,” by Dr. B. Edgington. 
North-East Coast Branch : Tuesday, January 8, 6.30 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“* School Heating,’”’ by Dr. J. C. Weston. Institution : 
Wednesday, January 9, 6 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“Fibrous Filters for Fine-Particle Filtration,” by Dr. 
D. J. Thomas. 


INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section: Wednesday, January 2, 6.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘* The Develop- 
ment of the Mechanical Principles of Punched-Card 
Accounting Machines,’”’ by Mr. P. W. Murphy. Jnstitu- 
tion: Friday, January 4, 5.30 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. “Considerations on Bogie 
Design, with Particular Reference to Electric Railways,” 
by Mr. W. S. Graff-Baker. North-Eastern Branch: 
Monday, January 7, 6 p.m., Neville Hall, Westgate-road, 
Newcastle-upon-Tyne. Annual Meeting. ‘‘ The Mea- 
surement and Interpretation of Machinery Noise, with 
Special Reference to Oil Engines,’”” by Mr. C. H. Brad- 
bury. South Wales Branch: Tuesday, January 8, 
6 p.m., South Wales Institute of Engineers, Park-place, 
Cardiff. Thomas Hawksley Lecture on ‘‘Some Fuel 
and Power Projects,” by Dr. H. Roxbee Cox. Scottish 
Branch: Thursday, January 10, 7.30 p.m., Royal 
Technical College. Glasgow. ‘‘ Steel Castings and the 
Engineer,” by Mr. J. F. B. Jackson. AUTOMOBILE 
DIvIsiIon.—Birmingham Centre: Tuesday, January 1, 
7.15 p.m., Craven Arms Hotel, Coventry. ‘“ Shock 
Absorbers,” by Mr. J. W. Kinchin and Mr. C. R. Stock. 
Western Centre: Thursday, January 3, 6.45 p.m., 
Royal Hotel, Bristol. Informal Discussion. 

JUNIOR INSTITUTION OF ENGINEERS.— Midland Section: 
Wednesday, January 2, 7 p.m., James Watt Memorial 
Institute, Birmingham. ‘“‘ The Manufacture of Coins,” 
by Mr. G. H. Thompson. Institution: Friday, 
January 4, 6.30 p.m., 39, Victoria-street, S.W.1. Film 
on “ Rocket Flight,’ introduced by Mr. S. G. Clark. 
North-Western Section: Monday, January 7, 7.30 p.m., 
16, St. Mary’s Parsonage, Manchester. Chairman’s 
Address, by Mr. A. Eaton. 

INSTITUTION OF ENGINEERING INSPECTION.—Birming- 
ham Branch : Wednesday, January 2, 7.30 p.m., Chamber 
of Commerce, 95, New-street, Birmingham. ‘‘ Petroleum 
Products,” by Mr. K. H. Holman. Jnstitution: Thurs- 
day, January 3, 6 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. ‘“‘ Quantity Production of Geared 
Instruments for Time and Linear Measurements,” by 
Mr. T. G. Mercer. 

. INSTITUTE OF METAIs.—Thursday, January 3, 2.30 
p.m., The University, Birmingham. Discussion on 
“Tool and Die Materials for the Hot-Working of Non- 
Ferrous Metals and Alloys.” London Local Section: 





Thursday, January 3, 7 p.m., 4, Grosvenor-gardens, 
Westminster, S.W.1. ‘‘ Research on the Working of 
Metals,” by Mr. W. C. F. Hessenberg. 

LEEDS METALLURGICAL SocreTy.—Thursday, January 
3, 7 p.m., The University, Leeds. “‘ The Platinum Metals : 
Their Properties and Uses,’”’ by Dr. J. C. Chaston. 

INSTITUTION OF WORKS MANAGERS.—T'ees-side 
Branch: Thursday, January 3, 7.30 p.m., Vane Arms 
Hotel, Stockton. ‘‘ The Profession of Management,” 
by Mr. A. M. Hudson Davies. Merseyside Branch: 
Tuesday, January 8, 6.30 p.m., Adelphi Hotel, Liverpool. 
** Management Practice in the United States,’’ by Mr. E. 
Packer. Birmingham Branch: Tuesday, January 8, 
7 p.m., Grand Hotel, Birmingham. ‘“ Production 
Economy,” by Mr. T. A. Yapp. 

ILLUMINATING ENGINEERING Society.—Birmingham 
Centre: Friday, January 4, 6 p.m., Imperial Hotel, 
Birmingham. Joint Meeting with InsTITUTE OF ROAD 
TRANSPORT ENGINEERS. ‘‘ Modern Transport Lighting,”’ 
by Mr. W. E. J. Drake. Bath and Bristol Centre: 
Friday, January 4, 7 p.m., Offices of the South Western 
Electricity Board, Old Bridge, Bath. ‘‘ Neon Lighting,” 
by Mr. C. Higgins. London: Tuesday, January 8, 
6 p.m., Royal Society of Arts, John Adam-street, W.C.2. 
** Lenses for Lighthouses,” by Mr. W. M. Hampton. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, January 7, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘ Protection of Elec- 
trical Power Systems: A Critical Review of Present-Day 
Practice and Recent Progress,’”’ by Mr. H. Leyburn and 
Mr. C. H. W. Lackey. Mersey and North Wales Centre: 
Monday, January 7, 6.30 p.m., Royal Institution, 
Colquitt-street, Liverpool. ‘‘ Modern Developments in 
Electric Welding,’ by Dr. H. G. Taylor. Measurements 
and Radio Sections: Tuesday, January 8, 5.30 p.m., 
Savoy-place, Victoria-embankment, W.C.2. (i) “ Two 
Electronic Resistance or Conductance Meters,” by Dr. 
L. B. Turner. (ii) “‘ A Bridge for the Measurement of 
the Dielectric Constants of Gases,” by Mr. W. F. Lovering 
and Mr. L. Wiltshire. North-Western Centre: Tuesday, 
January 8, 6.15 p.m., Engineers’ Club, Manchester. 
** Blectricity in Newspaper Printing,” by Mr. A. T. 
Robertson. North Midland Centre: Tuesday, January 8, 
6.30 p.m., Hotel Metropole, Leeds. (i) “‘ Crystal Diodes,” 
by Mr. R. W. Douglas and Dr. E. G. James. (ii) “* Crystal 
Triodes,”’ by Mr. T. R. Scott. Southern Centre : Wednes- 
day, January 9, 6.30 p.m., Polygon Hotel, Southampton. 
*“‘ Domestic Electrical Installations: Some Safety 
Aspects,” by Mr. H. W. Swann. Scottish Centre: Wed- 
nesday, January 9, 7 p.m., Heriot-Watt College, Edin- 
burgh. ‘ Transient Theory of Synchronous Generators 
Connected to Power Stations,’’ by Mr. B. Adkins. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch: Monday, January 7, 7.30 p.m., College of 
Technology, Pond-street, Sheffield. ‘‘ Synthetic Resins 
as Foundry Sand Binders,”’ by Mr. P. G. Pentz. Burnley 
Section: Tuesday, January 8, 7.30 p.m., Grammar 
School, Blackburn-road, Accrington. ** Phosphor 
Bronze,” by Mr. E. Jackson. Lincolnshire Branch: 
Thursday, January 10, 7.15 p.m., Technical College, 
Lincoln. “ Production of Turbine Castings,’’ by Mr. N. 
Charlton. Middlesbrough Branch: Friday, January 11, 
7.30 p.m., at Messrs. Head, Wrightson and Co., Ltd., 
Teesdale Iron Works, Thornaby-on-Tees. ‘‘ Process 
Planning in the Steel Foundry Industry,” by Mr. S. L. 
Finch. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
January 8, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘“‘ Froth Flotation Kinetics,” 
by Mr. William Gibb. 

INSTITUTE OF PETROLEUM.—Wednesday, January 9, 
5.30 p.m., Manson House, 26, Portland-place, W.1. 
“Some Aspects of Field Operations in Kuwait,” by 
Mr. E. Boaden and Mr. E. C. Masterson. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—North- 
Eastern Section: Wednesday, January 9, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. “ Test Gear 
Design,” by Mr. A. W. Wray. London Section: Wednes- 
day, January 9, 6.30 p.m., London School of Hygiene 
and Tropical Medicine, Keppel-street, W.C.1. “‘ Crystal 
Triodes,” by Dr. E. G. James and Mr. G. M, Wells. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch: Wednesday, January 9, 6.30 p.m., 
Cleveland Scientific and Technical Institution, Corpora- 
tion-road, Middlesbrough. ‘‘ Reconstruction of Houdon- 
on-Tyne Gas Works,” by Mr. W. R. Garrett. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Zast 
Midlands Centre: Wednesday, January 9, 7.30 p.m., 
Mechanics Institute, Nottingham. ‘“ Use of Aluminium 
for Road-Vehicle Bodies,’’ by Mr. R. Esmonde. 


INSTITUTE OF FUEL.—North-Western Section : Thurs- 
day, January 10, 2.30 p.m., Radiant House, Bold-street, 
Liverpool. ‘‘ Progress in Domestic Heating Research,” 
by Dr. A. C. Monkhouse. 

INSTITUTION OF CIVIL ENGINEERS.— Midlands Associa- 
tion: Thursday, January 10, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘“‘ Sewage Purifica- 
tion,” by Mr. David M. Watson. 





PERSONAL. 


Mr. KENNETH GORDON, C.B.E., M.C., has been 
appointed to the board of Head Wrightson Processes 
Ltd., Teesdale House, 24-26, Baltic-street, London, 
E.C.1, as deputy managing director. 

Mr. T. H. SUMMERSON, chairman and joint managing 
director of Thomas Summerson & Sons Ltd., Albert 
Hill Foundry, Darlington, Co. Durham, has been elected 
chairman of the British Steel Founders’ Association. 

The directors of BABCOCK AND WILcox LTtp., Babcock 
House, Farringdon-street, London, E.C.4, announce that. 
Mr. H. B. CLARK has asked to be released from the 
position of secretary as from December 31. He is taking 
up special duties with the company. Mr. L. W. CoLe 
has been appointed secretary to succeed Mr. Clark. 

Mr. J. K. Gricurist, B.Sc. (Glas.), A.R.T.C., A.I.M., 
has relinquished his position on the research department 
staff of Babcock and Wilcox Ltd., to take up an appoint- 
ment as lecturer in metallurgy and chemistry at Paisley 
Technical College. 


Me. G. J. SrepMAN, B.Sc. (Eng.) (Lond.), A.M.I.E.E., 
A.M.1.Mech.E., has been appointed generation engineer, 
City of Bulawayo Electricity Department, Southern 
Rhodesia. 

Mr. DPD. J. Hopiey has been appointed managing 
director of Oldham and Son (India) Ltd., associate 
company of Oldham and Son Ltd., manufacturers of 
storage batteries, Denton, Manchester. He succeeds 
Mr. EpGaR OLpHAM, who is returning to England to 
continue his work as chief technical officer, overseas 
control division of the parent company. . 

Compr. (E) Samuet Dickinson, O.B.E., R.N. 
M.I.Mech.E., has been appointed head of the Department 
of Engineering at the College of Arts, Science and Tech- 
nology, Ibadan, Nigeria. 

Mr. Eric A. SEAL, C.B., formerly Deputy Under- 
Secretary of State, Foreign Office (German Section), 
has been appointed Deputy Secretary, Ministry of 
Works, in succession to Sm NICOLAS DE VILLIERs, 
K.B.E., who has been appointed Deputy Secretary, 
Ministry of National Insurance. 

BE. K. Cote Lrp., Southend-on-Sea, Essex, announce 
that three executives, namely, Mr. F. 8. ALLEN, M.I.P.E., 
general works manager, radio division; Mr. JOHN 
CORBISHLEY, chief accountant ; and Mr. A. W. MarRTIN, 
M.B.E., Assoc.I.E.E., chief engineer, have been elected 
directors of the company. Mr. G. W. GopFREy, general 
sales manager, radio division; Mr. Davip RADFORD, 
general manager, Ekco plastics division, and Mr. W. M. 
Yor, in charge of publicity, have been appointed 
executive directors. 

Mr. P. D. Douttron, M.I.Mech.E., has been elected a 
member of the Executive Committee of the Council of 
British Manufacturers of Petroleum Equipment. 

Mr. W. H. Piatt, assistant sales manager (wrought 
products), The British Aluminium Co., Ltd., Norfolk 
House, St. James’s square, London, 8.W.1, is retiring on 
December 31 after 41 years of service in the sales division 
of the company. Mr. C. F. BATSTONE will combine the 
functions of principal assistant sales manager with those 
previously carried out by Mr. Platt. 

Mr. Ropert SHEARER, A.M.I.Mech.E., has been 
appointed mechanical engineer to the Clyde Navigation 
Trust, Glasgow. 

The Council of the Institution of Civil Engineers 
have awarded the 1951-52 Radley Post-Graduate Student- 
ship of 3501. to Mr. J. D. GEDDES, a student member of 
the Institution, to enable him to undertake research in 
connection with the bearing capacity of driven piles, at 
King’s College, The University of Durham. 

Mr. C. L. Cooxes has been appointed area representa- 
tive, in the Midlands and South Wales, of E. Boydell 
& Co., Ltd., Old Trafford, Manchester, 16, manufacturers 
of Muir-Hill equipment. Mr. Cookes will operate from 
the firm’s Midlands service depot, New Wolverhampton- 
road, Langley, Birmingham. 

The London sales office and warehouse of the rubber 
and plastic cables division of STANDARD TELEPHONES AND 
CaBLes Ltp., Connaught House, Aldwych, W.C.2, 
has now been transferred to new premises at 48, North 
Row, Mayfair, W.1. (Telephone: MAYfair 4392.) 


Bruce PEEBLES AND Co., Lrp., Edinburgh, 5, have 
removed their Manchester office to 26, Corporation- 
street, Manchester, 4. (Telephone: Deansgate 7106.) 
As heretofore, the manager is Mr. H. V. BALM. 

Tue InsTITUTE OF PACKAGING has vacated its office 
at 55-61, Moorgate, London, E.C.2, and moved to new 
quarters at 20-21, Took’s Court, Cursitor-street, London, 
E.C.4. (Telephone: CHAncery 8484.) 

R. H. Wrypsor, Lrp., Royal London. House, 16, 
Finsbury-square, London. E.C.2, and F. J. SToKEs 
MAcHINE Co., Philadelphia, Pennsylvania, U.S.A., 
have signed’ an agreement whereby the latter firm will 
have the exclusive rights to handle, in the United States, 
Windsor extrusion machines for thermoplastic 
materials, 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
* ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP te Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 
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Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
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“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
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For the United Kingdom and all 

places abroad, with the exception 

of 
For Canada £ 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
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or under, and 2s. 6d. per line up to one inch. The 
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measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
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counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 
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Classified advertisements intended for insertion in 
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than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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RADIO RESEARCH. 


THE report of the Radio Research Board for the 
year 1949 was published seven months ago; it 
was reviewed on page 662 of our 17lst volume. 
The corresponding report for 1950* appeared last 
week and, as before, is accompanied by a detailed 
account by the Director (Dr. R. L. Smith-Rose) of 
the work that is being done by this body. Although 
it is not so late in relation to its period as was its 
predecessor, the public may still wonder whether 
so great a delay is unavoidable, and to what extent 
it detracts from the value of the document. Appar- 
ently, the time-lag is wholly due to the publishers. 

One essential for the successful conduct of research 
is somewhere to do the work. It is not surprising, 
therefore, that the first paragraph of the Report 
should point out that the fulfilment of the Board’s 
general plan of development still depended largely 
upon the provision of permanent laboratory and 
ancillary accommodation in a building which would 
become the centre of a Radio Research organisation. 
As it was, much of the year’s work had to be carried 
out in the Radio Division of the National Physical 
Laboratory, which includes the Radio Research 
Station at Slough. In addition, some investigations 
were made at the Telecommunications Research 
Establishment at Malvern and at University College, 
Swansea. Such arrangements being far from ideal, 
negotiations were begun with a view to establishing 
the station permanently at Ditton Park, in the 
grounds of the Admiralty Compass Observatory. 


But, as is somewhat pathetically remarked, there |. 


are many factors to be taken into account in dealing 
with such matters, and many authorities, public 
and private, to be consulted before there is any 
assurance that the erection of suitable laboratory 





* Radio Research, 1950. London: H.M. Stationery 





Office. [Price 1s. 9d, net.] 





buildings will proceed. Festina lente may be good 
advice on occasion, but a thesis might be written 
on the extent to which it can be applied economic- 
ally. Pending a decision on the question, it has 
been necessary to extend the present accommoda- 
tion at Slough, and to perform some of the work at 
outlying stations, including one in the Falkland 
Islands and another at Singapore. 

As in former years, a major portion of the work 
of the Board’s staff was the study of radio-wave 
propagation, though investigations were also carried 
out on radio noise of various types, on the develop- 
ment of special measuring equipment, and on the 
properties of certain materials. Research on the 
properties of the ionosphere were in progress at 
Slough and at Fraserburgh, as well as at the more 
remote stations just mentioned, the whole forming 
part of an international network. Routine measure- 
ments were made of the height of reflections as a 
function of the frequency, and of the absorption 
occurring at vertical incidence in the ionosphere. 
Absorption observations at oblique incidence were 
also made. The data thus obtained were used to 
prepare regular forecasts of the ionospheric and 
radio transmission conditions. These forecasts were 
checked against operational data obtained from 
commercial and other services and against the 
continuous recordings of field strength received 
from distant high-frequency transmitters. Supple- 
mentary measurements were made of the direction 
of arrival of the various ionospheric rays from 
selected transmitters. The object of these studies 
was to establish the factors limiting the accuracy of 
direction finders at high frequencies. They are 
likely to be of considerable practical value when 
sufficient data have been accumulated. 

In addition, the properties of the ionosphere at 
low frequencies were examined. For this purpose, 
equipment designed for the measurement of the 
phase and amplitude of the ionospheric wave relative 
to the ground wave was used to study short- 
distance propagation at 16 kilocycles and 70-8 
kilocycles per second. Although a completely 
satisfactory method of adjusting the orientation of 
the loop aerial intended to receive the horizontally- 
polarised component of the ionospheric wave has 
not yet been found, the use of a method developed 
by the Cavendish Laboratory, for checking the 
accuracy of orientation from examination of the 
phase and amplitude records, proved reasonably 
satisfactory. Records were thus obtained of the 
variation with time of the phase difference between 
the ionospheric wave and the ground wave, and 
some interesting results were obtained with a Decca 
Navigation transmitter operating at 70-8 kilocycles. 

Bound up with the study of propagation by way 
of the ionosphere is the level of noise due to atmo- 
spherics. A section of the report is therefore devoted 
to this subject. In this it is recorded that measure- 
ments of the interference caused by atmospheric 
noise at frequencies between 2-5 and 20 mega- 
cycles per second were continued at a number of 
widely separated stations and that a bulletin 
summarising the results was regularly issued. 
Efforts in this field were mainly directed towards 
extending the scope and improving the reliability 
of the measurements by installing pre-amplifier 
units associated with the receiving aerials. The 
measured noise data was compared with values 
derived from commonly used -forecasts of noise 
levels. The interesting comment is made that, in 
the preparation of these forecasts, too much weight 
seems to have been attached to the main thunder- 
storm centres of the world and too little to the 
smaller, but more local, centres ; though the effects 
do not justify any major revision of the forecasts. 

It is known that the shape of the impulse consti- 
tuting an atmospheric depends on the distance of 
the observing point from the originating lightning 
flash. The study of the wave forms of atmospherics 
was therefore renewed to investigate this depen- 
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dence, and thus to discover whether it provided a 
practical means of determining the distances of the 
sources. To do this equipment was built to give 
photographic records of the wave forms, that is, 
the variation of the electric field at the aerial as 
a function of time. This equipment, which is 
particularly suitable for the routine observation of 
types of atmospherics and their frequency of 
occurrence, consisted essentially of two cathode-ray 
tube displays. The whole of the wave form can be 
photographed on one of these displays, and the 
first portion on the other, with an extended time 
scale. The linear time bases are triggered by the 
received atmospheric and time-base durations 
ranging from 1 to 35 milliseconds may be used. 
Each atmospheric also causes the film to be ad- 
vanced one frame so that the equipment is ready 
to record the succeeding values. Such investiga- 
tions are of interest to the meteorologist. The 
variation with frequency of the intensity of atmo- 
spherics from storms of known location were also 
studied and the results are being correlated with 
ionospheric data. On a more practical level, the 
noise generated in the component items of receiving 
equipment was measured as part of a general study 
of the properties of the semi-conductors used as 
detecting devices and in an attempt to raise the 
efficiency generally. 

Equipment is being developed to measure phase 
velocity with a view to increasing the accuracy of 
navigational aids, which is sometimes limited by 
variations from point to point of the ground-wave 
propagation velocity. The increase in the use of 
very short waves for communication, television and 
other services has led to a study of the factors 
affecting their propagation, and investigations on 
measuring techniques have also been continued. 





THE SALE OF 
‘‘DANGEROUS’’ MACHINERY. 


WE have drawn attention from time to time to 
law cases in which the factory owner has been held 
liable to pay damages caused by dangerous machi- 
nery. We have now the opportunity to consider 
the position of one who, having made a machine 
which, if unguarded, would be dangerous, sells it to 
the owner of a factory. Is he liable to be mulcted in 
damages if accident ensues ? Mr. Justice Finnemore 
recently supplied an answer to this question in the 
case of Biddle v. Truvox Engineering Co., Ltd., 
Greenwood & Batley, Third Party (1951) 2 All. E. R. 
835. The plaintiff, a workman employed by the 
defendants, in the ordinary course of his duty was 
on the platform of a truck, when a lever controlling 
the platform was pressed by somebody, so that 
the platform was caused to rise. The plaintiff 
clutched the nearest thing available to save himself, 
namely, one of two chains working over chain- 
wheels. His hand was caught by the wheels and 
he was injured. He claimed damages for breach of 
statutory duty, contending that the chains and 
wheels were a dangerous part of machinery which 
was not “securely fenced.” The defendants con- 
tended (in vain, as it turned out) that the chain and 
wheels were not gearing, and that the cause of 
the accident was the novus actus interveniens in the 
unauthorised act of the person who pressed the lever. 
But they did what the rules of procedure entitled 
them to do, namely, brought in as third parties to 
the suit the manufacturers who sold them the truck, 
claiming contribution towards any damages awarded 
to the plaintiff on the ground that these third parties 
had been guilty of a breach of statutory duty under 
8. 17 of the Factory Act in supplying the machine 
not enclosed. 

It is necessary to consider the terms of what that 
section provides. In the first place, it relates 
solely to machines intended to be driven by mech- 
anical power. It provides (by ss. (1)(a)) that every 
set-screw, bolt or key of any revolving shaft, spindle, 
wheel or pinion shall be so sunk, encased or other- 
wise effectively guarded as to prevent danger. This 
part of the section, however, did not have to be 


considered in the case under review. The next 
provision (ss. (2)(b)) is that “‘ all spur or other toothed 
or friction gearing, which does not require frequent 
adjustment while in motion, shall be completely 
encased, unless it is so situated as to be as safe as it 
would be if completely encased.”” Then comes the 
penal clause which provides (reading it shortly) that 
any person selling a machine which does not comply 
with these requirements shall be liable to a fine not 
exceeding £100. An example of the kind of machine 
which could come within this provision is the train 
of gearwheels in the headstock of a gear-cutting 
lathe. If that lathe were power-driven, those 
wheels would have to be fenced. 

It was admitted in the course of the hearing before 
Mr. Justice Finnemore that the machine in question 
had been sold for use in a factory, and that the 
gearing was not encased. That being so, the 
factory owner was held liable under s. 14 of the 
Act for not having the machine securely fenced, and 
also for breach of duty under s. 17. Damages 
amounting to £2,117 were awarded. Whether he 
had been prosecuted for an offence against the latter 
section does not appear from the report. The sole 
question was whether he could pass his liability for 
damages on to the vendor. This, oddly enough, 
was a point which has never yet been considered 
by any Court. It has long been the law (as laid 
down in the case of Groves v. Lord Wimborne (1898) 
2 Q.B. 402) that, the Factory Act having been 
passed in favour of workers in factories to compel 
their employers to do certain things for their 
protection and benefit, employers who commit 
breaches of the Act are liable, not merely to a fine, 
but also to be sued by their employees. The only 
case which afforded Mr. Justice Finnemore any 
assistance was Badham v. Lambs, Ltd. (1945) 
2 A. E. R., which related to a motor car sold with a 
deficient braking system, contrary to the Road 
Traffic Acts. The purchaser, having been injured 
in an accident caused by the defective brake, sought 
to make the vendor liable ; but Mr. Justice du Parceq 
refused to so decide, holding that there was no 
indication that Parliament was seeking to protect 
the purchaser of a car. A specific remedy, namely, 
a fine for breach of the regulations, having been 
provided, the purchaser was deprived of any other. 
Upon this basis, Mr. Justice Finnemore came to 
the conclusion that the vendor of the truck was not 
liable to indemnify the factory owner. He said: 
“Tt is one thing to say that the occupier of a 
factory must have his machinery fenced or protected 
in a certain way, and, if he fails to do so, his 
employees with whom he is in daily contact—and 
for whom he is responsible—shall have a right of 
action against him, and another thing to say that 
someone who makes and sells a machine shall be 
under a similar duty to the people employed in 
somebody else’s factory. I have come to the con- 
clusion that in this section Parliament were intruding 
only to prevent unfenced machinery getting into 
factories.” This decision appears to accord with 
good sense. Had the judge come to any other 
conclusion, the manufacturer of certain classes of 
potentially dangerous machinery would be exposed 
to enormous risks ; and liability to such risks might 
be greatly increased if the Secretary of State, 
exercising powers conferred upon him by ss. (3) 
of S. 17 of the Factory Act, were to extend this 
penal provision to other machinery or plant which 
might “ be specified in regulations.” 

Care is necessary, however, not to make a too 
general assertion regarding the liability of a man 
who sells machinery which is potentially dangerous. 
Independently of the Factory Act, the seller may be 
liable for an accident arising from a machine which 
is defective in construction in a way which is not 
capable of discovery by reasonable inspection 
(Farr v. Butters Bros. & Co. (1932) 2 K.B. 606). 
That is in accordance with a principle laid down in 
Donohughe v. Stevenson (1932) A.C. 562—generally 
known to lawyers as the ‘“‘ Ginger Beer Bottle Case.” 
The plaintiff there alleged that he sustained injury 
through drinking a bottle of “‘ stone ginger” which 
contained the carcase of a deceased snail. No one 
could say through how many hands that bottle 
passed on its way from manufacturer to consumer : 
yet it was held that the man who brewed the 
beverage was liable in damages to the man who 








drank it. 


NOTES. 


Exports OF British Roap VEHICLEs. 


AccorpD1NG to a statement issued by the Society 
of Motor Manufacturers and Traders, the largest 
shipments of motor cars ever made in one month 
were achieved during November, 1951. In all, 
37,837 cars were exported in this period, 5,530 
more than in the previous month, the value reaching 
the record figure of 13,128,131/. Exports of 
commercial vehicles during November were also the 
highest ever achieved in a single month, 14,298 
units worth 7,425,9801. having been shipped over- 
seas. Satisfactory figures for the shipment of agri- 
cultural tractors were also recorded, 11,263 units 
worth 4,165,7141. having been exported; this 
exceeds the October total by 444 and represents a 
record so far as numbers are concerned. In the 
same period, the value of parts and accessories 
exported reached 7,989,662/., the comparative 
figure for November, 1950, being 5,416,258/. During 
the month under review, Australia constituted the 
largest export market for cars, commercial vehicles 
and agricultural tractors, 15,466 cars worth 
3,916,3661., 4,903 commercial vehicles worth 
2,183,353/., and 2,399 tractors worth 801,8601., 
having been absorbed by this market. It is under- 
stood that the increases in November were due 
largely to extra shipping space having been made 
available by the chartering of special ships by the 
various manufacturers in the motor industry. 
Commenting on these figures, Mr. G. E. Beharrell, 
President of the Society of Motor Manufacturers 
and Traders, said that they confirmed the ability 
of the motor industry to maintain the high level 
of export business and confounded earlier rumours 
regarding the export of cars. He hoped that the 
industry’s future export efforts would not be 
impeded by shortage of raw materials. 


D’ARSONVAL CENTENARY CELEBRATIONS. 


The Journal of the Institution of Electrical 
Engineers for December, 1951, contains an account 
by Mr. C. W. Marshall of the meeting held in Paris 
on Tuesday, October 23, 1951, to celebrate the 
centenary of the birth of Jacques Arsene d’Arsonval, 
the French physicist and physiologist. The meeting 
was held at the Sorbonne under the patronage of 
M. Auriol, President of the French Republic, and 
under the chairmanship of M. Marie, the Minister 
of National Education, who formally opened the 
proceedings. Speeches were made by M. Cheverard, 
M. Faral and M. Marie and demonstrations of 
d’Arsonval’s work as an_ electro-physiologist, 
physiologist and physicist were given by Professor 
Binet, Professor Stroh] and M. A. de Gramont. 
In addition, a film of d’Arsonval repeating his high- 
frequency experiments with his original apparatus 
was shown. The main achievements credited to 
d’Arsonval are the discovery and development of 
the moving-coil galvanometer in co-operation with 
Deprez, the development of the high-frequency 
electrostatic generator, the development of the 
vacuum flask in co-operation with Violle, and the 
development of an artificial muscle with which it 
was possible to simulate the action of the electric 
eel and similar creatures. It is of topical interest 
to other engineers to note that d’Arsonval seems to 
have been the first to point out the possibility of 
using solar heat stored in the sea to produce mech- 
anical energy by means of the vertical temperature 
gradient which exists in the sea. 


‘DresEL Locomotives For British Ratways. 


The Railway Executive have announced their 
intention to increase greatly the number of Diesel 
shunting locomotives used on British Railways ; 
during the five years 1953-1957, 573 are to be 
added. The present stock of this type of engine is 
130, but as 84 are already on order, the total at 
the end of 1957 should be 787. The Executive's 
decision was reached after an investigation into 
the shunting-engine position in all Regions, which 
showed that economies could be obtained and 
efficiency increased by changing from steam to 
Diesel traction in many of the larger marshalling 
yards and goods yards and in dock sidings. The 
provision of 573 Diesel engines will enable 635 
obsolescent steam engines to be scrapped, though 
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the implementation of the plan will depend on the 
permitted level of expenditure, on steel supplies, 
and on the manufacturers’ ability to provide Diesel 
engines and transmission equipment. The five-year 
scheme provides for 432 Diesel-electric engines of 
350 h.p. and 141 Diesel-mechanical engines of 
150/200 h.p.; 57 of the former and 12 of the latter 
are to be included in the 1953 locomotive-building 
programme. The provision of the balance of the 141 
Diesel-mechanical locomotives will be subject to 
the satisfactory performance of the first 12 in 
traffic. The Diesel-electric engines will be of the 
0-6-0 type, but there will be two Diesel-mechanical 
types, namely, one 0-4-0 of 150 h.p. and one 0-6-0 
of 200 h.p. The main frames, wheels, cab structure 
and mechanical parts will be built in the British 
Railways workshops, and the Diesel engines and 
electrical-transmission equipment will be. purchased 
from contractors who specialise in their design. 
The advantage of Diesel operation in Britain, the 
Railway Executive state, is most marked in shunting 
yards, where the engines are employed continuously ; 
nevertheless, trials are being continued with higher- 
power Diesel locomotives on general passenger and 
freight working. These include four 1,600-h.p. 
main-line express passenger and freight locomotives ; 
one 800-h.p. Diesel-electric engine for secondary 
passenger and freight services; and two Diesel- 
mechanical locomotives—one of 1,600 h.p. for main- 
line and freight services, and another of 500 h.p. 
designed chiefly for local freight trips. 


PROGRESS IN THE NICKEL INDUSTRY. 


During 1951 the production of nickel in Canada 
totalled 275,000,000 Ib., an increase of 28,000,000 Ib. 
over the figure for 1950, and upwards of 90 per cent. 
of the world’s production of the metal, excluding 
that of Russia and satellite countries. Measures 
to maintain and increase the outputs from Canadian 
nickel mines are outlined in a review of the 
industry made by Dr. J. F. Thompson, chairman 
and President of the International Nickel Company 
of Canada, Limited, who states that the amounts 
now available are to continue at the same high levels 
each year, and that, by 1954, an increase of 30 per 
cent. over that available before the outbreak of the 
Korean conflict should be realised. An expansion 
programme has been embarked upon to increase 
the maximum annual production of the plants of 
the Falconbridge Nickel Mines, Limited, Falcon- 
bridge, Ontario, from about 25 million pounds to 
40 million pounds in three years. The plans of 
Sherritt Gordon Mines, Limited, who own deposits 
in the Lynn Lake area of Northern Manitoba, 
indicate that nickel production in this field will 
commence in 1953 and that its annual capacity 
of 17,000,000 Ib. will probably be attained by 1955. 
The Canadian Government are assisting the Cana- 
dian National Railways to construct a 155-mile 
railway link to the Lynn Lake nickel-copper-cobalt 
deposits. The current annual rate of production of 
the mines and refineries of the International Nickel 
Company, at Copper Cliff, Ontario, and elsewhere, 
has recently been increased by an additional 12 
million Ib., to 252,000,000 lb. Moreover, the com- 
pany continue to push their long-range underground 
mining development programme, which, when 
completed in 1953, will give what Dr. Thompson 
terms the largest non-ferrous base-metal under- 
ground mining operation in the world. Other 
developments include the re-opening of the United 
States Government’s Nicaro nickel plant in Cuba, a 
new cobalt, nickel and copper separation plant at 
Fredericktown, Missouri, U.S.A., and increased out- 
puts from the nickel mines, operated by the French 
firm, 8. A. Le Nickel, in New Caledonia, in the South 
Pacific. Turning to the uses of nickel, Dr. Thompson 
stated that the production of all types of stainless 
steels was greater in 1951 than in any previous year. 
The aircraft industries in Great Britain, Canada 
and the United States, with their developments 
of jet propulsion, are taking increasing amounts of 
heat-resisting, corrosion-resisting and other complex 
alloy steels of high nickel content. The require- 
ments of other Service and Government departments 
have likewise been heavy, as have also those of the 
chemical and petroleum industries. The demands 
on the metal for defence purposes have virtually 
eliminated nickel-plating for many civil applications, 
while the production of alloys of copper, nickel and 


zinc, commonly known as the nickel-silvers, is 
largely restricted to defence equipment. In some 
instances, alloys of a lower nickel content are being 
substituted for high-nickel alloys for such purposes 
as sheathing materials for electric-heating elements 
in domestic ranges and industrial heaters. 


Exxctrriciry Supply in New ZEALAND. 


According to the report of Mr. B. E. Davenport, 
general manager of the State Hydro-Electric Depart- 
ment of New Zealand, for the year ended March 31, 
1951, shortage of water power led to a reduction in 
the output from hydro-electric stations from 2,688 
to 2,643 million kWh. As a result, the output of 
the thermal stations increased from 48 to 148 mil- 
lion kWh and the cost of generation in these plants 
from 245,394/. to 687,3391. There was also an 
increase in the power purchased. It is clearly 
desirable, therefore, that the water power stations 
at Maraetai, Whakamaru, Cobb and Waitaki should 
be completed, although the report does not specific- 
ally state the extra generating capacity which will 
thereby be brought into use. The difficulties 
resulting from the dependency on water power are, 
further, clearly brought out in the statement that 
the combined water inflows to the Waikato River 
and Lake Waikaremoana were 11} per cent. below 
the long-term average and that the inflow to Lake 
Taupo was less than that of the previous low 
record of 1914-15. By increasing the output of 
the thermal stations, however, it was possible to 
compensate these shortages without drastic mea- 
sures being necessary, and even to build up the 
reservoir levels to some extent. I+ is clear, never- 
theless, that the position is not entirely satis- 
factory and this is emphasised by the statement 
that, in the North Island, the search for geothermal 
steam is of very great importance and should be 
pushed ahead as far as possible. Success in this 
field, it is felt, would have enormous economic 
advantages and would provide a ready means of 
strengthening the hydro-electric power in the 
North Island, as well as opening up a source of 
further power for the future. In the South Island, 
however, it would be necessary to depend on more 
normal methods of production. The problem is the 
more important as electricity consumption con- 
tinues to increase in the Dominion, as elsewhere. 


CENTENARY OF CLYDEBANK SHIPYARD. 


On December 17, the centenary of the founding 
of the Clydebank shipbuilding yard of Messrs. John 
Brown and Company, Limited, was celebrated 
in Glasgow. It was on that date, in 1851, that the 
firm of Messrs. J. and G. Thomson, which had been 
founded in 1846, opened the yard in the upper 
reaches of the Clyde, where was built, as the first 
contract, the liner Russia for the Cunard Steamship 
Company. In 1873, the shipyard was transferred 
to its present site at Clydebank, although the com- 
pany’s engine works continued until 1883 at Fin- 
nieston, where James and George Thomson had 
founded their business. In 1899, the Sheffield firm 
of John Brown and Company, Limited, which had 
been founded in 1854, acquired the Clydebank 
works, and continued the connection of the com- 
pany with the Cunard Line, for whom such out- 
standing ships as the Lusitania, Queen Mary and 
Queen Elizabeth were built at Clydebank. The 
association was maintained during the centenary 
week by the placing with Messrs. John Brown and 
Company of an order for two passenger liners, each 
of about 20,000 tons gross, for the Cunard Line’s 
Canadian service. The value of this order is expected 
to be approximately 7,000,000/. During the same 
week, also, the company demonstrated before 
members of the Scottish Peat Committee, the North 
of Scotland Hydro-Electric Board, and other inter- 
ested visitors, an experimental peat-fired gas turbine, 
the first of its kind in the world. 





THE LaTE MR. ARTHUR POLLITT.—As8 we go to press, 
we learn with much regret of the death on December 23, 
of Mr. Arthur Pollitt, deputy controller, London Division, 
of the British Electricity Authority. Mr. Pollitt, who 
was 60 years of age, had been previously chief engineer, 
generation (construction) in the London Division, and, 
before the nationalisation of the industry, chief con- 





structional engineer of the London Power Company. 


LETTER TO THE EDITOR. 


THE STEPHENSON BUILDING, 
KING’S COLLEGE, NEWCASTLE- 
UPON-TYNE. 


To THE Eprror oF ENGINEERING. 


Smr,—We were interested to read your article 
on the Stephenson Building, King’s College, New- 
castle-on-Tyne, printed in your issue of Novem- 
ber 30, on page 681, ante. We notice that you refer 
to the dimming units in the lecture theatres as 
comprising a solenoid with an adjustable core. 
Such a method of dimming has been used for many 
years, but almost invariably results in a somewhat 
jerky or irregular variation in lamp intensity, and 
you will have noticed, no doubt, that the control 
of lamp intensity in this installation is particularly 
smooth. 

This degree of control has been attained by means 
of a saturator reactor, commonly known as a trans- 
ductor, which we consider to be a great improve- 
ment on the adjustable-core type of solenoid. The 
principle of operation is much the same, except that 
the variation in reactance is obtained by saturating 
the magnetic circuit by means of a small direct 
current. With a high degree of saturation the 
reactor has only a small impedance, but when the 
direct current is reduced the reactance is increased. 
A very small motor-operated rheostat can be used, 
giving very smooth control, as is witnessed by this 
installation. 

Yours faithfully, 
R. W. Grecory & PartNERS. 

Pilgrim House, 

Newcastle-on-Tyne, 1. 

December 19, 1951. 





OBITUARY. 


MR. E. WATSON SMYTH, C.B.E. 


We have learned with regret of the death, on 
December 14, of Mr. E. Watson Smyth, a former 
principal assistant secretary in the Ministry of 
Labour and National Service, in which capacity 
he was responsible, during the recent war, for the 
whole work of the Government Training Department. 
Edward Watson Smyth was a native of Sussex, 
having been born, on December 17, 1883, at 
St. Leonard’s-on-Sea, where also he received his 
early education, at Rothbury School. At the age of 
12, he went to Cheltenham College, which he left 
in 1900 to enter upon an engineering apprenticeship 
in the marine-engine works of Laird Brothers, 
Limited (now Cammell Laird and Company) at 
Birkenhead. There he had a varied training, 
including periods in the pattern shop, the mill- 
wrights’ shop and drawing office in addition to the 
usual routine of an apprentice engine-fitter ; 
concurrently, he attended classes at Liverpool 
University. He completed his apprenticeship in 
1905 and remained for a time in the drawing office. 
By then, the connection had been established 
between Laird Brothers and Charles Cammell and 
Company, of Sheffield, and this provided an oppor- 
tunity for Smyth to go to Sheffield in December, 
1906, as assistant machine-shop manager in the 
Grimesthorpe works of the combined firm of Cammell 
Laird and Company. He retained this post until 
the early part of 1908 and was then transferred to 
the company’s head office, at the Cyclops Works, as 
chief assistant to the general manager, in which 
position he was responsible for the installation of an 
extensive range of heavy steelworks equipment. 
In 1909, Smyth left Cammell Laird and Company 
and took up an appointment as works manager with 
Joshua Buckton and Company, at Leeds, where his 
principal concern, during the next six years, was 
with the design and manufacture of plant for the 
production of guns, supplied to Woolwich arsenal, 
the Russian Imperial Arsenal, and elsewhere. In 
1916, he transferred to Taylor Brothers and Com- 
pany, Limited, Manchester, as senior director. He 
remained with them until 1940, and, during 
this period, was closely associated with the 





introduction of the Wood high-pressure boiler ; 
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he presented a paper before the Institution 
of Mechanical Engineers, in 1930, on ‘‘ General 
Operation Experiences with the First ‘Wood’ 
Steam Generator.” This paper was reprinted on 
page 149 of our 129th volume, in the issue of 
January 31, 1930. Mr. Smyth had been 14 years 
with Messrs. Taylor Brothers when he was seconded 
to the Ministry of Labour for “special duties ” 
which eventually proved to be the organisation of 
the Government scheme for training men for 
munitions work; it involved the establishment of 
39 main training centres and the organisation of a 
large number of subsidiary schemes in large works, 
munition factories, etc., which was recognised in 
due course by the award of a C.B.E. Mr. Smyth 
was a member of the Institution of Mechanical 
Engineers, of the Institute of Fuel and of the Society 
of Sheffield Engineers and Metallurgists, and a 
Fellow of the Institute of Industrial Administration. 





INTERNATIONAL 
CONFERENCE ON ABRASION 
AND WEAR. 


(Concluded from page 791.) 


Dr. F. P. Bowpsn, continuing the discussion on 
Dr. R. D. Stiehler’s paper on ‘‘Some Factors 
Influencing the Road Wear of Tyres ’—the final 
paper in the International Conference on Abrasion 
and Wear, held at Delft on November 14 and 15— 
thought that Dr. Stiehler had partly answered the 
query that Dr. Bowden had put in his own paper on 
the previous day, concerning the actual temperature 
generated at the actual abrading surface. He 
inquired whether Dr. Stiehler could say what surface 
temperature was generated in a motor-car tyre 
running on an asphalt road at, say, 60 miles an hour. 
If the slip was appreciable, he could readily under- 
stand that the temperature would be quite high 
and could lead both to accelerated chemical attack 
and to a change in the rate of wear. Clearly, the 
important factor from the point of view of physical 
wear was the mechanical property of the rubber, 
not at room temperature but at the temperatures 
which occurred at the interface when running. 
From general considerations it might be expected 
that the surface temperature under many conditions 
(e.g., if the brakes were applied) would be sufficient 
to cause local melting of the rubber surface in the 
region of contact. Had any attempts been made to 
measure experimentally the temperature at the 
actual surface ? It should not be unduly difficult 
to do so. 

There was, Dr. Bowden continued, a second 
possible cause of high temperatures in the surface 
layers of the rubber. If one hit an explosive, it 
exploded ; why? It was very rare to break up a 
molecule’ by mechanical means; but a solid con- 
tained spaces, and high temperatures might be pro- 
duced by the adiabatic compression of air in such 
small pockets, either present in the material or 
entrapped between the surfaces. The photomicro- 
graphs of worn rubber surfaces that had been shown 
during the Conference suggested that air might be 
entrapped and compressed in that way. In liquid, 
plastic and solid explosives, it was the presence of 
such tiny air pockets that was largely responsible 
for the initiation of the explosion by impact or 
shock. They were very small—perhaps less than a 
thousandth of a centimetre in diameter—and were 
very difficult to detect, even with a microscope. 
If the compression ratio was 20: 1, the rise in tem- 
perature of an air pocket was about 450 deg. C., and, 
with higher compressi»n ratios, a temperature of 
1,000 deg. C. was easily reached. It had been found 
that that effect was often responsible for initiating 
chemical reactions in solids, particularly if they 
were readily deformed. Did Dr. Stiehler consider 
that the same effect could be significant in a 
motor-car tyre when running on the road ? 

Dr. A. Schallamach, who was the next speaker in 
the discussion, did not agree that most damage to 
tyres was chemical in origin ; the striped nature of 
the abrasion pattern, and the absence of any smell 
of burning rubber, convinced him that it was not so. 
He found it difficult to see how any such process 
could produce the orderly markings that he himself 
had observed and had illustrated in his own paper. 





If cornering caused a 5 h.p. increase in the energy 
absorbed by a tyre, how did a small car ever succeed 
in rounding a corner? In the United States, the 
Holland Tunnel had been swept through, and hand- 
fuls of abraded rubber were collected; yet one 
seldom smelt burning rubber on the road. 

Dr. R. Houwink asked Dr. Stiehler what was the 
connection between abrasion and slip. 

Dr. Stiehler, replying to the discussion, said that 
Mr. Braber was correct in supposing that the 
geometry of the tread design was responsible for 
the decreasing rate of depth loss as a tyre became 
worn, If the geometry of the tread was such that 
the area of contact between the tyre and the road 
remained constant, either the depth method or the 
weight method could be used ; but such a condition 
was exceptional because most tread elements had a 
trapezoidal cross-section and, generally, the tread 
radius did not remain the same. Graphs based on 
cumulative data failed to show clearly the differ- 
ences in rates of wear during successive periods. 
Moreover, they were often misleading when extra- 
polated (e.g., in estimating tread life) because of 
the enormous effect, on the trend of such a graph, 
of the rate of wear during the early part of the test. 
His own experience was that the weight method 
was to be preferred to the depth method, even in 
studying the relative rates of wear of rubber com- 
pounds in tyres of the same design. Usually, the 
depth method did not permit the substitution of a 
new tyre.of identical construction for one that had 
failed on test; and more miles of testing were 
needed to obtain the same validity in the estimates 
of rates of wear by the depth method. So far as 
simplicity of testing was concerned, there was little 
to choose between the two methods ; a balance was 
more expensive than a depth gauge, but it was cheap 
by comparison with the cost of a road test. 

In reply to Mr. Bielstein, Dr. Stiehler agreed that 
statistical difficulties arising from the changing rates 
of wear were not valid reasons for rejecting the 
depth method. If a tyre was tested until the tread 
was smooth, the tread life could be determined 
directly from the odometer reading; but his 
experience was that an evaluation of tread life 
could be made in fewer miles of road test when using 
the weight method than with the depth method, and 
was less influenced by the tread design. Caution 
must be exercised, however, in applying the power 
law mentioned by Mr. J. M. Buist. The tread 
design did influence the rate of wear, so the same 
design should be used in comparing different tyre 
compounds. In comparing different brands of 
tyres, it was necessary to determine both the rate 
of wear and the amount of the tread in order to 
calculate the tread life ; and, in such cases, biased 
and erroneous results were likely to be deduced from 
depth data alone. A laboratory abrader should aim 
to reproduce road results obtained by the weight 
method. 

Replying to Mr. Hesselink: within the accuracy 
of testing, any differences in the hardness of the 
surface and of the underlayers of the tread, resulting 
from differences in the state of cure, appeared to have 
no influence on the rate of wear. Apart from that, 
Dr. Stiehler said, he knew of no data comparing 
the wear behaviour of tyre treads having surface 
layers appreciably harder or softer than the sub- 
stratum. It was known that inflation pressure 
influenced the rate of wear, but probably it did 
so by varying the amount of slip that occurred 
between the tread surface and the road surface. 
Water on the road did not increase the rate of wear, 
but the resultant effect on temperature could over- 
shadow changes in the coefficient of friction. 

Dr. Stiehler agreed with Dr. Bowden that the 
temperature of the tread surface at the point of 
contact with the road was probably very high, but, 
so far as he was aware, no quantitative information 
was available about it ; he would like to obtain some 
measurements. Under conditions of severe slip, 
sufficient to produce streaks of liquefied rubber on 
a dry road surface, the temperature must be con- 
siderably above 400 deg. C. in order to depolymerise 
the rubber molecules. Undoubtedly, there were 
small air bubbles between the tread and the road- 
way; but, in view of the small forces required to 
deform rubber, he doubted whether the bubbles 
were compressed to ratios of 20:1 or higher. The 
oxygen in the bubbles might, however, oxidise the 





rubber while it was under strain and at the elevated 
temperatures that occurred during the time of 
contact between tread and road. If tyres could be 
abraded in the absence of oxygen, it was probable 
that very different wear results would be obtained. 
It was believed that some such mechanism was 
responsible for the positive temperature coefficient 
and abrasion observed in treads of natural rubber 
and the negative coefficient with treads of synthetic 
rubber, since the two kinds of rubber reacted some- 
what differently to heat and oxidation. If the 
surface temperature were raised sufficiently, a 
point must be reached when the temperature coefti- 
cient of synthetic-rubber treads also was positive. 

It had been pointed out in the discussion on Dr. 
Schallamach’s paper that the ordered patterns 
which he presented were not characteristic of normal 
wearing of tyre treads ; they indicated an abnormal 
type of wear. The surface of a worn tread was 
usually smooth, with a matt finish. The available 
evidence indicated that wear occurred on a molecular 
scale, rather than by the removal of discrete particles 
of rubber; though, of course, on gravel roads, or 
on road surfaces containing sharp particles, rubber 
might be removed by cutting as well as by abrasion. 
In such cases, an ordered array or pattern on the 
tread surface might be produced. Mechanical 
defects in the vehicle might cause a similar result. 
The chemist could change tyre wear by, perhaps, 
100 to 130 per cent.; but the engineer, by altering 
the tread design, could affect it by 100 to 250 per 
cent. Finally, in reply to Dr. Houwink, Dr. Stiehler 
agreed that slip was closely connected with the 
abrasion of tyres, though it was only one factor 
among many. The ideal tyre, from both safety 
and abrasion standpoints, would be one that had 
no slip. 

In a subsequent written contribution, Professor 
H. Blok suggested that knowledge of the surface 
temperatures reached by tyres in service might be 
obtained by using, as fillers in the rubber compound, 
various ‘‘thermicolours,” i.e., commercially avail- 
able dyestuffs which showed either reversible or 
irreversible changes of colour at differentte mpera- 
tures. The changes could be ascertained by micro- 
scopical examination. 


SuMMARY. 


Dr. H. C. J. de Decker, the chairman of the 
Conference, concluded the proceedings by reviewing 
the contents of the eight papers and the results of 
the discussions. There appeared, he said, to be at 
least three possible means of taking a cross-sectional 
survey of the field of wear. The first was by studying 
the types of material, since, whether this was hard 
or soft, wear was something that happened at the 
surface, causing (in Professor Blok’s words “‘unde- 
sirable migration” of the material. Secondly, 
there was the method of analysis according to the 
basic factors which promoted wear ; the complexity 
of wear phenomena, and the difficulty of studying 
them, was largely due to the circumstance that 
rhose factors rarely operated separately. The third 
approach was by considering the factors which 
counteracted wear. It had been pointed out by 
Mr. J. M. Buist that the practical aim in wear 
testing was to be able to predict or calculate long- 
term wear properties from relatively short tests. 
If such predictions should become practicable,they 
should lead to some form of wear rating numbers, 
such as had been suggested by several of the con- 
tributors of papers. Prediction could only be accom- 
plished, however, when all the determining factors 
were fully known, which certainly was not yet the 
case; therefore, research on the fundamentals of 
wear must continue. The identification of the 
primary aggressive force in wear processes was, in 
his opinion, the biggest problem. It appeared to 
be of little use to construct new kinds of more 
or less arbitrary measuring apparatus for abrasion 
or wear; the only useful course was to make more 
measurements in actual practice (including tests 
that were imitations of actual practice) or on well- 
defined elementary processes. There was much 
work to be done, and the utmost co-operation and 
team work was desirable. Knowledge must be 
collected from research on entirely different materials 
so that wear could be seen, not as specific problems 
of rubber or steel or fibres, but as one general problem 
of materials research. 
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CARTRIDGE STARTER FOR THE 
‘*NENE’’ TURBO-JET ENGINE, 


THE turbine starter illustrated in Fig. 1 on this page 
has been designed and developed by the Plessey 
Company, Limited, Ilford, Essex, for use with the 
Rolls-Royce Nene 4 turbo-jet aircraft engine. It is 
a light but robust unit employing power cartridges 
as the operating medium, six such cartridges, sufficient 
for three consecutive starts, being carried in a special 
container. The total energy output is 64,000 ft.-lb., 
which is delivered in a working period of two seconds, 
the subsequent rapid but smooth acceleration enabling 
engine idling speed to be reached in under ten seconds. 
Curves which show the starter torque | poe against 
its speed, and the engine speed plotted against time, 
are reproduced in Figs. 2 and 3, respectively. 

Firing of the charge is accomplished by means of a 
control panel, the starting cycle being initiated by 
depressing a button in the pilot’s dockpit. The 
sequence and timing of the various operations are 
then controlled by the panel, the operations including 
the closing of the throttle by-pass when the engine has 
reached normal idling speed. The panel also incor- 
porates means to prevent damage being done to 
the unit should an attempt be made to start an engine 
already rotating at a high speed. Contra-rotating 
turbine wheels are employed and, during the working 
cycle, the gases from two cartridges disposed diametric- 
ally opposite are led through nozzles to the turbine 
blades. The drive from the rotors is taken through a 
reduction gearbox to the output side of the starter, 
which is fitted with a splined shaft and flange machined 
to the Society of British Aircraft Constructors’ standard 
R.S. No. 302. The peak speed of this shaft is 8,750 
I.p.m., corresponding to a rotor speed of 38,000 r.p.m. 

A multi-plate clutch is incorporated in the drive, 
for the absorption of peak loads during engagement, 
and an overspeed safety device is provided to limit 
the rotor speed in the event of a failure in any part of 
the drive mechanism. Lubrication of the bearings, 
gearwheels, etc., is effected by a built-in pump which 
meters the required small amount of oil from the main 
lubrication system of the engine at each start. One 
of the difficulties to be overcome -with starters of this 
type is that of obtaining a reasonable life from the 
turbine blades under the arduous conditions in which 
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they operate. Considerable progress in this direction 
has been made, however, and the Plessey Company 
state that one of the starters of this type has com- 
pleted a life-test of 750 shots without it having proved 
necessary to replace any major component; this 
number of starts, it may be added, is treble that 
required in the official type tests. 





RuRAL ELECTRIFICATION IN EvuROPE.—Joint inter- 
national action to promote the electrification of rural 
areas in Europe in the most efficient and economical 
way was outlined at a recent meeting of the United 
Nations Economic Commission for Europe in Geneva. 
This action is based on the policy of interchanging 
experience between those countries which are advanced 
in rural electrification and those which are practically 
undeveloped; and will include a major investigation 
into both technica] and economic questions. A second 
related study will attempt to determine the reasons 
for the large variation in the constructional costs of 
hydro-electric plant in the different European countries, 
so as to obtain data which might be useful in developing 
new sources. . 





ENCOURAGEMENT OF MECHANISED FARMING IN THE 
COLONIES.—The importance attached to the develop- 
ment of agriculture in Britieh Colonies is exempli- 
fied by the fact that the Secretary of State for the 
Colonies has appointed a body to be known as the 
Colonial Agricultural Machinery Advisory Committee, 
which, as its name suggests, is to be responsible for 
advising the Minister on problems concerned with the 
development, and expanding the use, of agricultural 
machinery in colonial territories. The setting up of 
such a committee, it will be remembered, was recom- 
mended by the British African Land Utilisation Confer- 
ence held in 1949. It will not confine its attention to 
Africa, however, as the terms of reference have been 
widened to include all colonial territories. The Com- 
mittee will meet under the chairmanship of Mr. C. G. 
Eastwood, vice-chairman of the Colonial Advisory 
Council of Agriculture, Animal Health and Forestry, 
and. its members include experts from the Colonial Office, 
the Crown Agents for the Colonies and the leading British 
manufacturers of agricultural machinery. 





TRANSFORMER OILS. 


Two papers dealing with various matters connected 
with transformer oil were read at a meeting of the 
Supply Section of the Institution of Electrical Engineers 
on Wednesday, December 19. The first of these, 
which was entitled ‘‘ Inhibited Transformer Oil,” was 
presented by Messrs. W. R. Stoker and C. N. Thompson, 
and in it the authors pointed out that the oxidation, 
which causes sludging and the formation of acids, 
may be prevented by using an inhibited oil. The sub- 
stances employed for this purpose include catalyst 
passivators and de-activators, oxidation inhibitors and 
indirect anti-oxidants. Some of these, though effec- 
tive in the laboratory, may, however, not be as 
suitable in a transformer. Oxidation inhibitors are 
preferable because they operate whether catalytic 
metals or compounds are present or not; and being 
relatively inert, except for their designed action, have 
normally no harmful effects. These inhibitors are 
usually of the phenolic or amino types, which react 
with the highly active initial chain-carriers converting 
them into inactive molecules and thus terminating 
the reaction chain. In this process the inhibitor is 
functioning to suppress oil oxidation. At the end of 
this “‘ induction period ” oil oxidation occurs at about 
the same rate, in the same way, and by the same 
course, as it would have done if had been no inhibitor. 

Various accelerated ageing tests have been devised, 
including the Michie oxidation test described in British 
Standard Specification No. 148, 1951. Nearly all these 
tests are of the fixed-time type and the times are 
short compared with the induction periods. They 
are therefore liable to be unsuitable for the full evalua- 
tion of inhibited oils. This drawback can be overcome 
by tests in which the rate of oxidation is observed by 
continuously measuring the amount of oxygen absorbed 
by the oil. These tests can be continued until the 
oil has absorbed a definite quantity of oxygen, 
which is sufficient to cause it to deteriorate enough 
to make it unsuitable for further service in a trans- 
former. As these laboratory tests alone cannot be 
relied upon fully to assess the probable performance 
of the inhibited oi! in service trials have been made 
with it in transformers. The inhibited, oil, however, 
has not yet been oxidised to the end of an induction 
period; and it will therefore be some time before 
definite conclusions can be drawn as to the extent of 
the improvement obtainable. The increase in oxida- 
tion stability over that of uninhibited oil is nevertheless 
considerable and may be sufficient for the oil to outlast 
the life of severely rated transformers. 

Inhibited oil is likely to find its widest application 
in distribution transformers or other apparatus in 
which the conditions favour oxidation. Its use appears 
to offer no particular advantage in switchgear and 
other applications where oxidation is not a major 
factor. The usual methods of testing transformer 
oil in service, particularly those of neutralisation value 
and electric strength, are equally applicable to inhibited 
oil. Furthermore, by making periodic laboratory 
measurements of the induction period during the 
service life of the oil the course of inhibitor depletion 
can be followed. The familiar methods of purifying 
transformer oil by filters and centrifuges are effective 
with inhibited oils and have no deleterious effect 
upon them. Strongly adsorbent materials, however 
should not be used. The use of inhibited oil should 
remove the limitations on transformer design caused 
by oxidation instability. The limiting factor in trans- 
former operating temperature will then be the thermal 
or oxidation stability of the solid insulation and not 
that of the oil. As more practical experience of 
inhibited oil is acquired advantage could be taken 
of its enhanced oxidation stability to produce smaller, 
and perhaps more economical, transformers capable of 
withstanding more severe operating conditions. 

In the second paper on “ The Stability of Oil in 
Transformers,” Messrs. P. W. L. Gossling and L. H. 
Welch summarised operating experience with trans- 
former oils from the aspect of sludge formation and 
the increase of acidity with life. They also described 
tests which are designed to study the correlation of 
increasing acidity found in service with predictions of 
performance based upon the Michie sludge test. While 
the deterioration of the oils in the 17 transformers 
investigated has not proceeded sufficiently far to allow 
final conclusions to be drawn, there is a clearly estab- 
lished trend towards a greater degree of deterioration, 
as assessed by acidity formation, of the oil which 
gave a high degree of acidity in the sludge test. The 
three oils of low-acidity type tested are at present 
showing good stability. These investigations, over an ex- 
tended period, have shown that, except where abnormal 
conditions of operation apply, transformers can be 
operated with the minimum of maintenance for very 
long periods when the oil complies with B.S. 148: 1951. 

he conclusions drawn are that oils in transformers 
fitted with conservators rarely develop undue acidity. 





Oils in transformers without conservators tend: to 
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develop acidity, but the oil (B.S. 148) may be expected 
to be satisfactory for use in such transformers and, 
under normal conditions, is likely to last for the 
expected life of the transformer. The low rate of rise 
of acidity of oils complying with this specification 
should make testing necessary only every two or three 
years, unless the load or temperature conditions are 
severe. Where the loading of a system is suitably 
arranged it should be possible satisfactorily to use the 
simplest types of indoor transformer, having lower 
total maintenance costs than those more elaborately 
fitted, with consequent savings in capital costs of the 
unit and its chamber, where special headroom might 
otherwise be necessary. 





FLASH BUTT-WELDER FOR 
STEEL STRIP. 


Tue continuous pickling of steel strip requires the 
provision of some means of welding the leading edge 
of a new coil of strip to the trailing end of the preceding 
coil, so that a continuous strip may be fed into the 
pickling line. The welding machine illustrated in 
Figs. 1 and 2, herewith, has been constructed for this 
purpose by the British Federal Welder and Machine 
Company, Limited, of Castle Mill Works, Dudley, 
Worcestershire, and is now at work in the pickling 
line at the Trostre works of the Steel Company of 
Wales, at Llanelly. It is of the flash butt type and can 
deal with steel strip up to a maximum width of 48 in. 
and a thickness of 0-15 in., and is designed to complete 
and trim a weld in a maximum cycle time of 90 seconds 
from start to finish. The overall floor space occupied is 
approximately 20 ft. by 15 ft., the height of the machine 
is 10 ft., and its weight is about 70 tons. 

There are two principal] units in the complete machine, 
one for welding and the other for stripping the flash 
from the weld. They are mounted in tandem on a 
common bed, the welding unit being fixed and the 
stripper having a certain movement in the direction of 
motion of the strip. A general view of the complete 
machine, in the makers’ works, is given in Fig. 1, 
herewith, the welder being in the centre and the stripper 
in the right foreground. Behind the welding unit, on 
the left, are the hydraulic pumps and control valves, 
the latter operated by motor-driven cam timing gear. 
The structural framing of the machine is fabricated 
from steel plate. The operation of the machine is 
controlled from a position at the front, shown in Fig. 2, 
but there are four emergency stop buttons at various 
points, in addition to the one on the control panel. 
There is a separate resetting controller to return the 
machine to the starting position after an emergency 
stop has been made. The main welding contactors and 
the gear for regulating the sequence of operations are 
in separate cabinets, not shown in the illustrations. 

The operation of the machine is simple and largely 
automatic. When the hydraulic pump has been 
started and pressure has been built up, a signal light 
on the control desk indicates that the machine is ready 
for use. The strip normally passes freely through the 
open clamps until its tail end reaches the machine. 
The clamps then grip the end of the strip while an air 
blast removes any loose flash which may be lying on 
the lower die after the previous weld. The cleaner bar, 
which serves also as a gauge to position the strip ends 
at the correct distance apart, is advanced by hydraulic 
power from its housing; the end of the retracted bar 
can be seen projecting from the housing, to the left of 
Fig. 1. On entering, it removes any scale adhering 
to the dies and temporarily rests in that position. The 
clamps are then released and the trailing end of the 
strip is “inched” back by pinch rolls until it butts 
against the bar, and the leading edge of the new strip 
is similarly butted against the other side of the bar. 
Both strips are clamped while the bar is withdrawn 
into its housing. A motor-driven centring device 
adjusts the two strips so that they are truly in line. 
The pinch rolls are part of the mill equipment and not 
of the welding machine, but the inching controls for 
them are mounted on the machine desk. Looping 
pits are provided at the site to allow the temporary 
stoppage of the two strip ends for welding, without 
interrupting the operation of the pickling line. 

The two ends being in line, clamped, and at a gauged 
distance apart, the welding start controller is operated 
and the following sequence proceeds automatically. 
First, the leading end of the incoming strip, the clamps 
of which are mounted on a movable table, are slightly 
withdrawn from contact with the gauge bar. The 
bar then retracts to its housed position and the table 
moves forward until the ends of the two strips butt 
together. At this point the process can be stopped by 
the operator if he wishes to check the alignment of the 
two edges, and restarted by operating the appropriate 
controls ; otherwise, the automatic seq proceed 
The current is now switched on, burning off a pre- 
determined amount of material from the strip ends 
while the heat travels back into the metal, bringing it 
into a plastic condition ; this is automatically timed 
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and is adjustable. At the end of the flashing period, 
the current is switched off and the strip ends are forced 
together hydraulically to upset the joint ; the amount 
of the upsetting motion is also controlled automatically, 
and can be adjusted. When upsetting is completed, 
the moving table stops, the clamps open to release the 
strip, and the table returns to the starting position, 
which resets the machine for the next weld. 

The flash has now to be removed from the weld, 
and here the makers have introduced a novel feature 
to overcome the difficulty of locating the weld exactly 
in line with the stripping tools. The stripper is mounted 
on a carriage with flanged wheels, running on the base 
of the machine, and can be moved laterally by means 
of hydraulic cylinders, actuating rack and pinion 
oa and provided with a variable speed control. 

he welded strip is fed forward until the weld is 
approximately in line with the stripping tools, and the 
stripper itself is then moved as necessary to obtain 





FRONT OF MacHINE, SHOWING CONTROL PANEL. 


precise alignment. The steel strip is clamped hydrau- 
lically and the stripping start controller is operated. 
The stripping tools, driven by an electric motor through 
a worm reduction gear, then move along the line of the 
weld, above and below the steel strip, and clean off 
the flash. There is a series of cutters of high-speed 
tool steel, set in progressive steps like the teeth in a 
broach, the last pair above and below the weld being 
set at a distance apart corresponding to the thickness 
of the unwelded steel, so as to plane the weld to a 
smooth surface that wil] pass evenly through the rolls. 

At the conclusion of the stroke, the clamps re-open 
and the tools return automatically, thus setting the 
stripping machine for further use. The tools are 
mounted in easily detachable holders to facilitate rapid 
replacement. A setting jig is provided on the side of 
the stripper for use in adjusting the tools after grinding 
or in fitting new tools. Spare tools and holders are 
included in the equipment. 
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THE UNIVERSITY AND THE CIVIL 
ENGINEER OF THE FUTURE.* 
By Prorsssor J. B. B. Owen, D.Sc. 
(Concluded from page 792.) 


WHILE university training should give the student a 
broad background, I consider that university teaching 
time can be best.spent on those subjects which present 
the greatest difficulty to students. Among these, at 
the head of the list, is mathematics. At one time, 
engineering text-books almost apologised for using the 
methods of the calculus, yet Fairbairn used them in his 
calculations on tubular bridges about a hundred years 
ago. Our attitude to-day is Fairbairn’s: we will use 
the best techniques which are available to us. Mathe- 
matics provides us with very powerful techniques, but, 
as in engineering, the matter presented to engineers 
has to be selected so that methods not specifically 
dealt with in the course can be quickly grasped after- 
wards if required; this selection is not easy. Who, 
some years ago, would have forecast that a powerful 
way for engineers to deal with awkward differential 
equations would be to turn them into approximate 
finite difference equations or just to feed them into a 
machine ? 

The development of quality control has brought 
statistics into the engineering picture, and an extensive 
use is already being made of its ideas in the study of 
road accidents, rainfall, sewage disposal, loads on 
structures, etc. These developments will radically 
affect the basic reasons why, for example, one uses 
certain stresses in structural design, or why one form 
of road junction is used instead of another. Civil 
engineers will not place much faith in the results 
obtained unless they understand the basis on which 
they are developed and are able to appreciate the 
factors which have been omitted from the calculations. 

Again, the increasing need for economy in the use 
of materials—and civil engineering projects use large 
quantities of materials—will, in many cases, force 
upon us the increased use of thin sections. These will 
need to be stabilised and protected against corrosion 
and fire. The civil engineering graduate should be 
equipped with basic ideas on stability which will enable 
him to proceed beyond the elementary concepts of the 
behaviour of a strut in the elastic range. We might 
try to get even these ideas correct. Struts do not 
necessarily fail if loaded above their critical loads; in 
their buckled state, they may be used as soft springs. 

At least the elementary notions of elasticity, and 
perhaps of the calculus of variations, would seem 
desirable. Are other fairly recent developments going 
to submerge the unfortunate undergraduate, after a 
little “ relaxation,” into a sea of iteration methods and 
matrices ? It, would appear that the need for intro- 
ducing special mathematical contributions into some 
engineering postgraduate courses will have to be 
borne in mind. 

Technical developments in civil engineering are 
taking place at such a rate, and over such a wide field, 
that their introduction into the undergraduate course 
as specific subjects would completely overload it. 
On the postgraduate level, something might be done, 
provided that facilities, staff and postgraduate students 
can be brought together. The subjects dealt with 
would depend upon the nature of the facilities and the 
staff made available. If universities are to avoid 
becoming retailers of second-hand information, there 
must be adequate facilities. These might appropriately 
be such of those available to the research establishments 
and practising engineers as the universities can handle 


without impairing their teaching efficiency. One | large 


would also like to see at each university a strong flavour 
of local interest permeating some part of the work. 
First among the facilities needed to make research 
and postgraduate courses in civil engineering possible 
at the university are appropriate means for measuring ; 
preferably portable measuring apparatus, so that, with 


the co-operation of practising engineers, experimental | pos 


work can be extended beyond the confines of the 
laboratory walls, and observations made on the per- 
formance of civil engineering works. Facts are funda- 
mental to any real knowledge of engineering perfor- 
mance. In structural work, for example, equipment 
for recording strains is essential. Solitary strain 
gauges rarely give information of value. A large 
number of gauges needs a specially trained staff to 
handle them and a large staff to analyse the results 
before a start can be made to appreciate their sig- 
nificance. Even then, the wood may not be seen for 
the trees. It is better to set out with one small 
definite aim in view. A project then comes within 
what @ university can tackle, and in this way the 
university can help the student to criticise the sig- 
nificance of the results of researches and cultivate in 
him an attitude which will enable him to devise some 
way of tackling any problem which he may meet. 


* Inaugural public lecture given at the University of 
Liverpool on December 7, 1951. Abridged. 








Although portable apparatus extends the experi- 
mental work of a university beyond the confines of its 
walls, full-scale investigations have limitations. Rarely 
will it be possible to press investigations to the stage 
when failure is imminent and so obtain some information 
on the margin of safety available and the change in 
behaviour as plasticity replaces elasticity. Something 
is necessary to bridge the gap. Fairbairn, who was in 
many ways @ pioneer, found model tests necessary and 
useful. Nowadays, facilities are available for doing 
model and full-scale tests, but the cost of providing 
test specimens alone, for use in some modern straining 
frames, would probably strain university finance also, 
and the handling of the test equipment would be a 
major operation. If we are to make any headway in 
the university it has to be on a more modest scale, 
and in the nature of the apparatus found at some of the 
smaller research establishments, and at some university 
engineering schools, there is encouragement that some- 
thing useful can be done. Laboratory tests used in 
conjunction with field tests may at least give an 
indication of the scale effects. 

The facilities available to even the staff of our national 
research establishments are, in many cases, quite small 
compared with those available in America and possibly, 
too, in Russia. We still find, however, good work 
done in small well-equipped laboratories. A good deal 
depends upon the man doing the research and on the 
encouragement he receives from his colleagues. It may 
offer encouragement to some to have heard, in the 
recent British Association meeting in Edinburgh,* 
of a most significant contribution made by the staff of 
a@ comparatively small laboratory to the available 
knowledge on the brittle fracture of mild steel. At 
last, tests have been devised which show a significant 
decrease in strength as the character of the failure 
changes from ductile to brittle. Locked-up stresses, 
poor welding procedure, poor structural design, low 
energy absorption, etc., all have been blamed for the 
premature structural failures which occurred, and they 
may well have been responsible for starting cracks ; 
but these alone are poor excuses for the failure of a 
whole galaxy of earlier tests to produce evidence of a 
decrease in strength. Those who are privileged to 
work in small but well-equipped laboratories may take 
heart from achievements of this kind. 

The ideal postgraduate course of lectures is one 
given by a team of university lecturers who have been 
doing research in the subject in which they are 
lecturing, backed up by practising engineers who have 
been coping with the practical difficulties of applying 
this work in the field. University staff should be 
encouraged to spend some time working at research 
establishments and in engineering works, and one 
would welcome the addition of lecturing and laboratory 
instruction from itinerant members of the research 
establishments. This procedure should result in a 
balanced treatment of the subject considered, provided 
that the postgraduate student himself also undertakes 
some, even small, investigation in his field. 

The most important member of the postgraduate 
team is the postgraduate student. In my view, after 
the civil engineering student has taken his initial 
degree, his next year or so is best spent in obtaining 
practical experience. At some time, he has to fit in 
two years’ military service. By the time that he has 
done all this, he is perhaps a married man with a 
family. How can he now afford to return to a univer- 
sity postgraduate course, even if he has a scholarship, 
if his effective wage is less than that of a labourer ? 
His family is the one we need to encourage, and I 
understand that some of our more progressive and 
r firms have already seen this problem and are 
providing the postgraduate student with adequate 
funds on the condition that he agrees to return to their 
service for a reasonable period after completing his 
studies. The smaller firms may not be able to do this. 
The Department of Scientific and Industrial Research 
now helps on occasions, but, in my view, some adequate 
tgraduate scholarship scheme is essential. Can we 
have a little more of the humanities here ? 

The present economic position is such that the 
student’s most expedient procedure is to follow straight 
on after his initial degree with a postgraduate course. 
Provided this course further equips him to find out 
for himself what he does not know, and gives him 
leisure and time to think and not just swot for examina- 
tions, it will give him a breadth that, some employers 
complain, graduates lack; but it is not, in my view, 
the ideal at which we should aim. 

I am aware that I have far from exhausted my 
subject. Civil engineering is international. The 
Hawksleys and Deacons of our day would be just as 
interested in the Snowy Mountain scheme in Australia, 
of turning rivers northward, as they would be in the 
Russian project of turning rivers southward, and the 
profession could have a considerable integrating 
influence in the world. It seems to me that, even when 
adequate facilities are provided, the success of the 





* ENGINEERING, October 5, 1951 (page 445). 





university’s contribution to civil engineering of the 
future depends not only on those whose privilege it is 
to teach and carry on research in civil cognorring, 
but on the co-operation received from those of scientific 
training, those nurtured in the humanities, those en- 
gaged in full-time research in the establishments of 
this and other countries and those employed in civil 
engineering practice. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 


THis list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 








PETROLEUM INDUSTRY EXHIBITION.—Monday, Decem- 
ber 17, to Sunday, January 27, 1952, at the Royal 
Scottish Museum, Edinburgh. Organised by the Shell 
Petroleum Co., Ltd., St. Helen’s-court, London, E.C.3 
(Telephone: AVEnue 4312); and the Anglo-Iranian 
Oil Co., Ltd., Britannic House, Finsbury-circus, London, 
E.C.2 (Telephone: CENtral 7422). See also page 480, 
ante. 


NEW BUILDING MATERIALS AND TECHNIQUES EXHI- 
BITION.—Friday and Saturday, January 18 and 19, 1952, 
at the Royal York Hotel, Toronto. Agents: Tides, 
Ltd., 1, Hanover-square, London, W.1. (Telephone: 
MAYfair 1101.) 

INTERNATIONAL RADIO AND ELECTRONICS EXHIBITION 
oF InpIA.—Saturday, February 9, to Friday, February 
29, 1952, at Bombay. For further information, apply 
to the secretary, Radio and Electronics Society of India, 
Fateh Manzil, Opera House, Bombay, India. 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Sunday, February 17, to Sunday, February 24, 
1952, at Brussels. Apply to the secretary, Société de 
Mécanique et d’Industries Agricoles, S.A., 29, Rue de Spa, 
Brussels, Belgium. 

BusINEss EFFICIENCY EXHIBITION.—-Tuesday, Feb- 
ruary 19, to Friday, February 29, 1952, at Bingley Hall, 
Birmingham. Organised by the Office Appliance and 
Business Equipment Trades Association, 11-13, Dowgate- 
hill, Cannon-street, London, &E.C.4. (Telephone : 
CENtral 7771.) See also page 636, ante. 


GERMAN INDUSTRIES F'arrs, HANOVER.—Light Indus- 
tries: Wednesday, February 27, to Sunday, Maroh 2, 
1952, at Hanover. Heavy Industries: Sunday, April 27, 
to Tuesday, May 6, 1952, at Hanover. Agenis: 
Schenkers, Ltd., 27, Chancery-lane, London, W.C.2. 
(Telephone : HOLborn 5595.) 

INTERNATIONAL AGRICULTURAL MACHINERY EXHI- 
BITION.—Tuesday, March 4, to Sunday, March 9, 1952, 
at the Parc des Expositions, Paris. Organised by the 
Union des Exposants des Machines et d’Outillages 
Agricoles, 38, Rue de Chateaudun, Paris 9e. 

* DatLy Matt” IpEAL HoME Exursirion.—Tuesday, 
March 4, to Saturday, March 29, at Olympia, London, 
W.14. Organised by the Daily Mail, New Carmelite 
House, Carmelite-street, London, E.C.4, (Telephone : 
CENtral 6000.) 

VIENNA SPRING Fatr.—Sunday, March 9, to Sunday, 
March 16, 1952. Agents: British Austrian Chamber of 
Commerce, 29, Dorset-square, London, N.W.1. (Tele- 
phone: PADdington 7646.) 

GENEVA INTERNATIONAL MoTOR EXHIBITION.—Thurs- 
day, March 20, to Sunday, March 30, 1952, at Geneva. 
For further information, apply to the secretary of the 
exhibition, 1, Place du Lac, Geneva, Switzerland. 

SECOND UNITED STATES INTERNATIONAL TRADE Fair. 
—Saturday, March 22, to Sunday, April 6, 1952, at the 
Nay Pier, Chicago. Representative for the United 
Kingdom and Ireland: Mr. A. P. Wales, 12, St. George- 
street, London, W.1. (Telephone: MAYfair 4710.) 

MANCHESTER BUILDING TRADES EXHIBITION.—Tues- 
day, March 25, to Saturday, April 5, 1952, at the City 
Hall, Deansgate, Manchester. Apply to Provincial 
Exhibitions, Ltd., City Hall, Deansgate, Manchester. 
(Telephone: Deansgate 6363), or to the London agent 
at 167, Oakhill-road, Putney, London, 8.W.15. (Tele- 
phone: VANdyke 5635.) 

FIRST SUPERVISING ELECTRICAL ENGINEERS NATIONAL 
EXHIBITION.—Friday and Saturday, March 28 and 29, 
1952, at the Royal Horticultural Society’s new hall, 
Greycoat-street, Westminster, London, 8.W.1. For 
further information, apply to the conference secretary, 
Mr. P. A. Thorogood, 35, Gibbs-green, Edgware, 
Middlesex. See also page 266. 

EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
TrEsT GEAR FOR THE RADIO, TELEVISION, ELECTRONIC 
AND TELECOMMUNICATIONS INDUSTRIES.—Monday to 
Wednesday, April 7 to 9, 1952, at Grosvenor House, 
Park-lane, London, W.1. Organised by the Radio and 
Electronic Component Manufacturers’ Federation, 22, 
Surrey-street, Strand, London, W.O0.2. (Telephone: 
TEMple Bar 6740.) 
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Swiss InpusTrRigs Fatr.—Saturday, April 19, to 
Tuesday, April 29, 1952, at Basle. Apply to the Division 
Economique, Swiss Legation, 18, Montague-place, 
London, W.1. (Telephone: PADdington 0701.) 

SyMposiuM ON DIAMOND DRILLING.—Monday, Tuesday 
and Wednesday, April 21, 22 and 23, 1952, at Johannes- 
burg. Organised by the Chemical, Metallurgical and 
Mining Society of South Africa and the Diamond Research 
Laboratory. Apply to the director of the Laboratory, 
P.O. Box 916, Johannesburg. 

RoyaL SANITARY INSTITUTE HEALTH CONGRESS.— 
Tuesday, April 22, to Friday, April 25, 1952, at Margate. 
Apply to the secretary, the Royal Sanitary Institute, 
90, Buckingham Palace-road, Westminster, London, 
8.W.1. (Telephone: SLOane 5134.) 

TELEVISION CONVENTION.—Monday, April 28, to 
Saturday, May 3, 1952, at Savoy-place, Victoria-embank- 
ment, London, W.C.2. Organised by the Radio Section 
of the Institution of Electrical Engineers. Apply to the 
secretary of the Institution at the address given above. 


(Telephone: TEMple Bar 7676.) See also pages 265 
and 371, ante. 
INTERNATIONAL FOUNDRY CONGRESS AND SHOW.— 


Thursday, May 1, to Wednesday, May 7, at Atlantic 
City, New Jersey, U.S.A. Organised by the American 
Foundrymen’s Society, 616, South Michigan-avenue, 
Chicago 5, Illinois, U.S.A. 

British InpDUsTRIEs Fair.—Monday, May 5, to 
Friday, May 16, 1952, at Earl’s Court, London, S.W.5, 
and Olympia, London, W.14; and Castle Bromwich, 
Birmingham. Particulars from the director, British 
Industries Fair, Board of Trade, Lacon House, Theo- 
bald’s-road, London, W.C.1. (Telephone: CHAncery 
4411); or the general manager, British Industries Fair, 
95, New-street, Birmingham, 2. (Telephone: Midland 
5021.) 

INTERNATIONAL EXHIBITION OF ELECTRICAL APPLI- 
ANCES.—Tuesday, May 13, to Tuesday, May 27, 1952, 
at Bologna. Apply to the Ente Autonomo Fiera di 
Bologna, via Farina 6, Bologna. 

SweEpiIsH INDUSTRIES FaIR.—Saturday, May 17, to 
Sunday, May 25, 1952, at Gothenburg. Agents: John E. 
Buck and Co., 47, Brewer-street, London, W.1. (Tele- 
phone: GERrard 7576.) 


GERMAN EXHIBITION OF CHEMICAL APPARATUS.— 
Sunday, May 18, to Sunday, May 25, 1952, at Frankfurt- 
on-Main, Germany. Organisers: Dechema Deutsche 
Gesellschaft fir Chemisches Apparatewesen E.V., Frank- 
furt. 

ELECTRICAL ASSOCIATION FOR WOMEN, 27TH ANNUAL 
CONFERENCE.—Monday, May 19, to Saturday, May 24, 
1952, at Scarborough. Apply to the director, the 
Electrical Association for Women, 35, Grosvenor-place, 
London, 8S.W.1. (Telephone: SLOane 0401.) 


CANADIAN INTERNATIONAL TRADE Fair.—Monday, 
June 2, to Friday, June 13, 1952, at Toronto. Apply to 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
S.W.1. (Telephone : WHItehall 8701.) 

MECHANICAL HANDLING EXHIBITION.—Wednesday, 
June 4, to Saturday, June 14, 1952, at Olympia, London, 
W.14. Apply to the exhibition organisers, Iliffe and 
Sons, Ltd., Dorset House, Stamford-street, London, 
S.E.1. (Telephone : WATerloo 3333.) 


ROYAL AGRICULTURAL SHOW.—Tuesday, July 1, to 
Friday, July 4, 1952, at Newton Abbot. Organised 
by the Royal Agricultural Society of England, 16, 
Bedford-square, London, W.C.1. (Telephone : MUSeum 
5905.) 

WELDING DESIGN AND ENGINEERING SUMMER SCHOOL. 
—~—Wednesday, July 16, to Sunday, July 20 ; and Sunday, 
July 20, to Friday, July 25, at Ashorne Hill. Organised 
by the British Welding Research Association, 29, Park- 
crescent, London, W.1. (Telephone: LANgham 7485.) 


INTERNATIONAL ASSOCIATION FOR BRIDGE AND 
STRUCTURAL ENGINEERING, FOURTH INTERNATIONAL 
CONGRESS.—Monday, August 25, to Friday, August 29, 
1952, at Cambridge. For further information, apply 
to the secretary of the Association, Swiss Federal] Institute 
of Technology, Ziirich, Switzerland. 

Swiss Fair, LAUSANNE —Saturday, September 13, to 
Sunday, Sep ber 28, 1952, at Lausanne. For further 
information, apply to Comptoir Suisse, Place de la 
Riponne 5, Lausanne, Switzerland. 

INTERNATIONAL MACHINE TOOL EXHIBITION.—Wed- 
nesday, September 17, to Saturday, October 4, 1952, at 
Olympia, London, W.14. Organised by the Machine 
Tool Trades Association, Victoria House, Southampton- 
tow, London, W.C.1. (Telephone: HOLborn 4667.) 
See also page 51, ante. 


Sent 





ASLIB (ASSOCIATION OF SPECIAL LIBRARIES AND INFOR- 
MATION BUREAUX).—Friday, September 19, to Monday, 
September 22, 1952, Annual Conference at The Hayes, 
Swanwick, Derbyshire. Apply to the secretary of the 
Association, 4, Palaco-gate, Kensington, London, W.8. 


LABOUR NOTES. 


ConcEeRN at the growing shortage of metals for 
industrial purposes is being expressed in many quarters. 
In the steel trade, both the unions and the employers’ 
organisations have drawn attention to the problems 
caused by the shortage and are united in their criticism 
of the Government’s expressed intention of re- 
introducing the old system of steel rationing. An 
editorial note in the December issue of Man and Metal, 
the official journal of the Iron and Stee) Trades 
Confederation, stresses the opinion that there can be 
no question, under the circumstances of the present 
metals position, that there is a need to reimpose control 
over the distribution of iron and steel. The writer 
of the article states that, for reasons which are widely 
known, steel is again in short supply, although through 
no fault of the industry itself. As the essence of 
economy is the extent to which the best use is made of 
materials which are scarce, it is right and proper that 
the utmost use should be made of the limited supplies 
of steel available by guiding these supplies into those 
channels which will serve the national] interest best. 





The writer regards it as surprising and even dis- 
concerting, however, to find that the new arrangements 
to be introduced by the Government will be the same 
as those in operation up to May, 1950. He comments 
that the intricate and complicated system of allocations, 
which, previously, were subjected to such a barrage of 
complaint and criticism, are to be put into effect once 
agaim and that no attempt appears to have been made 
at simplification. It may mentioned that, as 
announced by the Minister of Supply, Mr. Duncan 
Sandys, on November 12, steel allocations will be 
resumed as from February 4, 1952. From that date 
no one will be permitted to acquire or use specified 
types of steel unless he s an Official authorisa- 
tion permitting him or his sub-contractors to do so. 
Retail sellers of iron and steel will require licences to 
obtain controlled types of steel for re-sale. Consumers 
will be allowed to purchase small amounts of steel 
ranging in quantity from two cwt. of alloy iron or steel 
up to one ton of forgings or heavy plates. An alter- 
native scheme for steel rationing, which was put 
forward by some sections of the trade, appears to have 
been rejected by the Ministries concerned, on the 
ground that the old scheme could be reintroduced 
more easily than a new one. 





Delays and, in some instances, stoppages caused to 
manufacturing programmes owing to the lack of raw 
materials were referred to at a meeting between Mr. 
Sandys and representatives of the Engineering Indus- 
tries Association in London on December 20. According 
to a statement which was issued by the Association 
after the meeting, the deputation met Mr. Sandys to 
express the increasing concern of industry generally at 
the continued shortage of raw materials, especially of 
steel and non-ferrous metals. The deputation, which 
was led by Lord Davidson, the Association’s President, 
and Mr. Arthur Keats, the chairman of the Midland 
region of the Association, informed the Minister that a 
questionnaire circulated in the Midlands showed that 
there was a dearth of certain types of steel in the country 
and that “a very careful analysis of the hundreds of 
replies received showed a general unanimity of opinion 
on this point.” 





Mr. Keats informed the Minister, the statement 
proceeds, that there was a definite feeling in the 
Midland area that emphasis had been given to steel 
output by tonnage rather than on selectivity, and that, 
in consequence, steel makers had been rolling heavier 
sections, as was evidenced by the fact that it was far 
easier to obtain heavier sections than lighter ones. The 
representatives of the Association pressed the Minister 
to grant a respite from the ban on the use of copper and 
zine, pointing out that the period of grace allowed in 
the Order was too short. Mr. Sandys promised that a 
thorough investigation should be made into the various 
points raised by the Association. 





The demands of engineering employees in railway 
workshops for a “ substantial ’’ increase in their wages 
were the subject of renewed discussions at a meeting 
between the two sides of the Railway Shopmen’s 
National Council in London on December 20, but again 
without an agreement having been reached. It is 
understood that the latest offers made by the Railway 
Executive amounted to increases of 9s. 6d. a week for 
craftsmen and 8s. for labourers, equivalent to the 8 per 
cent. advances in wages granted to other railway 
employees, but the unions representing the shopmen 
have remained firm in their demands that these work- 
people shall receive not less than the lls. a week 
increase recently conceded to employees in the general 
engineering industry. Representatives of these unions, 
the Confederation of Shipbuilding and Engineeri 

Unions and the National Union of Railwaymen, com- 


National Council and appear to have decided that, in 
view of the failure of the two sides of the Council to 
agree to a settlement of the claims, the dispute should 
be referred to Sir Walter Monckton, the Minister of 
Labour, with a.view to its submission to arbitration. 
About 130 000 employees are involved in this wage claim. 





Many of the smaller and medium-sized manufactur- 
ing firms in Britain are being seriously affected by the 
present high death duties, in the view of the Nationa! 
Union of Manufacturers. In a memorandum sub- 
mitted to Mr. R. A. Butler, the Chancellor of the 
Exchequer, on December 18, and published at the end 
of last week, the union makes an earnest appeal for the 
appointment by the Chancellor of an impartial com- 
mittee to hold a public inquiry into the full effects of 
death duties on industry. The union considers that 
such an inquiry is the only satisfactory method of 
revealing the extent of the mischief being done by this 
form of taxation and the degree of easement which is 
required. In the opinion of the union, the prevailing 
high rate of death duties is having “ a disastrous effect 
on a major part of British industry.” 





An investigation into this problem was carried out in 
July last by the then Chancellor of the Exchequer, in 
response to a previous request by the union for an 
inquiry, and the Board of Inland Revenue subse- 
quently issued a report, in the form of a White Paper, 
in which it was stated that no case had come to light 
of any family business having to be broken up in order 
to provide the money required for death duties. The 
union claims, in its recent memorandum, that this 
report touched only the fringe of the real problem and 
that it was confined to those cases in which death had 
already occurred. The union contends that it is the 
threat of death duties which has the most far-reaching 
economic effect. In many cases, the whole, or a sub- 
stantial part of a business has to be realised to provide 
in advance the necessary liquid resources outside the 
business for the eventual payment of death duties. 
In other instances, the developments of a business 
requiring increased working capital may be restricted 
by similar causes. It is suggested that even such 
evidence as was produced by the survey conducted by 
the Board of Inland Revenue appears to have been too 
lightly dismissed in the resulting White Paper, and 
that the proposals contained therein for avoiding the 
breaking-up of businesses have only limited possi- 
bilities under present-day conditions. 





Among other examples of the adverse effect of death 
duties on small businesses, which have come to the 
notice of the union, is the case of a manufacturer who 
was compelled to sell his machinery to purchasers in 
the United States, in order to meet death duties. 
This resulted in the closing of the business, and the 
dismissal of the forty skilled craftsmen employed to 
run the undertaking, which had been engaged on the 
production of consumer goods for America. There 
can be but few instances of businesses owned by indivi- 
duals or partnerships having sufficient liquid resources 
from which to meet the duties and the union suggests 
that it is a basic error to suppose that the case against 
excessive death duties can be conclusively proved or 
rebutted by means of statistics alone. ‘ What is 
involved is an appreciation of the business man’s 
position when he is faced with a prospective liability 
to death duties, which he must regard as a tax on 
the capital of his business.” 





The chairman of the National Coal Board, Sir 
Hubert Houldsworth, has sent an end-of-year message 
of thanks to the coal-mining industry for the “‘ magnifi- 
cent ” results which have been attained by the industry 
during the past twelve months. Sir Hubert states 
that the output of saleable coal produced is likely to 
be about seven million tons more this year than during 
1950. He refers to this as a splendid achisvement 
and considers that it will materially help in preventing 
hardships in the home and in keeping British industry 
at work. 





Saleable coal mined during the first 50 weeks of this 
year totalled 215,144,700 tons, of which 204,445,300 
tons were deep-mined and 10,699,400 tons were open- 
cast, aecording to statistics issued by the Ministry of 
Fuel and Power on December 19. Comparative figures 
for the corresponding period last year show a total 
output of 209,452,600 tons, of which 197,553,000 
tons were deep-mined and 11,899,600 tons were open- 
cast. Total stocks of coal distributed during the first 
49 weeks of this year, ended December 8, amounted 
to 206,204,000 tons, of which 195,215,000 tons were 
used for inland consumption, 7,444,000 tons were 
exported overseas, and 3,545,000 tons were taken as 
bunkers. During the 49 weeks ended December 9, 
1950, coal stocks distributed by the Naticnal Coal 
Board totalled 205,359,000 tons, comprising 188,925,000 
tons for inland consumption, 12,616,000 tons sent 
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FUEL AND POWER PROJECTS. 


Fig. 22. SIMPLIFIED SCHEME OF 
UNDERGROUND GASIFICATION EXPERIMENTS. 
Gas 


a Gas Volume 7 
Meter 


























| 
TLE 4// 


(600.?. 
SOME FUEL AND POWER 
: PROJECTS,* 
By H. Roxszg Cox, Ph.D., B.Sc. (Eng.) 
(Concluded from page 796.) 

THE objective of the present British work on the 
underground gasification of coal is to discover whether 
it could be an economic commercial operation in Great 
Britain. Preliminary assessments, which included 
appreciation of foreign work, suggested that work in 
the field on an experimental scale, designed to provide 
data on which a dependable assessment of the economic 
prospects could be made, was justifiable and so the 
present programme was put in hand in 1949. 

There were at the outset two main lines of study—the 
investigation of the gasification process and the quite 
separate investigation of methods of creating the system. 
These studies would be followed by consideration of 
the use of the energy. As, however, for the study of 
the gasification process in the field the creation of a 
system was an essential preliminary, a method was 
adopted which, though of considerable intrinsic interest, 
was recognised from the outset as of limited applica- 
bility. This method, involving horizontal drilling, was 
particularly suitable for the site at Newman Spinney, 
near Chesterfield, where work was started. 

The first system was made by drilling two vertical 
holes, 4 in. diameter and 50 ft. apart, from high ground 
down to a wet banded coal seam about 75 ft. below the 
surface. Open-cast operations had produced an 
exposed face at a low level nearby, from which a roughly 
horizontal hole could be drilled to intersect in the seam 
with the verticals. This drilling work, so easily 
dismissed in a few words in this brief account, produced 
numerous problems of interest to engineers, quite apart 
from their relationship to underground gasification. 
In particular, new techniques for effecting intersection 
between vertical and horizontal drillings had to be 
developed. The vertical and horizontal drillings 
formed a U-tube, with its base in the coal. In July, 
1950, the coal was ignited with Calor gas, and air was 
pumped down one vertical in such measure that the 
gasification reaction was maintained. The system, 
shown diagrammatically in Fig. 22, continued to pro- 
duce gas until March, 1951, when it was closed down. 
Reversal of flow is obtained by opening the valve a 
and closing 6, and vice versa (Fig. 22). 

For the first ten weeks of gasification, the gas quality 
was maintained without any difficulty at an average 
of about 80 B.Th.U.’s per cubic foot, the only encourage- 
ment needed being occasional reversal of the direction 
of air flow when undue increase in upcast temperature 
or drop in gas quality suggested it. In other words, 
each vertical hole was in turn upcast and downtake. 
As the burnt-out space became wider, the tendency 
for some of the air to miss contact with the walls 
became evident in a lowering of the gas quality. Some 
encouraging experiments were done to overcome this, 
in which air was introduced at the side of the passage 
from an additional vertical. By this means, the 
quality of the gas was partly restored. The effects 


* The 38th Thomas Hawksley Lecture, delivered to 
the Institution of Mechanical Engineers on Friday, 
November 16, 1951. Abridged. 











Fig. 23. 350-TON HORIZONTAL PEAT DEWATERING PRESS. 
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of variation in the frequency of flow reversal and in 
the rate of air supply were examined, and at one stage 
steam was introduced to see whether it would improve 
the gas quality. Its effect was, however, masked by 
the presence of a great deal of water in the seam. 

During the initial ten-week period when the produc- 
tion of gas was most satisfactory, over 100 tons of coal 
were gasified with a total thermal yield of about 67 per 
cent., made up of some 49 per cent. as combustible 
gas, 11 per cent. as sensible heat, and 7 per cent. as 
steam. During this period, and the subsequent periods 
of deterioration and partial recovery, much valuable 
basic information was obtained. It was possible to 
begin to make elementary economic calculations which 
suggested the possibility of producing the gas in a full- 
scale system at between ld. and 2d. per therm, rough 
figures substantially less than the probable revenue 
the gas could earn as a power producer—2}d. to 3d. per 
therm. 

While these first trials of the combustion and gasi- 
fication processes were running, a great deal of thought 
was being given to the problem of finding a more 
generally applicable way of making the underground 
system. The idea of a ‘ mechanical mole,” which had 
been investigated in Belgium, was seriously considered 
and the methods under development in oil fields for 
drilling curved holes were examined. The possibility 
of directional explosive charges was not overlooked. 
The most interesting possibility, however, seemed to 
be to make a passage by the application of pressure, 
which, it was 8 , would either open up natural 
fissures in the coal or lift the overburden and cause a 
crack above, below, or in the seam. 

The first experiment to test this was with com- 
pressed air and was on a modest scale, the two verticals 
being only 33 ft. apart. Naturally, the compressed 
air cated to diffuse evenly round the downtake, but 
when the pressure exceeded that of the overburden— 
at about 100 lb. oy! square inch—the presence of the 
upceast made itself felt and it began to deliver about 
20 per cent. of the air supplied. Ignition was achieved 
at this pressure by means of hydrogen, and gasification 
was maintained for some three weeks, by which time 
a drop in the required pressure showed that a con- 
necting channel had been burnt through between the 
boreholes. Thereafter gas production continued at the 
usual low pressure. The es weeks at high pressure 
is obviously inconvenient and expensive (and would be 
more 80 with the much larger channels which would be 
required in practice) and effort is being directed, 
therefore, to pressure techniques in which this initial 
delay does not occur. 

The initial work at Newman Spinney, though 
encouraging and full of interest, naturally left some 
important questions unanswered. The first was— 
how favourable or unfavourable is the site? Certainly, 
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the coal is poor in quality. It is half dirt, wet, con- 
taining 9 per cent. sulphur and is lying in thin layers. 
Clearly, experience with coal of different kinds is 
needed before a true assessment can be made. This is 
one of the reasons for seeking additional sites for 
experiment. Trials are in preparation at the first of 
these, in Worcestershire, where the coal and geological 
formation are substantially different from those at 
Newman Spinney. Another obvious problem was to 
find the optimum spacing of verticals and the best 
geometrical arrangements. Trials have begun at 
Newman Spinney with a second system, made b 
horizontal drilling, with verticals 75 ft. apart, which will 
throw some light on this. Trials on the same site are 
also being extended to a seam at 200 ft.depth. In this 
case, we hope to establish the system by high pressure 
and to operate on a larger scale than has yet been 
attempted in Great Britain. 

The experiments so far have been confined to the 
study of the gasification _—— and the making of 
systems in flat seams. Utilisation of the gas produced 
does not appear to present serious difficulty, but is 
being carefully studied as part of the economic survey. 
There is no present intention of trying to make gas for 
domestic purposes or synthesis purposes; the aim is 
industrial gas which may be burned in power stations 
on the underground gasification site. 

It is hoped that, in the next few months the work 
will have given enough information for an economic 
assessment to be made. If this is favourable, we 
should hope to check it by means of a pilot-scale 
system. Given success at that stage, it might be right 
to incur the heavy expense of a full-scale scheme. The 
possible prize—a large-scale addition to the national 
fuel resources—is so great that continued experiment, 
if necessary over a long period, appears to be fully 
justified. 

By “total” gasification is meant the conversion of 
coal into gas with such completeness that the only 
other product is ash. In this sense, total gasification 
has long been practised, not only in the form of the 
gas-producer process but as the gasworks process of 
carbonisation with water-gas generation from the 
resultant coke. Other processes have been gy 
notably in Germany, but only for brown coals. ese 
and other methods as applied to British coals have 
been debated for some years, but a fresh review was 
made in the Ministry towards the end of 1949, which 
resulted in the sketch of an attractive picture, in 
which gasification of a wide range of the cheaper coals, 
near to their source of production, was associated 
with high-pressure transmission of the gas to the points 
of consumption. The subject was considered by the 
Scientific Advisory Council, who agreed with the need 
for more detailed investigation, and in 1950 a com- 
mittee was formed under the chairmanship of Dr. 
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Swiss InpusTrRiges Fair.—Saturday, April 19, to 
Tuesday, April 29, 1952, at Basle. Apply to the Division 
Economique, Swiss Legation, 18, Montague-place, 
London, W.1. (Telephone: PADdington 0701.) 

SYMPOSIUM ON DIAMOND DRILLING.—Monday, Tuesday 
and Wednesday, April 21, 22 and 23, 1952, at Johannes- 
burg. Organised by the Chemical, Metallurgical and 
Mining Society of South Africa and the Diamond Research 
Laboratory. Apply to the director of the Laboratory, 
P.O. Box 916, Johannesburg. 

RoyaL SANITARY INSTITUTE HEALTH CONGRESS.— 
Tuesday, April 22, to Friday, April 25, 1952, at Margate. 
Apply to the secretary, the Royal Sanitary Institute, 
90, Buckingham Palace-road, Westminster, London, 
S.W.1. (Telephone : SLOane 5134.) 

TELEVISION CONVENTION.—Monday, April 28, to 
Saturday, May 3, 1952, at Savoy-place, Victoria-embank- 
ment, London, W.C.2. Organised by the Radio Section 
of the Institution of Electrical Engineers. Apply to the 
secretary of the Institution at the address given above. 
(Telephone: TEMple Bar 7676.) See also pages 265 
and 371, ante. 

INTERNATIONAL FOUNDRY CONGRESS AND SHOW.— 
Thursday, May 1, to Wednesday, May 7, at Atlantic 
City, New Jersey, U.S.A. Organised by the American 
Foundrymen’s Society, 616, South Michigan-avenue, 
Chicago 5, Illinois, U.S.A. 

British INDUSTRIES Fair.—Monday, May 5, to 
Friday, May 16, 1952, at Earl’s Court, London, 8.W.5, 
and Olympia, London, W.14; and Castle Bromwich, 
Birmingham. Particulars from the director, British 
Industries Fair, Board of Trade, Lacon House, Theo- 
bald’s-road, London, W.C.1. (Telephone: CH Ancery 
4411); or the general manager, British Industries Fair, 
95, New-street, Birmingham, 2. (Telephone: Midland 
5021.) 

INTERNATIONAL EXHIBITION OF ELECTRICAL APPLI- 
ANCES.—Tuesday, May 13, to Tuesday, May 27, 1952, 
at Bologna. Apply to the Ente Autonomo Fiera di 
Bologna, via Farina 6, Bologna. 

SwepisH INDUSTRIES Farr.—Saturday, May 17, to 
Sunday, May 25, 1952, at Gothenburg. Agents: John E. 
Buck and Co., 47, Brewer-street, London, W.1. (Tele- 
phone: GERrard 7576.) 

GERMAN EXHIBITION OF CHEMICAL APPARATUS.— 
Sunday, May 18, to Sunday, May 25, 1952, at Frankfurt- 
on-Main, Germany. Organisers: Dechema Deutsche 
Gesellschaft fir Chemisches Apparatewesen E.V., Frank- 
furt. 

ELECTRICAL ASSOCIATION FOR WOMEN, 27TH ANNUAL 
CONFERENCE.—Monday, May 19, to Saturday, May 24, 
1952, at Scarborough. Apply to the director, the 
Electrical Association for Women, 35, Grosvenor-place, 
London, S.W.1. (Telephone: SLOane 0401.) 

CANADIAN INTERNATIONAL TRADE Fair.—Monday, 
Juno 2, to Friday, June 13, 1952, at Toronto. Apply to 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
S.W.1. (Telephone : WHItehall 8701.) 

MECHANICAL HANDLING EXHIBITION.—Wednesday, 
June 4, to Saturday, June 14, 1952, at Olympia, London, 
W.14. Apply to the exhibition organisers, Iliffe and 
Sons, Ltd., Dorset House, Stamford-street, London, 
S.E.1. (Telephone : WATerloo 3333.) 

ROYAL AGRICULTURAL SHOW.—Tuesday, July 1, to 
Friday, July 4, 1952, at Newton Abbot. Organised 
by the Royal Agricultural Society of England, 16, 
Bedford-square, London, W.C.1. (Telephone : MUSeum 
5905.) 

WELDING DESIGN AND ENGINEERING SUMMER SCHOOL. 
—Wednesday, July 16, to Sunday, July 20 ; and Sunday, 
July 20, to Friday, July 25, at Ashorne Hill. Organised 
by the British Welding Research Association, 29, Park- 
crescent, London, W.1. (Telephone: LANgham 7485.) 

INTERNATIONAL ASSOCIATION FOR BRIDGE AND 
STRUCTURAL ENGINEERING, FOURTH INTERNATIONAL 
ConGrREss.—Monday, August 25, to Friday, August 29, 
1952, at Cambridge. For further information, apply 
to the secretary of the Association, Swiss Federal Institute 
of Technology, Ziirich, Switzerland. 

Swiss Fair, LAUSANNE.—Saturday, September 13, to 
Sunday, September 28, 1912, at Lausanne. For further 
information, apply to Ccmptoir Suisse, Place de la 
Riponne 5, Lausanne, Switzerland. 

INTERNATIONAL MACHINE TOOL EXHIBITION.—Wed- 
nesday, September 17, to Saturday, October 4, 1952, at 
Olympia, London, W.14. Organised by. the Machine 
Tool Trades Association, Victoria House, Southampton- 
tow, London, W.C.1. (Telephone; HOLborn 4667.) 
See also page 51, ante. 

ASLIB (ASSOCIATION OF SPECIAL LIBRARIES AND INFOR- 
MATION BUREAUX).—Friday, September 19, to Monday, 
September 22, 1952, Annual Conference at The Hayes, 
Swanwick, Derbyshire. Apply to the secretary of the 
Association, 4, Palace-gate, Kensington, London, W.8. 
(WEStern 6321.) 





LABOUR NOTES. 


ConcEeRN at the growing shortage of metals for 
industrial purposes is being expressed in many quarters. 
In the steel trade, both the unions and the employers’ 
organisations have drawn attention to the problems 
caused by the shortage and are united in their criticism 
of the Government’s expressed intention of re- 
introducing the old system of steel rationing. An 
editorial note in the December issue of Man and Metal, 
the official journal of the Iron and Stee) Trades 
Confederation, stresses the opinion that there can be 
no question, under the circumstances of the present 
metals position, that there is a need to reimpose control 
over the distribution of iron and steel. The writer 
of the article states that, for reasons which are widely 
known, steel is again in short supply, although through 
no fault of the industry itself. As the essence of 
economy is the extent to which the best use is made of 
materials which are scarce, it is right and proper that 
the utmost use should be made of the limited supplies 
of steel available by guiding these supplies into those 
channels which will serve the national interest best. 





The writer regards it as surprising and even dis- 
concerting, however, to find that the new arrangements 
to be introduced by the Government will be the same 
as those in operation up to May, 1950. He comments 
that the intricate and complicated system of allocations, 
which, previously, were subjected to such a barrage of 
complaint and criticism, are to be put into effect once 
again and that no attempt appears to have been made 
at simplification. It may mentioned that, as 
announced by the Minister of Supply, Mr. Duncan 
Sandys, on November 12, steel allocations will be 
resumed as from February 4, 1952. From that date 
no one will be permitted to acquire or use specified 
types of steel unless he possesses an official authorisa- 
tion permitting him or his sub-contractors to do so. 
Retail sellers of iron and steel will require licences to 
obtain controlled types of steel for re-sale. Consumers 
will be allowed to purchase small amounts of steel 
ranging in quantity from two cwt. of alloy iron or steel 
up to one ton of forgings or heavy plates. An alter- 
native scheme for steel rationing, which was put 
forward by some sections of the trade, appears to have 
been rejected by the Ministries concerned, on the 
ground that the old scheme could be reintroduced 
more easily than a new one. 





Delays and, in some instances, stoppages caused to 
manufacturing programmes owing to the lack of raw 
materials were referred to at a meeting between Mr. 
Sandys and representatives of the Engineering Indus- 
tries Association in London on December 20. According 
to a statement which was issued by the Association 
after the meeting, the deputation met Mr. Sandys to 
express the increasing concern of industry generally at 
the continued shortage of raw materials, especially of 
steel and non-ferrous metals. The deputation, which 
was led by Lord Davidson, the Association’s President, 
and Mr. Arthur Keats, the chairman of the Midland 
region of the Association, informed the Minister that a 
questionnaire circulated in the Midlands showed that 
there was a dearth of certain types of steel in the country 
and that “a very careful analysis of the hundreds of 
replies received showed a general unanimity of opinion 
on this point.” 





Mr. Keats informed the Minister, the statement 
proceeds, that there was a definite feeling in the 
Midland area that emphasis had been given to steel 
output by tonnage rather than on selectivity, and that, 
in consequence, steel makers had been rolling heavier 
sections, as was evidenced by the fact that it was far 
easier to obtain heavier sections than lighter ones. The 
representatives of the Association pressed the Minister 
to grant a respite from the ban on the use of copper and 
zine, pointing out that the period of grace allowed in 
the Order was too short. Mr. Sandys promised that a 
thorough investigation should be made into the various 
points raised by the Association. 





The demands of engineering employees in railway 
workshops for a “ substantial ’’ increase in their wages 
were the subject of renewed discussions at a meeting 
between the two sides of the Railway Shopmen’s 
National Council in London on December 20, but again 
without an agreement having been reached. It is 
understood that the latest offers made by the Railway 
Executive amounted to increases of 9s. 6d. a week for 
craftsmen and 8s. for labourers, equivalent to the 8 per 
cent. advances in wages granted to other railway 
employees, but the unions representing the shopmen 
have remained firm in their demands that these work- 
people shall receive not less than the lls. a week 
increase recently conceded to employees in the general 
engineering industry. Representatives of these unions, 
the Confederation of Shipbuilding and Engineering 
Unions and the National Union of Railwaymen, com- 
prise the trade-union side of the. Railway Shopmen’s 





National Council and appear to have decided that, in 
view of the failure of the two sides of the Council to 
agree to a settlement of the claims, the dispute should 
be referred to Sir Walter Monckton, the Minister of 
Labour, with a. view to its submission to arbitration. 
About 130 000 employees are involved in this wage claim. 





Many of the smaller and medium-sized manufactur- 
ing firms in Britain are being seriously affected by the 
present high death duties, in the view of the Nationa! 
Union of Manufacturers. In a memorandum sub- 
mitted to Mr. R. A. Butler, the Chancellor of the 
Exchequer, on December 18, and published at the end 
of last week, the union makes an earnest appeal for the 
appointment by the Chancellor of an impartial com- 
mittee to hold a public inquiry into the full effects of 
death duties on industry. The union considers that 
such an inquiry is the only satisfactory method of 
revealing the extent of the mischief being done by this 
form of taxation and the degree of easement which is 
required. In the opinion of the union, the prevailing 
high rate of death duties is having “ a disastrous effect 
on a major part of British industry.” 





An investigation into this problem was carried out in 
July last by the then Chancellor of the Exchequer, in 
response to a previous request by the union for an 
inquiry, and the Board of Inland Revenue subse- 
quently issued a report, in the form of a White Paper, 
in which it was stated that no case had come to light 
of any family business having to be broken up in order 
to provide the money required for death duties. The 
union claims, in its recent memorandum, that this 
report touched only the fringe of the real problem and 
that it was confined to those cases in which death had 
already occurred. The union contends that it is the 
threat of death duties which has the most far-reaching 
economic effect. In many cases, the whole, or a sub- 
stantial part of a business has to be realised to provide 
in advance the necessary liquid resources outside the 
business for the eventual payment of death duties. 
In other instances, the developments of a business 
requiring increased working capital may be restricted 
by similar causes. It is suggested that even such 
evidence as was produced by the survey conducted by 
the Board of Inland Revenue appears to have been too 
lightly dismissed in the resulting White Paper, and 
that the proposals contained therein for avoiding the 
breaking-up of businesses have only limited possi- 
bilities under present-day conditions. 





Among other examples of the adverse effect of death 
duties on small businesses, which have come to the 
notice of the union, is the case of a manufacturer who 
was compelled to sell his machinery to purchasers in 
the United States, in order to meet death duties. 
This resulted in the closing of the business, and the 
dismissal of the forty skilled craftsmen employed to 
run the undertaking, which had been engaged on the 
production of consumer goods for America. There 
can be but few instances of businesses owned by indivi- 
duals or partnerships having sufficient liquid resources 
from which to meet the duties and the union suggests 
that it is a basic error to suppose that the case against 
excessive death duties can be conclusively proved or 
rebutted by means of statistics alone. “‘ What is 
involved is an appreciation of the business man’s 
position when he is faced with a prospective liability 
to death duties, which he must regard as a tax on 
the capital of his business.” 





The chairman of the National Coal Board, Sir 
Hubert Houldsworth, has sent an end-of-year message 
of thanks to the coal-mining industry for the “‘ magnifi- 
cent ” results which have been attained by the industry 
during the past twelve months. Sir Hubert states 
that the output of saleable coal produced is likely to 
be about seven million tons more this year than during 
1950. He refers to this as a splendid achisvement 
and considers that it will materially help in preventing 
hardships in the home and in keeping British industry 
at work. 





Saleable coal mined during the first 50 weeks of this 
year totalled 215,144,700 tons, of which 204,445,300 
tons were deep-mined and 10,699,400 tons were open- 
cast, aecording to statistics issued by the Ministry of 
Fuel and Power on December 19. Comparative figures 
for the corresponding period last year show a total 
output of 209,452,600 tons, of which 197,553,000 
tons were deep-mined and 11,899,600 tons were open- 
cast. Total stocks of coal distributed during the first 
49 weeks of this year, ended December 8, amounted 
to 206,204,000 tons, of which 195,215,000 tons were 
used for inland consumption, 7,444,000 tons were 
exported overseas, and 3,545,000 tons were taken as 
bunkers. During the 49 weeks ended December 9, 
1950, coal stocks distributed by the Naticnal Coal 
Board totalled 205,359,000 tons, comprising 188,925,000 
tons. for inland consumption, 12,610,000 tons sent 
overseas, and 3,824,000 tons taken as bunkers. 
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FUEL AND POWER PROJECTS. 


Fig. 22. SIMPLIFIED SCHEME OF 
UNDERGROUND GASIFICATION EXPERIMENTS. 
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SOME FUEL AND POWER 
: PROJECTS,* 
By H. Roxsrgz Cox, Ph.D., B.Sc. (Eng.) 
(Concluded from page 796.) 

THE objective of the present British work on the 
underground gasification of coal is to discover whether 
it could be an economic commercial operation in Great 
Britain. Preliminary assessments, which included 
appreciation of foreign work, suggested that work in 
the field on an experimental scale, designed to provide 
data on which a dependable assessment of the economic 
prospects could be made, was justifiable and so the 
present programme was put in hand in 1949. 

There were at the outset two main lines of study—the 
investigation of the gasification process and the quite 
separate investigation of methods of creating the system. 
These studies would be followed by consideration of 
the use of the energy. As, however, for the study of 
the gasification process in the field the creation of a 
system was an essential preliminary, a method was 
adopted which, though of considerable intrinsic interest, 
was recognised from the outset as of limited applica- 
bility. This method, involving horizontal drilling, was 
particularly suitable for the site at Newman Spinney, 
near Chesterfield, where work was started. 

The first system was made by drilling two vertical 
holes, 4 in. diameter and 50 ft. apart, from high ground 
down to a wet banded coal seam about 75 ft. below the 
surface. Open-cast operations had produced an 
exposed face at a low level nearby, from which a roughly 
horizontal hole could be drilled to intersect in the seam 
with the verticals. This drilling work, so easily 
dismissed in a few words in this brief account, produced 
numerous problems of interest to engineers, quite apart 
from their relationship to underground gasification. 
In particular, new techniques for effecting intersection 
between vertical and horizontal drillings had to be 
developed. The vertical and horizontal drillings 
formed a U-tube, with its base in the coal. In July, 
1950, the coal was ignited with Calor gas, and air was 
pumped down one vertical in such measure that the 
gasification reaction was maintained. The system, 
shown diagrammatically in Fig. 22, continued to pro- 
duce gas until March, 1951, when it was closed down. 
Reversal of flow is obtained by opening the valve a 
and closing 6, and vice versa (Fig. 22). 

For the first ten weeks of gasification, the gas quality 
was maintained without any difficulty at an average 
of about 80 B.Th.U.’s per cubic foot, the only encourage- 
ment needed being occasional reversal of the direction 
of air flow when undue increase in upcast temperature 
or drop in gas quality suggested it. In other words, 
each vertical hole was in turn upcast and downtake. 
As the burnt-out space became wider, the tendency 
for some of the air to miss contact with the walls 
became evident in a lowering of the gas quality. Some 
encouraging experiments were done to overcome this, 
in which air was introduced at the side of the passage 
from an additional vertical. By this means, the 
quality of the gas was partly restored. The effects 


* The 38th Thomas Hawksley Lecture, delivered to 
the Institution of Mechanical Engineers on Friday, 
November 16, 1951. Abridged. 
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Fig. 23. 350-TON HORIZONTAL PEAT DEWATERING PRESS. 
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of variation in the frequency of flow reversal and in 
the rate of air supply were examined, and at one stage 
steam was introduced to see whether it would improve 
the gas quality. Its effect was, however, masked by 
the presence of a great deal of water in the seam. 

During the initial ten-week period when the produc- 
tion of gas was most satisfactory, over 100 tons of coal 
were gasified with a total thermal yield of about 67 
cent., made up of some 49 per cent. as combustible 
gas, 11 per cent. as sensible heat, and 7 per cent. as 
steam. During this period, and the subsequent periods 
of deterioration and partial recovery, much valuable 
basic information was obtained. It was possible to 
begin to make elementary economic calculations which 
suggested the possibility of producing the gas in a full- 
scale system at between Id. and 2d. per therm, rough 
figures substantially less than the probable revenue 
the gas could earn as a power producer—2}d. to 3d. per 
therm. 

While these first trials of the combustion and gasi- 
fication processes were running, a great deal of thought 
was being given to the problem of finding a more 
generally applicable way of making the underground 
system. The idea of a “ mechanical mole,” which had 
been investigated in Belgium, was seriously considered 
and the methods under development in oil fields for 
drilling curved holes were examined. The possibility 
of directional explosive charges was not overlooked. 
The most interesting possibility, however, seemed to 
be to make a passage by the application of pressure, 
which, it was suggested, would either open up natural 
fissures in the coal or lift the overburden and cause a 
crack above, below, or in the seam. 

The first experiment to test this was with com- 
pressed air and was on a modest scale, the two verticals 
being only 33 ft. apart. Naturally, the compressed 
air tended to diffuse evenly round the downtake, but 
when the pressure exceeded that of the overburden— 
at about 100 Ib. oy square inch—the ce of the 
upcast made itself felt and it began to deliver about 
20 per cent. of the air supplied. Ignition was achieved 
at this pressure by means of hydrogen, and gasification 
was maintained for some three weeks, by which time 
a drop in the required pressure showed that a con- 
necting channel had been burnt through between the 
boreholes. Thereafter gas production continued at the 
usual st The three weeks at high pressure 
is obviously inconvenient and expensive (and would be 
more so with the much larger channels which would be 
required in practice) and effort is being di 
therefore, to pressure techniques in which this initial 
delay does not occur. 

The initial work at Newman Spinney, though 
encouraging and full of interest, naturally left some 
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the coal is poor in quality. It is half dirt, wet, con- 
taining 9 per cent. sulphur and is lying in thin layers. 
Clearly, experience with coal of different kinds is 
needed before a true assessment can be made. This is 
one of the reasons for seeking additional sites for 
experiment. Trials are in preparation at the first of 
these, in Worcestershire, where the coal and geological 
formation are substantially different from those at 
Newman Spinney. Another obvious problem was to 
find the * one spacing of verticals and the best 
geometrical arrangements. Trials have begun at 
Newman Spinney with a second system, made b. 
horizontal drilling, with verticals 75 ft. apart, which will 
throw some light on this. Trials on the same site are 
also being extended to a seam at 200 ft.depth. In this 
case, we hope to establish the system by high pressure 
and to operate on a larger scale than has yet been 
attempted in Great Britain. 

The experiments so far have been confined to the 
study of the gasification process and the making of 
systems in flat seams. Utilisation of the gas produced 
does not tag to present serious difficulty, but is 
being carefully studied as part of the economic survey. 
There is no present intention of trying to make gas for 
domestic purposes or synthesis purposes; the aim is 
industrial gas which may be burned in power stations 
on the underground gasification site. 

It is hoped that, in the next few months the work 
will have given enough information for an economic 
assessment to be made. If this is favourable, we 
should hope to check it by means of a pilot-scale 
system. Given success at that stage, it might be right 
to incur the heavy expense of a full-scale scheme. The 

ible prize—a large-scale addition to the national 
Fuel resources—is so great that continued experiment, 
if necessary over a long period, appears to be fully 
justified. 

By “total” gasification is meant the conversion of 
coal into gas with such completeness that the only 
other product is ash. In this sense, total gasification 
has long been practised, not only in the form of the 
gas-producer process but as the gasworks process of 
carbonisation with water-gas generation from the 
resultant coke. Other processes have been eo 
notably in Germany, but only for brown coals. ese 
and other methods as applied to British coals have 
been debated for some years, but a fresh review was 
made in the Ministry towards the end of 1949, which 
resulted in the sketch of an attractive picture, in 
which gasification of a wide range of the cheaper coals, 
near to their source of production, was associated 
with high-pressure transmission of the gas to the points 
of consumption. The subject was considered by the 
Scientific Advisory Council, who agreed with the need 
for more detailed investigation, and in 1950 a com- 





important questions unanswered. The first was— 
how favourable or unfavourable is the site? Certainly, 


mittee was formed under the chairmanship of Dr. 
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F. A. Williams to examine the subject of gasification 
and its associated problems and to report on what 
methods it thought most promising for a concentrated 
effort to evolve a commercial process. 

The committee made an interim report in February, 
1951, in which it advocated the adoption of the hydro- 
genation method of the Gas Research Board, in 
with the generation of electrical power from the hot 

and carbon residues from the gasification process. 
In other words, the committee had added an important 
feature to the picture—the idea, in the interests of 
maximum economy, of abandoning total gasification 
in favour of integrated gas and electricity production. 

The suggested scheme permitted the use of cheap 
non-caking coals. It involved the treatment of coal 
with hydrogen under a pressure in the range of 25 to 
50 atm. at a temperature of about 900 deg. C. 
(1,650 deg. F.). It was estimated that the gas could 
have a calorific value weil above 500 B.Th.U. per cubic 
foot if desired. Being generated under pressure, the 
gas would be particularly suitable for transmission 
along high-pressure pipelines in a manner similar to 
that for natural gas in the United States and for 
coke-oven gas in Germany, and, in general, the picture 
of a high- country-wide gas grid, based on 
gasification of the cheaper coals in the coalfields, was 
given greater definition. 

This lecture is a progress report. In the cases of 
some of the projects discussed, the “ hardware ” stage 
has been reached. In others, it is well advanced. In 
this case, we are only near the end of the “ talking ” 
stage. I have thought it worth while to discuss even 
this early stage, however, as the matter is one of prime 

importance. Not only does the scheme of high- 
pressure generation in the coalfields in association with 
a high-pressure grid transmission system represent a 
major change in the country’s organisation, but the 
three great fuel and power industries—coal, gas, and 
electricity—are also all involved in it. Such a scheme 
must of necessity be considered with the greatest care, 
and only now are we nearing the point of an expanded 
experimental effort. The committee seem to have 
taken the matter as far as it can go without experiment 
on @ considerable scale. 

At this stage, the major uncertainty lies in the choice 
of the method to be used to prepare the hydrogen-rich 
gas demanded by the hydrogenation stage. Part of 
the residue from this stage could be employed and for 
this several methods, including the use of oxygen, are 
available. An alternative is to crack with steam part 
of the methane produced by hydrogenation. The com- 
mittee have not been able to select a preferred method 
and my own view is that two or more will have to be 
tried in pilot plants before the best solution is found. 

There are two programmes of peat utilisation work, 
one under the Secretary of State for Scotland and the 
other under the Minister of Fuel and Power. These 
two programmes have always been well co-ordinated. 
The Scottish programme is under the general direction 
of the Scottish Peat Committee, which was formed in 
1949, and it includes work on peat winning as well as 
on the. use of peat as a fuel. the latter part of the 
programme are important experiments on the use of 
peat in gasturbines. The two gas-turbine programmes, 
Scottish and English, are, though co-ordinated, quite 
clearly differentiated, for the former is concerned with 
the closed cycle and the latter with the open cycle. 

In Scotland, the work is being handled mainly b 
the North of Scotland Hydro-Electric Board, the 
ultimate users, and their contractors, John Brown 
and Company, Limited. The basic scheme is to burn 
peat in an air heater which can be used with the 
500-h.p. John Brown ee turbine. This air heater is 
under construction. hind the design and con- 
struction is a programme of experimental work which 
is well advanced on a test rig on which the powdering, 
drying, and combustion of peat is being studied. 

One of the chief difficulties with peat has always 
been the need to dry it before use. As found, it is 
over 90 per cent. water and as normally burnt it is 
only 30 per cent. water. The usual air-drying processes 
are long and a great handicap. With the gas turbine, 
a radical change is hoped for from the use of mechanical 
methods to remove the part of the water, followed, 
in both the closed-cyclé and open-cycle proposals, 
by further drying in the heat of the cycle. 

The main work for tne Ministry of Fuel and Power 
is being done by Ruston and Hornsby, Limited, of 
Lincoln, and stems directly from proposals made by 
C. H. Secord in 1948. The target is an adaptation of 
the well-known Ruston and Hornsby 3CT engine to 
peat burning. Calculation shows that this kind of 
engine should be able to take in peat at about 80 per 
cent. humidity and, by the use of its own heat, to ary 
the peat sufficiently for easy combustion. To reac 
even 80 per cent. from the original 90 per cent. is, 
however, not without difficulty. 

In the drained bog, the peat contains about 9 Ib. 
of water per pound of dry substance. About 7 Ib. of 
the water is loosely held and may be separated mech- 
anically, while the remaining 2 Ib. is colloidally bonded 





Fig. 26. ARRANGEMENT OF PEAT-BURNING GAS 
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and can only be removed by thermal or chemical means. 
The mechanical removal is made difficult by the fineness 
of the particles and, although it is possible to press 
out a large proportion of the water through a clean 
filter cloth, the time required is prohibitive and 
clogging of the filter soon takes place. Fortunately, a 
filtering process in which such troubles are avoided 
has been developed in Germany. This is the Madruck 
process, in which the raw peat is macerated into pieces 
of hazel-nut size and dusted with dry peat dust. This 
procedure allows nearly two-thirds of the water to be 
squeezed out separately—an 8-in. depth of dusted 

t may be dewatered within 1 min. over filter slots 

mm. wide with a pressure of 30 atm. We are 
adapting this process to the highly humified Scottish 
peat, with the problem of doing it on a power-station 
scale in mind. A contract has been placed with 
John Shaw and Sons (Salford), Limited, for the 
prototype hydraulic press illustrated in Figs. 23 to 25, 
on page 823, and a small press on more conventional 
lines is being built for initial tests in Scotland. 

About 6 lb. of water per pound of dry substance will 
be removed in these presses. This leaves 24 lb. more 
to be removed by evaporation to provide a dry powder 
of 30 per cent. humidity for combustion in the turbine. 
This evaporation will be done, in the first tests with 
the 3CT engine, due early in 1952, by a flash drier in 
the 480 deg. C. (896 deg. F.) exhaust flow from the 
turbine, as shown in Fig. 27. If the experiments 
with this simple cycle and the initial dewatering 
experiments are successful, we shall proceed to consider 
more elaborate cycles such as the ingenious proposal 
of C. H. Secord, in which the peat is dried under cycle 
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to waste, passes with the products of combustion 
through the turbine. With this arrangement, the 
power/ weight ratio of the plant is some five times that 
of the plain peat gas turbine, and very compact high- 
power plants become possible. 

A considerable amount of work on combustion of peat 
has been done. Mr. T. F. Hurley, at the Fuel Research 
Station, has successfully burned peat in his “ straight- 
through” chamber, on the design of which Ruston 
and Hornsby’s first chamber is based. Their pre- 
liminary work has been mainly concerned with studying 
the combustion of 30 per cent. humidity peat in test 
combustion chambers fed with air from an old Power 
Jets W2/700 engine. Granulated peat has also been 
successfully burned in the B.C.U.R.A. slagging chamber. 
The general view is that the ash problem will prove 
much less difficult with peat than with coal. The ash 
content in peat does not exceed 5 per cent. and the ash 
itself is relatively soft. 

The closed-cycle peat gas turbine, which is the 
target of the John Brown work, is likely to be a 
relatively large plant which would be sited on a large 
bog which should supply it with fuel for an extended 
period—at least 20 years. With the open-cycle type 
of plant there is the different possibility, which may 
have its advantages, of having relatively small 
(e.g, 5,000 kW) and relatively mobile plants which, 
when they have exhausted a local area of bog, can be 
moved simply to another site. In other words, the 
two kinds of plant may provide two kinds of operation— 
one in which the peat is brought to the power station 
and the other in which the power station is brought 
to the peat. 





pressure by gases at or near to turbine inlet temperature 





and the steam produced by drying, instead of passing 


In all the gas turbines described above, and in the 
great majority of industrial gas turbines in the world, 
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the compressors are of the axial kind. There is no 
doubt that the axial compressor is very efficient, but 
there is equally no doubt that the centrifugal com- 
pressor has stronger claims to consideration than its 
almost complete neglect suggests. The axial com- 
pressor is undeniably the more fragile and, in some 
applications of the gas turbine, robustness of con- 
struction throughout the machine is very desirable. 
Further, the centrifugal compressor should, except in 
large sizes, be the cheaper to construct. . Despite these 
qualities, the centrifugal compressor would have no 
strong case if its efficiency were appreciably less than 
that of the axial; but, while the axial compressor is 
achieving efficiencies of and above 90 per cent., the 
centrifugal is, on one engine at least, the 1,000-h.p. 
Oerliken, achieving 85 per cent. This sort of difference 
will be acceptable.in many circumstances if the robust- 
ness and cheapness are achieved. 

For very small gas turbines, the axial compressor, 
with its tiny blades, so difficult to make and aero- 
dynamically so far below the best, would be unsuitable. 
For large gas turbines, the centrifugal through its 
sheer size, and hence cost, looks less attractive than 
the axial which, in large sizes, is less open to the charge 
of fragility. At a guess, I put the upper limit of the 
centrifugal tentatively at 2,000 h.p. 

The neglect of the centrifugal compressor is un- 
warranted, and its continued neglect may definitely 
hinder progress. Consequently, the Ministry of Fuel 
and Power has placed a contract with D. Napier and 
Son, Limited, for an experimental centrifugal com- 
pressor which will ultimately be fitted to the English 
Electric Company’s coal-burning gas turbine. This is 
a two-stage centrifugal compressor (Figs. 28 and 29) 
in which as much as possible of the aerodynamic 
knowledge gained in the development of aircraft gas- 
turbine centrifugal compressors will be embodied. 
Moreover, the severe restrictions on size and weight 
in the aircraft gas-turbine will be absent. The main 
features are relatively low tip-speed, generous diffusion 
space, intercooling, and low entry Mach number. 
The compression ratio of 5:1 will be obtained with 
impeller tip speeds of about 1,100 ft. per second, a 
speed shown by tests on aircraft engine compressors 
to be near that for peak efficiency.* The compressor 
is designed for an air mass flow of 40 lb. per second at 
its full speed of 8,250 r.p.m. Intercooling is to be 
provided. This, in addition to giving a material 
increase in the efficiency of the gas turbine of which the 
compressor will form part, will give some control of 
the inter-stage matching during experimental running. 
The generous diffusers and the intercooling do lead to 
an overall diameter distressing to an aircraft engine 
designer—nearly 9 ft. for an impeller of only 2 ft. 6 in. 
diameter—but to restrict the geometry in any way for 
this experiment would have been foolish, The Mach 
number at the entry-vane tips will be about 0-68, 
compared with the approximation to unity occurring 
in most aircraft engines with centrifugal compressors. 

The possibility of using wind power on a large scale 
has always been attractive, and, since the 1939-45 
war, rising fuel costs and the shortage of power have 
made it more so. As a result, an investigation into the 
potentialities of wind-driven electricity generators was 
started early in 1948 under the aegis of a committee 
of the Electrical Research Association. The Mini 
of Fuel and Power, the electrical supply authorities 
and interested oo concerns were represented on 
this committee. Preliminary investigations suggested 
that, provided the scale were large enough, on windy 
sites it should be possible to produce electricity by this 
method at an economic price. From that point work 
branched out in three directions. First, a detailed 
survey was undertaken of wind behaviour over lo 
periods at a number oflikely places. This survey is st 
in pro and much valuable information has already 
come from it. 

Secondly, contracts have been given for the building 
of pilot-scale ys) a generators, producing about 
100 kW each on fullload. The first of these generators, 
built for the North of Scotland Hydro-Electric Board, 
is now just starting to operate at a site in the Orkneys, 
where it is connected to the Diesel-powered system 
serving the island. The other windmill, being con- 
structed for the British Electricity Authority, has a 
special pneumatic transmission system for transferring 
the power from the windmill shaft to the generator. 
This system, invented by J. Andreau of Paris, is of 
considerable interest. The windmill blades are hollow 
and their rotation centrifuges air along the blades and 
consequently draws it up the windmill tower, which is 
in the form of a hollow tube. The air flow drives a 
turbine connected to a generator at the bottom of the 
tower, 

The third line of work, for which the Ministry took 
«irect responsibility, has been the investigation, by 
means of a series of design and costing studies, of the 
variation in cost of electricity produced with the size 





* In centrifugal-compressor jet-propulsion engines, tip 
Speeds of 1,500 to 1,600 ft. per sec. are usual. 


and the type of windmill employed. The variations 
include not only tower design ne, reinforced concrete 
or open steelwork), but also the mechanism for trans- 
mitting energy to the generator (e.g., through mechani- 
cal gears, hydraulic systems, and the Andreau system 
described above). Preliminary results from this survey 
suggest that more economical production of electricity 
is possible as size goes up, at least to outputs of about 
3 megawatts. This would mean very i i 
with blades over 200 ft. in diameter and, for this size, 
erection costs are a major item. As a result, some 
consideration is being given to a new tower design in 
the form of a tripod of which one leg is pivoted to the 
ground, while the feet of the other two rotate on a 
circular track so that the windmill can keep into wind. 
The advantage of this design is that the whole apparatus 
can be assembled with the tower collapsed and then 
can be hoisted into position by a simple derrick 
mechanism. 

Wind power is a practical possibility, and we are 
at the stage of exploring its economics by experiments 
in construction and, later, o ion. Two most 
important steps forward have been taken in the two 
machines ordered by the supply authorities. It is 
not too soon to consider what the next step might be 
and, in this consideration, the tripod type, built to a 
size which would give reliable data on the cost of 
constructing and erecting large-size windmills, merits 
careful thought. 

There are a few other matters which should, perhaps, 
be referred to. Some of them are matters which, if 
left unmentioned, would become the subjects of 
inquiry, as they clearly demand consideration from 
any organisation which is seeking to examine as many 
potentially useful ideas as possible. On tidal energy, 
we feel at present that, from the research or develop- 
ment point of view, there is nothing to be done. A 
great scheme, the Severn Barrage scheme, has been 
examined with great care and reported upon. It will 
shortly be studied further by means of a model by the 
Hydraulics Research Establishment. When general 
conditions are favourable to the carrying out of the 
scheme, it will be necessary to check its economics in 
relation to contemporary trends. 

I receive a steady stream of letters on gathering the 
energy of moving water, particularly waves. There is, 
of course, nothing in the idea in the least wrong in 
principle. The difficulty is to discover a genuinely 
economic system. Though the energy is free, it is 
ill-conditioned ; there is a strong tendency towards 
large apparatus transforming little energy. While, 
therefore, wave energy remains on the programme, we 
await the proposal which will throw a new economic 
complexion on it. 

Another aspect of water power has, however, received 
some serious attention. This is the notion known 
usually as “ pumped storage.” The idea, in its simplest 
terms, is to use power-station energy during off-peak 
periods to pump water from a low to a high level. 
At peak periods, the water is allowed to flow down again 
through water turbines and so generate electrical power. 
The problem has no scientific or engineering facets— 
it is an economic problem. Is it cheaper to build the 
necessary hydraulic works, pumps, and water turbines 
or a new conventional power station? Careful calcu- 
lations suggested that pumped storage, of which there 
are several Continental examples, could, in certain 
circumstances, be the more economic choice. 

Another fascinating possibility is to use the sun’s 
energy. It has not, however, appeared to be sufficiently 
practical in Great Britain to stimulate any experiments 
here. There are, however, a few interesting possibilities 
to which we hope to devote attention later. One of 
these is the use as a fuel of sewage sludge. This would 
be a very wet fuel, as is peat. I do not expect that 
we shall feel justified in considering it further until 
we have gained a great deal more knowledge about the 
use of peat as a fuel. Another experimental study 
we hope to make is on the exploitation of shale in situ. 
This is an extension of our underground gasification 
work. Weare also studying the fuel cell and examining 
the practicability of fuel crops. 

By far the most significant of the possible new sources 
of energy, however, is nuclear fission. The necessary 
experimental information is being obtained. At this 
stage, it is not possible to say more than that a power 
station using an atomic source of energy will not 
necessarily be a less economic proposition than a 
power station of a conventional kind. 





UNITED KINGDOM PRODUCTION OF IRON AND STEEL.— 
Statistics issued by the British Iron and Steel Federation, 
Steel House, Tothill-street, London, S.W.1, indicate 
that steel production in this country, in November, was 
at an annual rate of 16,437,000 tons, compared with 
15,629,000 tons in October and 17,472,000 tons in 
November, 1950. The output of pig iron was at an 
annual rate of 10,194,000 tons in November, against 
9,865,000 tons in October and 10,042,000 tons in 





November, 1950. 


SERVO MECHANISMS.* 
By A. L. Wurretzy, D.Sc., M.I.E.E. 


Tue term “ servo mechanism ” is usually understood 
to mean apn assembly of apparatus for obtaining 
accurate angular-position control of a more or less 
remote shaft. This review therefore covers electrical 
servo-mechanisms of the remote-position-control type, 
mainly for use in the Services; automatic regulator 
devices used in the electrical industry, mainly for 
voltage, speed, tension and position control; and 
some electrical devices for position control. 

Remote position control servos of the last war 
embodied the items of apparatus shown in Table I. 


TaBLE I. 





Function. Hydraulic. Electric, 





Data transmission | Magslips, Selsyns 
(e.g., director to or equivalent 
to guns). devices. 


Magslips, Selsyns or 
equivalent devices. 





Initial amplification.| Hydraulic or elec- | Electric (usually elec- 
tric. ironic 





Finalamplification. | Hydraulic pump | Amplidyne or meta- 
(electric - motor generator 


nee 
drive), og - motor 
ve). 





Final drive . to | Hydraulic motor. 
mounting. 


Direct-current motor, 











These data apply mainly to anti-aircraft guns, some 
searchlights and the larger aerial mountings for radar, 
i.e., $-h.p. drives and upwards. Stabilising methods, 
particularly of some hydraulic systems, were often in 
the nature of a compromise between that which was 
theoretically desirable and that which was deemed 
practical. Overall accuracy of aiming was sometimes 
achieved only by compensating for servo errors else- 
where in the system. A major advance in the last 
decade has been the design of mechanical assemblies 
specifically for servo control, with gearing of the 
highest quality, the avoidance of bevel and worm 
drives, if possible, and the elimination of irreversible- 
worm drives for anything but miniature or instrument- 


‘yps units. 

he conflicting requirements of mechanical rigidity 
and minimum weight of Service equipment remain, 
and are accentuated by the demands for still higher 
performance from servo mechanisms for following high- 
speed aircraft targets. It still appears to be the 
common practice to obtain position feedback, or reset, 
from a point in the drive as near to the driving motor as 
possible, thus avoiding resilience and backlash in the 
main gear train. Whilst this arrangement gives the 
maximum available stiffness of the servo system, 
errors in the power gearing are not compensated. A 
major contribution to the solution of this difficulty is 
“* divided reset,” in which the optimum values of reset 
from the motor shaft and final output-member to be 
positioned are combined. Stabilisation of large electri- 
cal remote-power-control systems operating with a 
suitably designed mechanical output end is no longer a 
problem ; stabilisation by feedback alone is common, 
although there are few adherents to the principle of 
modifying the error signal to obtain approximations to 
its time derivatives. 

Small servo mechanisms (having an output of 10 to 
100 watts) are a very common requirement in fire- 
control apparatus, navigating systems and radar. 
Two types tage ote since 1939 are worth noting. 
The first is the Velodyne, which still has much to 
commend it when a medium-voltage direct-current 
supply is available. The other electric type still in 
use is one suitable for an alternating-current supply ; 
operating with the usual Magslip or Selsyn data trans- 
mission, it comprises a relatively simple electronic 
amplifier which feeds one phase of a two-phase induc- 
tion motor, the other phase being connected to the 
alternating-current supply in such a manner that the 
desired 90 deg. time-phase displacement is obtained. 
Stabilisation is not entirely straightforward, no ideal 
source of feedback electromotive force being readily 
available. Where supplies at 400 cycles and above 
are available, magnetic-amplifier-type servos are being 
used, particularly for low output powers; costs and 
weights are generally higher than those of the equiva- 
lent electronic methods. 

As regards automatic regulators for industrial control, 
it is sometimes necessary to maintain approximately 
constant tension in a strip of material being unwound 
from a reel and fed into a processing device; and/or, 
after processing, constant-tension reel-up may also be 
required. A variable-speed electric reel-drive motor 
must compensate for the changing diameter of the coil, 
and it must also maintain material tension, within limits, 
during acceleration and deceleration of the system. 





* Areview of progress, published in the Proceedings of 
the Institution of Electrical Engineers, vol. 98, Part I, 





page 289 (1951). Abridged. 
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Such conditions exist in the cold reduction of metal 
strip in a rolling mill. As there is appreciable difficulty 
in the direct measurement of tension in heavy strip, the 
armature current of the reel motor is held constant, 
with suitable corrections to compensate for inertia 
during acceleration, and changing reel diameter. Rotat- 
ing amplifiers, e.g. Amplidynes, have been used for this 
duty during the past decade, and magnetic amplifiers 
have been used to a limited extent recently. Tension 
is controlled to an accuracy of about + 5 per cent. at 
strip speeds up to 6,000 ft. per minute, with reel-motor 
horse-powers up to 900. 

Cold reduction of metallic strip is often carried out 
in a tandem mill, which consists of a succession (from 
two to five) of stands of rolls between which strip is 
held in tension. A principal requirement is that the 
speed relationship between different stands must be 
adjustable, and when once set the speed relationship 
must remain constant over a wide range of strip speed. 
During the last few years there has been a great increase 
in maximum 8 and hence in the ratio between 
threading speed and maximum speed, the latter now 
being in the region of 6,000 ft. per minute. To meet 
these demands, the present practice is to supply the 
motor driving each stand from a separate generator, 
the voltage of which is controlled relative to a common 
reference potential. 

For are-furnace control the last few years have seen a 
pronounced movement towards the use of continuous 
regulators giving rapid action and freedom from over- 
shoot. A ee arrangement comprises an 
Amplidyne or Metadyne generator operating each 
electrode winch motor, the primary field of the oe 
amplifier being controlled in response to arc current an 
voltage. Alternatively, electro-hydraulic control is 
being used. Tension controllers (and fey 
controllers) for the rolling of aluminium sheet have been 
installed in recent years, using principles similar to those 
described for steel mills. Wiredrawing also may 
demand more accurate control of tension than that 
described above, and where very fine wires are handled, 
direct measurement and control of tension have been 
adopted. 

The use of induction motors with dynamic braking 
for mine winders has greatly increased in the last 
decade. Under dynamic braking conditions, direct- 
current is applied to the motor stator, and the generated 
alternating current power developed by the rotor is 
dissipated in a loading resistor. During retardation, 
the frequency of the generated alternating current 
varies over a wide range, and to avoid instability a 
number of installations have recently been provided 
with an automatic regulator system maintaining a 
constant voltage/frequency ratio at the motor slip- 
rings. Rotating amplifiers, or alternatively magnetic 
amplifiers, are being used to control the direct-current 
excitation of a motor to maintain the optimum 
voltage/frequency ratio. 

A high degree of accuracy (+-0-03 to +0-1 per cent.) 
of relative speed between sections is necessary on 
paper-making machines. Speed regulators have been 
introduced in which the output voltage of a tacho- 
meter generator (one per section) is compared with an 
adjustable portion of @ common reference voltage. 
The error voltage thereby produced is fed to an elec- 
tronic or electronic-amplidyne regulator system. 
Recent practice is to use a direct-current generator for 
each section direct-current motor, the field of each 
generator being controlled by its respective regulator 
system. In the printing industry, close speed control 
is not necessary in connection with the electric drives 
for a rotary press, but a related requirement, namely, 
wide speed range, arises because of the necessity of 
inching and smooth running at, say, 1 to 2 per cent. of 
the top speed of the press. Two motors have commonly 
been used to cover this wide range, and another 
alternative is a variable-speed alternating-current 
commutator motor with a separate automatic regulator 
operating the motor brush-gear. A recent development 
is the use of an electronic (ignitron) rectifier and direct- 
current motor; feedback is readily provided and 
automatic phase control of the ignitron rectifiers gives 
the 100 to 1 speed range. Automatic register control 
is being used to a limited extent on multi-colour rotary 
printing presses. 

In general, the textile ‘ndustry has not been a notable 
user of variable-speed drives which require close auto- 
matic control. It is conceivable that recognition of the 
versatility of electric drives will encourage the increased 
use of electric control of sequencing operations. A 
modern type of stocking-knitting machine is an example 
of this; during the knitting cycle, the machine is 
operated over periods of varying duration at different 
predetermined speeds. A speed range of about 10 to 1 
is required, e.g., bottom speed for welt-turning, 
through various intermediate speeds, to top pas 
for knitting the calf. Alternating current commutator 
motors with hydraulic regulating-gear have been used, 
but a more recent and more precise control comprises 
electronic/direct-current motor drive with feedback 
and stabilising to ensure wide speed range, close speed 





control at any one setting, and smooth acceleration 
and deceleration. 

A variable-speed drive is a common requirement in 
the machine-tool industry; conventional Ward 
Leonard drive, alternating current brush-shifting com- 
mutator motors, and pole-changing induction motors 
are frequently used. The relatively narrow speed range 
or somewhat poor performance at low speeds is gener- 
ally tolerated. However, there has been a greater 
acceptance of electronic control (controlled rectifier and 
direct-current motor), feedback of direct-current motor 
voltage being used to obtain good speed regulation, 
or—what is more important in practice—wide s 
range, 10 to 1 and up to 50 to 1 sometimes being 
required. Position-control servos have found one of 
their few industrial applications as attachments to 
lathes for automatic profiling. 

In the power-generation field, vibratory, carbon-pile, 
and quiescent types of rheostatic regulator are still 
commonly used for generator voltage control; there 
has been no marked change in performance charac- 
teristics or methods of applicaticn in recent years. 
There has been a noticeable tendency towards a more 
continuous-control type of regulator, and the following 
three types have appeared in recent years. One is 
the electronic regulator, one form of which comprises 
a hard-valve pre-amplifier with a thyratron rectifier 
supplying controlled direct-current to the conven- 
tional main exciter. There is also the rotating- 
machine-type regulator (Amplidyne or Metadyne), 
which generally supplies excitation to the main exciter 
and has a non-linear ferromagnetic circuit to provide 
the error signal. In a third type, a magnetic amplifier 
is added to the second type, the output of the amplifier 
exciting the rotating-amplifier field. Again a non- 
linear ferromagnetic circuit provides the error signal. 

The almost universal method of measuring angular 
deviation between two remote shafts is by electrical 
machines known variously as Magslips, Selsyns, 
Autosyns, in which the electrical output is fed to an all- 
electric system, or is used to control an electrical pre- 
amplifier with subsequent hydraulic amplification and 
actuation of the power-driven remote shaft. While 
Selsyns were available commercially before the 1939-45 
war, modifications were made to improve accuracy for 
military and naval purposes ; improvements in winding 
technique during the early part of the war resulted in 
a pair of Selsyn-type units, weighing 13-5 lb. each, 
having an average combi accuracy of +0-1 deg. 
The widely used 2-in. Magslips (2 lb. each) had a 
combined accuracy of +0-5 deg. Post-war progress 
in this field can be recorded, a commercial development 
having resulted in units of 5 oz. each with a combined 
accuracy of approximately +0-8 deg., and appreciably 
better accuracy than this can be achieved by coding 
and selecting of machines. 

Electrical information of angular velocity is often 
required in connection with the stabilising of remote- 
power-control systems; in general, high accuracy is 
not required for this duty, and small permanent-magnet 
direct-current machines are commercially available. 
When an alternating current signal is essential, the 
drag-cup type of machine is available, which gives a 
fixed-frequency signal proportional to speed, with 
phase reversal on reversal of rotation. High accuracy 
and consistency of speed indication are industrial 
rather than Service requirements, a particular example 
being the control of a paper-machine sectional-drive. 

A great variety of means of detecting departure of an 
electrical quantity from a desired value are known. It 
is often sufficient, however, to compare the electrical 
quantity with a reference source and to excite a 
machine or other amplifying device with the difference, 
thereby obtaining an error signal. requirement, 
therefore, is a stable but adjustable source of reference 
voltage or current. A recent development in this 
connection is a voltage or current standard derived 
from a permanent magnet. For electronic circuits, 
the best-known voltage reference is a glow-discharge 
tube with an appropriate gas filling, giving consistency 
to within about 0-2 per cent. over fair periods. The 
requirement of a non-electronic reference with a very 
long-term stability of 0-2 per cent., or better, still 
remains. Non-linear resistance or non-linear ferro- 
magnetic elements in bridge arrangement are used 
increasingly for detecting departure of voltage from a 
predetermined level. 

A great variety of electronic amplifiers, including 
vacuum valves, thyratrons, ignitrons and, occasionally, 
multi-anode grid-controlled rectifiers, have also been 
incorporated into both industrial and Service equip- 
ment. The availability of high-gain, virtually instan- 
taneous response, and high input-impedance have 
— a strong case for their greatly increased use. 

plex stabilising feedback networks, and circuits 
for obtaining time derivatives and integrals of error 
tend to be cumbersome and sometimes impractical 
without an electronic amplifier. The still-persistent 
and understandable argument against the electronic 
valve is life—mainly on the grounds of unpredictable 
failure, rather than average life expectancy. While 





conservatively rated valves in correctly designed equip- 
ment give much longer lives than is commonly supposed, 
it cannot be recorded that there have been any major 
steps in this country to ensure longer life expectancy 
and reduced risk of premature failure. Heating time, 
especially of the higher-power mercury-vapour triodes 
(thyratrons) and restricted temperature range, both 
of the said valves and the mercury-pool types, can be 
limiting factors. In this connection, a promising valve 
development of the last few years is the use of xenon 
gas-filling for thyratrons; this results in a heating 
time of about 30 seconds and the temperature range is 


peed| adequate for tropical or arctic conditions. These 


thyratrons are now available in this country at ratings 
up to 6-4 amperes average anode current. 

A brief cost-and-performance summary of the various 
types of magnetic amplifier would be misleading. It is 
necessary to bear in mind that, compared with elec- 
tronic methods, rotating-machine amplifiers, magnetic 
amplifiers and various types of contact-making and 
vibratory devices may necessitate increased costs else- 
where in the system. Metering elements and feedback 
stabilising circuits will generally be more costly and 
sometimes less effective with non-electronic amplifica- 
tion. A material consideration in favour of rotating- 
machine amplifiers is that the output current and volt- 
ages are reversible, whereas magnetic, electronic and 
other amplifiers may necessitate some duplication of 
apparatus to obtain a similar effect ; furthermore, the 
energy storage due to machine rotation can be a 
determining factor in favour of the rotating amplifier 
as the final amplifying element. 

The recognition of the necessity for design and 
manufacture of gear assemblies with good rigidity and 
high overall quality specially for remote-position- 
control servo mechanisms during the past ten years or 
so is probably more important than the detail improve- 
ments in gear-cutting which have been effected in the 
same period. Nevertheless, improvements in manu- 
facture have been made, and increased capacity in 
Great Britain for accurate gear-cutting is worth noting. 
Cumulative tooth-pitch error and backlash are the main 
defects to be minimised. For lightly-loaded gear trains 
used in data transmission, etc., it is common practice 
to use split spring-loaded anti-backlash wheels. 
Maximum cumulative tooth-pitch errcr of a gearwheel 
is a doubtful quantity, being difficult or impossible to 
measure on every unit under production conditions ; 
the following figures are therefore offered as a guide, 
and actual results depend much upon individual skill, 
care in setting up, etc. The maximum cumulative 
tooth-pitch error of small instrument-type gears 
(of about 3 in. diameter) can be about 0-0004 in., with 
a probability of error of a mating pair of wheels of 
about one minute of arc. Improvements in design and 
construction of hobbing machines for large gears, say 
up to 100 in. diameter, permit guarantees to be made of 
cumulative tooth-pitch error not greater than 0-0017 in. 
and pitch-to-pitch errors of about one-tenth of this 
figure. These are optimum figures for gears cut under 
temperature-controlled factory conditions; allowance 
for wear and distortion in service, and for backlash, 
depend upon the application. 

The provision of spring-loaded friction clutches 
designed to slip at a certain overload torque is common 
practice in electric remote power-contro] systems. Until 
recently, clutches have played only this somewhat 
secondary role in servo-mechanism design. The 
magnetic-fluid clutch usually consists of two concentric 
magnetic cylinders separated by a small radial gap, 
the cylinders being rigidly attached to Nerval 0.1 
shafts. The radial gap is filled with a finely divided 
iron powder in a light oil. A magnetic coil is so 
disposed as to produce a magnetic flux in the gap; 
when magnetised the fluid increases its viscosity, and 
with a high flux-density it apparently solidifies. 
Since the torque the clutch can transmit is to a fair 
approximation proportional to the magnetising current, 
its use in a position-control servo mechanism is 
apparent. For example, two contra-rotating power 
shafts can be clutched to an output shaft by two 
magnetic clutches which are differentially energised in 
response to a servo-mechanism error signal. The 
power-amplification factor of the clutch is several 
hundred. Appreciable attention is being paid to this 
new device, but applications are being limited by two 
difficulties. First, the iron-oil mixture causes locking 
of the two clutch members, since the iron particles 
separate out after standing idle for a few hours; and 
secondly, the problem of preventing the magnetic 
powder from reaching shaft bearings does not appear 
to be completely solved; magnetic traps are being 
used with some success. Because the majority of 
remote-position-control servo mechanisms must func- 
tion for lengthy periods at low output-shaft velocities 
against appreciable torque, any clutch device must 
operate with continual slip and, consequently, appre- 
ciable dissipation of energy in the form of heat. It is, 
therefore, not apparent that the magnetic-clutch servo 
mechanism is a serious competitor with other known 
methods for ratings above, say, } h.p. 
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BENCH AND FLOOR DRILLING 
MACHINES. 


Two sturdy multiple-purpose drilling machines have 
been introduced recently by the Startrite Engineer- 
ing Company, Limited, Waterside Works, Gads Hill, 
Gillingham, Kent. The accompanying illustration 
shows the SP 160 bench machine ; the other, SP 161, 
has an identical adjustable head unit, but is provided 
with a 60-in. column, instead of a 30-in. column, and a 
larger baseplate for ground mounting. The drilling 
capacity of the new machines is }-in. diameter, and 
four drilling speeds are provided—480, 1,020, 1,990, 
and 4,220 r.p.m. The spindle is adjustable vertically 
over 3} in. The working table, which can be tilted 
through 90 deg., is 11} in. by 10 in., and the maximum 
distance between the chuck and the table is 10} in. 
in the bench machine and 40} in. in the floor machine. 
In both, the bases also are provided with working 
surfaces. 
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The spindle is driven by a }-h.p. motor, mounted 
vertically at the rear of the head unit, through a V-belt 
and four-step pulley drive enclosed within the head. 
The tension on the belt is automatically maintained 
at a constant value by a spring-loaded regulator ; 
to change the driving speed, the pulley guard can be 
swung clear and the belt tension can be released by a 
cam-operated lever. Six splines are cut on the steel 
spindle in the driving part, and power is transmitted 
through a broached phosphor-bronze insert. The 
spindle is supported in a ground quill carrying one 
ball thrust bearing and two ball journal bearings. 
The spindle pulley is also carried in two heavy ball 
bearings which absorb the thrust from the horizontal 
belt drive. Vertical adjustment is provided by a feed 
rack, cut from the solid quill, which engages with a 
pinion actuated by the ball-handled lever. Wear of 
the quill can be compensated by adjusting a phosphor- 
bronze pad by means of a knurled knob. A depth 
gauge, graduated in English and metric units, is 
provided ; the depth of the spindle feed can be pre- 
set by adjustable collars. A Jacobs chuck with a 
capacity range from ,% in. to } in. is integrally mounted 
in the spindle. For quick return, a balance spring is 
provided, the tension of which can be varied. 

The table, which is machined and has slots for 
holding the work, can be tilted through 90 degrees, 
and can be positively located in the horizontal, vertical, 
and 45-deg. positions. The table can be swung to one 
side when it is desired to accommodate deeper work 
on the base-plate, which is also machined and slotted. 
A tool tray is supported on the tubular column, serving 
also as a safety device to prevent the head unit from 
falling if the operator should forget to lock it after 
adjustment. In addition to the standard fittings 
supplied with the machines, there are also available 
* mortising attachment, a No. 1 Morse taper spindle, 
& machine vice, and lighting equipment. 





INQUIRY INTO Loss OF 8.S. “FRED BORCHARD.”— 
The formal investigation into the foundering and total 
loss of the s.s. Fred Borchard has been fixed for hearing 
at the Royal Courts of Justice, Strand, London, W.C.2, 
on Monday, January 7, 1952, at 10.30 a.m. 





ANNUALS AND REFERENCE BOOKS. 


Jane’s All the World’s Aircraft 1951-52.—The 1951-52 
edition of “ Jane’s,” the most comprehensive of all 
aeronautical reference books, has been thoroughly 
revised since last year, and follows the well-established 
pattern ; it is divided into five seetions, the first of 
which, Part A, is concerned with military aviation. 
It gives particulars of the air staff, organisation and 
bases, and equipment of the air forces of the world, 
excepting the U.S.S.R. Part B, which deals with civil 
aviation, opens with a description of the various 
international organisations, followed by a list of 
world and international speed, height and distance 
records. The main part of the second section gives 
particulars of civil-aviation administration, associa- 
tions, flying clubs, publications, transport companies, 
ete., arranged alphabetically. Under the publica- 
tions of Great Britain, an error has crept in concerning 
the price of the volume itself, which is stated to be three 
guineas whereas, in fact, it is four guineas. Probably 
those connected with the aircraft industry are interested 
principally in Part C, “‘ All the World’s Aeroplanes ” 
(293 pages), and Part D, “ All the World’s Aero- 
Engines” (80 pages). These two sections are cor- 
rected up to July 31, 1951, but at the beginning of 
the book there are photographs and notes of aircraft 
and engines which have become available for publica- 
tion between the end of July and the end of September. 
In Parts C and D, which are divided alphabetically 
under countries and subdivided alphabetically under 
constructors, brief notes are given on the history of 
each firm, and particulars of the construction and 
performance of their aeroplanes and engines which 
are in service or under development ; in some cases, 
specifications of projected aircraft are also given. 
An index is provided at the beginning of each part. 
Excellent photographs and, in the case of aeroplanes, 
small general-arrangement drawings are included. 
The particulars given of Russian aircraft are sparse, 
but it is hoped to present reliable data on the MiG 15 
in the next edition Finally, three pages are devoted 
to “ The World’s Airships ” ; this section was reintro- 
duced last year and contains illustrated examples 
from Great Britain, France, the Soviet Union and the 
United States. All the World’s Aircraft is excellent 
value and is an indispensable general and technical 
reference book for the aeronautical professions. It is 
compiled by Leonard Bridgman and published by 
Sampson Low, Marston and Company, Limited, 25, 
Gilbert-street, London, W 1. 


Directory of Railway Officials and Year Book, 
1951-1952.—The compilers of this useful reference book 
never allow it to stand still; the statistics and the 
names of the holders of office require confirmation or 
amendment for every new issue, and this work appears 
to be carried out thoroughly. The principal re- 
arrangement for this, the 57th year of publication, is 
the second stage in changing the method of presenting 
the various units of British nationalised transport. 
The order of the statistical and year-book information 
has been arranged in a more logical sequence. A new 
loading diagram for British main-line passenger 
rolling stock has been added, also a statement giving a 
list of countries which adhere to right-hand and left- 
hand running, respectively, on their railways, and a 
review of train accidents in Great Britain in 1949. 
Information received from Japan for the first time since 
the war has been included, and the Embassy of the 
U.S.S.R. in London has replied to the compilers’ 
inquiries but without giving any recent statistics. The 
book is published by the Tothill Press, Limited, 33, 
Tothill-street, London, S.W.1, at the price of 40s. 


Newnes Engineer’s Reference Book.—Reference books 
are not built in one edition, any more than Rome was 
built in a day. Mr. F. J. Camm, the editor of this 
engineer’s reference book, added 300 pages to the 
third edition, and for the present, fourth, edition he 
has added another 120 pages, arising largely ont of 
suggestions made by readers. The result is a useful 
work, not, as a whole, better than or superseding 
older-established books of a similar kind, but to some 
extent complementary, since the proportion of space 
devoted to processes and other practical branches of 
engineering is greater than is usual. Thus, for example, 
there are chapters on lathe work, grinding, milling, 
surface broaching, drilling, planing, shaping, reaming, 
sawing, riveting, panel beating, pressing, founding, 
die-casting, die-sinking, wire-drawing, heat treatment, 
plastics, polishing and buffing, electroplating, soldering 
and welding, as well as others on production control, 
time and motion study, quality control, works cost 
accounts and wage incentive. plans. There are, of 
course, the usual tables of screw sizes, etc., and the 
fundamental theories of thermodynamics and hydrau- 
lics are treated. Chapters not always found in such 
books are those on drawing-office practice and on 
patents, designs and trade marks. It is, however, on 
practical engineering matters that Mr. Camm’s editorial 
policy is strongest, and if this feature can be improved 
and reinforced in subsequent editions, even at the 





expense of the chapters on theoretical subjects, the 
book will achieve a respected status. It is published 
by George Newnes, Limited, Tower House, Southamp- 
ton-street, Strand, London, W.C.2, at the price of 50s. 
net. 

Fire Protection and Accident Prevention Year Book, 
1952.—The 12th edition of this annual, which is com- 
piled by Mr. Geoffrey F. D. Pratt and published by 
Benn Brothers, Limited, Bouverie House, Fleet-street, 
London, E.C.4, provides a detailed index to the 
municipal and county fire-fighting resources in the 
British Isles, and those of the principal industrial 
undertakings which maintain private services. In- 
formation is also given about the most important 
brigades in the British Commonwealth. The legal 
sections are contributed by Mr. Peter Pain, M.A., 
and the summary of fire-fighting data has been revised 
by Mr. Wallace E. Whitehouse, M.B.E., M.Sc. At 
the end there is a diary section ; and, of course, the 
usual reference directory to suppliers of equipment is 
retained. The price of the book is 10s. 6d., including 


postage. 





BOOKS RECEIVED. 


Measurement of Productivity : Applications and Limita- 
tions. Issued by the Joint Committee of the Institute 
of Cost and Works Accountants and the Institution of 
Production Engineers. Gee and Company (Publishers), 
Limited, 27-28, Basinghall-street, London, E.C.2. 
[Price 2s., post free.] 

Ministry of Fuel and Power. Statistical Digest 1950. 
H.M. Stationery Office, Kingsway, London, W.C.2, 
[Price 15s. net.] 

Department of Scientific and Industrial Research. Report 
of the Radio Research Board with the Report of the 
Director of Radio Research for the Year 1950. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
ls. 9d. net.] 

Jane’s All the World’s Aircraft 1951-52. Compiled and 
edited by LEONARD BRIDGMAN. Sampson Low, 
Marston and Company, Limited, 25, Gilbert-street, 
London, W.1. [Price 4 guineas.) 

Jane’s Fighting Ships 1951-52. Edited by RaymMonp 
Vv. B. BLACKMAN. Sampson Low, Marston and 
Company, Limited, 25, Gilbert-street, London, W.1. 
{Price 4 guineas.) , 

Westminster Chamber of Commerce. Year Book for 1951. 
Offices of the Chamber, 2-3, Duke-street, St. James’s, 
London, S.W.1. [Gratis.] 

Industrial Diamond Trade Names Index for 1951-52. 
N.A.G. Press, Limited, 226, Latymer-court, Hammer- 
smith, London, W.6. [Price 3s. 6d.j 

Mechanical World Year Book, 1952. Emmott and Com- 
pany, Limited, 31, King-street West, Manchester, 3. 
[Price 3s. 6d. net.) 

Portugal. Ministério das Obras Piblicas. Laboratério de 
Engenharia Civil. Publication No. 14. Developpement 
et Problémes de la Mécanique du Sol. By R. HAEFELI. 
[Price 20 escudos.] No. 15. EKmprego da Ardosia 
como Material de Construgto. By A. V. GARCIA. 
(Price 40 escudos.] No. 16. Lu Compressibilite des 
Sols. By R. HAEFELI. [Price 20 escudos.}] No. 17. 
Notes sur la Résistance au Cisaillement des Sols Argileux. 
By R. HAEFELI. [Price 20 escudos.] Nos.18. Photo- 
graphic Method for Model Analysis of Structures. By 
M. M. Rocua and J. F. Borers. [Price 20 escudos.]) 
Laboratério de Engenharia Civil, Av. Rovisco Pais, 
41, Lisbon, Portugal. 

Portugal. Ministério das Obras Piblicas. Laboratorio 
de Engenharia Civil. Especificagdes B1-1951. PWocabu- 
lario de Estradas e Aerodromos. Laboratorio de Engen- 
haria Civil, Av. Rovisco Pais, 41, Lisbon, Portugal. 
[Price 35 escudos.] 

Melbourne and Metropolitan Tramways Board. Report 
and Stat t of Ac ts for the Year Ended 30th 
June, 1951. Offices of the Board, 616-622, Little 
Collins-street, Melbourne, Australia. 

Road Research. Note No. 11. Binder Distributors for 
Surface Dressing. By D. B. Waters and W. L. 
RUSSELL. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.) 

Irrigation Engineering. Vol.I. Agricultural and Hydro- 
logical Phases. By Ivan E. Hovuk. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 9 dols.]; and Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 72s. net.] 

Fault Calculations. By C. H. W. Lackey. Oliver and 
Boyd, Limited, Tweeddale Court, Edinburgh, 1. 
{Price 30s. net.) 

The Modern Factory. By Epwarp D. Mus. The 
Architectural Press, 13, Queen Anne’s Gate, London, 
8.W.1. [Price 30s. net.] 

W erkstattbiicher No. 29. EHinbau und Wartung der Wdlz- 
lager. By ODrpw.-Inc. WILHELM JURGENSMEYER. 
Second revised edition. Springer-Verlag, Reich- 
pietschufer 20, Berlin W.35, Germany. [Price 3-60 D.M.] 

Die Hebezeuge. By ProressoR HELLMUT ERNST. 
Vol. Il. Winden und Krane. Friedr. Vieweg und 
Sohn, Braunschweig, Germany. [Price 38-80 D.M.) 
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NOTES ON NEW BOOKS. 


Thermostats and Temperature-Regulating Instruments. 
By R. Grirrirus. Charles Griffin and Company, 
Limited, 42, Drury-lane, London, W.C.2. [Price 20s, 
net.) 

Many ingenious methods have been developed for 
controlling the temperature of industrial and other 
processes, and, in recent years, their number and 
variety have been greatly increased by developments in 
electronics and in the design of servo systems. In this, 
the third, edition of his book, the author has included 
some account of these more recent developments as 
well as dealing with the older forms of control device, 
most of which are still regularly employed.. The 
greater part of the book is descriptive, dealing with 
specific instruments or types of instrument, and 
methods of using them, the classification being broadly 
according to the form of sensitive element employed. 
In most cases the descriptions are supplemented. by 
diagrams, sectional drawings and occasionally half-tone 
illustrations, all of which are of excellent quality. 
Besides the descriptive matter, there are a few chapters 
on special subjects, such as the accurate control of 
room temperature, the design of bimetallic strip 
regulators and the various types of heat exchanger. 
An appendix contains a highly condensed account of 
some analytical theories of temperature control which, 
the author remarks, are not yet sufficiently compre- 
hensive for a fina] discussion to be given. This chapter 
requires to be read in conjunction with the theoretical 
papers listed as references. Similar lists of references 
are appended to each chapter, but few of these are 
to papers subsequent to 1943, the date of the previous 
edition of the book, and none, so far as has been 
observed, to work later than 1947. The book can be 
recommended as giving a clear account of the methods 
of temperature regulation. 


Engineering Thermodynamics. 
By ProressoR HERMAN J. STOEVER. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16. 
{Price 5:75 dols.]; and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 46s. net.] 


THERE are now so many text-books on thermodynamics 
for engineering students that any newcomer needs to 
be of special merit to justify its appearance. The 


present work, from the pen of the professor of mechani- 


cal engineering at the Iowa State College, covers the 
usual ground of elementary books of its kind. It is 
confined entirely to “classical” thermodynamics, 
except for a brief explanation of gaseous pressure as 
being due to molecular bombardment. The book is 
divided into three parts, of which the first two deal, 
respectively, with the first and second laws of thermo- 
dynamics, and the third with the theoretical principles 
of steam and internal-combustion plants, refrigeration, 
compressors and air-conditioning. The latter subject 
is treated much more fully than is usual in British 
text-books. What extent of knowledge and intelligence 
the student is expected to possess is difficult to decide. 
It is taken for granted throughout the book that he 
is familiar with the symbols and operations of the 
calculus, yet the author assumes he needs many almost 
infantile pictures of imaginary apparatus in order to 
understand that, for example, a gas does work when 
expanding against pressure. It is, however, only fair to 
say that the greater part of the text is well above this 
level, and gives a clear and sensible exposition of the 
subject. A praiseworthy feature is the repeated insist- 
ence on the fact that the area of a theoretical indicator 
diagram (jP dV) only truly represents the work that 
would be done if the process, whether adiabatic, 
isothermal or otherwise, were to be carried out in an 
ideally perfect reversible manner—a condition which 
is ignored by so many writers of text-books. In 
discussing the flow of saturated steam through nozzles, 





the author adheres to the obsolete theory that the steam 
expands under conditions of perfect thermal equili- 
brium, which leads to a critical pressure-ratio of 0-58 
and to a discharge notably less than is found actually 
to occur in practice. Several pages later, he does 
mention the possibility of the steam being in a super- 
saturated state at-the throat ; and, to take account of 
this, he then advises the reader to design a nozzle under 
the assumption that the steam behaves like a perfect gas. 
This does not help at all; the question is, what index 
of expansion should be used? The advice should 
have been to assume that the steam expands as if super- 
heated, with an index of 1-3, the critical pressure-ratio 
then working out to 0-545. Altogether, there are 
more than 500 problems for the student appended 
to the ends of the various sections, a few being fully 
worked out and most of the rest having their answers 
attached. 


Measurement of Productivity: Applications and 
Limitations. 

By the Joint Committee of the Institute of Cost and 

Works Accountants and the Institution of Production 

Engineers. Sole distributors: Gee and Company 

(Publishers), Limited, 27-28, Basinghall-street, London, 

E.C.2. [Price 2s., including postage. ] 


AutHoucH different in scope, this report may be 
usefully studied in association with Mr. A. W. Wills- 
more’s Modern Production Control, reviewed below. 
The Joint Committee on the Measurement of Pro- 
ductivity contained some of the most experienced 
producticn engineers in the British engineering industry. 
Comparatively early in their inquiry, which began at 
the end of 1948, they found a notable lack of factual 
knowledge regarding the extent to which individual 
machines were actually used, and of statistical infor- 
mation (including costing data) available at super- 
visory level. The present report, after discussing 
productivity in general, and the methods of measuring 
it, makes certain recommendations on these and allied 
matters, adding two valuable appendices, one on 
“Machine Utilisation” and the other on “ Presen- 
tation of Information at Supervisory Level.” While 
much that they contain is or should be obvious, there 
are probably few works executives who would not 
derive some useful hint from a study of them. 


Modern Production Control. 
By A. W. WILISMORE. Second edition. Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
London, W.C.2. [Price 15s. net.] 


WHEN the first edition of this book appeared, towards 
the end of 1946, it attracted favourable comment from 
a number of reviewers whose interest in it originated 
for quite different reasons. Our own comments cn it, 
in our issue of March 28, 1947, were that it was 
“eminently sane and well-written”; and we drew 
attention, among other details, to the author’s useful 
examples of how to combine the production of a variety 
of articles, which individually would be dealt with 
normally in batches, so as to obtain advantage, in 
production, from their aggregate volume. A new 
instance of what Mr. Willsmore describes as “‘ a novel 
compromise between batch and flow production 
practices,” in use in Sweden, is one of the principal 
new features in this second edition. The other new 
section of special note is a chapter on “ Scheduling,” 
much of which is devoted to a consideration of the 
pros and cons of establishing a detailed system for 
this purpose or, alternatively, employing a “ progress 
chaser.” In this, of course, much depends on the 
type of product, and a great deal on the type of progress 
chaser. Mr. Willsmore’s views should be found of 
interest, even by those who may disagree with them. 


The “ M.E.” Lathe Manual. 


By EpGar T. WEsTBURY. Percival Marshall and 

Company, Limited, 23, Great Queen-street, London, 

W.C.2. [Price 12s. 6d. net.] 
Tuts is a book for the happy man who uses a smal] 
lathe for the fun of it. If he has only recently realised 
the model engineer’s ambition to own a lathe, he is 
probably under the delusion that all his production 
problems are now solved; but Mr. Westbury’s 160 
pages—covering only the essential principles and 
practice—will go a long way towards instructing him 
in tha art of turning and the adaptation of a lathe to 
milling, slotting, drilling, etc. The book is better 
bought before a lathe, however, as the early chapters 
give guidance on the reccgnition of those features in 
lathe design that are essential for mode] engineering, 
distinguishing them from those that are proper to 
other types of lathes. The remaining chapters deal 
with the foundations of lathe work: the forms of 
cutting tools, turning between centres, the use of the 
chuck and faceplate, boring, screwcutting, etc., as well 
as with lathe accessories. An appendix consists of 
screwcutting and other tables. There are numerous 
half-tone illustrations and sufficient line drawings for 
the purpose. 


Quartz Vibrators and Their Applications. 

By Dr. P. VigouREUx and C. F. Boorn. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
30s. net, postage 10d.) 

THE piezo-electric effect was discovered in 1880, but 
does not appear to have found any application until 
1918, when it was employed by Langevin in an appara- 
tus devised for depth-sounding, directional under- 
water-signalling and detecting submerged objects, 
such as submarines. It is interesting to note that 
the generation and detection of ultrasonic vibrations 
by the aid of piezo-electric transducers continues to be 
one of the most important applications of the latter. 
For instance, the detection of flaws in engineering 
materials by ultrasonic methods is now a familiar 
technique. More recently, quartz crystals have found 
uses in the delay-line storage systems of electronic 
calculating machines and in determination of the 
elastic constants of engineering materials. After 1918, 
interest in piezo-electricity increased rapidly. In the 
following year, Nicholson published the results of his 
experiments with Rochelle salt and, in 1921, Cady 
described one of the most important present-day 
applications of quartz vibrators, namely, to frequency 
control. During the succeeding period up to the start 
of the recent war, the great advances which were made 
in radio-communication were accompanied by a 
corresponding extension of the use of piezo-electric 
aids in the stabilisation of radio transmitters, the 
control of master oscillators and the production of 
wave filters for multi-channel communication systems. 
Finally, during the war years, quartz vibrators had 
an enormous field of application to frequency-control 
in radio signalling. Between 1938 and 1948, for 
example, the annual production of finished crystal 
units rose from 10,000 to 1,500,000. The present 
volume, by two leading authorities on the subject, is 
based on an earlier book by Dr. Vigoureux, entitled 
Quartz Oscillators and Resonators, the second edition 
of which appeared in 1939. The earlier volume has 
now been largely re-written in order to bring it up 
to date. It remains primarily an account—and an 
excellent one at that—of quartz, its piezo-electric 
properties and its many applications, but in view of 
the widespread demand for quartz vibrators, a descrip- 
tion of the methods employed in the manufacture of 
quartz units, the examination and selection of raw 
quartz, the bulk production of quartz elements, and 
their mounting, ageing and testing has been added. 
The book is issued under the auspices of the Depart- 





ment of Scientific and Industrial Research. 





END OF THE ONE HUNDRED AND SEVENTY-SECOND VOLUME. 
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PETERBOROUGH 


PETER LTD. 


STURTEVANT 


FANS 
AND FAN SYSTEMS 





METAL SLITTING 
SAWS 


GROUND FLAT STOCK 


WILLIAM WARD & SON (SHEFFIELD) LTD. 
CENTENARY WORKS, WOODSEATS BOAD, 
SHEFFIELD 


“ NEWSTAD” 


HEAT TREATMENT 
& REHEATING FURNACES 


MODERN FURNACES & STOVES LTO 
BOOTH 8T., HANDSWORTH, BIRMINGHAM 21, 


COMPLETE 
THREADING 
EQUIPMENT 


ALFRED HERBERT LTD 
COVENTRY 


FURNACES 


FOR ALL INDUSTRIAL PURPOSES 
THE 
DOWSON & MASON 


GAS PLANT CO. LTD. 
ALMA WORKS MANCHESTER 19 





BRIGHT DRAWN STEEL 
TURNED STEEL BARS 
UP TO I!2 in. DIA. 
BRIGHT STEEL BLANKS 
ANY THICKNESS IN 
MILD STEEL - FREECUTTING 
CASE HARDENING - HIGH 
TENSILE, ETC. 


GOVAN SHAFTING & 
ENGINEERING CO 
(PROPRIETORS—THE STEEL OOMPANY OF 
SOOTLAND LTD) 


87 HELEN STREET, GOVAN, GLASGOW 


PUMPS..'e!. 


London Holborn 4271 (5 lines) Newark 601-2-3-4 
Manchester Blackfriars 8810 Newcastle 22333 
Birmingham Midland 5310 Glasgow Pollok 2256 &7 
Liverpool Central 1877 Leeds 52651 Bristol 25650 


WORTHINGTON SIMPSON 





GEORGE RUSSELL & CO., LTD.. 
Motherwell 


PATTERNS 


B. LEVY & Co. Vie 7) = 





“HILMOR’” 


TUBE BENDING 
MACHINERY 


65 CALSHOT STREET, KING’S CROSS, 
tONDO hone TERminus 4714 


ALLDAYS & 
ONIONS 


BIRMINGHAM. LTD. 


FOUNDRY PLANT 





WALTER SOMERS, LTD., 


I ALESOWEN 


WAGONS 


HURST NELSON «x CO., LTD., 


MOTHERWELL 





SPENCER-BONECOURT 
Patent Waste Heat Boilers 


14, Fetter Lane, London E.C.4. 


DREDGERS 


OF ALL TYPE 
FERGUSON BROS. (Port- Glasgow) LTD. 
PORT-GLASGOW. 





BIBBY 
COUPLINGS 


THE WELLMAN BIBBY CO., LTD., 
Parnell House, Wilton Road, London, 8.W.1 


STEPHENS 


ENDLESS 


MIRACLO BELTS 


Send for particulars 
STEPHENS BELTING ‘co. LTD. 
STATION WORKS 
SNOW HILL. BIRMINGHAM, 4. 


VISCO 


AIR FILTERS 
DUST COLLECTORS 
COOLING TOWERS. 


THE VISCO ENGINEERING CO. LTD., 
Stafford Road, Croydon. 
"Phone: CROydon 4181/4 & 2471 


DIESELS 


RUSSELL NEWBERY 
&@ co. tTo 


DAGENHAM ESSEX 





PRECISION BAR 
MADE SCREWS 


all types, all metals 1/8 to 1° diameter. 


H. FORDSMITH LTD., 


Hadfield = Works, Cornbroox, , MANCHESTER, 16 
RAfford Park 1615 and 1616 


BARRY 


CONVEYORS 


BARRY, HENRY & COOK, LTD., 
ABERDEEN. 


TATTERSALL 


& SONS LTD. 
BLAST FURNACE LININGS. 
STOVES, BRICK CHIMNEYS. 


187, SOUTHFIELD RBOA!, 


EST. 1898 MIDOLESBROUGH 


WEIR 
AIR PUMPS 


G. & J. WEIR LTD. GLASGOW. 





LOCOMOTIVES 
STEAM OR DIESEL 


HUDSWELL CLARKE & Co. Ltd. 


RAILWAY FOUNDRY, LEEDS 


London Office: 120-122, Victoria Street, 8.W.1 
Telephone: Victoria 6786 


BRECO 


Let Breco Ro ate we your transportation 
problems, also [oading and d . Lowest 
operational costes. Write for booklet. 
BRITISH ROPEWAY ENGINEERING Co. Led. 
Plantation House, Mincing Lane, London, K.0..., 
somone: Mansion House 4681-2. 
Telegrams: Borhauling. Fen. London. 


SPECIAL MACHINERY 
MADE TO ORDER 


"Phone: EUSTON 8176 (6 lines). 


GEORGE WAILES & £&h. 


882-8 BUSTON RD.. LONDON, N.W.1. 
Specialists since 18565. 


SAMUEL PL ATT LIMITED 


King’s Hill Foundry, Wednesbury, Staffs. 
UPSET FORGING MACHINES 
DROP STAMPS, PRESSES, 
DRAWBENCHES 





SECTIONAL 
PRESSED STEEL 
TANKS 


RIVETED AND WELDED CHiNEYS’ 
STORAGE TANKS, BUOYS, — 
BUNKERS, "HOPPERS. Ete 


BROWN LENOX & OO. 
(LONDON), LIMITED. 
Contractors to the Admiralty since 1808. 
WALL 


MILLW. LONDON, E.14. 
Telephone: East 3261/2 


CROFTS 


(ENGINEERS) LTD. BRADFORD 
POWER TRANSMISSION ENGINEERS 


W. 1. PULLEYS 


All sizes up to 20ft. 
diam., any width 


CONVEYOR PULLEYS 


all sizes up to 60ins. wide 





WRITE FOR FOLDER 4737/11 


RESEARCLJ 


ENGINEERS LTD 


FOR 


PROTOTYPES 


FOR DETAILS 





SEE FIRST CLASSIFIED PAGE 





PATERSON 


SPECIALISTS 
IN ALL FORES OF 
WATER TREATMENT 
FOR 
MUNICIPAL 
AND 


INDUSTRIAL 
PURPOSES 


83, KINGSWAY, LONDON 
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is the perfect material for electrical insulation. It 


gives constancy of performance within very close limits and can be sawn, drilled, punched and fabricated without 
difficulty with ordinary equipment. Delaron is supplied in thicknesses from 1/64” to 4’, in black or brown, matt or 
glossy finish, and is available in the widest range of sizes from 38” x 28” to 8’ x 4’. There is a grade of Delaron for 
every British Standard and Ministry Specification. Our Technical Service Department will be pleased to advise 


you in the correct grade of Delaron for your requirements. Please write for further details and samples. 


Electrical transformer bobbins fabricated from Delaron’ sheet. 


2 


AWW \ 
\\ 


Switch components Manufactured by Messrs. Arrow Electric Switches Ltd., 
using ‘ Delaron’ as an insulator. 


THOMAS DE LA RUE & COMPANY LIMITED (Plastics Division) IMPERIAL HOUSE, 84/86 REGENT STREET, LONDON, W.1 
Phone: REGent 2901. Grams: Delinsul, Piccy, London 
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IR COMPRESSORS 
for DIESEL SHIPS 


This shows our latest 3-stage Vertical Enclosed 
Marine Type Diesel Auxiliary Compressor, with 

_ Forced Lubrication, direct coupled to an Electric 
Motor. Machines may also be arranged for Steam 
Driving, and have either one or two cranks, 
depending on the output. 


For fall particulars, write te Dept. B. 


REAVELL & CO., LTD., 


Telephone Now? 2194 & 2125. IPSWICH 

















0 
BOILER FEED REGULATORS 


AVAILABLE IN VARIOUS PATTERNS 


High pressure pattern with FORGED STEEL inclined 


power producer suitable for use where flow charts are 
kept. 


EXCESS PRESSURE REGULATORS 


for use with CROSBY feed Regulators ensure a constant 
differential across feed regulator and therefore accurate 


regulation. 
Pioneers of Feed Regulators 
and Automatic _ Controls 





HUNDREDS OF REPEAT ORDERS. 





BRITISH MANUFACTURE 


Pamphlet El!97 on request to :— 


CROSBY VALVE & ENGINEERING Co. Ltd. 


CROSBY WORKS, EALING ROAD, WEMBLEY, MIDDX. 








AREA REPRESENTATIVES: 
SCOTLAND * NORTHERN ENGLAND 
MIDLANDS * SOUTHERN ENGLAND 








Leeming 


CLOTHS FOR 
CLEANING 
MACHINERY 


The Leeming Service provides 
a trouble-free, regular weekly 
delivery of soft, sterilised 
cleaning cloths— 


at half the cost 
of rags. 


Leeming Brothers , 


—Limilte 


SALFORD‘3°*LANCS 


TELEPHONE - MANCHESTER BLACKFRIARS 2561 
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McGRA W-HILL 


HEATING DESIGN 
AND PRACTICE 


By ROBERT H. EMERICK, 


Consulting Mechanical Engineer 
and Member of The American 
Society of Mechanical Engineers. 


453 pages 9x6 68/- 

This book fully covers the design, application and 
control of radiant heating and baseboard units, 
the heat pump, fireplaces, fans and_ filters. 
Methods for selection of correct heating systems 
are presented together with a wealth of working 


facts on how to prepare specifications. 
Obtainable from all booksellers 


McGRAW-HILL PUBLISHING COMPANY LTD. 
Aldwych House . - . London, W.C.2 





ELEVATORS" 





PLANTS 
SKIP HOISTS*CONVEYORS: BUNKERS 
ELEVATORS + BATCH WEIGHERS 


COMPLETE HANDLING 


MECHANICAL EQUIPMENTS LTD. 


67-69 ST. PAULS STREET, LEEDS, | - TELEPHONE: LEEDS 31938 (3 LINES) 




















... but that’s not all. It has LONG LIFE... EXCELLENT 

APPEARANCE . . . LIGHT WEIGHT and DUCTILITY. 

These properties explain its increasing use throughout industry 

for such varied products as rivets, filters, fencing, screws and 
spindles. 


ALUMINIUM WIRE & CABLE CO. LTD. 


Head Office and Works: PORT TENNANT . SWANSEA . GLAMORGAN 
e AWCO » 


Sales Office: 37 THURLOE ST., SOUTH KENSINGTON, LONDON, S.W.7 
Telephone: KNightsbridge 1721/4 














Cole’s give that “‘little extra” which means so much 
in terms of efficiency, economy and service. 





BALATA - RUBBER - ENDLESS 
“Vv” BELTS . “V” PULLEYS 
HAIR - COTTON 


HENRY A. COLE & CO. LTD. 


NORTHERN SALES OFFICE: PEAUFORT ROAD WORKS. BIRKENHEAD. Tel: Birkenhead 1248 
LONDON : CoroneT HOUSE, 287/289 OLD STREET, LONDON, E.C.1. Phone: Shoreditch 721€ 
GLASG OW : 45 MONTROSE STREET, GLASGOW, C.) Phone: BELL 2881 


TRADE ONLY SUPPLIED. 
All Expor: enquiries to London Office. 
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WATER CONDITIONING 
MATERIALS AND EQUIPMENT 


Our parent company, The Permutit Company, a 
corporation of the State of Delaware, United States 
of America, manufactures in the United States 
water conditioning equipment and materials. This 
company was not in a position in the past to sell 
such equipment and materials in some foreign 
countries because of certain contractual and other 
restrictions. The Permutit Company has effected 
the removal of such restrictions, and in accordance 
with the terms of an antitrust consent judgment, 
they will not be reinstated. 


We are a wholly-owned subsidiary of The Permutit 
Company and have been appointed to sell that 
company’s products in Great Britain and certain 
other countries under the trade mark ‘* IONAC ”’. 


Aerators and Degasifiers—Chemical Feeds—Co- 
agulation and Settling; Precipitators and Floc- 
Formers—Pressure Filters—Gravity Filters and 
Filter Accessories—Activated Carbon, Neutralizing 
and Oil Removal Filters—Swimming Pool Water 
Purification Equipment—lron and Manganese Re- 
moval Equipment—Hardness Removal Equipment— 
Alkalinity Removal Equipment—Silica Removal 
Equipment—Demineralizing Equipment—Hot Pro- 
cess Water Softeners—Cooling Water Treatment— 
Deaerating Heaters—Continuous Boiler Blowoff 
Equipment—Household Water Treating Equipment. 


IONAC 


. The lonac Company, Ltd., 330 West 42nd Street 
) New York 18, New York, U.S.A. 














Our machines 
SPIRALLY WRAP 


COILS @ BARS e ROUNDS e TUBES e SECTIONS 
ETC. 


~~ 


















“* Our machines will wrap a 
coil with an internal bore of 
5 in., using a roll of wrapp- 
ing material !2in. diameter. 
The operation of the mach- 
ine is extremely simple and 
the adjustment necessary 
to change over from 
the smallest to the 
largest coil can be 
made in 10 to I5 
seconds. The wrapp- 
ing process takes but 
a few seconds and 
paper or hessian can 
be used. The same 
machine is equally 
suitable for wrapp- 
ing bundles of bars, 
rounds, tubes and 
sections, etc. 


LARMUTH o: SWINTON 


TELEPHONE: SWinton 1015 
ENDSLEY WORKS, EAST LANCASHIRE RD. SWINTON, LANCS 












Seals of 4} ft. 
diameter or a mere 
4 inch— seals for a giant 
steel rolling mill, or the 
smallest bearing. The 
Burtonwood Universal Oil Seal 
is today being specified for 
every branch of engineering. 
Write for detailed par- 
ticulars, reference 
US/EG. 












The seal of satisfaction 


BURTONWOOD ENGINEERING C0. LTD 


BURTONWOOD, WARRINGTON, LANCASHIRE Tel.: Newton-le- Willows 3311 (10 lines) 











CROFTS 


RADIATION 
UNIVERSAL 
MOUNTING 


WORM 
GEARS 


FOR SMALL POWER 
APPLICATIONS 





Standard 


ON DELIVERY FROM 


woe YY STOCK 
| >e, 1} 12%, 24” CENTRES, 
up to 2) H.P., from 5 to | up to 


66 to | Ratio. Other Ratios at 
! short notice. 


(i; ° 


Standardised main body with 
foot position interchangeable 
to make the gear unit either 
Standard, Inverted or Vertical. 


WRITE FOR FOLDER 512/11 


CROFTS (ENGINEERS) LTD., BRADFORD. 
*Phone: 65251 (10 lines) "Grams: “‘Crofters, Bradford.) 

























CHANGE DIRECTION WITH 


VW Standard type worm Gear Unit with the worm shaft 
directly beneath the worm wheel, providing a very convenient 
height of high ‘speed shaft for direct coupling to electric 
motors. Note the cooling fins cast integral on the under- 




















side of the case—these are a feature exclusive to Moss 
Gear standard type units. 














the series which, in common with the Standard type, 
commends itself for high speed use through oil immersed 
bearings and cooling ribs for greatly increased heat 


dissipation. 


THE MOSS GEAR COMPANY LIMITED 


CROWN WORKS - TYBURN - BIRMINGHAM 24 


London Representative: Mr. H. Wheatley, 26, Woodyates Road, London, S.E.12. Tel: Lee Green 5158 
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“The Bridle for Air-Horsepower 


TW 


eS 


Air Valves 
— — Control 
me = Machines 


Assembly of Ross Air Valves 


aE 


we rs 
ee all 
annum ss A IE TA 


somne 





controllinga series of dpefations 






on a four high rever§ing. Strip ® 


Mit ~ Write for iHustrated brochure to: 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LIMITED 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1. WORKS: DARLASTON, SOUTH STAFFS. 
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WORM GEAR UNITS 


@ Vertical Unit type worm gear unit, another version of 
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EASILY and quickly installed, these unit heaters ensure comfortable 
warmth in workshops, etc., just when and where it is wanted. Whether 
the heating medium available is hot water, steam, gas or electricity, there 
is a Keith Blackman Unit Heater that will use that medium to the 

iS very best advantage. There is a “standard” suspension type (as 
illustrated) for use with hot water or steam, and having adjustable curved 
directional air-flow louvres; there is the “ gas-fired” suspension unit 
discharging warm air with rotatory effect but which can be fitted with 
louvred casing to throw the warm air in one particular direction; then 


n of there is the “ thermo-strip” electric unit heater intended for suspension 
ipe, | but which can also be supplied without fan or louvres for building into 
d ductwork. Lastly, the flooremounting unit heater for use with steam. 
se 
ON REQUEST 
- FREE car wo. im 
4 KEITH BLACKMAN  LTD., Head Offce: MILL MEAD ROAD., TOTTENHAM, LONDON, N.17. 
Telephone : Tottenham 4522 (12 lines). Telegrams ; “Keithblac, Norphone, London.” 
1 58 BRANCH OFFICES AT MANCHESTER 4, BIRMINGHAM 2, LEEDS I, NEWCASTLE-ON-TYNE I, GLASGOW Cli, CARDIFF AND BELFAST 
244/19 








The world’s greatest range 
of Forging Plant... 





is made by Masseys of Manchester. This fact is not reiterated 





‘‘vaingloriously’’ though it bears importantly on world productivity. 





It reflects experience which, having solved a variety of problems in every 





BsS. MAssEY | bg 


OPENSHAW important industrial country, regularly demonstrates the practical value by 
MANCHESTER 
ENGLAND 

continuing to 


provide forging plant of assured ‘‘fitness for purpose’’. 
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FUEL OVERSEERS AND PLANT ENGINEERS SAY... 


Over to OIL 


FOR IMPROVED STEAM GENERATION 


MANY ENGINEERS are giving serious con- 
sideration to the conversion of steam rais- 
ing plant from solid fuel to oil fuel firing. 
Oil offers great advantages relating to 
storage space, labour costs, working 
conditions and steaming efficiency. 


Conversion of almost any type of boiler in 
service today is a simple matter and can be 
carried out swiftly with a minimum stop- 





page of work. foodstuff ries, 
sgarette — 

White’s of Hebburn have been installing i \len mills and 

oil burning equipment in factories for wer ctories 





over thirty years. All this experience can chemical - 

be turned to your account. 

Wel I elwk S OIL BURNING Please ask us to send 
INSTALLATIONS oegcschati 


for land use. 








WHITE’S MARINE ENGINEERING CO. LTD (Land Division) HEBBURN-ON-TYNE . Co. DURHAM 








A STONE-WALLWORK KV GEAR UNIT FOR 
PUMP DRIVES 


The illustration shows several acid 
pump drives. The driving medium 
is a vertical flange mounted motor 
which is direct coupled to the input 
shaft of the STONE-WALLWORK 
Single Worm and Wheel Reduction 
Gear. To the output shaft is attached 
an eccentric which is adjustable thus 
varying the pump stroke. The — 
itself is suitable for liquors whic 
will not attack stoneware and rubber, 
and for sulphuric acid up toa strength 
of 50%. 

Mounted on a common bedplate the 
gear and pump provide an efficient 
self contained unit. 





STONE WALLWORK 


LIMITED (GEAR ENGINEERING DIVISION) 


32, VICTORIA STREET, LONDON, S.W.I 
TELEPHONE: ABBEY 4461/2 


Photograph by the of 
Meson. L.A. Mitchell Ltd., Manchester. 
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INFORMATION ON PLANNED 
HEATING AND VENTILATING 






































Plenum Heaters 


The Plenum system of heating and ventilating is in general use for the larger 
Air Conditioning installations. 
Each ‘‘Weldex” Plenum Heater is individually designed and built to suit the 
particular specified conditions. 
It can therefore be matched to the rest of the installation to give maximum 











economy and optimum performance. 
In the ‘‘Weldex” Heater the heating medium is passed through the tubes— 
the air over the tubes. Tubes may be plain or gilled, but the former type are walt 3a 
usually specified only where special precautions have to be taken against a Seeegimem 
dust and dirt. When inviting tender, the following details should be supplied :- — — 
(1) Volume or weight of air to be (5) Whether any special humidity ee 
handled per minute or hour. conditions exist, or are re- EREG URERGNSE Rese 
quired to exist after heating. — a 
(2) Inlet Air Temperature. (6) Heating medium. 
(3) Outlet Air Temperature. (a)In the case of steam its 
pressure and condition, i.e., 
(4) Maximum permissible _resis- saturated or super-heated. 
tance to air Flow (if important) (6) In the case of hot water, the ;' 
flow and return temperatures. s . 
TC Perfectly flat smooth gills are embedded into the 
walls of the tubes (see diagram). This results in a 
heating element of great mechanical strength, and 
with a permanently high heat transmission 
efficiency. 























GREAT BRIDGE - TIPTON - STAFFS | ey 
Telephone: Tipton 1242 i i ¢ 
Telegrams : Vigilantia, Tipton. : ‘i - ss gp ea 
GAS FIRED HEATERS «== PLENUM HEATERS 











| 
HEAD OFFICE & WORKS aT =a /\-— p_” 
| 
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Send for 


| | Catalogue a si ee 
ee Number. oes 


255 








- 









e: HENRY HOPE & SONS LTD., SMETHWICK, BIRMINGHAM & 17 BERNERS ST., LONDON, ¥ 
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BRITISH ERMETO CORPORATION LTD., 


ERMETOD 


















ERMETO pipe couplings are 
capable of withstanding the 
highest industrial pressures 
y and are extremely simple to 
use. Unaffected by vibration, 
they can be made, broken 
and remade indefinitely, and are completely 
pressure-tight under all conditions. 


We are always pleased to forward copies of catalogues, price 
lists, etc., covering our standard ranges of pipe fittings and 
high pressure valves. 


SELF-SEAL 
COUPLINGS 






Regd. Trade Mark 


MAIDENHEAD, BERKS. 




















JOSHUA HEAP & CO. LTD. 














2+ inch Bolt and Pipe Screwing 
Machine, fitted with our Patent 
Tangential Die Head. Hand and 
Automatic Releasing Motion, Auto- 
matic Closing Device, Automatic 
Pump, etc. Motor enclosed in 
Cabinet leg. 


These machines have been specially 
designed for quantity production 
work and are capable of extremely 
fast rates of output. 


A full range of sizes is available. 
CATALOGUE FREE ON REQUEST. 


ASHTON-UNDER-LYNE 
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STURTEVANT “N 












/R CRUSHING ELECIRUSIANG 
TREATMENT GRINDING PRECIPIIALURS 

EQUIPMENT SCREENING AND 

AND COMPLETE MIXING AND ELECIRUSTIANG 

PLANTS SEPARATING MACHINERY A\R FXTERS 


Ask for Ask for Ask for publications 
publication D.2302 publication D.9501 D.7005 and D.7104 


STURTEVANT ENGINEERING Co., LTD. 
SOUTHERN HOUSE, CANNON STREET. LONDON, E.C.4. 


TELEPHONE : MANsion House 0533 















IT IS FUSARC - PLANNED EQUIPMENT which makes mechanised welding so productive . . . 


TAKE, FOR INSTANCE, THE MANUFACTURE OF 
LAUNDRY PLANT 


A considerable amount of equipment for the Laundry, Food, 
Textile and Chemical Industries is now manufactured by 
mechanised arc welding. A typical example is shown in this 
photograph of Fusarc planned mechanised welding installation 
for the fabrication of Hydro-Extractor Baskets. 





This Fusarc installation at the works of Messrs. Thomas Broadbent 
& Sons Ltd., Huddersfield, is designed to accommodate ‘* Broad- 
bent ’’ baskets from 18 in. to 84 in. in diameter and of a variety of 
widths. 


These baskets are made from mild steel or stainless steel, and 
continuous electrodes suited to the analysis of the steel are 
employed. As the baskets are under a high and constant pressure 
while in use a high standard of welding is required. 


The Fusarc equipment includes a 750-amp. Generator Group 
with remote control gear enabling the welding current to be 
adjusted while the machine is welding. 


Interesting and factual Fusarc Mechanised Welding Production 
News Sheets are published at frequent intervals. They cover an 
extensive field of production welding for all industries, and 
welding engineers are cordially invited to send in their names 
for inclusion on the free mailing lists. 


FUSARC 


MECHANISED WELDING }— 











a 











Comprehensive literature is available from FUSARC LTD., Dept. C.857, Team Valley, Gateshead-on-Tyne, | I 
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made with and for 
the utmost precision 


(R300) Grinding Machine 


machine tools 


MILLING: GRINDING: DRILLING MACHINES 


Manufactured by Officina Meccanica Olivetti S.p.A. Ivrea, Italy Enquiries for Great Britain to British Olivetti Ltd., 115, Summerlee St., Glasgow, E.2 
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When were your filters last inspected ? 
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Over the past thirty years a considerable amount of money and time has been spent in the 
development of VOKES filters, so that to-day they are capable of making tremendous savings in 
wear and tear, oil and fuel. BUT THIS CAN ONLY BE SO IF. THE FILTERS ARE CORRECTLY 
MAINTAINED. IT IS VITAL THAT THE STATED SERVICING PERIODS ARE RIGIDLY 
ADHERED TO AND THE ELEMENTS REPLACED WHEN INDICATED. Manufacturers fit 
these filters because they represent an insurance, at a very low premium, against wear 
and tear, depreciation and breakdown ... THEREFORE TO NEGLECT THESE FILTERS IS AKIN 
TO THROWING AWAY A VALUABLE INSURANCE BY NEGLECTING THE PREMIUM. 




















Ensure unequalled filtration efficiency by 
INSPECTING your Vokes Filters at the stated 
regular intervals and REPLACING the 


elements when necessary 





VOKES 


s| = Nioneens of scientific tration 


VOKES LTD. Head Office: GUILDFORD, SURREY. London Office: 40 Broadway, Westminster, S.W.1. 


VOKES (CANADA) LTD., Toronto 


E.2 A WORLD-WIDE FILTRATION SERVICE AT THE COMMAND OF INDUSTRY 


Represented Throughout the World VOKES AUSTRALIA PTY., LTD., Sydney 
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MICROsen 


is the registered name of 


A NEW CREEPING 
SPEED CONTROL 











FOR A.C. CRANES 


MICROsen a small, compact unit, gives 
progressive speed variation from 100°/, 
to 10°/, of full speed in stages on hoist 
and lower, cross or long travel motions. 


It is essentially 


simple, 


requires no 


maintenance, and is low in both _ initial 


and operating costs. 


MICROsen EFFICIENCY 

The MICROsen Unit enables the equivalent of D.C. 
Speed Torque characteristics to be obtained from 
A.C. cranes. The effectiveness of the unit is un- 
impaired by variations in load and speed through a 
very wide range of operation and permits a delicacy 
and accuracy of control not previously achieved by 
Creeping Speed Systems. 


SIMPLICITY OF INSTALLATION 
AND MAINTENANCE 


The MICROsen Unit consists basically of a station- 
ary O.C. field system and a high torque squirrel cage 
rotor which is usually coupled direct to the tail shaft 
of the hoist motor. It is entirely self-contained and 
can be fitted with only a minor alteration to the 
existing wiring. Since the field sy is i y 
and the rotor has no electrical connections, there 





are no moving electrical parts requiring main- 
tenance. MICROsen, therefore, will operate satis- 
factorily in normal conditions of crane maintenance 
and needs no additional care. 


MICROsen ADAPTABILITY 

Every MiICROsen Unit is individually tailored to its 
purpose and to the specific site conditions in which 
it will work. A variety of characterist cs for varying 
Purposes can be obtained. MICROsen is available 
for Cross Traverse and Long Travei directions, 
if required. 


SIMPLICITY of OPERATION 


The operator of an overhead crane fitted 
with MICROsen Control has no additional 
controls, levers or brakes to contend with. 
Both Creeping and Full Speeds on any load 
are obtained through a single standard type 
drum or master-controller. 


MICROsen ECONOMY 


Unlike many of the Creeping Speed systems 
now on the market, MiCROsen is low in 
initial cost and, depending on the type of 
installation required, necessitates only a 
comparatively small extra charge. In use 
the additional current consumed is negligible 
even when minimum Creeping S is are 
in operation, e.g., 10 ton Crane—!-5 Amps. 


BRAKE AND SAFETY RELAY 


A simple D.C. electr agnetic brake is used 
with the equipment and is supplied from the 
rectifier which feeds the MiCROsen field 
system. A safety relay is incorporated with 
this brake, thus iding any possibility of 
** run-away "’ in the event of electrical or 
unit failure. 











MICROsen UNITS CAN BE 
FITTED TO THE MAJORITY 
OF EXISTING A.C. CRANES 











% (Patents pending) 





THE MICROsen UNIT | 
FITTED TO THE HOIST MOTION 
~ SS 


















HOIST CONTROLLER 
INCORPORATING MICROsen 








alae 


MICROsen... MICROSENSITIVE A.C. CRANE CONTROL BY... 


J. H. CARRUTHERS & CO LTD - 


GLASGOW 82 - 


wees TG 


SCOTLAND 





LONDON OFFICE - 


ABFORD HOUSE - 


ers 





WILTON ROAD - VICTORIA - LONDON SW! 
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ALLEN 



















For steam and gas turbine, oil engine and 
motor drives; for generating, pumping and 
boosting sets; for test rigs and many other 
applications, 


ALLEN-STOECKICHT 


Epicyclic Gears ensure equal load-distribu- 
tion between planet wheels and offer the 
advantages of an “in-line” arrangement 
with concentric input and output shafts, 
high efficiency, saving in space and weight, 
and a neat appearance. 














mee 
@ | 
-3 i _ 
; " 
- , 
J 


(Illustrated above) External view of a 9000/1250 r.p.m. 
Allen-Stoeckicht gear used in a 200-kW Allen geared 
turbo-generator. 


(Left) View of gear shown above, with cover removed. 





Self-contained gear boxes for ratios between 
2:1 and 12:1. 


Special gears, engineered into the application, 

for ratios up to 50:1, ratios of 12:1 and 

below being offered in a single stage, and 
above 12:1 in two stages. 


Powers from 10-10,000 H.P. 
depending upon ratio and 
speed. 


SPEED-INCREASING GEAR SPEED-INCREASING GEAR SPEED-REDUCING GEAR SPEED-REDUCING GEAR 
3,080/4,340 R.P.M 4,340/43.400 -R.P.M 43.400/4.340 RPM 4.340/3,080 RPM 


(Illustrated on right) 


Two special 230 h.p., 4340/43,400 
r.p.m., Allen-Stoeckicht epicyclic 
gears (centre of picture), under- 
going full running tests, the 
high-speed gears arranged with 
their high-speed shafts coupled 
together. The testing arrange- 
ment also incorporated two 
1°41: 1 ratio epicyclic gears, one 
on each side of the special 10:1 
ratio gears, that on the left being 
used as a speed-increasing unit, 
and the other on the right 
as a speed-reducing unit. This 
arrangement enabled an existing motor and brake, having a maximum speed of 3100 r.p.m., to be used for [ithe test. 
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MIRRLEES, BICKERTON & DAY LTD. 


HAZEL GROVE Tel.: Stepping Hill 3841 STOCKPORT 
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~ TURBO-ALTERNATORS 


C.A.PARSONS &C?, L”? 


HEATON WORKS: NEWCASTLE UPON TYNE,6 
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Research 
Shows how 
OUST can 
NW! UCSEz reduce the life 
—<v a 7 of injection pumps 





The plungers and barrels of injection pumps and the 
nozzles and nozzle needles are lapped together, and once 
‘paired’, are never interchanged with similar components. 
They work perfectly in clean oil, but dust is the enemy that 
diesel operators must avoid. A few grammes only of abrasive dust 

in the fuel are sufficient to ruin a pump. Filters are always fitted, 
therefore, in the inlet pipes to injection pumps, and should be main- 
tained in good working order. The dependence of wear on particle size 
has been studied in the C.A.V. Laboratories, using specially prepared 
abrasive of uniform size. This was obtained by air elutriation in the apparatus 
illustrated, in which closely graded ‘cuts’ of particles are selected by pro- 
jecting the powder upwards in air streams of differing velocity. The photo- 
micrographs show (A) “500 Alundum” abrasive before treatment, (B) 12} 
micron particles, and (C) 17} micron particles, separated from sample (A). 





Air Elutriator used in the C_.AV. 
Research Laboratories for obtaining 
closely-graded abrasive powders. 













Research of this nature guarantees the high quality and performance of C.A.V. products. 





Fuel Injection and Electrical Equipment 


im. VV. L_iMitet O,;3 C TOR, t O ae. a 
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—WILL WIN ON MERIT 





once 

ents. Despite the present difficult situation, make no 

that, mistake, Molybdenum High Speed Steels with their 

wi superior performance will eventually come out on top. 

ain- Some of the reasons why are given in this 30 page 

wc Technical Booklet, which deals with compositions 

— applications, performance: and treatment. . 

aad Write now foracopy. It is available free on request Bt 
»to- << 


to tool manufacturers and users. 


12} poocococsr ror ee 4 





A). 

‘. | Please send your FREE Booklet | 
| “MOLYBDENUM HIGH SPEED STEELS” | 
cts. | BLOCK LETTERS PLEASE | 
| | 
S FR i s...5.....:5 es eee | 
7 
Technical enquiries for this book, preferably with full details | POSICION ...........sececssosceecedsoreee 
of the projected application of Molybdenum steel, should ; | 

be addressed to: IEE sesivedesiadseviatonnsmwenerenas 
99 Pinstone St. Sheffield, I. ' | 
FS ern en | 


(Registered Office : 2-3 Crosby Square, London E.C.3.) 
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GUMMY Y te tn, NUL 78 


Ivanhoe receives the chaplet of chivalry 
from the fair hands of Lady Rowena. 


When Sir Waiter Scott crossed the border for new scenes to inspire his pen he sighted the valley 
of the Don, the wooded country around Rotherham, and there envisaged that colourful pageant 
of chivalry he named for its hero “‘ Ivanhoe ”’. 


On his authority, the praise of Jenkin was well sung in Rotherham even in the days of 
Richard the First for he quotes the ditty ‘‘ Ho, jolly Jenkin, come trowl the brown bowl ”’. 
Some successors to this name, Robert Jenkins & Co. Ltd., of Rotherham adopted ‘‘ Ivanhoe ” 
as the mark of their trade. No bowl trowlers they, but jolly good as welders—yet as ready as 
their forbears to respond to the challenge in ‘‘ Ivanhoe’s ” stirring pages—‘‘ fair play and Old 
England for ever ”’. 


With the Seabonable good wishes of Kobert Jenkins 8 Co: Lid. hstherham 


Hopwood 
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Sool Ppoducts 


STEELS—High Speed ; Alloy;Tool ; Stainless ; 
Spring; Aircraft; Automobile; Engineering and 
Wire Rods. 

CASTINGS—Corrosion and Heat Resisting. 
TOOLBITS. PERMANENT MAGNETS. 
HACKSAW BLADES. 

Products of the Darwins Group demanding the 

highest standard of workmanship. 








THE DARWINS GROUP 


ANDREWS TOLEDO LTD., WARDSEND/STEEL CO., LTD., DARWINS LTD. 


TINSLEY - SHEFFIELD 9% 
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ARGE pressure containers beyond the weight that can be produced by forging 
are made possible by winding them with a special section interlocking type of alloy steel 
strip. Vickers-Armstrongs make continuous strip-wound pressure vessels with outside 
dimensions 60 ft. in length by 6 ft. in diameter and capable of withstanding more than 7 tons 

per square inch. The inner core tubes are made of special steel to meet particular require- 
ments. These vessels are ideally suitable for hydro- Vic 
pneumatic accumulators for high-pressure hydraulic 


installations and for use in the synthetic industries. 





ELSWICK WORKS - NEWCASTLE-UPON-TYNE 


London Office: vicxkeERS HOUSE - BROADWAY: SWi 
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L.E.H. 1000-ton hydraulic 2-ram press used 
for pressing slugs from metallic powder REGISTERED 
at the B.T.H. Lamp Works, Rugby. 


TRADE MARK 


1 THE LEEDS ENGINEERING & HYDRAULIC CO. LTD. RODLEY LEEDS 


"PHONE: PUDSEY 2859 "GRAMS: PUMPS RODLEY 


LEH 3 



















*‘Aeroto’ axial flow fan with fabricated 
steel adjustable blades. 


‘Sirocco’ reversible 
propeller fan. 


‘Sirocco’ forward 
bladed fan wheel 





lj 


Yell 


Sectional catalogues available on request. 


DAVIDSON and COMPANY LIMITED 


StIROCCO ENGINEERING WORKS, BELFAST 












Home Depots: LONDON, MANCHESTER, BIRMINGHAM, LEEDS, NEWCASTLE, GLASGOW, CARDIFF. 


Overseas representation in: Ceylon, India, Pakistan, South Africa, Rhodesia, East Africa, Malaya, Australia, New Zealand, tndonesia. 
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Power without bulk! 
This is the Hammer 
for tough jobs such as cutting 
away, drilling up to 3” diameter 
holes in concrete, brick and 
similar materials. 

At its weight (just under 22 Ibs.) 
the Kango model ‘E’ is the most 
powerful Electric Hammer in 
the world! 








Designed for a wide 
range of applications in 
the medium field of work, the 
Kango model ‘F’ is the ideal 
general purpose Electric Ham- 
mer. It is specially suitable for 
bush hammering, vibrating, 
tamping, hacking and drilling 
holes from #% to 1% diameter. 
It weighs | 7% Ibs. 





The Kango model ‘G’ 
Hammer weighs: only 
l4 Ibs. and is the perfect 
Hammer for all classes of over- 
head work where a heavier 
model might be too cumber- 
some. Amongst its other 
applications it is particularly 
useful for chase cutting, brick 
raking and many types of scaling. 


| 


A range of 3 all-purpose Electric Hammers — 
for service everywltere’ * 





The Kango Portable Gen- 

erating set is designed 

specially by Auto Diesels 
Ltd., Uxbridge, Middlesex, for use with 
Kango Hammers on outsidé sites and 
locations where mains electricity is not 
available. It is of rugged construction 
and is fully protected against weather. 
It can be carried easily by two men, 
or can be supplied with pneumatic, or 
solid tyred wheels, or mobile tracks. It 
is economical in price and provides 
sufficient power to operate two Kango 


Hammers at one time. 






























































The Kango Portable Generating Set-— Supplied only by Kango Electric Hammers Ltd., or their distributors 


KANGO Electric Hammers ltd 


MORDEN FACTORY ESTATE, LOMBARD ROAD, LONDON, S.W.19. 


¢ TELEPHONE: LIBERTY 4253-5 


Midlands Sales & Service Depot: | King Edward’s Rd., Birmingham, |. Tel.: Midland 7013 + Agents throughout the United Kingdom 


L 1669C 
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Lifts and 


Escalators 


3 


iL 


LIFT & REFRIGERATING ENGINEERS 
DARTFORD KENT 


ek AML in * 








14-1288 
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On the conveyor line by which Messrs. Keir & Cawder Ltd., Quarry- 
masters, delivered the aggregate. The sectional design of the conveyors To build Loch Sloy dam, in the Scottish 
kept constructional work ‘simple. 

‘ Highlands, the aggregate had to be brought 


from another glen. Time forbade making miles 


of road through this wild country for a fleet of 


CONVEYORS THAT lorries. Instead, a line of M & C sectional belt 


conveyors ran over a shoulder of Ben Vane, 


over rock and bog and gully, through rain, 


CARRIED a DAM gales and snow, carrying up to |,500 tons a day 


to the stock-heaps near the dam. 


OVER RER VANE Write for description A. 30 


MAVOR & 











COULSON LTD. 

















Bridgeton, Glasgow, S.E. Olive Grove Road, Sheffield, 2 


A unit section of conveyor. The return belt runs safely inside inverted 


troughs, which make a light rigid structure, easy to erect and move. 36 Victoria Street, London, $.W.1 
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Photo: courtesy Rover Company Limited. 
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Houseproud 


The post war models of certain cars now being supplied to both the Home and Export trade carry the hall mark of 





First Class design and workmanship throughout. High on the honours list stands the new “Rover 75” car of which 










our industry can be justly proud. Aluminium Alloy to BS.1490 L.M.4.M. is specified for use in the Clutch Housing, 
and William Mills are equally proud that they have the honour to supply these castings. They are gravity die cast 
and of course the die equipment necessarily requires regular servicing to ensure the maintenance of the high 
dimensional and material standard demanded by Rovers. This is just one example of quantity production carried out 
at the extensive and highly mechanised works of William Mills, where up-to-date laboratory control and the 
specialisation in the manufacture of pressure, gravity die and sand castings in aluminium alloys are a guarantee of 


precision. A word with the Technical Sales Department will ensure 






full co-operation on any casting application. 


William Mills Ltd 


Specialists for Fifty Years in 


ALUMINIUM ALLOY GASTINGS 


WILLIAM MILLS LTD. FRIAR PARK FOUNDRY 
FRIAR PARK ROAD, WEDNESBURY, STAFFS 
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COOLERS piesel 


Generating Plant 
in operation... 





Photo by permission of Messrs. Godfrey Phillips Ltd. 





The Photographs show a battery of 100 kV A 
See Diesel Generators. These are of standard 
manufacture, combining GMC Diesel 


Engine 6-71 series with Houchin IAL) 


alternators; reliable, compact and built for 


™ ~~ . a | 
om y — mug 
Another view of the same pole . a Ae 
plant showing the control é . hod 
panels, etc. : 


continuous operation. Specification sent on 








request. 


meres (CCC KIN I.) oe 


Telegrams: ‘‘ Garfodia, London.” Engineers 


DHB 
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A few of the 
patterns now in use. 


SPECIAL SHAPES of all sizes and designs 
quickly made in REFRACTORY CONCRETE 


Instead of waiting weeks (and even months) for delivery of specially shaped fire- 
bricks, many Engineers cast their own in Refractory Concrete (composed of Ciment 
Fondu and crushed firebrick). 

Refractory Concrete is ready for use and of great strength and hardness in 24 
hours, can be cast to any shape, requires no pre-firing, is stable under load up 


to 1,300°C. and has no appreciable after-contraction. 


Please write for further details and literature. 


‘Regd Trade Mark 


ALUMINOU ENT 
= 

















LAFARGE ALUMINOUS CEMENT COMPANY LIMITED, 73, BROOK STREET, LONDON, W.1. Telephone: MAYfair 8546 
@ 3-1135 
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CYCLONE dea 

JUTE BALING PRESS Send 

You can depend upon a Fawcett Cyclone broc! 


Hydraulic Press and go on pressing 
and baling fibres and materials with 
reliability over prolonged periods. 


These presses are used with complete 
efficiency in all jute producing areas. 











GENERAL PRECISION 


ENGINEERING 


FOR ANY REQUIREMENTS 





Fawcett, Preston have a modern engineering works with exceptional 
facilities for general precision engineering work available to 
produce machinery and equipment to your special needs. 


Manufacturers of the following range of presses :—Bagasse ; , Bakelite ; 
Baling; Bark; Flax; Hide; Hydraulic; Moulding; Paper; Scrap 
Baling ; Screw ; Shell Heading : 
Shell Banding ; Sisal; Tobacco ; 
Veneering and Plywood ; Yarn 
Bundling ; Cotton ; Swarf 
Briquetting ;}Vulcanising. 





FLEXIBLE “JTEEL- 








The ‘Steel-Shaw” Flexible Coupling accommodates instantly all errors 
in alignment, absorbing shocks and stresses, damping out vibrations and 


at the same time allowing free end-float under load. The reason lies in the Copies s * dene FAWCETT, PRESTON & CO. LTD. 


design of the springs and the grooves. Herein resides its outstanding merit. 
Pa 


tent Number | (Patented in Foreign Countries) § describing Cyclone BROMBOROUGH . CHESHIRE 
STEELE & COWLISHAW LTD., Engineers (Dept. No. 17). Presses will be sent Within 15 minutes of Liverpool vie Mersey Tunnel 
HEAD OFFICE AND WORKS: on request. Tel: ROCK FERRY 2201 Grams; FAWCETT BROMBOROUGH 


Cooper Street, HANLEY, STOKE-ON-TRENT. 
LONDON OFFICE: 329, HIGH HOLBORN W.C.!. TELEPHONE: HOLBORN 6023 























RUSTY AND SCALE-ENCRUSTED 


HOLDEN & BROOKE ||MET4ts--- 
STEAM Al 


TRAPS 


POPULAR SIZES 













Centriblast Rotary 
Barrel Blast Clean- 
ing Machine. 


Output 15-25 cwts, 
per hour. 


. . . PREPARED FOR FINER 


FINISHES — Anodising — Vitreous Enamelling 
Electro and Chromium Plating — Rust Proofing, etc. 





AND PRESSURE RANGES 
GENERALLY 
FROM STOCK 





“DOME” FOR DRAINING 
CALORIFIERS, STEAM MAINS, 
AND PROCESS PLANT OF 


Blast cleaning is the only sure way of getting that 
ALL DESCRIPTIONS. 


perfectly clean, dry, key surface which finishing 
specialists know is essential to success. The machine 
shown above is ideal for small metal components, 
as the barrelling action subjects every surface to 
the blast stream. No compressed air is necessary, 
and the machine requires little attention beyond 
loading or unloading. Whatever your product, there 
is a Spenstead Blast Cleaning Machine to meet your 


Other models include 
“ Sirtus’’ and “Slik” 





“COSMOPOLITAN ""—A HIGH-CLASS requirements, and we will gladly give our advice 
TRAP SUITABLE FOR ALL INDUSTRIAL on your specific problem. 
PLANT. 


SPENCER & HALSTEAD LTD. 
H O L D E N & B ROO K E L= HEAD OFFICE: BRIDGE WORKS - OSSETT: YORKS. Tel. 353/4 
(ESTABLISHED 1883). AND AT 
SIRIUS WORKS, MANCHESTER, 12 Goma Sminhem Ta. EDGhen 159 
66, VICTORIA STREET, LONDON, S.W.! Manchester — Tel. DENton 2934 


j — Tel. CENtral 5909 
and at BIRMINGHAM, YORK, GLASGOW, BELFAST, DUBLIN and CARDIFF. — 7 So 


Nice fe te ef” 


"sue fA oe 





yr 
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In six grades from soft to rock hard, 

-and 4 qualities from medium grey to 
superfine, high-quality white, our 
range of polishing bobs includes the 
ideal wheel for every class of work. 
Send today for our free illustrated 
brochure. 


% With greatly increased fac- 
tory capacity we are now 
able to offer quick delivery 





Main administrative office for all enquiries and correspondence 


COOPER & CO. (BIRMINGHAM) LTD., BRYNMAWR, BRECONSHIRE. 
Telephone: Brynmawr 312. Telegrams: Felting, Brynmawr. 
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MANCHESTER 12 ENGLAND 
Telephone EASt 1473 
























MACHINES 














Pipe union, 
made on No. 
S$ machine. 3 
operations, 
120 per hour 
























No. 41 
Valve,made on 
No. 4 machine. 
1 operation, 
240 per hour. 














TURNEY STREET WORKS, OVENDEN ROAD, HALIFAX, ENG. 


Telephone Halifa 3234 Telegrams Cowmar Halifa 















Juggle 
with drives - 


-or pick pulleys 
out of @ hat 


BUT if you prefer a carefully 
worked out transmission 
using top quality 

Ropes and Pulleys, 

consult FRANBER. 


FRANCIS W. BIRKETT & SONS LTD 


CLECKHEATON, YORKS Telephone : 961-2-3 


and London, Manchester, 
Glasgow, Birmingham, 
Cardiff and Bristol. 





Write for full details of our 
V-Pulleysin Aluminium and Cast 
Iron and endless Rubber ‘7-Ropes. 





n.d.h. 
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Time is a fundamental 
factor in production 
costs. The Gledhill- 
Brook Recorder pro- 
vides all necessary data 
mechanically, legibly, 
accurately and in unit 
form for analysis and 
filing. There is a Gled- 
hill-Brook system for 
your works. 


GLEDHILL-BROOK 


TIME RECORDERS AND COSTING SYSTEMS. 
Enquiries to:— 


GLEDHILL-BROOK TIME RECORDERS LTD. 
48, EMPIRE WORKS, HUDDERSFIELD. 




















DRILLING, BORING, TAPPING and 
HONING SPECIALISTS 






HORIZONTALS 
it in. dia.to4 in. dia. Spindles 


RADIALS 2ft. 6in. to 12 ft. Radius 


VERTICALS | in. dia. to 5in. dia. Capacity 


Send for Complete Catalogue. 


KITCHEN & WADE LTD. 


ARUNDEL STREET, HALIFAX, ENGLAND 
Telephone: HALIFAX 61173 








ONE SURE FACT ABOUT CABLES 


If you need cables of any type, in any quantities, for 
any installation, be sure of one thing: if you choose to 
deal with any C.M.A. member you will know for certain 
that the standards of design and quality are the highest 
possible, because they are standards set, rigorously 
kept and constantly reviewed by C.M.A. 































Close up of lapping- 
head where the cotton 
tape, containing copper- | 
threads, is applied 

over the metallized 

paper screen. 


} 








CABLE MAKERS ASSOCIATION | 
AND AFFILIATED ASSOCIATIONS | 
HIGH HOLBORN HOUSE, 52-54 HIGH HOLBORN, LONDON, W.C.1. TEL: HOL 7633 | 























GIRDEX 


WELDED FABRIC 





Photograph by permission of Richard 
Sutcliffe Ltd., Horbury, Wakefield. 





Safety on conveyor belt installations, calls for 
Girdex welded fabric conveyor guards. These 
guards are manufactured from a very rigid steel 
of special specification. The ones shown above 
are installed underground in a colliery. 





GIRDEX ENGINEERING COMPANY LIMITED 


T BIRMINGHAM 11 


WESTO 
xPRES 








on 
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peeutt 
Be bx MOTORS operate magnificently .. .!”? En- 

thusiastic reports arrive at Hoover Limited in 
a score of different languages to endorse the opinions 
already held by motor users at home. For the Hoover 
fractional horse-power motor has proved itself reliable 
in all climates and working conditions. It is praised 
everywhere for the efficiency of its contribution to the 
world’s industry and enterprise. 


HOOVER LIMITED 


INDUSTRIAL PRODUCTS DEPARTMENT 


funcio 





CAMBUSLANG LANARKSHIRE SCOTLAND 














ee ec ae 
Turned 
Parts 
Assemblies 


In ferrous or non-ferrous metals, 
electro or enamel finishes for the 
General Engineering Trades. 


Component parts or complete 

assemblies designed and 

produced to the customer’s 
requirements. 





If you have a problem, send your 
enquiry to... 


W.H. BRISCOE & CO. LTD 
Wharfdale Road, Tyseley, Birmingham, I! 
Telephone: ACO 1197 Telegrams: ‘‘BRISK "’ BIRMINGHAM 








—® 


Holdens 














MAKE NO MISTAKE .. . 


WIGGLESWORTH 
‘sTEXROPES”*° 


MAKE THE BEST V-DRIVES 





ITS MADE ITS WAY, THE WAY ITS MADE 





rrank WIGGLESWORTH «co. ito. 


ENGINEERS, 


SHIPLEY 
YORKS 














Originators of endless multiple V-rope drives 


Phone: SHIPLEY 53141 Grams : CLUTCH SHIPLEY 
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The narrow-arched stone and timber bridges 


of the middle ages were picturesque enough, C L EVE LA N D 


but they were a menace to life and limb and 


a hindrance to river and road traffic for builders of bridges 


hundreds of years. 


The modern bridge is in contrast with dts 
simplicity of line and its complete adequacy 
te the purpose for which it is built. 
Cleveland workmanship is more than 
keeping in step with the improvements 
and design. 

CHISWICK BRIDGE 

The entire structure is of reinforced 
cepncrete comprising one-150 foot span, 


@ro-125 foot spans and approach spans. 
Completed in 1933. 


THE CLEVELAND BRIDGE & ENGINEERING CO. LTD., DARLINGTON, ENGLAND. 





Smedley Brothers L 2:55" 


REVOLVING or 
STATIONARY PAN 
PERFORATED or 
SOLID BOTTOMS 
Over or Underdriven 


A Mixers 


AND 


Edge Runner Grinding Mills 


of all kinds for all purposes 
to drive by Belt or 
combined with 
Steam, Oil 














or 
Petrol Engine 
e 
Electric Motor 














KOLOK 
For Jock 
WASHERS 


ENSURE SAFETY 
& SECURITY 


FIT THEM BETWEEN 
ALL NUTS & BOLTS 














POSITIVE LOCK WASHER Co. Ltd. 
78, MCALPINE STREET, GLASGOW, C.2 










RADIATORS 


These Radiators consisting of Cooling 
Element, Cowl, Fan and Pulley have 
been designed for Engines of | to 
60 h.p. where a light, sturdy and com- 
pact unit that will stand eny amount 
of VIBRATION, is required. Write 
for full particulars and descriptive 


leaflet. 


m..: Oo. SS ox ae - 
Suni orks, Derby Oxtord Manchester, 
a ne T Address 


: i 
Ardwiek 2776 (3 lines). “SE RAD.” 


DIE-PRESSINGS 


HOT BRASS & BRONZE 
STAMPINGS. 


CAPSTAN & MACHINED WORK FROM STAMPINGS OR BAR 
BAKELITE MOULDINGS 
ZINC ALLOY DIE-CASTINGS. 


BROOKES & ADAMS Ltd. 




















BARR STREET, MAY WE ADVISE 
HOCKLEY, BIRMINGHAM, ENGLAND. OR QUOTE YOU ? 
Tel.—NOR 2903-4. Tel. Add.—Teleba” 










































The new S.E.O. “Unifraction” 
range of single worm reduction 
gears is comprised of 3 sizes— 
Nos. 1, 2and 3 and are suitable 
for mounting to motors ranging 
from ne to 1 H.P. —s 
: to ratio and input speed. aul 
Se tao ane oe range from $$: 1to 50:1. . 
P bl. ball 4 special feature of these units! 
on double purpose that the input drive can be taken 
in horizontally as shown or vert- 
cally in relation to the output 
shaft. 


ings. 
The worm wheel is 
manufactured from the 
highest quality worm 
wheel bronze and the 
worm from nickel steel accurately 
machined, giving the highest efficiency 
and torque loads obtainable. 





Full information and illustrated details from: 


S.E.OPPERMAN L'P 


Stirling Corner, Boreham Wood, Herts. Phone: Elstree 202! 
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TERRAZZO POLISHER 


A worthy companion to the famous Crockatt 
‘Major’ and ‘Minor’ Polishers . . . a high- 
speed single disc machine with exceptionally 
\ high output. The balanced polishing head is 
driven by spiral bevels running in oil 
bath. Adjustable tread wheels ensure per- 
fect balance ; cone clutch for easy starting ; 
visible oil level indicator on gear box. 
Availabie with petrol or electric drive. 


ALSO: Floor Sanders, 
Valve Reseaters, Elec- 
tric Salinometers, Feed 
Water Filters, etc. 








ion” 
ction 
table 
1g1ng 
rding 
atios 
its is 
faken 
rerti- 
itput 





Wall polishing attachment complete with straight 
through ball-bearing hand piece or right angle drive 
polishing head can be supplied as an extra. 


W. CROCKATT & SONS LTD., 63 Darnley St., Glasgow, S.! 


Write for lists. 




















MARINE DIESELS 


DB Series 24-72 B.H.P. 2, 3, 4 and 6 cylinders at 1000 r.p.m. 
DC Series 60-80 B.H.P. 3 and 4 cylinders at 900 r.p.m. 
DH Series 120-160 B.H.P. 6 and 8 cylinders at 900 r.p.m. 


Reducing Gears to 
suit all types 
of craft. 


ANNIESLAND, 
GLASGOW, W.3 





Model DH6 120 b.h.p. at 900/450 r.p.m. 


“Glengine,"’ Glasgow. Western 86] 2-3-4 























h 
For Smooth 





SPURS 

















Quiet 














SPROCKETS —— 





























— STRAIGHT BEVELS 







































—— SPIRAL BEVELS 


























WORM WHEELS HELICALS — 





























"TH MOTOR GEAR & ENGINEERING CO. LTD. 





Ke essex AND CORONA WORKS - CHADWELL HEATH + ESSEX © Phone: Seven Kmes 3456 

















KORTING BROS. (1917) LTD. 


MULTI-JET EJECTOR CONDENSERS 
For Turbines and Reciprocating Engines. 


EDUCTOR & BAROMETRIC EJECTOR 
CONDENSERS 


OBNOXIOUS VAPOUR CONDENSERS 
Gas Ejectors. Mud Elevators. 
Spray Nozzles and Spray Cooling Plants. 


Note the only address : 
SHEEPBRIDGE LANE, MANSFIELD, NOTTS. 








Telegrams: Korting, Mansfield. Telephone : 855 Mamsfield 














destroys 









machinery 
delays 


production 


FORMULA “A” 
Dismantling Fluid shove 


..» SPEEDS MAINTENANCE 


Output is vital, machinery valuable. Dismantle all corroded and 
rust bound machinery with Plus-Gas Formula ‘A’. It penetrates 
where no ordinary fluid will reach. 


APPROVED BY THE ADMIRALTY 


Well-known users include : 


British Electricity Authority Standard Motor Co. Ltd. 


British Railways Vickers-Armstrong Ltd. 
National Coal Board Thos. W. Ward Ltd. 
Ministry of Works 

Ministry of Supply 


The Bristol Aeroplane Co. Ltd. 
The British Oxygen Co. Ltd. 
Butters Bros. & Co. Ltd. 
George Cohen, Sons & Co. Ltd. 
Richard Costain Ltd. 

E.M.I. Factories Ltd. 

Thos. Firth & John Brown Ltd. 


Fraser & Chalmers Engineering Wks. 
(The General Electric Co. Ltd.) 


Harland & Wolff Ltd. (London) 
Ilford Ltd. 

Leyland Motors Ltd. 

London Brick Co. Ltd. 

John Mowlem & Co. Ltd. 





Our fully qualified Consultants 
throughout the country are at your ser- 
vice to advise on all corrosion problems, 
Fully descriptive leaflet on request : — 





chee COMPANY LIMITED 


Plus-Gas House, 89 Cromwell Road, London, S.W.7. 
Tel.: FRObisher 1048, 1049, 1889 
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ABBOTT & CO. (Newark) LTD. 


10 
NE‘ 


ILERS” 


WARK, NOTTS 











oon 


for RELIABILITY oN 


DOUGLAS, LAWSON & C° 7? BIRSTALL, LEEDS 








DAWSON & DOWNIE 
CLYDEBANK LTD 


PUMPS 
FOR LAND and MARINE PLANT 


SEE ILLUSTRATED ADVEBRT., PAGE 3, Dec. 21. 

















FORCINCS 





MACHINING 


PHONE SHEFFIELD 56222-5.GRAMS STRINGER WINCOBANK 


TRINGER&CoisHEFrFiELOLTD. 
WINCOBANK STEELWORKSSHEFFIELD9 














We go all out to please... 
and that’s something these days 
Try us for your Special Machines, 
Parts, Repairs & Erection of Plant. 


THOMAS HUNT & SONS, LTD. 
{32 WESTBRIDGE ROAD, BATTERSEA, S.W.1! 














SCRIVEN 


MEN@ all, | am Ole] 6) 


CROSTHWAITE FURNACES 








HYDRAULIC 


PUMP SETS Self-contained 

UNIT PUMPS Single stage 

PUMP UNITS Two stage 
Special Presses 
Control Valves 


PUMP UNIT LTD., 


25, Coptic Street, London, W.C.1 
MU Seum 7460 





MORRIS _ 
CRANES = 


HERBERT MORRIS LTD 
¥ LOUGHBOROUGH 
ENCLAND 











“KEYSTONE” 


EXPANSION SHIELDS 
FOR MACHINE BOLTS 








H. LUKE, LIMITED 
12 & 4 BRAZENNOSE STREET 


MANCHESTER 2 














MA 










\ 


VAAL | 


ONE MILLION MILES AT oo a. 


In December 1940 this 225 H.P. Fenner Drive 
was installed in a Yorkshire knitting yarn 










factory. Since then it has worked 5 days per week 
and 14 hours per day. The set of 18 belts has run for 
31,600 hours and during this time each belt has travelled 
1,043,000 miles at a constant speed of 33 miles per hour. 
The belts have just been replaced, although not quite worn out, 
because the user feels he has already had full value from them. 
This is the performance Fenner Drives offer Plant Engineers 


everywhere. 


Branches at : BELFAST ¢ BURNLEY ® BIRMINGHAM ¢ CARDIFF ¢ CLECKHEATON 
COLNE ¢ GLASGOW ¢ HULL ¢ LEEDS ¢ LIVERPOOL * LONDON * MANCHESTER 
NEWCASTLE © NOTTINGHAM ¢ SHEFFIELD ¢ STOKE-on-TRENT 














The current issue of the V-Belt Journal contains much information on mechanical power Y 
transmission methods. Ask for a copy to be sent to you free of charge. ee / 
THE 


WIDNES WELDING CO. | 


LUTON ST., WIDNES, LANCS. 
Specialists in the 
fabrication of :-— 





MACHINE CUT GEARS 
sry aa sm 


COMPLETE GEARS 











=——PHONE: WIDNES 3477———"—"— 











Fe oman or 
OIL, PETROLEUM & CHEMICAL PLANT. Seperheaters, BLANKS 
STORAGE TANKS, PRESSURE VESSELS, peo iy AE CUTTING YOUR 
HOPPERS, CYCLONES, DUCTS, PIPEWORK, 
MANIFOLDS, TRUCKS, BOGIES, Taccieass  Ststnents ray RODGERS BROS. LTD. 
TRANSFORMER TANKS, 1S76/77. Telegrams: LONDON GEAR WORKS 
MACHINE GUARDS, STILLAGES oe: BLACKWELL STREET, 
AND PALLETS, SHEETMETAL WORK. 0, yg ge oD, BRIXTON ROAD, S.W.9. 
Sub Contracting. Enquiries Invited TELEPHONE: RELIANCE 2851 (2 lines) 











ewe 





DEc. 28, 1951. ENGINEERING. [SUPPLEMENT | 67 











LLOYDS SAWMILLS 


T P 
eiet . 





GUARD» LIGHTING 
its precious / 


EXPORT PACKING 





MACHINERY OF EVERY 
DESCRIPTION 


MOTOR VEHICLES 
HARDWARE ETC.ETC. 


‘SPECIALISTS 
IN TROPICALISATION 


Goods recerved,, packed « delivered F.0.B. Manchester, 
Liverpool, Birkenhead or CLF to any part of the world 


(Private railway sidings.) 

















A regular check on lighting installations is essential 
if specified illumination levels are to be MAIN- 
TAINED and if full value for current consumed is 
to be ensured. 

The G.E.C. M903 Illumination Meter gives direct 
readings from Tungsten or Fluorescent light sources, 
whilst reference to the correction factor table 


LANGWORTHY ROAD SOUTH 
WEASTE 
MANCHESTER 




















engraved on the back of the instrument makes The calibrated conten (0-50 ft. 

possible accurate readings for Neon, Mercury Arc candles and 0-500 lux) are set at 

and Sodium Discharge illumination values. an angle to enable easy readings 

Size 2?”x 2}’x 13”. Weight 5 ozs. of aeladee tiene WANTED 

Price £5.7.0. Complete with case. 

Further particulars in leaflet No. M715 Herbert No. 4 Capstan Lathes, later 


than Inspection No. ET. 5800 for 
reconditioning. Your own machines 
rebuilt to Grade | standard and 

ranteed. Attractive prices and 


&.G.C uM ination METER | 


ALFRED HERBERT LTD. 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 FACTORED DIVISION, 
Red ee Coventry. 
el. 89221. 
























No lubrication is required in the rotor chamber 
of Marshall Industrial Blowers and clean air 
can be delivered at a constant flow in step with 
requizements. Flows from 10-6,000 c.f.m. can 
be handled at pressures up to 10 Ib./sq. in. 









The Marshall K.300 blower is shown Sir George Godfrey & Partners A larger Marshall blower, type 


ove ee Set (Industrial) Ld. wie ie 
delivery pene ; Pm * on HAMPTON ROAD °- HANWORTH ~- MIDDLESEX mounted ant late com lete with 
by direct coupling to electric motor, Tel: FELtham 3291/5 (Head Office & Works). FEL 4037/8 - P P 

etc. or through pulleys and belting. (Sales, Service, Publicity) Cables: Godfrepart. London. electric motor. 
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SOLONS FOR 

















W. T. HENLEY’S YSOLONS 


el a 
wo . obs 
51-53 Hatton for the | 
Garden, that matter — 
London, E.C.1 


| 
| 
| 
| 
this modern pre- | 
cision tool makes | 
soldering speedier, 

simpler and more reli- | 
able. 5 models: 65 watt 

with oval tapered and | 
round pencil bit; 125 watt | 
with oval taper- | 
ed and round | 
pencil bit; 240 | 
watt with oval 

tapered bit: | 
each with 6 feet | 
3-core Henley 
flexible. Voltage 
ranges from 100 
to 250. Write 
for folder Y.10 


To complete 


The perfect co-ordination of a number of 
separate services produces the entity 
which is TWWFPI. Transportation dove- 
tails with planning, planning fits in with 
production, production demands planned 
grouping and, overall, is the inescapable 
factor of opportunity hanging on the 
coat tails of time. 

These are just some of the factors 
involved in the planned workshop re- 
organisation which industry 
knows as TWWFPI. Briefly, the 

service brings to factory plan- 

ning and plant installation the 















IRONS 
FOR INDUSTRIAL USE 





SOLDERING 








MARINE & INDUSTRIAL 
DIESEL ENGINES UPTO 800H.P 








PHONE: 26311 (22 lines) 





CRAVEN BROTHERS 
CRANE DIVISION LTD LOUGHBOROUGH 














“, . . nothing but the BEST is good enough 


for best results specify always: 


‘DELTA’ 


NON-FERROUS 


the record breaking jet-propelled 


the picture 
~ 
unrivalled resources of the Thos. W. 
Ward group plus the experience and 
specialized equipment of the Company’s 
F.P.1. Department. 
No job is too small nor any job too 
big for TWWFPI. From the simple 
re-siting of one or two machines to 
the complete re-organisation of big 
workshops there is a quiet efficiency 
about TWWFPI which commends itself 
to engineers in many industries. 


Whenever factory re-organisa- 
tion is a problem TWWEFEPI can 
tackle the whole job efficiently. 


Write for the booklet “‘ FACTORY PLANNING & INSTALLATION "’ 


THOS. W. WARD LTD 


FPI DEPARTMENT 
ALBION WORKS - SHEFFIELD 


GRAMS: ** 
LONDON OFFICE: BRETTENHAM HOUSE, LANCASTER PLACE, STRAND, W.C.2 


FORWARD, SHEFFIELD”’ 

















MESSRS. ROLLS ROYCE LTD. specified ‘ DELTA’ alloys (Brass 
and Bronze) for use in their “ DERWENT” engine units for 
‘GLOSTER METEOR’ aircraft. 


METALS AND ALLOYS 










REI 


THE DELTA METAL COMPANY LTD. LONDON AND BIRMINGHAM ty 
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OSSLEY~ WE WANT 


TO BUY 
(a PREMIER er 


including: Air Compressors, all 
sizes, especially those Electric- 
































ally driven e Air Receivers and 














Pressure Vessels e Horizontal 
Diesel Engines, all sizes e Diesel 
Engines, both high and low 
speed e Turbo Alternator Sets 
Steam Engines, with or without 
Alternators or Generators 
coupled to them e Centrifugal 
Pumps, especially heavy duty 
type Ram Pumps. 
Please send details to:— 


GEORGE COHEN 


SONS & COMPANY LTD 
Established 1834 


WOOD LANE, LONDON, W.1!2 
"Phone: Shepherds Bush 2070 
STANNINGLEY, Nr. LEEDS 
"Phone: Pudsey 224! 
And at Kingsbury (Nr. Tamworth) gx Mt 
. Manchester * Glasgow: Morriston, 600 
Ss le-on-Tyne 
Belfast - Sheffield - Southampton ouPp 
Bath - Dunfermline. 


be © hy 2/516/PP1 (wwB) 




















POWER msn 
NA { : \\' \ 
WV Uy 




















aT GENERATION 


u& 
S types © 
AND SPEEDS 


© FROM > 


©3000” , 
= CROSSLEY-PREMIER ENGINES LTD. SANDIACRE Nr. NOTTINGHAM 
LONDON OFFICE: LANGHAM HOUSE. 308 REGENT STREET. W.|I. 












fo yout quate mont 


FREDERICK W. EVANS LID. 


PLASTIC re LONG ACRE: BIRMINGHAM 7 
EAST 1286 (2 line 








P.81 











Ttin. & 8Lin. CENTRE M. D. MODEL LATHE ye 


Built to the same high standards of accuracy ie 
and precision as the I12in. H.D. model selected 
for the Festival of Britain, the 74in.-8tin. all- % 
geared head lathe is the most popular in the ee 
“‘Crowthorn’’ range. Write for details. 









CROWTHORN ENGINEERING CO. LTD. 


REDDISH STOCKPORT ENGLAND 
Phone: STOCKPORT 2067 Grams : CROWTOOL, REDDISH 





CL 37 
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GRAFTON Us rUnane at) 
STEAM & ELecrRic| = Nerve % i 


CRANES 











Telephone: 
BEDFORD 2490 


Telegrams: 
“GRAFTON” BEDFORD 












CHEMICAL 
INDUSTRY 


Widnes Foundry has served the chemical 
industry for more than a hundred years as 
makers of plant and equipment in cast irons 
and fabricated steels. Widnes Foundry has 
grown up with the industry ; and there are few 
problems within this sphere beyond the facil- 
ities and experience built up over the years. 
Acid and heat resisting cast irons are a feature 
of Widnes foundry service, and in these and 
other problems we shall always be only too 
pleased to advise. 





GRAFTON CRANES LTD., 
BEDFORD. 














A typical example of Widnes fabricated steelwork produced for service with chemical and allied industries 
is shown in the above illustration. This is part of a battery of twelve Mild Steel Storage Tanks which com- 
plete, comprise :—Four tanks i2ft. diameter by 30ft. high, similar to that shown above with spiral stairway ; 
two tanks 8ft. 6in. diameter by 30ft. high, and four tanks 6ft. diameter by I5ft. high, 





Springs & Spring Washers 
FOR ENGINEERING PURPOSES 
Manufactured by 


gm WIDNES FOUNDRY & ENGINEERING C0.LID 


May we help with your plant problems ? 





CENTRAL SPRING WORKS 
Furnace Hil LUGSDALE ROAD - WIDNES - LANCS 
SHEFFIELD, 3. 
ANTo rola || TELEPHONE © WIDNES 2251/4 rs: OC 


























For the DISCRIMINATING Engineer. | i rSG” ( | 
“BSS 300” é , 
Union Bonnet Valves 


SUITABLE FOR 300lbs. STEAM W.P. 
AND TOTAL TEMP. OF 500° FAH. 

@ HEAVY UNION BONNET WITH CONE 
GROUND SEATING. 

@ NICKEL CLACK AND ‘CAGE’ TYPE 
NICKEL SEAT. 

@ GUNMETAL BODY OF ROBUST 


Turbine Furnaces have been in- 
stalled under guarantee, made 
after investigation of Boiler 
Plants. 

We offer our advice, without 
charge or obligation, It may 
result in increased steam pro- 
duction and considerable fuel 
economy. 











CONSTRUCTION. 
Designed to give very long service TU a BINE 
under the most searching conditions, 1 
@ SEND FOR SAMPLE FOR INSPECTION AND TEST e@ Part FOR INCREASED STEAM OUTPU 
& FUEL ECONOMY 
BRITISH STEAM SPECIALTIES LIMITED FURMACES 
pega PR gence Te ted THE TURBINE FURNACE CO. LTD., 23%, GRAY'S INN ROAD, LONDOW 


LONDON * LIVERPOOL * GLASGOW * BRISTOL * MANCHESTER & NEWCASTLS-ON-TYNE. 





Telephone: TERMINUS 4365. 


WSF 
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ELECTRONICALLY ne 


AIR COMPRESSORS 


GAS COMPRESSORS 








REFRIGERATING ditto. 
A typical example from the range of 
: electronic instruments is the G.E.C. SCAVENGE PUMPS 
Magnetic Sorting Bridge. VACUUM PUMPS AND 
t 
: STANDARD ||] RECIPROCATING PUMPS 
i QUALITATIVE examination of ferro-magnetic FOR ALL SERVICES 
i components by electronic means is now an 
3 accomplished fact. Specimens are compared with ma 
res a known selected standard, and any variations are 
/ TEST immediately shown by the shape of the trace on Proprietors of Kinghorn Patents 
SPECIMEN the cathode ray tube which tells the routine Licensees of Hoerbiger Patents 
=> tester as well as a practised observer in what 
= way the specimen varies from standard. The very o 
Ss wide potentialities of the G.E.C. Magnetic Sorting 
— Bridge are dealt with in a publication, No. X9835 THE METALLIC VALVE CO. LTD. 
* UP ane) STAN DARD available on request. 117/125, Bridge Street, 





Birkenhead 








GODDARD & SMITH 


VALUERS and AUCTIONEERS 
are prepared to undertake 


VALUATIONS for all PURPOSES OF 
PROPERTY, PLANT MACHINERY 
AND EQUIPMENT 


and to conduct 


SALES BY AUCTION IN THEM 
AUCTION HALLS 





STANDARD 





| TEST 
SPECIMEN 





The cathode ray tube screen is shown 
in the centre of the instrument, the or on Clients’ Premises. 
unit to the left containing the standard 


€ VARIATION FROM STAN DARD and that to the right the test specimen. 








Enquiries should be addressed to Industrial Department 


GODDARD & SMITH 


22, King Street St. James's, 8.W.1 


Telephone: WHitehall 272! (20 tines) 














& G.C. aiGietiiiarnnes Universal 
Ball Bearing Co., 
THE GENERAL ELECTRIC CO. LTD, MAGNET HOUSE, KINGSWAY, LONDON, WC2 
FACTORS 
MANUFACTURERS 








AND REPAIRERS. 
111-115 HAMMERSMITH GROVE, LONDON, W.6 


_____ | RIVERSIDE 3262. 'GRAMS: “ UNIVERSAL BEARINGS 
— ee HAMMERSMITH " 


: Stop those air leaks and 
Peed | TUBE ~ enc, — | a 
EXPANDERS ro 


tO) (ot aa a) 




































Loughborough ORMONDE ASHTON LTD. so reduce fue] consumption 
he ORMONDE 8T., ASHTON-U-LYNE LANCS. | THOMAS & BISHOP LTD - 39 ARTHUR RD- LONDON:S-W-I9 
+ BRIEF REASONS WHY THE TAYLOR CLUTCHES 
A ¥ q O KR GIVE MAXIMUM PERFORMANCE AND 
» ELECTRIC PULLEY BLOCK HOISTS DEPENDABILITY 
de INDUSTRIAL CLUTCHES emule Py 
ler Matterson Hoists are compact severe conditions of service. 
N extensive 
a and efficient, require but little erence tdoption and numereua test 
monials. 
ay attention to keep them in good SAFE @ No chance of re-engagement, 
: condition and are made through- a er 
out by men taking a pride in extensive Ton Ore iy light’ operating 
range o pressure. 
their job. They will not let you aR aii Gani eases 
down. =m. THRUST gear. 
For arn SERVICE, @ The fullest co-operation with 
T : e je _ designers and manufacturers of 
PU Two-speed Hoists with instantly obtainable all classes of pm ope he | pam & 
creeping speed are available as illustrated. + sone a the pa ss place. spe 
= ane 
ties from $ to - EVERY CLUTCH GUARANTEED. 
08, MATTERSON LTD. 500 HP. singe si 
6.1 coupling types. 
= ROCHDALE, ENGLAND. Mounead on bal Liar gy Raga ype 
: ngs or ° ASTL ’ 
Telephone : 4194. Matlicity phesphor bronze é e oss neaNDeas 
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HOLLAND/S.L.M. 
LOW PRESSURE 


BLOWERS and EXHAUSTERS 


CAPACITIES: FROM 100 CUBIC FEET 
TO 8500 CUBIC FEET PER MINUTE 





THE B.A. HOLLAND ENGINEERING CO. LTD. 


Technical Offices: LINDO LODGE, CHESHAM, BUCKS. 
"Phone: Chesham 406-8 
WORKS: SLOUGH BUCKS. 




















Grams: Picturable, Chesham. 














Not unlike the cockerel in our illustration we, too, feel on top 
of the world and justified in crowing about our achievements and 


our organisation. 





We provide a service which covers the whole project of construction 
in steel from design to erection; light, medium or heavy steelwork— 


welded or riveted. Our specially trained team of skilled engineers can be When you fix Broughton 


confidently relied upon to tackle anything in steel with speedy efficiency. 


When you are considering building in steel turn in our direction 


and you will not regret your choice. 


Wright Anderson.c'r 


CONSTRUCTIONAL EEO YS 
ENGINEERS AND } 1 ferro! 
BRIDGE BUILDERS @ Mer 
Gateshead 8, Co. Durham 


MEP or | # 


Pe 


TM iad 


a» 


"Phones: Gateshead 72246 (3 lines) a . 
"Grams: ‘* Construct, Gateshead "’ ‘ oN * 


, 


One of our medium fabrication bays. 


London Office: 


Regent House, Kingsway, W.C.2. Tel.: HOLborn 9811 





CONTRACTORS TO GOVERNMENT DEPARTMENTS, N.C.B., 
BRITISH AIRWAYS, etc., CROWN AGENTS FOR THE COLONIES. 








Guards you know that your 
employees are protected 
from accidents and your 
production from interrup- 
tion. The call for higher 
productivity makes the safety 
of employees of greater 
importance every day. 

This illustration shows 
Broughton Guards for motor 
drive on Power Presses 
showing economy of space 
and efficiency of guarding. 


) LTD. 


SECURITY WORKS, VERE STREET, BIRMINGHAM 5. 








Telephone : MiDiand 590! 











ENG INEERING. 


Tanks are wanted in all shapes, all sizes, for all sorts 
of jobs, and Butterfields build them uncommonly well. 
Large welded tanks, open or closed, in mild steel, 
galvanized, or stainless steel,—Butterfields make 
them for every industrial purpose; now, owing to 
material shortages, there are delays in delivery, even 
of standard sizes. 


W.P. BUTTERFIELD LTD., SHIPLEY, YORKS. AFRICA HOUSE. KINGSWAY, LONDON, W.C.2 








| £ Non-Jerrous Alle bys $ 
Learing Metals 
Repute 


BRONZE 


! COMP, 
ESTAR GHD oH ~ 
Birfield Company 


. SO say all the Production and Main- 
tenance Engineers who have already 
received our comprehensive Technical 
Brochure. 


So great has been the world demand for 
this Brochure that only a few copies of the 
first edition remain. 


A new enlarged edition is in print and if 
our limited supply of existing brochures is 
exhausted before we receive your appli- 
cation, a record of your name and address 
will be made and a copy of the second 
edition sent you as soon as received from 
the Printers. 


We also specialise in Centrifugal Castings 
and Acid Resisting Alloys, including Monel. 


THE PHOSPHOR BRONZE CO, LID 


BRADFORD STREET - BIRMINGHAM 5 
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MACHINE TOOLS... 





a your purpose — 


DTORS IPSWICH. 





SRE Se a oft ee ee oh SANA _— 
ESTB. Seat een a ~ se curcrme SMES™ pipe secs 
“ENQUIRIE S SOLICITED =~ FOR Bert sere San CRONE §_ ey 
ALL ENCINEERING & STRUCTURAL BRK aan ee ee 


EVE y CAME TG ill ale CLUS LAL aomicuvemt erect Perey 








SCH MALTZ ROTARY SURFACE GRINDERS 
‘) 


These machines with horizontal 
spindle and rotary table are especially 
suitable for the production grinding 
of rings, discs, plates, etc. Hydraulic 
drive to spindle traverse. Stepless 
variation of table speed. 











@ TYPE APR 


CAPACITY. 


Dia. of Max. grinding Dia. of 
Model. tadle. height wheel. 
APR400 [5}in. 4in. I2in. 
APRSOO 19gin. 4in. 12in. 
APR600 23zin. 6in. 13}in. 
APR700 27hin. 6in. 13}in. 


GOOD}{DELIVERIES FOR ALL SIZES 











SOAG MACHINE TOOLS LTD., iat JUXON STREET, LAMBETH, sc. 


TELEPHONE: RELiance 3373 (5lines) TELEGRAMS SOTOOLSAG 
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